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Foreword 

The disaster potential of natural hazards is likely to intensify due to co-occurrence of multiple factors such as 

increase in population, urban migration and increased exposure to natural hazards; increased use of hazard-prone 

land for human settlements; and increase in intensity and frequency of disaster incidents due to climate change 

and other human interventions.  

While Asian countries including Sri Lanka have approached disaster risk management (DRM) at varying levels 

within their respective capacities and capabilities in disaster reduction and response, the communities continue 

to be exposed to disasters due to the increasing prevalence of disaster risks and the vulnerability of the 

communities to disasters is growing. In Sri Lanka, catastrophic landslides in Kegalle district,   unforeseen floods 

hazard in Colombo and Gampaha, and severe drought in the dry zone are recent examples which highlight the 

multiple dimensions of disaster risks and the consequent challenges. The growing vulnerability of communities 

continues to challenge the effectiveness of existing approaches, strategies and mechanisms for disaster reduction 

and response. Although contemporary disaster management promotes the comprehensive approaches that 

embrace all the phases of the disaster management cycle, in actuality, much focus has been on the disaster 

response. Therefore, actions on disaster prevention and mitigation need more attention to cater new challenges 

in disaster management.  

National Building Research Organisation (NBRO) as the national focal point for landslide disaster risk 

management, as well as the R & D institution under the purview of Ministry of Disaster Management has 

recognized the need of a total management approach to cope with emerging challenges in disaster risk 

management.  The institution has proactively taken  steps to translate effectively  the disaster management 

policies and approaches into concrete programs, strategies and activities covering a wide range of disaster risk 

reduction disciplines including landslides, environmental risks, climate vulnerability effects including floods 

and drought, resilience in development, disaster forecasting systems, design and built approaches for curbing 

disaster risks etc. 

Structural mitigation of landsides, technological innovations to real-time forecasting of hazards, and coordinated 

dissemination of information to grassroots levels and vise-versa, promoting resilient designs and construction 

strategies, preparation of technical documents and reporting according to international disaster management 

reporting guidelines are among many key interventions of NBRO.   

The institution has facilitated many reputed international partnerships for technology transfer to obtain their 

valuable expertise, and with that, has been able to integrate a wide range of stakeholders into disaster 

management, and more importantly the institution houses researchers from local universities, R & D agencies 

and international research students from foreign universities etc. 

As a proof of NBRO’s commitment to disaster management, I am proud to unveil the 7th Annual Symposium of 

NBRO under the theme “Risk Awareness & Future Challenges”. The symposium proceedings contain papers 

from NBRO scientists and international experts from a wide range of specializations who have worked hard on 

timely needed research questions. The proceedings and the forum will form a unique platform for knowledge 

sharing. I am indebted to all the authors, national and international experts for the invaluable contributions and 

the continued support given to us. My sincere gratitude is expressed to officials of Ministry of Disaster 

Management for encouraging and facilitating the Research at NBRO, and the organizing committee, the editorial 

panel and especially, the sponsors for financial assistance, without them this work will not be a reality.   

 

Eng. (Dr.) Asiri Karunawardena  

Director General  

National Building Research Organisation  



Keynote Speech  

Risk Awareness and Future Challenges: The Role of Research and Development 

While some progress in building resilience and reducing losses and damages has been achieved, a substantial 

reduction of disaster risk requires perseverance and persistence, with a more explicit focus on people and their 

health and livelihoods, and regular follow-up. Building on the Hyogo Framework for Action, the Sendai 

Framework for Disaster Risk Reduction 2015-2030  aims to achieve “The substantial reduction of disaster risk 

and losses in lives, livelihoods and health and in the economic, physical, social, cultural and environmental 

assets of persons, businesses, communities and countries” over the next 15 years. 

Taking into account the experience gained through the implementation of the Hyogo Framework for Action, and 

in pursuance of the expected outcome and goal, there is a need for focused action within and across sectors by 

States at local, national, regional and global levels in the following four priority areas:  

1. Understanding disaster risk; 

2. Strengthening disaster risk governance to manage disaster risk; 

3. Investing in disaster risk reduction for resilience; 

4. Enhancing disaster preparedness for effective response, and to “Build Back Better” in recovery, 

rehabilitation and reconstruction. 

In the context of increasing global interdependence, concerted international cooperation, an enabling 

international environment and means of implementation are needed to stimulate and contribute to developing 

the knowledge, capacities and motivation for disaster risk reduction at all levels, in particular for developing 

countries.  

This Framework makes a strong call for science to support the understanding of disaster risk and to promote 

risk-informed decisions and risk sensitive planning from the local to the global levels. It also calls for the 

coordination of existing networks and scientific research institutions.  The goal is to strengthen the evidence-

base in support of the implementation of the new framework. If we want to continue to deepen our understanding 

of evolving risks, the root causes of disasters and their impact on development, we need actionable research that 

is useful, usable and used.  

The success of the Sendai Framework for Disaster Risk Reduction 2015-2030 hinges on creating and 

implementing policies that are built on the best available knowledge. Academia, scientific and research entities 

and networks need to: focus on the disaster risk factors and scenarios, including emerging disaster risks, in the 

medium and long term; increase research for regional, national and local application; support action by local 

communities and authorities; and support the interface between policy and science for decision-making.  

Expected outcomes include: Focus on disaster risk in addition to focus on disaster loss; and Focus on livelihoods, 

health and physical and cultural assets, in addition to lives and social, economic and environmental assets.  

Associated Goals are: To focus on preventing new disaster risks, reducing existing disaster risks that also 

strengthen resilience; and Calls various measures to prevent and reduce hazard exposure and vulnerability, 

increase preparedness and recovery. 

During the negotiations for the Post-2015 Framework for Disaster Risk Reduction Member States have 

recognized the importance of Research and Development (R & D) to reduce disaster risk and requested to support 

the implementation of the priorities for action outlined in this new framework. 

The importance of R & D in better understanding the processes before, during and after disasters is becoming 

increasingly important. Climate change has meant that an increasing number of the world’s population would 

be impacted by a climate-based disaster. Additionally, the economic costs continue to rise. Indeed, within an 

increasingly interconnected world, we have already started to see disaster events in Asia impacting the 

economies and livelihoods of countries and people in Europe, Africa or the Americas. 



Innovations that are expected include: Shift from disaster loss to disaster risk, Shift from disaster management 

to disaster risk management, and Shift from “what to do?” to “how to do?” which calls for advanced R & D 

agendas. It is anticipated R & D’s continued advancements will allow us to apply strategies and policy to mitigate 

risks and build resilience to natural and human made disasters in ways that were unimaginable 20 years ago. 

Looking forward, this keynote discusses the role of R & D in risk awareness and addressing future challenges. 

 

Prof. Dilanthi Amaratunga,  

Global Disaster Resilience Centre,  

University of Huddersfield, UK 
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Application of Geographic Information System for 

Landslides Hazard Studies: Preparation of Landslide 

Hazard Zonation Map using Bivariate Statistical 

Analysis Method to Kotapola and Pasgoda Areas of 

Matara District, Sri Lanka 

J R M Schneider  

Landslide Research and Risk Management Division, National Building Research Organisation 

ABSTRACT: The recent construction boom taking place in the country together with the providence of facili-
ties to the unprecedentedly rising arrivals of tourist due to the scenic beauty and mild environment, there is a 
dramatic increase of the development activities in hilly area of the island.  Also it is noted that some of the 
communities living in congested cities and suburbs migrate to hilly areas in order to find a less congested resi-
dential areas. Due to these reasons, some of the slopes which were earlier at equilibrium, are becoming unsta-
ble due to modification of slopes and haphazard development occurring in the already unsuitable areas. How-
ever, for the sustainable development, all development activities must be in compliance with requirements of a 
hazard free environment. Hence, pre-identification of areas susceptible to landslides have become a timely re-
quirement to eliminate possible hazardous situations.  

Identification of hazardous areas of landslides through various methods was developed with the develop-

ment of application of geographic information systems in earth science. Some of those are, direct mapping and 

overlay techniques, which involve personal judgment and predefined weight assignment, evaluation of infor-

mation values or susceptible index values of classes of attribute maps through statistical techniques and proba-

bilistic methods. Out of the available techniques, bi-variate statistical technique is one of the most commonly 

used methods due to its simplicity and lesser data requirement. This paper discusses the application of this 

technique in an area of Rakwana hills with the incorporated success rate analysis for hazard level categoriza-

tion and test the method used, and results obtained, with a newly developed statistical evaluation techniques 

called prediction power analysis.  This study was focused to evaluate a landslide hazard zonation map pre-

pared through a bi-variate statistical technique and test the results with prediction power analysis of the infor-

mation of a later event in an area of Matara District (belongs to Kotapola and Pasgoda Divisional Secretariat 

Divisions) in the Southern Province of Sri Lanka. 

1 INTRODUCTON 

1.1 Background 

Sri Lanka is an island located in the Asia –Pacific 
region between northern latitude of   50 51’ and 
90 51’ and eastern longitude of 790 40’ and 810 
55’ having an area of 65,610 km2 with total popu-
lation close to 20 million. Asia –Pacific region is 
considered as the most disaster prone area in the 
world. According to the statistics, 60% of all major 
disasters recorded in the world occur in this region, 
which is exposed to almost every type of natural 
hazard. (LSSD-NBRO) 

Sri Lanka, due to its location within the tropics 
and in the Asiatic monsoon region, the climate of 
the island could be characterized as both tropical as 

well as monsoonal. The monsoonal weather of Sri 
Lanka is dominated by the South-West and North-
West monsoons. The South-West monsoons occur 
from May to September and North-West monsoons 
occur from December to February. The inter-
monsoon periods are from March to April and 
from October to November. The annual rainfall of 
Sri Lanka also shows a remarkable spatial varia-
tion, ranging from 1000 mm in the driest parts to 
more than 5000 mm in the wettest parts. 

1.2 Natural Hazards and their effect in Sri 
Lanka 

Natural hazards in Sri Lanka can be briefly catego-
rized into more frequent hazards: floods, land-
slides, droughts and cyclones and less frequent 
hazards: earthquakes, tsunamis and forest fires. 
Though the tsunami hit in 2004 and a large power-
ful cyclone occurred in 1978 which caused 
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much destruction and drew high public attention, 
they cannot be compared with the cumulative de-
struction caused by floods and landslides in Sri 
Lanka that occur almost annually. 

More than 30 such incidents had been recorded 
during the last two decades (1982-2002) until 2003 
in which between 11th and 19th May 2003, the 
deluge followed by floods and landslides caused 
the loss of about 398 lives and affected millions of 
people and caused total economic losses of US $ 
5960 million approximately (Department of Cen-
sus and statistics,Sri Lanka). The damages and de-
struction caused by the flash floods and landslides 
after the heavy rain occurred on 16th and 17th May 
2003 were more severe than the effect of all disas-
ters before, causing a loss of 252 lives and destruc-
tion of 26000 houses. The total material losses is-
land-wide was estimated at over US $ 76.7 million. 
(LSSD-NBRO) 

1.3 Landslides as a major and frequent Hazard 
(Disaster) in Sri Lanka 

In Sri Lankan context, landslides are attracting in-
creasing attention especially in central highlands as 
a major natural hazard. Picturesque mountains cre-
ated by the nature stood safe for centuries, when 
population density was low and people mostly 
used to live in river basins. However, with the in-
creasing population more lands on the hill slopes 
were occupied by people. Communities started liv-
ing on the slopes and even started constructing 
buildings on old landslides under threat and as 
these constructions disturb the natural stability of 
the slopes they are now subjected to frequent land-
slides. 

When landslides on higher slopes occurred in 
the past, they were hardly noticed as people did not 
reside on the higher slopes in those days. But, 
nowadays, landslides invariably kill people and de-
stroy property because of the wide-ranging distri-
bution of people and infrastructure, thus increasing 
the vulnerability to the landslide hazards. There-
fore, among the natural disasters discussed above, 
landslides have become the most pressing and fre-
quent environmental problem in the hill country of 
Sri Lanka. 

Every year, a great economic loss is reported 
due to the impact of landslides not only in the 
countryside but also in the urban and suburban are-
as affecting many development projects, infrastruc-
ture, houses and more importantly, lives. Out of 
the 25 districts in Sri Lanka, ten (12) districts are 
identified as landslide-prone districts, and they are 

namely, Badulla, Nuwara Eliya, Rathnapura, 
Kegalle, Kandy, Matale, Kalutara, Galle, Matara, 
Kurunegala and Hambantota,. According to 2001 
Statistics, these districts cover an area about 20000 
sq. km. in extent and have 49.31% of the total 
population of the country. Therefore, identification 
of locations with higher threat for landslides is im-
portant. 

It has been noticed that the incidents of land-
slides, floods and droughts impacted frequently in 
the two Divisional Secretariat Divisions of Kotapo-
la and Pasgoda, requiring technical interventions 
for mitigation. This study takes one step in this di-
rection by producing a map of potential landslide 
hazards based on quantitatively defined weight 
values and performing a bivariate statistical analy-
sis on a part of the available data from a selected 
study area which covers 80 km2 of the Matara Dis-
trict, which is the key objective of this study. 

2 METHODOLOGY 

2.1 Study Area 

 

 

 

 

 

 

 

 

 

 

 
Fig 1 Sri Lanka Map 

The study area is located in Matara District of the 
Southern Province. (Fig 1) The Southern Province 
comprises of the Galle, Matara and Hambantota 
districts, (Fig 2) having an average area of about 
5600km2 with about 14% of the total population of 
Sri Lanka. The province margins to the sea and is 
having an almost 260 km long coastal line. The ar-
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ea experiences heavy rains with South-West mon-
soon from May to September. (LSSD-NBRO) 

Fig 2 Southern Province   

This area suffers from major natural disasters such 
as floods, landslides, droughts as frequent events. 
Tsunamis as less frequent but a catastrophic event 
occurred on the 26th Dec., 2004. The entire coastal 
line of Southern Province was destructed by this 
tragedy. Another devastation caused by floods and 
landslides due to the maximum intense rain of 
752mm within a day on 17th May 2003 was un-
precedented. People in the districts of Ratnapura, 
Matara, Hambantota, Galle and Kalutara were se-
verely affected. The most significant fact is that the 
Matara, Hambantota and Galle districts which had 
not been considered earlier as landslide-prone are-
as were highly affected by the catastrophic events 
of landslides killing 54 people within 24 hours. 

The total extent which can be considered as vul-
nerable for the hazard is about 1200 km2 out of 
which more than 50% is in Matara District. In 
some areas especially within the Matara District, 
landslide density exceeds 15 landslides per square 
kilometer. (Fig 3) (LSSD-NBRO) 

Fig 3 Map showing major landslides in the Study Area   

(NBRO.LRRMD 2007) 

 

For this study 80 sq. km. area in the Matara Dis-
trict was selected. This area includes Sheet No. 81 
and Sheet No. 87, in the 1:50,000 scale maps and 
completely covers the area of 81/23 and 87/03, in 
1: 10,000 scale sheets published by the National 
Survey Department of Sri Lanka. (Fig 4)  

Fig 4 Selected area as the Map sheets    
 

Topography of the area is hilly with a general trend 
in NE-SW direction towards North and which be-
comes isolated hills towards South. The general el-
evation of the study area is 120 m at the Southern 
part which is increasing up to 810 m reaching 
North East. This area has a dendritic drainage sys-
tem with a perennial river Nilwalla (Nilwalla Gan-
ga).The drainage network consist of 1st, 2nd and 
3rd order streams connecting to this major river. 
(Fig 5)  

Fig 5: Map showing steam network and main rivers in 

the Study Area                    

(Department of Survey - digital data) 
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2.2 Material and data used 

For this analysis, following data were taken 
from the Landslide Studies and Services Division, 
National Building Research Organisation, Sri 
Lanka. 

• Existing landslide data 
• Bedrock geology data 
• Type of soil and soil thickness data. 
• Land use data   
• Contour data. (Slope category and aspects 

maps were derived from contour data) 

Software used for the analysis are ARC GIS 10 
and Microsoft word. 

2.3 Analysis used 

In the statistical modeling of landslides, we use 
the rule "the present and the past are the key to the 
future”, which means that the conditions under 
which landslides have occurred in the past are 
studied and we use the critical combinations for 
predicting the possible occurrence of landslides 
where the same conditions prevail, but which are 
still landslide free. (LSSD-NBRO) 

Such analysis will provide evaluations of each 
factor (contribution of each factor to mass 
movements within the area on the basis of 
investigated landslides) and can be used to assign 
weight values for the existing slopes in a static 
model (cartographic model). Finally, statistically 
generated landslide hazard map can produced so 
that zonation maps are prepared by reclassifying 
them. (LSSD-NBRO) 

2.4 Proposed statistical method to be applied 

Even though many statistical methods exist, the 
landslide index method which comes under 
bivariate statistical analysis was used in this stud y 
for the evaluation of weights. A weight value for a 
parameter class is defined as the natural logarithm 
of the landslide density in the class divided by the 
landslide density in the entire map. The general 
formula which the method is based upon is as 
follows. 

 

 

 

Where, 
Wi       = the weight given to a certain 
parameter class (e.g. a rock type). 
Densclas    = the landslide density within the 
parameter class. 
Densmap   = the landslide density within the 
entire map. 
Npix(Si)     = number of pixels, which contain 
landslides, in a certain parameter class. 
Npix(Ni)    = total number of pixels in a 
certain parameter class. 
 
The steps followed in this analysis is displayed in 
the flowchart given by the attchment. 

2.5 Digital Data preparation 

Five basic maps were obtained by editing, merging 
and dissolving above raw data maps (81/23 and 
87/03) of each parameter data type. The maps were 
edited, merged and dissolved to get one map 
removing edges and topological errors along the 
boundary of two maps.   

2.6 Landslides map 

2.6.1 Editing work on Landslides maps   

Fig 7 Rupture map 

Rupture map of the existing landslides was 
obtained as actual area of the slides is the rupture 
area. 
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2.6.2 After editing, merging and dissolving 

Fig 8. Editing the map 

 
For this editing landslides along the boundary         
of two maps were adjusted, then merged and final-
ly dissolved. 

2.6.3 Landslides rupture evidence Map  

Fig 9 Topological editing 

Unlike in land slide map where polygons are not 
interconnected, here topological editing is neces-
sary.  

2.7 Land use  

2.7.1 Errors in original data        

In here, first the edges were matched (edited) using 

topological editing tool in arc map, and then 

merged and dissolved together. To check whether 

topological errors still exist, topology validation 

was done using personal geo-database in Arc Cata-

log. Finally topological errors were corrected. 

 

 

 

 

 

 

Fig 10 Checking errors on the map           

2.7.2 Step of designing topology rules    

 

 

Fig 11 Steps in designing topology rules 

 

2.7.3 Topology validation steps       

 

 

 

 

Fig 12 Steps in topology validation 
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Fig 13 Final corrected land use map 

2.8 Soil Map  

By using available soil data, it was possible to ob-
tain two factor maps such as soil thickness map 
and soil type map. Here too all the editing proce-
dures have been done following the similar method 
like in the land use map. 

Fig 14 Soil type map 

 

      

 

 

 

 

Fig 15 Two classes Soil type and soil thickness   

 

 

               

2.9 Contour Map 

Fig 16 Raw Contour data 

 

The final contour map uses as an input to create a 

digital elevation model in ArcGIS spatial analysts 

tool (Topo to raster). An appropriate grid size of 6 

m is selected for the generation of DEM and 

throughout the whole analysis. 

 

 

 

2.10 Digital Elevation Model (DEM) 

This Digital Elevation Model (DEM) is used to de-
rive two factor maps such as slope and aspect. 
Then, they were reclassified in to relevant classes.  

 
 
 
 

 

 

 

 

 

Fig 18 DEM 

Fig 17 Final Contour data 
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ABSTRACT: Ground subsidence is a significant natural hazard that has been affecting lifestyle of people in 
Matale area over the past decade. Though several studies have been carried out, few mitigation measures has 
been proposed, it is still at the development stage. Thus, this study was carried out to identify new approaches 
to predict areas vulnerable to ground subsidence more accurately. An area of 1.8 km2 from Thotagamuwa to 
Kirigalpotta along the A9 road within Matale District was selected as the studyarea.Based on field experience 
and literature survey, seven parameters were identified as causative factors and raster layers were obtained for 
occurrences of ground subsidence. Weighted Overlay Method, Weights of Evidence Method and Geostatistical 
approaches were tested to evaluate the factor maps to produce a final risk level map. The results were 
compared with the field data and the risk level map produced by NBRO. It was observed that the most 
promising results are produced by Weighted Overlay Method, which shows 81.8% positive correlation with 
field evidence whereas the existing map correlates only 18.18% with field evidence. The map produced by 
WOE method correlates 54.5% as successive rate compared to field evidence. It was revealed that the soil type 
and geological structures have significant effect on the ground subsidence scenario and it implies the relative 
importance of an integrated model on multivariate spatial kriging for the predictions as further studies. 
Therefore, based on the maps compiled, it can be concluded that the community in the study area can 
anticipate ground subsidence hazards, and plan for the land use development as well as drive polices 
efficiently. 

1 INTRODUCTION 

Natural Hazardous prevail from historical days in 
Matale District. In spite of the undulating 
topography of the Matale District, more than 70 % 
of the population of is concentrated to flat areas. 
However, due to the high rate of population growth 
during the last two decades, human settlements are 
expanded even towards the hilly areas recently, 
where landslides are possible. However, frequently 
occurring deep seated landslides have been 
recorded recently in some parts of the flat areas. 
According to geology, this specific type of 
landslide is distinguished as ground subsidence. 

Ground subsidence, can be simply identified as 
the movement of earth surface shifting downwards 
relative to the Mean Sea-Level (Nawagamuwa et 
al., 2010). According to the definitions of USGS, 
this downward movement is mainly due to the 
effect of natural or artificial cavities present in 
subsurface. These cavities are unusual hollows 
formed inside the certain rocks such as, marble, 
limestone, halite etc., due to the dissolution of 
minerals in rocks by ground water. NBRO records 
since 2005 show that the ground subsidence is 
more common in Matale district when compared to 
other areas in Sri Lanka. Dorakumbura, Ukuwela, 
Nagolla, Dostarawatta, Kottegoda, Owala and 
Polwatta areas in Matale have been subjected to 
sudden subsidence and curve like house cracking. 
Moreover, the most of the houses in the flat areas 
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have been severely cracked and reduced to a state 
causing alarm and inconvenience to the occupants.  

Previous studies showed that ground subsidence 
occurs due to a number of triggering factors such 
as geological structures, surface and sub-surface 
geology, water table, topography etc. However, 
quantitative assessments for predicting ground 
subsidence areas are very less (NBRO, 2010) and 
there are no statistical methods developed to 
predict such natural scenarios very accurately and 
determine vulnerable areas. Consequently, it is 
now very essential to develop a statistical model 
for correlation among the triggering factors, 
prepare accurate hazard zonation maps for the 
hazardous areas to identify vulnerable areas, and 
design more accurate evacuation planning. The 
purpose of this study is developing methodologies 
to evaluate and predict ground subsidence 
probability in a given hazard zonation map. 

2 STUDY AREA 

The study area covers about 1.8 km2 within the 
Grama Niladari divisions of Krigalpotta, 
Dunkolawatta, Dorakumbura and Dikkiriya in 
MataleDivisional Secretarial Division in the 
Matale District, which is shown by the topographic 
map of Matale sheet no. 48 (Fig. 1). It lies within 
the Northing coordinates of 255,961 to 257,099 
and Easting coordinates of 183,315 to 184,924 of 
Sri Lanka. The main access to the study area is 
from Matale through Aluviharaya along the 
Kandy-Jaffna (A9) road (nearly 4 km). Apart from 
this road, there are several other roads from Matale 
to reach the study area such as via Kaludewala, 
Parawatta, Dunkolawatta (nearly 5 km). 

The study area is varying from gentle slope to 
flat terrain where the slope angle varies from 0 to 7 
degrees. Its’ elevation varies between 320 m to 380 
m above Mean Sea Level. The landform or slope in 
the area changes within a short distance and it is 
characterized by slightly undulating ground surface 
with small ridges and valleys. The area belongs to 
the wet and intermediate zones of Sri Lanka where 
the mean annual rainfall ranges from 1500-3200 
mm. 

The drainage pattern appears to be controlled 
by the underlying geology structure and tectonics 
of the area. Sudu Ganga is the major river which 
flows through the area from South to North along 
the strike direction of the country rocks. Sudu 
Ganga is the branch of the Amban Ganga which is 
the main drainage system in the study area.  

 

Fig. 1 Topographic map of the study area (Source: 
1:50,000 topographic map) 

According to the geological setting of the study 
area Garnet sillimanite gneiss (khondalite), impure 
marble and dolomitic marble bands are present. All 
the rock bands in the study area have the strike of 
approximately North-South direction. Dip is 
varying around 50 degrees towards West.Marble 
are usually coarse-grained and dolomitic with, 
locally high calcite content (Cooray, 1984).  

3 MATERIALS AND METHODOLOGY 

GPS, topographic sheets, geological maps, 
published hazard zonation maps, geophysical 
surveying data, available borehole logs, collected 
field data and sets of software were used. The 
methodology adopted for this research project can 
be shown briefly in following diagrams (Fig. 2). 
After the creating factor maps, analysis were 
carried out. 

3.1 Analysis 

The first approach is weighted overlay analysis in 
which factors are considered according to their 
importance. In this process, prepared raster data set 
were reclassified in to classes. Here the weight is a 
relative percentage, and the sum of the percent 
influence weights must be equal to 100. 

Next approach is the weights of evidence 
method to calculate weights for each factor 
systematically. “Calculate Weight” tool in Arc 
SDM tool box was used for weight calculation. 
This tool was processed to make binaries for the 
input raster images and then convert images to 
thematic layers. The thematic layers of evidence 
factors and the grid layer of training point layer 
were overlaid to calculate the probability and 
weight (W+, W-). 
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Fig. 2 Flow chart of Methodology 

Equation (1) and Equation (2) were used to 
calculate weights for each factor. 

𝑊+ = 𝑙𝑜𝑔 𝑒
𝑝{𝐹 𝑆⁄ }

𝑝{𝐹 �̅�⁄ }
               (1) 

     

𝑊− = 𝑙𝑜𝑔 𝑒
𝑝{�̅� 𝑆⁄ }

𝑝{�̅� �̅�⁄ }
                                              (2) 

Where P= probability;𝐹 = presence of ground 
subsidence predictive factor;�̅� = absence of a 
ground subsidence predictive factor;𝑆̅ = absence of 
a ground subsidence hazard; and S= presence of 
presence of ground subsidence hazard. Above 
algorithm was developed and expressed using 
number of pixels to evaluate the contribution rate 
of each thematic layer (factors) to the grid layer 
(target). 

Statistical approach is the third method to 
obtain a suitable probability map. In which first, 
the field data points which are to be used as 
training points were overlaid on the factor maps 
(raster layers) and the values of each factor map 
corresponding to the training points were extracted 
into each training points. By looking at the nature 
of the response in database, the type of analysis 
and model type were identified and distribution of 
dependent variable was checked by plotted 
diagrams of box plot which were used to show 

overall patterns of the response with dependent 
continuous variable separately. Then considering 
nature of the response variable, model type was 
selected as ordinal logistic regression. The 
response variable categorized numerical data, 3, 2 
and 1 which means of high risk, moderate risk and 
low risk, respectively. Ordinal Logistic Regression 
Model (OLR) and Stepwise Regression methods 
were applied successively to the resulted database 
to identify the main factors by fitting model 
separately.  

Finally, best model was selected by comparison 
of Akaike information criterion (AIC) value and 
overall percentage. Percent corrects and overall 
percentage was calculated by using observed and 
predicted response in best model. Then best model 
reflect the directly correlated factors to the land 
subsidence.  

The three results obtained from the above 
approaches were compared with the hazard 
zonation map prepared by NBRO. For validation, 
an additional 22 locations were selected in the 
study area and the three maps were compared 
under statistical verification and field verification 
methods. By comparison of above results, the best 
method to predict the ground subsidence hazards 

10



 

 

was identified, which can be developed to apply 
for the entire affected area in Matale District. 

4 RESULT AND DISCUSSION 

The percent influence value is based on the 
contribution of each factor to form cavity in order 
to occur ground subsidence. And also, field 
experience and gathered information clearly show 
that some factors such as geological structures and 
internal drainage system influence more than the 
others. Silty clay and laterite have equal weights 

compared to sandy clay based on the cohesion and 
friction angle. When it appears as bed rock, 
Dolamitic marble and impure marble bands are 
more vulnerable than the khondalite.  

The map which is resulted from weighted 
overlay method shows potentially low hazardous 
areas, hazard to be expected areas and potentially 
hazardous areas due to ground subsidence (Fig. 3). 
Therefore this method is a knowledge driven 
process and it is needed to improve more data 
driven methods to analyze such conditions 
automatically.  

Fig. 3 Hazard zonation map by using weighted overlay analysis for the study area 

Weights of evidence model is used to predict a 
hypothesis about occurrence of an event based on 
combining known evidence in the study area where 
sufficient data are available to estimate the relative 
importance of each factors by statistical methods. 
Map produced using the selected training points do 
not yield an accurate hazard map. Therefore, actual 
hazard locations or areas should be considered 
when selecting training points. Unfortunately, such 
recorded locations were not abundant in the 
selected area. Hence, using geophysical methods or 
remote sensing techniques, such areas should be 
discovered and mapped separately before applying 
this method. The weight values were calculated for 
each class automatically during this process. 
Finally using the calculated weight, the hazard 
zonation map was created (Fig. 4).  

The third approach is also a data driven model 
that shows the actual correlation of the subsidence 
and seven factors which shows mathematical 
formula in R environment. The resulted box-plot 
diagrams show the distribution of training points 
(response) and relevant factors. According to the 
distribution pattern elevation and groundwater 
table do not have significant correlation with 
response variable and cannot be used for further 
calculations.    

Therefore, the other five factors were used for 
the ordinal logistic regression. Analysis on fitted 
model (Model1) was tested for the further 
correlation by using stepwise regression with 
methods of forward and backward selection. The 
resulted model shows distance from geological 
structures and soil types as most reliable factors for 
ground subsidence (Model 2). 
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Fig. 4 Hazard zonation map by using Weights of Evidence method for the study area.  

The Table 1 shows the summary of predicted 
values in observed points having overall 
percentage as 60%. This implies that the percent 
correct accuracy of fitted model. Hence, the 
percent accuracy and AIC value are significant to 
say that Model 2 is more appropriate to predict the 
ground subsidence hazard in study area. Also 
selected factors can be used to derive spatial 
relationship for the prediction of response value of 
unknown location in the area. 

Table 1.Percent correct and overall percentage for the 

predicted response variable. 

Observed 
Predicted Hazard 

High Moderate Low 
Percent 
Correct  

High 13 12 - 52% 

Moderate 5 17 4 65.3% 

Low - 4 3 42.8% 

Overall 
Percentage  

23.6% 30.9% 5.4% 60% 

4.1 Validation 

The validation can ascertain the quality of analysis 
methods using known information which are 
conformed by interpreted resistivity images at the 
field. The results of success rate validation 
werederived by comparing the subsurface 

condition at known locations which were not used 
for training the model.  

4.1.1 Statistical verification 
According to the distribution curve of field data, 
NBRO map data, weighted overlay data and WOE 
data, the field data are mostly fitted with weighted 
overlay method (Fig. 5). 

 

Fig. 5 An image showing behavior of data hazard level 

versus locations.  

 

According to Table 2, the resulted response 
values were summarized based on the risk level in 
each method. As a reference, ground truth 
locations were used. 
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Table 2. Successful percentage of each method with 

field data. 

Risk Level 
Field 
Data 

NBRO 
Weighted 
Overlay 

WOE 

Low 12 3 12 12 
Moderate 2 1 0 0 

High 9 0 6 0 

Percentage 
Accuracy 
(%) 

 
18.18 81.80 54.50 

According to the above results it indicates that 
the map derived by Weight Overlay method shows 
81.8% compatibility with the field data, which can 
be considered as a very high success rate.  

4.1.2 Field verification 
The Fig. 6 shows some of the ground proof 
locations which were obtained using a geophysical 
survey. They are plotted in resulted weighted 
overlay map as A, B and C. The location A is the 
most vulnerable and it clearly shows in high risk 
zone of the weighted overlay map (Fig. 6) and 
moderate risk level in NBRO map (Fig. 9) 
Location. A is the place where two sinkholes 
occurred at Dorakumbura on December 2012 with 
a diameter around 3 m and 5 m (Fig. 7). 

Fig. 6 Prepared ground subsidence hazard zonation 

map with ground truth locations.  

 

Fig. 9 Previous hazard zonation map with ground truth 

locations (Source: NBRO) 

 

Fig.7 Large scale ground subsidence in 18th of 
December, 2012 at Dorakumbura area, (a), (b), 
adjacent locations.  

The Fig. 8 shows the subsurface condition in 
the particular area and the highlighted area consists 
of low resistivity value (0.388-1.30 ohm.m) which 
belongs to an ionized water body. It could be 
identified as a cavity and surrounding resistivity 
values of water body are relatively high with the 
range of 250-350 ohm.m and it may be marble 
rock.  

Fig. 8 Resistivity image of Ground subsidence location 

at A (Source: NBRO, 2013) 

 

The field verification using actual hazard 
locations is also a technique to validate safe areas 
and hazardous areas against the statistical method. 
Finally, ground verification clearly shows and 
dedicates the requirement of conformation on the 
accuracy in existing hazard zonation map as well 
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as to develop a new model to demarcate actual 
hazardous areas for disaster management. 

5 CONCLUSIONS 

The weighted overlay method yields the most 
successful results in the present study which is 
81.8% of the field evidence. Weights of Evidence 
(WOE) method is only 54.5% successful, but more 
promising results could have been obtained if 
locations of actual ground subsidence were used as 
training points.Logistic regression model indicated 
that the soil type and geological structures are the 
main triggering factors for ground subsidence and 
the model predict the response with the overall 
accuracy is 60%. The compatibility of the existing 
hazard map with field observations is only 18.18%. 
All methods tested in this study yields more 
successful results than the existing map. 

6 LIMITATIONS AND ASSUMPTIONS 

Ground subsidence occurrences are related to 
spatial information such as soil type, geology, 
geological structures, GWT, IDS, slope and 
elevation.  

During the building construction, shallow 
foundations are widely used. The bulb of pressure 
spread is nearly 2.5 times breath of the column pad 
footing. In the study area soil overburden is nearly 
more than 3 m. Therefore, additional loads from 
the building structures are not considered for the 
calculations. Compositional variations or thin 
bands of meta-sedimentary gneisses were not 
considered in further calculations. The effect of 
differential weathering and cavity formation on 
single rock unit is negligible. Due to recorded 
ground subsidence locations are limited, wall 
cracked due to ground settlements house location 
were used as the training point.  

7 RECOMMENDATIONS 

It is necessary to apply geophysical method such as 
GPR (Ground Penetration Radar) or Resistivity 
surveys to get training points/ areas accurately in 
Matale District. It is needed to further study an 
integrated model on multivariate spatial kriging for 
predicting ground subsidence hazard accurate. It is 
necessary to test in other areas for effective 
performance prediction. The methods of WOE and 
LR are not widely used; hence more case studies 
are required to check the integration for hazard 
probability mapping. It is necessary to publish 
accurate ground subsidence hazard zonation maps 

with demarcating safe areas for the land 
development. 
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ABSTRACT: This survey has been carried out as the JICA (Japan International Cooperation Agency) ODA 
scheme. Investigations were conducted three times from October 2015 to July 2016. The survey members car-
ried out several meetings with related government organizations; National Building Research Organisation 
(NBRO), Disaster Management Centre (DMC), Telecommunications Regulatory Commission of Sri Lanka 
(TRCSL), Industrial Technology Institute (ITI), JICA Sri Lanka office, Japan External Trade Organization 
(JETRO), and the candidates of business partners in Sri Lanka. At the same time, on-site inspection and selec-
tion of a pilot site for a Verification Survey was conducted with NBRO, as well as holding the technical semi-
nar for demonstration of the proposed system. 

A serious landslide occurred at Aranayake, Kegalla District due to continuous heavy rain on 15th May 2016. 
Through the on-site inspection at the mountainous area including The Aranayake landslide and discussions 
with related government organizations, the survey team confirmed that the proposed “Landslide Remote Moni-
toring System” will contribute and the useful to the early warning of landslide disasters in Sri Lanka. 

1 INTRODUCTON 

Several kinds of natural disasters like floods and 
landslides occurred due to geographical conditions 
and the effect of climate change in Sri Lanka. Na-
tional development has been affected by these dis-
asters. According to historical records, many 
floods and sediment disasters occurred by heavy 
rainfall. In the mountainous and hilly areas located 
in the central part of the country, which accounts 
for 20% of the total territory and where 30% of the 
people live, failure of steep slopes and landslides 
aggravated by fragile geology and topographical 
conditions frequently occurred in the monsoon sea-
son. 

2 SCOPE AND OBJECTIVES 

2.1 Current Condition of Sri Lanka 

The National Building Research Organisation 
(NBRO) is responsible for the implementation of 
countermeasures against sediment disasters and is-

sue of early warnings for sediment disasters. The 
capacity of NBRO staff for landslide monitoring 
using observation instruments is improving with 
the support from each donor. However, capacity 
building for landslide mitigation such as survey 
and design technics which are necessary for con-
sideration of countermeasures and, execution su-
pervision of countermeasure construction remain 
one of the issues. 

2.2 Purpose of the Survey 

A survey was conducted for installation of “Land-
slide Remote Monitoring System” as proposed 
products and technologies for Japanese ODA pro-
jects and feasibility of business expansion. For that 
purpose, compatibility of needs of the system and 
technology was confirmed. 

15



 
 

  
  

 

3 OUTLINE OF PROPOSED SYSTEM 

3.1 Concept of Remote Monitoring System 

The basic concept of the proposed “Landslide Re-
mote Monitoring System” is shown as follows: 

 The system is composed by observation instru-
ments installed on a slope (ground surface exten-
someter, rain gauge, groundwater gauge, strain 
gauge, and multi-point inclinometer) and net-
work equipment (radio transceiver of transmit-
ters, cellular devices, alarm devices and cloud 
service). 

 This system transmits measurement data taken 
by observation instruments which are installed in 
landslide risk areas to a management office lo-

cated at a distance, in real time. 

 This system monitors the on-site condition, eval-
uates the risk of landslide/slope failure and in-
forms local residents of the risk at an early stage 
a using red lamp and loud speaker. It will urge 
them to evacuate. 

In Japan, installation of a remote monitoring 
system is decided by size of the target landslide, 
estimated affected area, distance of the manage-
ment office, speed of landslide deformation and 
budget. The current landslide monitoring in Sri 

Lanka, NBRO headquarter staff directly visit the 
site and collect observation data. Therefore, it 
takes time for data collection and risk assessment 
so that it is difficult to conduct a quick announce-
ment and warning for evacuation.  

And the survey team conducted an investigation 
at The Aranayake landslide site. Through the result 
of the selection of the pilot site and field investiga-
tion, the survey team confirmed when “Landslide 
Remote Monitoring System” is verified in Sri 
Lanka, it will support quick and safe data collec-
tion. And the risk determination at an early stage is 
possible from the composite judgement based on 
several observation data. It is realizable to shorten 
the amount of time of evacuation instructions for 
residents and reduce human suffering in a landslide 
risk area. 
 

 
Figure-2 Investigation at Aranayake Landslide 
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3.2 Compatibility and Possibility of Proposed 
System 

In the results of the interview and discussion with 
related government organizations (NBRO, DMC, 
TRC and ITI.), a lot of sediment disasters have oc-
curred in Sri Lanka and the level of severity has 
increased in recent years. For that reason, the in-
stallation of the proposed system is expected to re-
duce the landslide effect. The survey team held a 
technical seminar during 2nd survey period, and 
revealed that 70% of NBRO staff answered that the 
proposed system has the possibility of usage in Sri 
Lanka and they mentioned interest in the landslide 
monitoring instruments. And OSASI TECNOS 
Inc. offered to donate 7 units of extensometers for 
contribution to NBRO landslide monitoring activi-
ties considering effect of the Aranayake landslide. 
The survey team discussed with TRCSL, which 
has responsibility of permission for telecommuni-
cation, and confirmed the process of importation 
and approval of the instruments. 

And the survey team has conducted checking of 
operations of the data transmission instrument 
which is expected to be used at the pilot site, and 
the confirmed contraption for adaptability in Sri 
Lanka. 

 
Figure-3 Final Seminar in NBRO 

 
 

 
Figure-4 Handover Ceremony of Extensometer 

4 RESULT OF SURVEY 

Based on the results of this survey, the survey team 
proposes the Verification Survey to JICA as a Jap-
anese ODA project using a landslide real-time re-
mote monitoring system at a suitable pilot site for 
dissemination and verification. 

4.1 Purpose of Verification Survey 

Through the activities of this survey, availability 
and adaptability of a “Landslide Remote Monitor-
ing System” is confirmed by installation and op-
eration at the pilot site. In particular, we confirmed 
that it is possible to use radio transceivers and cel-
lular devices of wireless network equipment on the 
pilot site.  

 
Figure-5 Checking of Data Connection by a cellular de-

vice at the Pilot site in Ratnapura 

A Draft early warning model at the pilot site 
will be established using this system and contribute 
to improved peoples’ awareness regarding disaster 
prevention and reduction of the loss of lives. Also 
the survey team will introduce this system to 
NBRO and related organizations for dissemination 
as future business expansion. 

4.2 Selection of Pilot Site 

Selection of the pilot site has been conducted by 
the survey team with the corporation of NBRO. 
Criteria of selection are shown below; 

 To gain understanding from residents for land-
slide monitoring 

 To confirm the cellular communication at the 
site 

 To confirm the warning signal (crack, spring 
water) of the landslide  

 To understand the object to be conserved (such 
as set-
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tlement, road, etc.) 

 To secure a space for installation of monitoring 
instruments 

NBRO has already agreed to three pilot sites for 
the Verification Survey (Ratnapura in Ratnapura 
District, Diyanilla in Nuwara Eliya District, and 
Galahagama in Badulla District). 

 
Figure-6 Location of Selected Pilot Site 

 

4.3 Output 

 Observation of landslide deformation will be 
enabled by installation of this system.  

 Capacity regarding risk assessment and adjudi-
cation of landslide based on data will be en-
hanced according to accumulated observation 
data.  

 Accuracy improvement of the early warning 
system in NBRO will be expected by capacity 
development of landslide monitoring through 
this project. 

4.4 Expected Project Design Matrix (PDM) 

PDM of the Verification Survey using the pro-
posed products and technologies is shown in Ta-
ble-1. Counterparts for the Verification Survey 
were assumed to come from NBRO Landslide Re-
search and Risk Management Division (LRRMD) 
and Geotechnical and Testing Division (GETD). 

 
 
 

 

 

 

 

 

 

 

 

Diyanilla

Galahagama

Ratnapura

Output

1-1 Develop the LRMS for Sri Lanka model

1-2 Install and operate LRMS at the pilot site

1-3
Prepare the check list for confirmation of system installation and

operation

1-4
Confirm the operation until the warning issued through the

landslide evacuation drill with counterpart.

2-1
Conduct the topographic and geologic survey at the site, and

formulate the installation plan

2-2
Prepare the manual and conduct the training for installation,

operation and maintenance to counterpart and local partner.

3-1
Formulate the draft manual of landslide early warning at the

pilot site with counterpart.

3-2 Conduct final seminar of Verification Survey.

4-1
Conduct the survey for the company of business partner and

selling agent.

4-2
Conduct the marketing survey for the applicability of LRMS in

other fields (e.g. dam and reservoir control, river management).
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Output 1

LRMS is developed, installed and verified.

Output 2

Structure of installation, operation and

maintenance is established.

Output 3

Landslide early warning model based on

LRMS is formulated.

Output 4

Implementation structure for overseas

business expansion is developed.

Survey Scope

Install “Landslide Remote Monitoring System (LRMS)” at the pilot site and adaptability of system is verified. And establishment

of landslide early warning issue model at the pilot site contribute to reduction of human suffering.

Activity
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Table-1 Expected Project Design Matrix 
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4.5 Input Equipment   

Type Products Qty. 

Monitoring Instruments 

Ground Surface Extensometer 9 

Multi-Point Inclinometer 36 

Rainfall Gauge 3 

Pipe Strain Gauge 6 

Communication instruments 
Radio Transmitters 28 

Cellular Device 3 

Alarm  Instruments 

Alarm Unit 6 

Loud Speaker 6 

Red Lamp 6 

Electricity 
Solar Panel 9 

Battery 9 

Cloud System Cloud Server 1 

4.6  Expected schedule 
 

5 CONCLUSION 

As a result of implementation of this feasibility 
survey, conclusions were obtained as follows. 

・We have confirmed that there is a high need of 
this proposed system for mitigation of landslides  
in Sri Lanka  
・The landslide remote monitoring system has been 

confirmed to be useful to early warning and re-
mote monitoring of landslides in Sri Lanka.  
・We have proposed to JICA the implementation of 

this system in the pilot site in order to establish a 
landslide early warning model and remote moni-
toring in the mountainous remote areas. 
・We want to protect the lives and property of resi-

dents of the landslide danger areas using this sys-
tem. 

REFERENCE 

R.M.S. Bandara (2008). “Current Trend of Landslides, Na-
tional Level Landslide Detection, Early Warning and No-
tification”, Landslide Research and Risk Management Di-
vision, National Building Research Organisation, Ministry 
of Disaster Management 

 

R.M.S. Bandara (2014). “Updated situation on Landslide Risk 
Reduction in Sri Lanka”, Landslide Research and Risk 
Management Division, National Building Research Or-
ganisation, Ministry of Disaster Management 

 

Technical Criteria for River Works, Practical Guide for Inves-
tigation (1997), River Planning and SABO, the Ministry 
of Land, Infrastructure, Transport and Tourism, Japan. 

 

JICA Survey Team (2016) “Survey Results of Aranayake 
Disaser”,<https://www.jica.go.jp/srilanka/office/informati
on/event/ku57pq000024eoai-att/160908_report_02.pdf> 
(Jul. 20, 2016). 

Figure-7 Verification Survey Schedule (Draft) 

I II I II I II I II

Propose to JICA 1

Conclude MM and Contract 1

1-1 Develop the LRMS for Sri Lanka model. 1 1 1

1-2 Install and operate LRMS at the pilot site. 1 1

1-3 Prepare the check list fri confirmation of system installation and operation. 1 1

1-4 Confirm the operation until the waning issued through the landslide evacuation drill with counterpart. 1 1 1 1

2-1 Conduct the topographic and geological survey at the pilot site, and formulate the installation plan. 1 1

2-2 Prepare the manual and conduct the training for installation, operation and maintenance to counterpart and local partner 1 1

3-1 Formulate the draft issued manual of landslide early warning at the pilot site with counterpart. 1 1

3-2 Conduct final seminar of Verification Survey 1

4-1 Conduct the survey for the company of business partner and selling agent. 1 1 1

4-2 Conduct the marketing survey for the applicability of LRMS in other fields. 1 1

Output 1 (Verification Activity): LRMS is developed, installed and verified

Output 2 (Dissemination Activity): Structure of installation, operation and maintenance is established

Output 3 (Dissemiination Activity): Model landslide early warning in the pilot site based on LRMS is formulated

Output 4 (Business Expansion Activity): Implementation structure for overseas business expansion  is developed

2017 2018 20192016

Preparation

Table-2 List of Input Equipment (Draft) 
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ABSTRACT: There are many researches that have been conducted landslides prone areas, whereas when it 
comes to construction in low land areas, only a limited amount of information is available. Consequently, drill-
ing bore-holes has become an indispensable way of studying subsurface data. Therefore, this research was 
started, having the intention of delivering a map which would be used as a supplementary tool to predict sub-
surface conditions. In order to meet the objectives, the available borehole data was mapped using Arc GIS and 
RockWorks to provide information about the variation of subsurface properties in the area of interest. This in-
cludes development of spatial models whereby interpolating data on ground water table, bed rock level and 
different soil layers which are readily available with their corresponding coordinates. These models were then 
compiled in ArcGIS software so as to present a user friendly map using Web-GIS, which is accessible online. 
The ultimate outcome of this work is the capability of forecasting subsurface conditions relating to above said 
parameters with an improved degree of accuracy. 

1 INTRODUCTON 

National Building Research Organisation is the on-
ly government institution dealing with investiga-
tions, analysis, monitoring and early warning relat-
ed to landslide and in addition, conducting re-
search on landslides and geotechnical engineering 
related issues in Sri Lanka over the past few dec-
ades. Therefore, to collate available geotechnical 
data and investigation experience to one focal 
point we thought to develop a research base output 
which will ultimately result in creating more relia-
ble and effective outcome from the community 
perception.  

In this regard, we have focused on developing a 
3D model to predict from the available borehole 
data in Colombo Municipal Council area and its 
suburbs as this would be useful to future construc-
tion since there are new proposals being put for-
ward to develop Colombo as a metropolitan city. 

When it comes to selection of lands for certain 
construction there are number of factors to be con-
cerned about. The suitability of the land, available 
infrastructure, total buildable area, capital cost of 
investment and most importantly the subsurface 
conditions. Almost all the above mentioned factors 
are perceptible in terms of cost and based on other 
threshold limits except the subsurface conditions. 

There is no pre-defined way to obtain a proper 
idea about the underground conditions without car-
rying out a borehole investigation or another type 
of geophysical survey. But this would result in in-
curring an additional cost to the buyer and in case 
if the borehole investigation or geophysical survey 
reveals that the land is not suitable for the type of 
construction which the client is opting, the total in-
vestment would be in vain. Therefore, the pro-
posed study would assist the client to get a general 
idea on the investment that he is going to perform 
beforehand.  

The 3-D analysis for site characterization is 
mainly relevant to major construction works, for 
areas having already existing engineering construc-
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tions and in studies on aggregate resources. Gener-
ally the process of interpretation of site investiga-
tion data comprises of subsurface characterization 
and engineering analysis. A proper geotechnical 
characterization would help in differentiating and 
spatially defining geotechnical units and predicting 
the variability within the engineering units. Engi-
neering analysis is performed to evaluate in quanti-
tative terms interaction between the subsurface and 
the proposed engineering construction. Also these 
results could effectively be used to forecast the po-
tential geotechnical failures of already existing 
buildings due to land subsidence, liquefaction and 
etc. 

2 OBJECTIVES 

The objectives of this research are as follows: 

 Developing a database using available bore-
hole data. 

 Developing a 3-D model associated with cor-
responding 2-D maps with data acquired from 
borehole logs.  

 Interpolating readily available data to neigh-
boring locations to create a complete 2-D map. 

 Enhance maps in such way that is directly ac-
cessible by an end user. 

3 LITERATURE REVIEW 

A plane surface representation, generally in hori-
zontal projection, of geological data or features be-
neath the Earth's surface is known as a subsurface 
map. There are many types of subsurface maps, 
such as structure contour maps, isopachs maps, and 
maps showing variations in lithology, or propor-
tions of different types of lithology in rocks not 
exposed at the surface. 

There are certain techniques which are being 
used to map certain geological data. Stereographic 
projections bore logs and subsurface profiles have 
been used predominantly to interpret subsurface 
data. In the recent past, there are several software 
which have been especially developed for this pur-
pose with sophisticated and user friendly options. 
These software play a vital role in subsurface data 
interpretation and particularly in applications relat-
ed to mining. 

Efforts have been made using certain software 
to characterize the subsurface conditions. Rock-
works is one such integrated software package 
which has been used for geological data manage-

ment, analysis, visualization and modeling purpos-
es. 3-dimensional solid or block models are gener-
ated representing interpolated lithology types to 
characterize the subsurface by an integrated tool. 
The software facilitates a broad scope such as 
managing soil boring, sampling, well screening 
and other information into the program via a sim-
ple Excel or ASCII file import, viewing borehole 
information in 2D and 3D using a variety of meth-
ods and color schemes, creating 2D and 3D con-
tour maps of stratigraphic surfaces and isopachs, 
creating sections showing modeled lithology and 
stratigraphy, generating solid models and volumet-
ric estimations of stratigraphy, lithology, and other 
parameters and creating maps showing lithology 
and stratigraphy at different levels. 

ArcGIS is also another platform which is wide-
ly used to analyze and process geospatial data con-
verting them into more informatics maps for vari-
ous industries. Integrated tools allow the user to 
conduct comprehensive analysis on raw data lead-
ing to model the spatial variability of geotechnical 
characteristics within the subsurface using differ-
ent interpolation methods. Generally, interpolation 
requires a sufficiently large data set in order to im-
prove the accuracy of results. Techniques are also 
have been improved to visualize the software 
based resulted maps by transforming them into 
web maps via web interfaces such as ArcGIS 
online, Nextgis and QGIS. 

4 METHODOLOGY 

Development of a solid methodology for data ana-
lyzing purposes is always a challenge due to lack 
of previous data. Therefore, a methodology was 
developed through discussions with experts and 
comprehensive analysis of borehole data. 

4.1 Developing a database  

As the initial step, available soil investigation re-
ports related to research area were collected and 
sorted out based on the location. After scrutinizing 
them thoroughly, information which reflects the 
subsurface conditions was extracted from borehole 
logs in each report. Following are the data gathered 
from borehole logs to develop a database using 
MS-Excel; 

• Coordinates or the location where the borehole 
was conducted 

• Elevation with respect to mean sea level 
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• Termination depth (m, from existing ground 
level) 

• Ground water level (m, from existing ground 
level) 

• Lithology with depth of occurrence and, 

• Standard Penetration Test data with correspond-
ing depths. 

4.2 Geo-referencing the data 

The locations of all the boreholes were not rep-
resenting the same coordinate system. Firstly, 
boreholes with same coordinate systems were sep-
arately sorted out. Then, each set of boreholes were 
projected to a same coordinate system (Kandawala 
Sri Lanka Grid) using ArcGIS. 

4.3 Creating borehole location map  

All the projected boreholes were mapped to identi-
fy the distribution of boreholes using ArcGIS. 

4.4 Mapping ground water level variation  

Depths to the ground water table from the existing 
ground level at each borehole location were inter-
polated based on the Inverse Distant weighted 
(IDW) method using ArcGIS. A 2D map was gen-
erated which illustrates the variation in ground wa-
ter table of the study area.   

4.5 Mapping completely weathered rock layer  

Occurrence of completely weathered rock layer 
was assumed as the depth at which refusal to pene-
tration was encountered for at least more than three 
consecutive Standard Penetration Tests. Then, 
depths to the occurrence of completely weathered 
rock from the existing ground level at each bore-
hole location were interpolated based on the In-
verse Distant weighted (IDW) method using 
ArcGIS. A 2D map was generated which illustrates 
the variation in completely weathered rock of the 
study area.  

4.6 3-Dimensional modelling of data  

Structure of the database was modified in order to 
feed the data directly into 3D modeling software 
(Rockworks 16). Data was processed in software 
creating a model with 3D boreholes and a 3D li-
thology model. For the purpose of developing the 
model, the subsurface lithology was basically cate-
gorized into seven layers as fill, sand, silt, gravel, 
clay, peat and rock.  

4.7 Creating an upper surface model for a 
selected lithology type 

The 3D lithology model was further analyzed to 
identify the different types of soil layers and de-
termine their occurrences with the depth. New 3-
dimensional solid or block models were created 
representing interpolated lithology types whereby 
the elevations represent the top of the shallowest 
occurrence of a selected lithology. A "null" value 
was assigned to any grid nodes that do not have a 
corresponding lithology within the original litholo-
gy block model. 

4.8 Digitizing upper surface models 

The resulting surfaces of each lithology type were 
digitized and then transferred as vector layers to 
ArcGIS software for further analysis. Those vector 
layers were further enhanced in ArcGIS to gener-
ate subsurface soil layers in separate 2-D maps. 

4.9 Generating a web map 

Finally, the processed maps in ArcGIS were trans-
ferred and converted to a web map using Nextgis 
which is a framework for storage, visualization and 
management of all kind of spatial data. 

5 RESULTS  

In this research the available data set included 245 
borehole results from NBRO database which were 
drilled to obtain subsurface data for foundation de-
sign purposes. The topography of the area is gen-
erally flat and low-lying. 
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5.1 Borehole location map of the study area  

 

 
 
5.2 Ground water table variation map of the 
study area 

Fig. 2 Ground water table variation 

The above map which resulted from the IDW 

interpolation method illustrates the variation in 
depth of the occurrence of the ground water level. 

5.3 Map of completely weathered rock layer of 
the study area  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Variation of completely weathered rock layer 

The above map which resulted from the IDW 
interpolation method illustrates the variation in 
depth of the occurrence of the completely weath-
ered rock layer. 

5.4 Elevation map of the study area 

Fig. 4 Elevation map of the area with respect to      
Mean Sea Level (MSL) 

The Colombo and its suburbs which incorpo-
rates the project area falls into the lowest peneplain 

Fig. 1 Borehole location map 
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of Sri Lanka. The elevation variation of the area of 
concern ranges to a maximum elevation of 26 m 
with respect to Mean Sea Level. The terrain in Co-
lombo largely consists of gently undulating plains 
and low-lying flatlands with a high density of 
drainage paths formulating a geography consisting 
of a mix of land and water. 

5.5 3-D model of boreholes 

 
 
 
 

 
 

 
 
 
 
 

 
 

 
Fig. 5 Multi-log model of the selected area 

 
The above model demonstrates a three dimen-

sional view of the strip logs of all enabled wells, 
displaying observed data entered into the borehole 
data tables. 

5.6 3-D lithology model of the Study Area 

Fig. 6 Lithology model of the selected area 

The Fig 6 above depicts the lithology of the se-
lected area. The top most layers are occupied by 
sands, silts and a mix of sands and silts. Occur-
rence of peat layer is also visible at some areas in 
small quantities. 

5.7 Upper surface models of soil layers  

 

Fig. 7 Depth variation of occurrence of Peat layer 
Fig. 8 Depth variation of occurrence of Silt layer 

 
The above maps exhibit distribution of the oc-

currences of each layer with respect to the mean 
sea level. Soil layer maps for each lithology type as 
sand, silt, peat, clay and gravel have been created 
separately. 

5.8 The resulted web map 

The web map demonstrates all the output maps 
from the ArcGIS in one digital map where end user 
can visualize and obtain subsurface geological in-
formation of a particular location in advance. 
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http://nbrogeddatabase.nextgis.com/resource/1/display 

Fig. 9 Interface of the web map 

6 DISCUSSION 

Inverse Distant Weighted (IDW) interpolation 
method was used to predict the geotechnical char-
acteristics of a location in absence of borehole da-
ta. In the process of computer based interpolation, 
the accuracy can be improved by varying the num-
ber of boreholes and the maximum distance to be 
concerned while interpolating values to nearby lo-
cations. 

Resulted maps from the two sophisticated soft-
ware namely Rockworks and ArcGIS were com-
bined in the process of developing the web map 
which is capable of demonstrating the subsurface 
geotechnical characteristics. The web map can be 
directly used as a supplementary tool in predicting 
the subsurface geotechnical features of a particular 
location and as well as deciding the need of a de-
tailed soil investigation at the very beginning stage. 
It can also be used in the preliminary planning 
stage of an investigation to avoid unnecessary 
drilling operations.        

Moreover, the 3D models created in this man-
ner provide an improved basis to predict the inter-
action between the engineering structures and the 
subsurface. These geotechnical models can be ef-
fectively utilized to plan the redevelopment of ex-
isting urban areas. These models can also be used 
to predict the settlement of existing structures and 
determine the depths of pile foundations and type 
of foundation of proposed structures.  

Additionally, further analysis and detailed stud-
ying of the outcome of the research will contribute 
to development of geotechnical hazard zonation 
maps, which can be later developed at national 
level similar to landslide hazard zonation maps 
produced for construction areas. Methodologies 
can be derived and modified from the research out-
come to address all the issues related to geotech-
nical engineering aspects leading for hazards such 
as ground subsidence/settlements, liquefaction etc. 
Users may use them in identifying degree of vul-
nerability against specific underground issues in 
order to manage or control damages, unnecessary 
expenditure incurred with unexpected situation 
caused. 

7 CONCLUSION 

Software which has been specially designed for the 
analysis of geotechnical characteristics can be ef-
fectively utilized to handle a vast amount of bore-
hole data ultimately producing maps which visual-
ize the existing subsurface conditions. The models 
developed by compiling the outputs from those 
software can be used as a decision making tool 
when conducting or prior to conduct geotechnical 
investigations.  

RECOMMENDATIONS 

These developed maps serve as a guideline to ob-
tain preliminary technical information about the 
subsurface. Hence, critical decisions regarding the 
subsurface conditions should not be made based on 
the outcome of the research, since the models have 
been developed using the readily available bore-
hole data to get a basic idea of the subsurface con-
ditions. Accuracy of the results should be im-
proved adding more borehole data to the models. 
Further advanced analysis and studies should be 
conducted to interpret the adverse geotechnical is-
sues such as settlement, subsidence, liquefaction 
etc.   
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ABSTRACT: Sri Lanka is a country which thrived through agro based development till 1980s. The introduc-
tion of open economy policy impacted the rural farmers’ socio economic environment severely. This situation 
has been further aggravated by the recent climate change global phenomena. Drought and flood are the major 
disasters affecting the rural farmers. Hence, the reduction of rural poverty and food insecurity through the im-
provement of the agricultural production systems has become a challenge for decision makers. This requires an 
integrated and holistic approach considering the social, economic and environmental issues faced by local 
farmers and recognizing their production, access, distribution and consumption which are equally important in 
overcoming the challenges faced by rural farmers.  

This broader understanding of the factors affecting rural farmers has stressed the peoples' participation and 
empowerment, enhanced social capital, participatory approach in the community based disaster resilient ap-
proaches. Outcomes of Agricultural Decision Making and Precipitation Trends in Sri Lanka (ADAPT-SL), re-
search study expects that if appropriate capacity and financial support are given, farmers can effectively organ-
ize to identify community priorities and address local problems by working in partnership with local 
governments and other supportive institutions such as agrarian services center.  

This paper describes how could a drought resilient community can be built through a participatory ap-
proach in the context of ADAPT-SL study, and the challenges surrounding the approach at the community 
level. 

Key words: Drought, participatory, disaster, resilient    
 

1 INTRODUCTON 

The simple definition for the participatory ap-
proach is where everyone who has a stake in the 
intervention has a voice, either in person or by rep-
resentation. Everyone's participation should be 
welcomed and respected, and the process should 
not be dominated by any individual or group, or by 
a single point of view. 

A true participatory approach is one in which 
everyone's perspective is considered. That does not 
mean that people cannot challenge others' assump-
tions, or argue about what the best strategy might 
be. It does mean, however, that everyone's 
thoughts are respected, and it is not necessarily as-
sumed that the professionals or the well-educated 
automatically know what is best. Everyone actual-
ly gets to participate in the planning process, and 
has some role in decision-making. 

Resilience is the ability to anticipate risk, limit 
impact and bounce back rapidly through survival, 
adaptability, evolution and growth. High resilient 
communities able to minimize any disaster impacts 
to day to day life and local economy. Resilient 
communities are not only prepared to help prevent 
or minimize the loss or damage to life, property, 
and the environment, but they also have the ability 
to quickly return citizens to work, reopen business-
es, and restore other essential services needed for a 
full and timely economic recovery.  

Climate change is exacerbating the challenges 
faced by the agriculture sector. Climate change in-
creased temperatures, rainfall variation and the 
frequency and intensity of extreme weather events 
which are added pressure on the agriculture sys-
tem.  
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ADAPT-SL’s approach is based on a simple ra-
tionale that is communities have a quantifiable lev-
el of functional capacity. In a crisis situation, that 
capacity declines at a rate and to a depth that is 
largely dependent upon the nature of the disrup-
tion, the community’s level of preparedness for 
that specific disruption, and the rapidity and effec-
tiveness of that response.  

1.1 Objective 

This paper aims at studying how ADAPT-SL re-
search study could play a vital role in enhancing 
the disaster resilience of dry zone farmers in Sri 
Lanka.  

2 APPROACH 

ADAPT-SL is a research study conducted collabo-
ratively by NBRO and Vanderbilt Institute of En-
ergy and Environment since 2012 with following 
objectives;  

• To study the extent of current and future 

water stress experience of Sri Lanka under 

climate change scenario 

• To study the farmers’ response to water 

stress 

• To study the farmers’ water-efficient culti-

vation pattern 

• To study the variations exist across social, 

institutional and hydrological settings 

• To enhance the resilient capacity of farm-

ers by improving their livelihoods to face 

the climate change scenarios 

ADAPT-SL was initiated as a research study 
but later NBRO and VIEE decided to implement 
few community interventions using the funding 
from various sources with a participatory ap-
proach.  Community partnerships are critical to 
implement community interventions to improve 
emergency preparedness and community resili-
ence. Greater integration of organizations can build 
trust and increase participation of community in 
resilient enhancement activities.  

Many farmers feel that they have no voice in 
the society, that they are not listened to even when 
they are asked for their opinions. True participation 
means that everyone has a voice which must be 
acknowledged.  

The farming community is no longer simply the 
target or object of development but an active sub-
ject in the resilient planning.  

3 STUDY AREA  

123F Manabaranagama GN division of Siyamba-
landuwa Divisional Secretariat Division of Mon-
eragala district was selected as one of ADAPT-SL 
research sites in the category of Major irrigation 
agricultural settlement which cultivates under Mu-
thukandiya tank. Siri Parakum Farmers’ Organiza-
tion of Manabharanagama has 204 farming fami-
lies as members.  

The primary occupation of these families is 
paddy farming utilizing the irrigable water from 
Muthukandiya tank in both Maha and Yala season. 
But farmers in the village are reluctant to moving 
towards other field crops. Very small number of 
farmers in the area are cultivating maize and green 
gram in chena cultivation where lands are availa-
ble. Farmers who depend on mono cropping facing 
severe economic hardships if their cultivation sea-

son postponed or affected by external factors such 
as disasters. Further lack of opportunity for diversi-
fied agro economic activities in the area is also im-
pacting the farmers moving from mono to diversi-
fied farming.  
Fig. 1 Location Map of Manabhranagama 

Farmers in Manabaranagama were unable to 
cultivate during last two seasons as Irrigation De-
partment did not release the water for cultivation 
due to proposed renovation of Muthukandiya 
Tank. But in the end relevant authorities have not 
renovated the tank as proposed and postponed to 
2017 yala season and farmers also did not compen-
sated to the loss of their farming season. This has 
aggravated the economic situation of farmers. Fur-
ther as they did not cultivate for last two seasons, 
they do not have the seed paddies to cultivate this 
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time. Farmers face severe hardships in obtaining 
seed paddy due to their current economic situation. 

 
Apart from above issue farmers in the area are 

also emphasized following issues in the consulta-
tions meetings;  

 
Problem Solution 

Water is not distributed 
on time for the cultiva-
tion and canals have not 
been maintained for over 
a year. 

Cleaning the field canals be-
fore next farming season.  

Financial issues of the 
farmers 

Facilitate to sell their har-
vest under standard price. 
 
Provide paddy fertilizer 
subsidy as before 
 
Facilitate soft loan facilities 
for farmers. 

Scarcity of seed-paddy Provide seed paddy at min-
imum price.  

Water wastage due to 
the poor condition of 
field canals.  

Renovate the field canals 
and demarcate the bounda-
ries of reservations. 

Difficult to obtain  
drinking water   

 

Create a mechanism to pro-
vide drinking water to the 
village through proposed 
Muthukandiya reservoir wa-
ter project.  

Not enough storage fa-
cilities to store the har-
vest and difficulty in 
drying the harvested 
paddy   

Providing Kamatha (drying 
floor). 
 
Empty the existing store be-
fore harvesting. 
 
Construct another building 
for storage. 

4 OUTPUTS  

4.1 Canal Renovation  

Members of the farmer organization cleaned and 
renovated 10.8km length of canal in one day with 
the participation of 182 farmers. As an incentive 
for this community intervention, CRU provided 
182 bushels of seed paddy to the farmers. 

Further farmer organization has passed a resolu-
tion to impose fine on the farmers who do not 
maintain the canals in future. This initiative is im-
plemented in collaboration with Resident Project 
Manager of Muthukandiya Irrigation Scheme.  

 
# Canal Number Length (M) No. of 

Farmers 

1 FC 29 730 13 

2 FC 30 560 13 

# Canal Number Length (M) No. of 

Farmers 

3 FC 31 405 16 

4 FC 32 1070 13 

5 FC 33 1300 16 

6 FC 34 806 21 

7 FC 35 350 11 

8 FC 36 DC 3 550 10 

9 FC 37 DC 3 488 13 

10 FC 38 DC 3 690 10 

11 FC 39 DC 3 1210 14 

12 FC 40 DC 3 960 15 

13 FC 41 845 19 

14 FC 42 400 8 

15 FC 43 120 7 

16 DC 03 365 5 

Total 10849 204 

4.2 Geospatial Land Use Maps 

Conventional approaches to obtain land use maps 
are usually conducted by survey department with 
larger scale and villagers found difficulties in in-
terpreting the aspects of their land resources, which 
are of significant importance to them. Therefore, 
villages were mapped with the support of local 
community and using drone technology. Commu-
nity offered its support in boundary verification 
and field support while research experts used their 
technical and subject knowledge prepared village 
level land use maps using drone technology. Use 
of drone in the mapping improved the accuracy 
and precision of obtained data. This helped the 
farmers to identify the agro wells, water ways and 
abandoned lands and further farmers and local 
community used these maps to market their village 
among other donors and institutions. This initiative 
will bring following benefits to the community and 
decision makers;  

 Maps generated are accurately scaled in-

formation on land use that can be officially 

approved for management purposes. 

 These maps enabled the community to vis-

ualize the land use and resources of the ar-

ea without communication barriers and to 

motivate participants to reflect and discuss 

about land issues. 

 This would allow for a rapid identification 

of social, economic, and environmental 

problems of the village by determining and 

debating issues related to natural resource 

28



 

  
 

use with active participation of the farmer 

community. 

 This will also develop a common under-

standing among local land users and state 

authorities on spatial distribution and sta-

tus of resources and resource use.  

 This has provided options for participatory 

impact monitoring for rural development 

investments from government and other 

donors 

 This would mediate and solve prevailing 

boundary conflicts 

Fig. 2 Landuse Map prepared using drone technology 

4.3 Crop Diversification Model  

Crop diversification is intended to give a wider 
choice in the production of a variety of crops in a 
given area so as to expand production related activ-
ities on various crops and also to lessen risk. Fre-
quent water scarcities during dry season and even 
distribution of irrigation water through the canal 
network are two major challenges confronted by ir-
rigation engineers or decision makers. Irrigation 
water management usually focuses on maximum 
economic returns from available water through de-
cision-making with respect to allocation, schedul-

ing and application of the available water to differ-
ent crops over an irrigation season (Tyagi, et al., 
2005). The total irrigation water requirement of a 
command area primarily depended on the nature of 
the crop grown. While making management deci-
sions, the decision makers should also decide 
whether fully watered crops continue to be used or 
should other crops to be considered and what pro-
portion of land should be allocated to each crop 
and what amount of water should be issued for the 
land (Klocke, et al., 2009).  There are mono crop-
ping systems and mixed cropping systems. Mono 
cropping is cultivating a single crop species in a 
farming spaces. Mixed cropping is a cropping sys-
tem including more than one crop species in a 
farming space in the same cropping period or sea-
son (Jolayemi, 1995). Changing the cropping pat-
tern into another cropping pattern is known as crop 
diversification. It improves both productivity of the 
water and income of the farming community 
(Tyagi, et al., 2005). Farmers require economic in-
centives to be willing and able to adopt new prac-
tices, economic models that can predict threshold 
prices at which farmers begin to adopt environ-
mental land-use practices or payments for ecosys-
tem services can be highly effective in encouraging 
farmer adoption of diversified agricultural systems.  

4.4 Village Level climate action plan 

Village level Climate Action Plan will describe the 
measures that a local community will implement to 
increase the community's resilience to unavoidable 
climate change. It identifies the goals and basis of 
the planning project, along with actions to be im-
plemented, funding, responsibility and schedules.  

5 CONCLUSION 

This approach enabled the farmers feel that they 
are the owner of this initiative and this has built a 
strong base for their unlimited support to the inter-
vention. In any community initiatives if they are 
the integral part of a community intervention then 
that intervention is theirs. This has made the farm-
ers to felt that they are the originators of the pro-
cess and they helped the team in all the ways to 
make the initiative success. Project team also made 
sure that the intervention will have more credibility 
in all segments of the farmers.  Bringing a broad-
er range of people to the planning process provides 
access to a broader range of perspectives and ideas. 
Involving the farmers in the process has enabled 
the team to correct and avoid past mistakes. As 
farmer organisations and state institutions involved 
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in the process from the beginning their support is 
assured for the implementation of intervention.  

ADAPT-SL provided opportunity to the farm-
ers to put forward their problems and concerns and 
taught the skills for them to improve in the long-
term in the planning and implementation process 
including how to run meetings, formulate plans, 
etc.   

This process built the trust, both between or-
ganisations and the farmers and among the indi-
viduals involved. This trust is a foundation for fu-
ture community development and actions. This 
process enhanced the collaboration, inclusiveness, 
and empowerment of farmer organisations.  

Finally, participatory approach does the things 
in the way they should be done and it respects eve-
rybody’s concerns, values and intelligence. This 
enabled the NBRO to give substance to the ideals 
of the community in existing social structure. par-
ticipatory approach is almost always the most ethi-
cal way to plan a community intervention.  
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ABSTRACT: Community or collective resilience is a primary determinant of disaster preparedness of a set-
tlement. Resilience planning and mitigation in this setting involve multiple stakeholders and perceptions from 
range of disciplines and places. Existing mitigation decision-making processes typically exhibit two main limi-
tations. Firstly, techniques often feasibly accommodate only two dimensions at once and rely upon extensive 
use of assumptions. Secondly, they are cast narrowly and exclusively, as in either macro or micro, so simulta-
neously precluding both broader contexts and many details. Development decisions so informed are then based 
on partial information.  Too often this has resulted in unsatisfactory outcomes for many groups of stakehold-
ers along with increasing risk and heightened uncertainties.  

1 INTRODUCTON 

Agricultural Decision Making and Adaptation to 
Precipitation Trends in Sri Lanka (ADAPT-SL) is 
an ongoing project of National Building Research 
Organization (NBRO), which commenced in year 
2010 in collaboration with University of Colorado, 
Vanderbilt University, and University of North 
Florida. This project is a prime example on com-
plexities in managing big datasets and producing 
informed decision information.  

1.1 Complexity in resilience decisions 

Village profile is one of the outputs of the 
ADAPT-SL project which compiles social, eco-
nomic, agriculture and livestock, disaster resili-
ence, and infrastructure status of the a village. Data 
for the profile was sourced from a perception sur-
vey and a Community Action Planning Workshop 
that were conducted by the ADAPT-SL project as 
well as from the Grama Niladhari Division (GND) 
level Census dataset. Simultaneously it was con-
ducted drone based land use mapping, and optimal 
crop modelling exercises which enhanced the rich-
ness as well as the complexity of the profiling pro-
cess.  
 

The main objective of the village profiling was 
to provide decision information for a wider group 
of development partners. As different stakeholders 
concern on different aspects and criteria, the meth-

odology adopted required providing of measures 
on a range of variables instead of single figure. On 
the other hand perception survey data set included 
big data set of 1,498 variables and more than 
50,000 entries per GN division in different aspects. 

 

2 METHODOLOGY 

In order to facilitate multi stakeholder decisions 
and multiple dimensions of disaster resilience, this 
research adopted a perception mapping method 
(Desirability Matrix) based on the principles of 
Complex Stakeholder Perception Mapping 
(CSPM)(Kariyawasam, 2015) which provides both 
aggregated (aspect score) and disaggregated (De-
sirability matrix) information as per the choice of 
the decision maker. 

 
Instead of obtaining a mathematical value of the 

weighted evaluation criteria by attribute score as in 
conventional Multi-Criteria Analysis (MCA) (R. J. 
Stimson et al., 2006), the Desirability Index devel-
oped though this research, organises all the poten-
tial attribute levels under each criterion in a finite 
grid space. Since these features are artificial ob-
jects drawn in an ordinal grid space, it has the ad-
vantage of positioning them in the order of “most 
desired” attribute level to “not desired” attribute 
level under each criterion. Since attributes locate 
themselves in a hierarchical order in the grid, it 
provides the flexibility of including another dimen-
sion into the process. According to this flexibility, 
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process allows the presentation of the intensity of 
stakeholder perception at each desirability level 
under each criterion as similar to CSPM. Each cell 
in the grid represents intensity of stakeholder per-
ceptions (Iij) at a particular attribute level (i), un-
der a particular criterion (j) of the community 
(Figure 1). 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Three dimensional perception space 

 
Community perceptions collected through the 

perception survey were organized into different de-
sirability levels based on general standards of each 
criterion as per the Table 1.  

 

Table 1– Definitions for the Desirability Matrix 
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S
o

ci
al

 s
ta

tu
s 

      

S
o

ci
al

  

S
ta

b
il

it
y

  

T
ra

d
it

io
n

al
 

p
eo

p
le

 

N
ew

ly
 

 s
et

tl
ed

 

R
es

et
tl

ed
 

D
is

p
la

ce
d

 

E
n

cr
o

ac
h

er
s 

C
o

m
m

u
n

it
y

 

o
rg

an
iz

at
io

n
 

co
ll

ec
ti

v
e 

ac
-

ti
o

n
s V

er
y

 

M
o

st
ly

 

S
o

m
et

im
es

 

R
ar

el
y

 

N
o

t 
at

 a
ll

 

 E
co

n
o

m
ic

 s
ta

tu
s 

E
co

n
o

m
ic

 

d
ep

en
d

en
-

cy
 

1
5

-6
5
 

  

O
v

er
 6

5
 

0
 t

o
 1

5
 

C
ro

p
la

n
d

 

in
su

ra
n

ce
 

Y
es

 

   N
o

 

A
sp

ec
t 

C
ri

te
ri

a
 

M
o

st
 d

e-

si
re

d
 

 D
es

ir
ed

 

 

M
o

d
er

at
e-

ly
 d

es
ir

ed
 

L
es

s 
d

e-

si
re

d
 

 

N
o

t 
d

e-

si
re

d
 

 

Desirability level 

For quantitative data without standards, total 
frequency distribution ranges were equally divided 
into 5 intervals. For example, most desired status 
of social stability would be people who have been 
living in the area for a longer time with land 
ownership (traditional people) and encroached 
status would be not desirable based on social 
standards. However, for criterion like paddy 
productivity where standards classification is not 
available, total range of the frequency distribution 
(0 to 40 bushels per acre) was divided in to 5 equal 
intervals from highest productivity (Most desired) 
to lowest (Not desired). 

3 RESULTS 

The colour gradient in the grid shows the intensity 
or the proportion of the community under each de-
sirability level. Any clustering around not desired 
level with high intensity indicates that there is a 
problem or need to be addressed by potential de-
velopment partners (Farmer Organizations, Na-
tional Building Research Organization (NBRO), 
Local Authority, Grama Niladhari, Divisional Sec-
retariat, National Water Supply & Drainage Board, 
Mahaweli Authority, Irrigation Department, Non-
Governmental Organizations, etc).  
The below Table 2 provides the way of interpreting 
desirability index grid. 
 
Table 2 - Interpretation of Desirability Matrix 

Observation Information 

Position of each 

cell 

Stakeholder perception levels 

(most desired, desired, moderate-

ly desired, less desired and not 

desired levels) at each criterion  

Color of each cell Intensity of stakeholders for that 

particular attribute level (normal-

ized) 

Presence of more 

than one colored 

cell under a crite-

rion 

Presence of groups within the 

same community with different 

perceptions 

 

Sample of the Decision Index is shown in Table 3 

for the Social Status aspect of the study. Since social 

stability levels are in a poor status with 77% of families 

are at a not desirable level (encroachers) it is shown in 

red colour. 24% of families are at a better position 

(permanently reside with freehold ownership) in terms 

of social stability. Cooperation in FO activities 

measured in terms of their participation level. 77% of 

famers participate for all the FO activities and 24% of 

them participate only in some of the activities. 

Therefore community is in a better position in 

community organisation criteria which shown in brown 

colour. 

Criteria under each 

aspect (j) 

Perception Intensity (i) 

Desirability 

Finite perception 
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Table 3 – Sample Decision Index 
A
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Desirability Index 

M
o

st
 d

es
ir

ab
le

 

D
es

ir
ab

le
 

M
o

d
er

at
el

y
 d

e-

si
ra

b
le

 

L
es

s 
d

es
ir

ab
le

 

N
o

t 
d

es
ir

ab
le

 

S
o

ci
al

 s
ta

tu
s Social Stability  24     6 71 

Cooperation in 

Farmer Organi-

zation’s activi-

ties  

77   24     

4 CONCLUSION 

In summary Approach generates rigorous 
information to facilitate multi stakeholder 
decisions on both micro and macro level of village 
environment supporting strategic decision to 
advance community resilience and reduce risk in a 
collective manner. 
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ABSTRACT: Buildings are the living spaces of human beings that usually get-to-gather for many times of the 

day. The well designed spaces create more security, comfort and convention spaces for the users. It has many 

advantages in all the processes of the building construction, users and other equipment designers as well. With 

this situation standardization of the buildings are development of the country. Housing & Town Improvement 

Ordinance, No 19 of 1915, Town & Country Planning Ordinance, No 13 of 1946 and Urban Development Au-

thority Law, No 41 of 1978 describe the building codes which are being practiced currently in the country and 

these codes were developed by taking of British standards into consideration. However, these legislations do not 

follow the building standardization regulations. Due to this non-obligated issue, different types of buildings were 

created disregarding the standards.  

By integration, Performance-Risk Indicators (PRI from the perspectives of functional, technical, and indoor 

environmental performances, will be strengthened to facilate the assessment of the current state of building 

performance with risk concerns for users’ health and safety. (Khalil, N et al, 2016)  

Research study modelled the building design strategies through computer modeling and identified the suitable 

design strategies for different zones in the country. ASHRAE standard comfort conditions were considered in 

the development of computer modeling. 

Keywords: Thermal Performance, building physics  

1 INTRODUCTION  

Buildings are the liveable place for people for 

their different activities; residence, commercial, 

recreational, industrial and so on. Also, buildings 

are constructed for ensuring the safety of the space 

for particular activities. The disaster may occur two 

different types; man-made disaster and natural dis-

asters. Natural disasters such as floods, landslides, 

cyclones, lightning, etc., occur due to natural phe-

nomenon and sometimes it triggers due to man-

made unplanned activities.  Therefore, buildings 

should be developed to minimise the natural hazard 

impacts. As an example, if a building were made in 

flood prone areas, the foundation should be raised 

more than the flood level. The proposed building 

system should support to achieve safer conditions 

with limited alteration. The complete system was 

analysed based on external conditions required to 

achieve a safer building.  

Thermal performance of the building is not 

widely discussed in building construction. A build-

ing system should be providing physical comfort to 

occupants for dwellers. A common benefit came 

from the Heat Ventilation Air condition (HVAC) 

systems by reducing the operational cost of the 

building. In the long run, the building is benefited 

and building is most comfortable location for the 

identified activities.  
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2 BUILDING PERFORMANCE  

Building performance depends on various as-

pects of a building. Those aspects for the perfor-

mance analysis can be characterized as follows; [1] 

(Table 1) 

1. Technical Performance (Heat Insulation, 

Fire) 

2. Functional Performance (Functionality, 

Applicability, Adaptability)  

3. Social Performance (Comfort, Health, 

Safety )  

4. Economic Performance (Life-Cycle cost, 

Cash flow, Market value) 

5. Environmental Performance (Energy use, 

Material use)  

In these, technical performance, functional per-

formance and indoor environmental performance 

have been found appropriate for assessing both 

technical and social aspects in meeting demand for 

reducing risk to buildings; Performance-Risk Indi-

cator - PRI [1]. Following table shows the PRI indi-

cators that were used to assess buildings.  

 

 

3 ENVIRONMENTAL PERFORMANCE OF 
THE BUILDING  

Environmental performance is a useful tool for 

assessment of buildings. The common environmen-

tal performance tool is green building rating sys-

tems, currently practice for the assessment of build-

ings by which are achieved current standards of 

HVAC systems. A useful method of categorizing 

green design tools was proposed by Gowri; the sub-

sets are knowledge-based methods, rating scheme 

and performance-based tools. (Gowri K, 2004). In 

here, knowledge based tools are usually manuals, 

guidelines, or other reference materials such as En-

ergy Star or green building advisor. Building rating 

schemes are design of checklists, frameworks, and 

calculators used to quantify a building’s sustainabil-

ity profile. These include popular tools like leader-

ship in energy and environmental Design (LEED), 

Building Research Establishment Environment As-

sessment Method (BREEAM) and National Aus-

tralian Building Environmental Rating System 

(NABERS).  (Gowri K, 2004) Green Building 

Council of Sri Lanka (GBSL) also developed a 

Green SL® rating system for assess the environ-

mental performance of the buildings.  The perfor-

mance  based  tools include life cycle assessment 

methods and energy simulation tools for calculating 

building energy consumption and environmental 

emission such as SimaPro and GaBi. (Gowri K, 

2004).  

4 THERMAL PERFORMANCE OF A 
BUILDING  

The thermal performance of the building is 

linked to thermal physics. [2] Thermal comfort 

of the building means that condition of mind 

which expresses satisfaction with the thermal 

Indicators 

Technical Performance Functional Performance Indoor Environmental Per-

formance 

1. Design of building fittings  

2. Structural stability  

3. Information technology 

system operation  

4. Electrical services  

5. Plumbing services  

6. Fire prevention services  

7. Materials & internal fin-

ishes  

8. Roof 

9. Lift  

1. Spaces 

2. Orientation 

3. Infrastructure  

4. Access/ Entrance  

5. Circulation area 

6. Ergonomic building facilities  

7. Adequacy of building signa-

ture  

8. Emergency exits  

9. Building related illness/ sick 

building syndrome  

10. Amenities  

1. Cooling (Thermal Comfort) 

2. Artificial lighting (Visual 

Comfort) 

3. Natural lighting (Visual 

Comfort)  

4. Waste reduction  

5. Building ventilation  

6. Acoustic comfort (Noise)  

7. Level of cleanness  

Table 01: PRI indicators for building performance  
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environment and is assessed by subjective eval-

uation.  

Thermal performance consists of two main 

parameters; personal parameters and environ-

mental parameters. Personal parameters mean 

personal choice; activities (Table 02) and cloth-

ing pattern (Table 03). Environmental parame-

ters mean building envelope and HVAC; air 

temperature, mean radiant temperature, air 

speed and humidity. The thermal physics theo-

ries give the design background for the particu-

lar building. Thermal performance was calcu-

lated through the computer modelling and 

software programmes due to its complexity.  

5 PERSONAL THERMAL COMFORT 
PARAMETERS 

Activity and clothing are discussed under the 

personal thermal comfort parameter section. The 

human activities are measured as Metabolic rate 

(M) means the rate of transformation of chemical 

energy into heat and mechanical works by meta-

bolic activities within an organism, usually ex-

pressed in terms of unit area of the total body sur-

face or met units.  

1 met = 58.2 W/m2 

(Which is equal to the energy produced per 

unit surface area of an average person, seated at 

rest) (ANSI/ASHRAE standard 55-2004) 

The following table shows a few metabolic rates 

for identifying activities;  

 

Activity Metabolic rate 

 Met Unit W/m^2 

Sleeping 0.7 40 

Standing, relaxed 1.2 70 

Car driving 1.2 - 2.0 60- 115 

Walking at 0.9 

m/s 

2.0 115 

Cooking 1.6-2.0 95- 115 

Playing basket-

ball 

5.0- 7.6 290 - 

440 

(Source: ANSI/ ASHRAE Standard 55-2004) 

Clothing insulation is also measured for thermal 

comfort analysis of the building. According to the 

ANSI/ ASHRAE Standard 55-2004 mentioned 

some of clothing insulations as follows; (Table 03) 

 

Ensemble Description Clo 

Trousers + short-sleeved shirt 0.57 

Long sleeved coveralls + t-shirt 0.72 

Sweat pants+ sweat shirt 0.74 

Trousers + long sleeved shirt+ suit jacket 0.96 

Insulated overalls + long sleeved thermal 

underwear (+bottoms) 

1.37 

(1 Clo = 0.155 m2.K/W 

Source: ANSI/ASHRAE Standard 55-2004, 

Thermal Environmental Condition for Human Oc-

cupancy  

6 THERMAL COMFORT INDICES  

People make many alterations to their building 

to achieve a more comfort condition of the building. 

Changing cloth pattern, activities, and air move-

ment are the short term activities, and redesign of 

the building, and landscaping are longer term activ-

ities to achieve a comfort condition of the buildings. 

As per the ASHRAE standards 55-2004 an equation 

for determining the comfort temperature of the 

building is;  

 

𝑡𝑜𝑐 = 18.9 + 0.255 × 𝑡𝑜𝑢𝑡  

In here;  

toc = Operative Comfort Temperature  

Table 3- Clothing insulation 

Table 02: Different Metabolic rates 

Figure 1: Adaptive comfort model parameters 
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tout =mean outside temperature of the month ( ̊C 

) 

As an example, if the mean outside temperature 

of the month is 30̊C; then the comfort temperate of 

the building is 26.55 ̊C.  

In addition to temperature, moisture content is 

directly evolved to ensure the thermal comfort con-

dition of the building; this is called a psychrometric 

chart. The psychrometric charts gives the moisture 

contents of the air with reference to atmos-

pheric temperature. The wet bulb temperature 

and dry bulb temperature are measured to locate 

the moisture content of the air.  

7 TESTING OF REAL SCALE MODELS – 
NEGAMBO HOSPITAL BUILDING  

The comfort levels were measured through wet-

dry bulb and plotted the values in psychrometric 

chart. Wind speed was also measured inside the 

building and outside the building. Operation thea-

ters, wards are the main proposed activities of that 

building. The building floor area is divided into 10x 

10ft grid and measurement were taken in each grid. 

The measurement were taken continuously in a day 

and plotted the results in psychometric chart. Green 

colour points are the outside the building and red 

colour points are inside of the building. (Figure 02)  

 
 

The nearest weather station for the site is located 

in Katunayake area and comfort conditions were an-

alyzed by considering the Climate Consultant Soft-

ware [4]. Adaptive comfort model in ASHRAE 

standard 55-2005 was selected to proceed the model 

and it described as follows;  

Figure 02: Psychometric chart of Negambo Hospital 
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“In naturally ventilated spaces where occupants 

can open and close windows, their thermal response 

will depend in part on the outdoor climate, and may 

have a wider comfort range than in buildings with 

centralized HVAC systems.  This model assumes 

occupants adapt their clothing to thermal condi-

tions, and are sedentary (1.0 to 1.3 met).  There 

must be no mechanical Cooling System, but this 

method does not apply if a Mechanical Heating Sys-

tem is in operation.” [4]  

Following parameters were assigned to define 

the adaptive comfort model; (figure 01) 

 

According to the calculation only 1.5% of total 

hours will fits to comfort range and 62% of total 

hours will fit to adaptive comfort ventilation. There-

fore only 63.2% of total hours  belong to comfort-

able hours. Following figure shows the psychromet-

ric chart of dry-wet bulb temperature which 

includes comfort zone and adaptive comfort venti-

lation zone. (Figure 03) 

 

Different strategies can be considered to enhance 

the comfortable range. The following table shows 

the percentages of comfort level changes by apply-

ing of design strategies to the building. (Table 04, 

Figure 05) 

 

 

 

No Design Strategy Level of im-

pact to total 

condition  

1 High thermal mass 0.1% 

2 High thermal mass night 

flushed  

0.3% 

3 Direct evaporative cool-

ing  

0.1% 

4 Two-stage evaporative 

cooling 

0.4% 

5 Fan forced ventilation 

cooling 

1.9% 

6 Dehumidification only 5.3% 

7 Cooling, add dehumidifi-

cation if needed 

31.4% 

Figure 03- Psychometric chart of Hambantota typical building 
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 The observations of dry-wet bulb temperature 

points in the hospital building are located  closer to 

the comfort zone. It is required to apply “Cooling, 

add dehumidification if needed” design strategies to 

achieve the comfort level of the building.  

 

Table 04- Different strategies for control comfort level  

Figure 05- Strategies for control different comfort levels 

Figure 06- Strategies Thermal mass variation in the country 
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8 SUITABLE BUILDING DESIGN 
STRATEGIES IN THE COUNTRY  

 

 

 

 

 

 

Climate data was collected in different locations; 

Katunayake, Rathmalana, N’Eliya, Hambantota, 

Baticloa, Anuradhapura, Trincomalee and 

District  

Strategies 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Batticaloa 0.3 32.6 - - 0.3 0.4 65.9 5.5 - - 0.1 - 0.1 2.2 32.0 - 

Katunayaka 1.5 31.9 0.2 0.5 0.3 0.8 67.0 6.7 - - - - - 6.9 30.9 - 

Ratmalana 0.5 30.9 0.2 0.5 0.5 0.8 62.6 5.3 0.1 - 0.1 - - 7.8 29.8 - 

Hambantota 0.6 33.1 - - 0.1 0.2 73.7 8.0 0.1 - 0.1 - - 4.8 23.2 0.1 

KKS 0.6 32.1 - 0.1 0.1 0.3 64.6 8.7 0.1 - 0.1 - - 3.6 32.4 - 

N'Eliya 5 0.2 0.1 0.1 0.2 0.2 3.1 0.1 83.0 23.8 23.9 - 0.2 0.1 0.1 5.2 

Puttalam 0.5 32.1 0.1 0.1 0.1 0.2 61.4 4.8 - - 0.1 - - 8.4 31.3 - 

Tricomalee 0.2 32.5 - - 0.1 0.2 67.4 7.6 - - 0.1 - - 1.9 31.1 0.1 

List of Strategies: 
1. Comfort-ASHRAE Handbook 2005 
2. Sun Shading of Windows  
3. High thermal mass 
4. High thermal mass night flushed 
5. Direct evaporative cooling 
6. Two-stage evaporative cooling 
7. Adaptive comfort ventilation  
8. Fan-forced ventilation cooling  

9. Internal heat gain 
10. Passive solar direct gain low mass 
11. Passive solar direct gain high mass 
12. Wind protection of outdoor spaces 
13. Humidification only 
14. Dhimmification only  
15. Cooling, add dehumidification if needed 
16. Heating, add humidification if needed  

Trincomalee NuwaraEliya  

 Good natural ventilation can reduce or eliminate air 

conditioning in warm weather, if windows are well 

shaded and oriented to prevailing breezes 

 Long narrow building floorplan can help maximize 

cross ventilation in temperate and hot humid climates 

 Screened porches and patios can provide passive com-

fort cooling by ventilation in warm weather and can 

prevent insect problems 

 To facilitate cross ventilation, locate door and window 

openings on opposite sides of building with larger 

openings facing up-wind if possible 

 Traditional passive homes in hot humid climates used 

light weight construction with openable walls and 

shaded outdoor porches, raised above ground 

 Traditional passive homes in warm humid climates 

used high ceilings and tall operable (French) windows 

protected by deep overhangs and verandahs 

 Heat gain from lights, people, and equip-

ment greatly reduces heating needs so keep 

home tight, well insulated (to lower Balance 

Point temperature) 

 Traditional passive homes in cool overcast 

climates used low mass tightly sealed, well 

insulated construction to provide rapid heat 

buildup in morning 

 For passive solar heating face most of the 

glass area south to maximize winter sun ex-

posure, but design overhangs to fully shade 

in summer 

 Provide double pane high performance glaz-

ing (Low-E) on west, north, and east, but 

clear on south for maximum passive solar 

gain 

 Low pitched roofs with wide overhangs 

works well in temperate climates 

Table 05- Different building design strategy varied in different places  

Table 06- Architectural practices for achieve comfort conditions in Trincomalee and N’eliya  
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Kankasnturei to identify different building strate-

gies to achieve the comfort conditions of the build-

ings. Table 05 shows the results of different strate-

gies varied in identified locations. According to the 

results, it is required different architecture designs 

required to achieve the thermal comfort conditions.  

There are different types of architectural prac-

tices to achieve thermal comfort strategies. As an 

example, architectural strategies with reference to 

ASHRAE standards for two different locations can 

be listed in Table 06; 

9 CONCLUSION  

Buildings should be constructed with under-

standing of the thermal and environmental condi-

tions. Therefore, selection of materials, shading, 

cooling mechanism, orientation, ventilation mecha-

nism, etc should be selected with proper thermal and 

environmental estimations. 

 

According to the results typical building plan 

should not be used to all over the country. Also, it is 

required to thermal modelling software to simulate 

the building before construction.  
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ABSTRACT:  This research focus on technical and community based approaches to identify the inundation 
locations and their physical properties based on riverine and flash floods scenarios, to initiate the proper flood 
hazard assessment in the municipality area of Ratnapura.  
The preliminary task was focused on identification of low lying areas using Arc GIS based model in order to get 
reliable inundation locations and estimation of riverine flooding extent and inundation depth. (1) First a GIS 
based terrain analysis was employed using contour, spot height, and stream network enforced Topo raster (Dig-
ital Elevation Model) along with set of raster analysis tools, to derive the extent of possible flooding based on 
the flood level from the surface level of river.(2) Second, an integrated hydrological concept based model (Blue 
Spot model) was employed. It help to identify the low lying locations which has higher possibility to fill up and 
overflow due to the heavy rainfall. Also it estimate the volume of sinks and amount of rain fall that requires to 
fill each sink. (3) Community based participatory approach was used to collect information on year and monthly 
frequency of flood, extent of inundation, flood depths and location of evacuation center. The result of the each 
method was revealed through series of detailed maps (as GIS layers) and summarized table, that showing the 
location of low lying areas in terms of derived depths ,water level from the river surface and amount of required 
rainfall to fill each identified depression location. In addition, possible flow paths, catchment boundaries also 
derived.  
Results of terrain analysis shows the spatial extent of riverine flooding that derived at each 0.5m increment of 
water level based on river surface level (17m) up to 24m (major flood level). If the water level would increase 
up to 7m (considered maximum level), then almost 30 percentage of the MC will be inundated. Blue spot model 
reveal that  400 hectares of MC area prone to flash flood cause by  heavy rain fall, almost 90% identified low 
lying area would be fill up by 20 - 150 mm of rainfall ( hourly) range. Finally, community based approach 
concluded almost 20% (480 hectares) of Mc area along Kalu river and Wey Ganga has prone to annual flooding. 
Finally the outcomes that derived through terrain and blue spot models were compared with community based 
results to obtain the suitable flood inundation scenarios for the study area. 

Key words: -Flood Hazard, Rthnapura Municipal Council

 
1 INTRODUCTION 

 
In recent decades, Ratnapura Municipality area 
(RMC) experienced number of flooding events. The 
catastrophic flood that occurred in May 2003 re-
sulted many deaths and loss of properties in Munic-
ipality area and there are 17 major flood incidents 
have been occurred. (Liyanarachchi and Chandana, 

2004). So in order to response to such event in ad-
vance and flood hazard elsewhere in the locality, 
there is need to develop detailed flood information 
profile. 

 
Ratnapura MC Area (25 Km2) locate in the upper 
basin of Kalu River (Lat 6.6785260, Lon 80.40680). 
It is the where Wey Ganga joining with Kalu River. 
Almost 30 % of the municipality area exposure to 
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flood hazard especially during south west monsoon 
(May to September). Nearly 15 Grama Niladari di-
visions out of 20 have been fully or partially af-
fected by annual flooding. An environmental profile 
of the Rathnapura district that produce by Karuna-
nayake and Katupotha (1990) (Central Environmen-
tal Authority) stated that “"Approximately 50% of 
the population lives on the flood plain, and the ma-
jority of flood plain residents are concentrated in the 
most hazardous areas". 
Causative factors influencing the flooding in 
Ratnapura MC are:-  

 
1. Topography:-  Elevation of the MC area has 
vary between 17 to 460 meter height ,  among that 
40 percent of the area locate  at the mid flood plain, 
(in the range of 17-24m)  which is extended paral-
lel to both side of the Kalu river bank.  

 
2. Precipitation: - Due to the location in the wet 
zone, particular area has been receiving 3000mm 
average annual rain fall (Liyanarachchi and Chan-
dana, 2004) and some areas of upper kalu river basin 
receive more than 5000mm rain fall depth.  So the 
continues and high intensity rainfall in the upper 
catchment (hill country) is another reason for both 
flash and riverine flooding. 

 
Almost 90 % of the agriculture land (mainly paddy) 
which are situated along the tributaries in the flood 
plain and densify built up areas in Rathnapura town 
(both commercial and residential) area is more vul-
nerable to flooding.  
 

 
2 OBJECTIVES OF THE STUDY 
 
Research focused on two main objectives. 
 
1.  To identify the spatial distribution of the inun-
dation locations and estimate the below physical 
properties  

1. Extent of the inundation area regard to the dif-
ferent water level increment from the river sur-
face. – Through the GIS based terrain analysis 

2. Depth of inundation. – Through community 
based participatory approach 
3. Volume of inundation and amount of rainfall 
that required to fill the inundation locations. – 
Through Blue Spot model 

 
2. Identify the elements at risk based on the different 
methods that employed in the research. 
 
3 METHODOLOGY 

 

 
 
 
 

 
 
 
 
 
 

 
 

 
 
  
4. ANALYSIS 
 
4.1 Method 1- terrain analysis 
 
This method used for the identification of reliable 
inundation locations, which means low lying area or 
sinks in the terrain. And estimate the physical prop-
erty of the flooding particularly extents that based 
on height of the derived flood levels in the study 
area. A GIS based approach was implemented based 
on Arc GIs and Arc scene platform. 
At first data that derived from survey department 
such as contour lines (2.5 m interval), Spot heights, 
stream networks and MC boundary (1:5000 scale) 
were used as main inputs. Then to model the topog-
raphy of the area, DEM was generated through 
Topo to raster tool. Tool uses elevation information 
of contour lines and spot heights to model the terrain 
along with stream network to produce hydrological 
correct DEM through drainage enforcement algo-
rithm (Goodchild and Mark. 1987). So this interpo-
lation ensure the connected drainage structure and 
correct representation of ridges and streams from in-
put contour data of the area. 
 

Fig.1 study area 
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Finally possible inundation locations were derived 
with the help of the raster calculator based on the 
pixel depth of the DEM. For raster calculation, ele-
vation of the river surface level (17m) was selected. 
This level starts from minimum height of the Kalu 
River bank and considered as the bench mark to de-
rive inundation locations. Maximum possible flood 
level was considered based on the major flood Level 
of the Rathnapura River gauging station which is 
7m (irrigation department).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Once determined the minimum and maximum val-
ues for raster extraction, inundation locations were 
extracted up to 24 m altitude (17+ 7) by the incre-
ment of 0.5m interval. 
The above chart (fig. 2) shows the steps involved in 
this process. 
 
4.1.1 Results 
 
Based on the analysis, spatial extent of the flooding 
derived at each 0.5m increment of water level based 
on river surface level (17m) up to 24m, all this ex-
tents are visualize by series of following maps 
(fig.3, fig.4) at MC and GN level. Based on the each 
flood level increment, elements at risk of the MC 
area has been derived in terms of buildings.  

 
Results shows that if the water level would increase 
up to 7m (considered maximum level), then almost 
30 percentage of the MC will be inundated. It would 
cause damages to 3300 buildings. Table 1. Shows 
the extent of effect and building stastics. 
 
 
 
 
 
 

Topo to Raster  Contour 

 

DEM 

 

Spot height 

 
Output 

Stream line 

 Stream network 

 Remaining 

sink points 

 

Inundation location at each water level increment 

 

MC Boundary 

 
DEM <= 17.5 

DEM <= 18.0 

DEM <= 18.5 

DEM <= 19.0 

Cont... 

DEM <= 24.0 

Fig.3 Spatial extent of inundation location at specified range 0.5-7m for MC boundary 

Raster Calculator  
  

Fig.2 flow chart of functions involved in the terrain analysis 
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4.1.2 Limitation 
 
The accuracy of the result of this model is depend 
on the resolution (especially horizontal) of the 
DEM.  For this analysis 2.5 m was considered as  
 

 
 
the minimum resolution by considering the contour 
interval (vector).  
Process of Identification of the riverine flooding lo-
cations must consider the hydraulic and hydrologi-
cal system of the river and terrain. But this model 
applied only hydrological corrected DEM for the 
pre identification of the low lying area within short 
period of time 
 
4.2 Method 2 - Blue spot Model 
 
An integrated approach was followed to identify 
flood inundation areas (area that has higher possi-
bility to fill up and overflow) caused by torrential 
rain fall, combine with absence of drainage. Further 
it estimate the volume of each depression locations 
and quantity of required rainfall that would need to 
fill those areas. Concept of this model was devel-
oped by “City of Copenhagen's Cloudburst Man-
agement Plan 2012” by Danish government to iden-
tify the spatial location which are vulnerable to 
cloudburst caused flooding (Thomas Balstrøm, 
2012). 
 
The model was built up on a hydrologic considera-
tion that every depression locations in the landscape 
has its own catchment, which contributes flow to 
that regarded sinks and no other.  
 
 
 

Flood 
Level 
(from the 
surface of 
River ) 
Base 
height :- 
17m 

Affected area  
Total Mc area  
2636.9 (Hectare) 
 

Affected 
buildings 
 
Numbers 

Area Percentage 

0.5 38.6       1.5 31 

1 57.4       2.2 71 
1.5 87.95      3.3 109 
2 138.3    5.2 178 
2.5 199.2      7.5 288 
3 275.1      10.4 529 
3.5 349.8 13.3 841 

4 407.2 15.4 1123 
4.5 465.6 17.6 1422 
5 524.7 19.9 1769 
5.5 594.6 22.5 2261 
6 665.0 25.2 2741 
7 737.0 27.9 3303 

Fig.4 Spatial extent of inundation locations visualized with building overlay at GN level. 

Table 1 Profile of elements at risk 
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Fill Fill 

Preliminary inundation locations  

All sinks filled 

Fill all sinks 

Minus 

Get cell differences for the 
DEM’S 

1-2 

Inundation depths cell by cell  

Con 

Assign value = 1 to all inundated 
cell, other cells = no data  

Region group 

Inundation regions 

Assemble inundation region  

Zonal Statistics as Table (2) 

Sum elevation values of filled cells  

Sum filled Depths 

Join sum to inundation table  

Join field 

Join filled depths 

Calculate field 

Inundation volume 

Calculate volume  Join field  

Join watershed areas to inundation 
table  

Sum elevation values of unfilled cells  

Sum Unfilled Depths 

Add field 

Add volume field  

Join field 

Join unfilled depths 

Get raster properties 

Get cell size  

Flow direction 

Derive flow direction  

Flow direction raster 

Watershed 

Watersheds 

Build raster attribute table 

Create and update table for watershed  

Watersheds attribute 

Calculate field 

Calculate watershed areas  

Watershed Areas 

DEM 

Joined watershed areas 

Add field 

Inundation with fill up field 

Define the vertical accuracy 

Calculate field 

Calculate the fill up values 

Inundation fill up value 

Zonal Statistics as Table (1) 
 

Raster to polygon 

Inundation polygon 

Cell size 

Fill sinks less than 
DEM vertical accuracy 
 

1 2 

Add fill up field to inundation table 
 

Small sinks filled 

Fig.5 flow chart of the process involve in the blue spot model 
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Through calculating the volume of a sink and the 
area of its catchment, it is possible to estimate how 
much rainfall is needed to fill the sinks by dividing 
the catchment by sink volume. 
 
To implement the model, Triangulated Irregular 
Network generation (TIN) was created based on 
contour and spot height data. Then by using the ras-
ter conversion tool, TIN was converted into raster 
based TIN and used as the Digital Elevation Model 
of the area. To identify the preliminary sinks in the 
DEM, vertical (accurate of each cell's elevation 
value) and horizontal (minimum value of cell size 
based on x and y plane) accuracy of the DEM were 
defined by assuming the interval of the contour. So 
it was considered 2.5m as minimum value and 
0.05m as possible maximum accurate. The flow 
chart of involved functions in blue spot model de-
scribed as above the figure 5.  
All the functions are performed by the sequence of 
hydrological and topographical geo processing tools 
based on model builder environment of Arc GIS. 
 
4.2.1 Results 
 
The first phase of model identified the spatial loca-
tions of sink points which could be inundated due to 
the flash flood, based on each vertical accuracy that 
defined in the analysis. 

Further regarded average amount of rainfall values 
for those low lying area also derived. All the possi-
ble inundation areas were derived at the accuracy of 
0.05m. It is shown in figure 7 

 
 
Fill-up values indicating the amount of rainfall that 
require to fill up each sink, and overflow would hap-
pen via pour points of the sinks (most probably 
through both natural and manmade drains). Almost  
90% identified low lying area would be inundated 
by 20 - 150 mm of rainfall (hourly) range. Figure 8 
shows the range of rainfall which will inundate the 
area. 
 

 

Fig 6 Derived watersheds of the area 

 

Fig 7 Inundation locations due to flash flood 
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Elements at risk to flooding based on the each level 
of accuracy and the amount of rain fall that require 
to fill each sinks. Statistics shows that 15 % of the 
MC prone to torrential rain fall flooding. If the rain-
fall exceed the 150mm of average, it would inun-
dated 360 hectares of the area. It show by table 2. 
 

 
4.2.1 Limitation 
 
Result of the analysis is highly depend on both ver-
tical and horizontal accuracy of the input DEM, if 
model uses higher accuracy DEM such as rectified  
 

 
LIDAR survey data, output will be more reliable 
and accurate. The model considered only basic hy-
drologic theory. It doesn’t consider the main factor 
of water balance cycle. It means, precipitation of the 
specific area is equal to evaporation, infiltration, in-
terception, retention in sewer system and storage in 
the reservoirs in the specific area. But model only 
assume storage in the sinks and all the (100%) sur-
face run-off of the watershed will be accumulated 
into specific sinks. 
 
 
4.3 Method – 3 Community based participatory ap-
proach 
 
This approach collect flood hazard information 
from experience of inhabitants of area. This is one 
of common method used to collect reliable input for 
any hazard assessment. Series of Community Ac-
tion Planning workshops were conducted in 16 GN 
divisions (which are highly exposure to flooding) to 
collect the flood hazard information. 
To collect the right information within the limited 
time, easily readable base maps were prepared for 
each GN. These maps visualize the road networks, 
building, major land use and other main utilities 

Vertical 
accuracy  

Affected area  
total MC area  
2636.9 (hectare) 
 

Affected 
buildings 
Numbers 

Area Percentage 

2.5 69.5 2.6 72 

2 79.4 3.1 98 
1.5 122.4 4.6 193 

1 207.1 7.8 350 
0.5 245.3 9.3 449 
0.05 400 15.2 992 

Fig 8 Fill up values for each inundation locations 

 

Table 2.  Profile of elements at risk 
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with regarded boundary of the GN.  Following fig-
ures (fig 9, fig 10) shows base map and way of data 
collection. Information were collected through fol-
lowing activities. 
 
1. Activity 1:-   Draw the inundated locations us-
ing respective colors which represent inundation 
level on the map  
2. Activity 2:- Mark the monthly frequency level of 
flooding and year of occurrences  
3. Activity 3:- Record the year and magnitude level 
of impact due to respective flood 
4. Activity4:-mark the evacuation center and boat 
yards.  

 
Result from the Activity 1 help in the identification 
of spatial location of flooding based on different 
depth from respective terrain of the area.  

Other activities will be used in final hazard assess-
ment process. 
 
4.3.2 Result 
 
Inundation locations were classified through the av-
erage depths from the respective terrain area that ob-
tained through the workshops. Area situated along 
the left bank of Kālu River and almost 90% of the 
paddy cultivation mostly affect by riverine flooding. 
Depths of the flood vary from minimum 2 foot to 
more than 10 foot, almost all the identified flooding 
locations are within the range of 17m – 23m. 
 

Following maps (figure 11 and 12) visualize the 
spatial locations of the flooding. 
 
As per the outcome of community consultation, the 
extent of the flood hazard is up to 480 hectares. It 
means, 20 percent of the MC area has prone to an-
nual flooding. Among that 90 % of the area getting 
more than 6 foot of flood level. 
 
Due to this flood extent, it has estimated that, 1500 
buildings are vulnerable to flood inundation. Table 
3 shows profile of elements at risk. 
 
 
 Fig 10 Community consultation 

Fig 9 Detailed Base map for each GN 
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Fig 11 Flooding locations and depth of inundation 

 

Fig 12 Major Flooding locations derived through community consultations and overlaid with TIN 

 

Flooding locations (17-23m) 
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Finally the riverine flooding locations that derived 
from terrain analysis and flash flood areas obtained 
through blue spot model were compared interac-
tively based on actual scenario that derived through 
the community assessment. At last the scenarios 
which suited with actual result are concluded as 
suitable for flood inundation modeling 
 
5. Conclusion  
 
Research has employed two technical based models 
and a community based approach to identify the re-
liable inundation locations based on riverine and 
flash floods. The first method, terrain analysis, de-
rived the inundation locations based on riverine 
floods by considering increment of the water level 
from river surface. Based on this, 737 hectares of 
MC has been identified as flood prone area, which 
is located between 17m- 24m height of elevation.  
 
The second method derived the low lying area 
which area prone to flash floods due to heavy rain 
fall based on the amount of rainfall that required to 
fill each sinks in the terrain. The outcome shows that 
20 percent of the land is subjected to flash floods. 
 
Finally community based participatory approach 
identified the locations of both types of floods in 
terms of depth of inundation. It reveal that 480 hec-
tares of MC area is prone to flooding. 
 
First and second model identified the locations 
which are vulnerable areas to riverine and flash 
floods, third one derived the locations of annual 
flooding. So these methods will be used as support-
ing mechanism to assess the different type of flood 
hazard (in this case riverine and flash floods).  
 

The first two methods were used to calculate river-
ine flood and flash flood. The third method used to 
verify the results. Rathnapura MC Area impacted 
with both riverine flood and flash flood. Following 
formula used to select the results.  

[𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑑 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝐴𝑟𝑒𝑎]
= [𝑅𝑖𝑣𝑒𝑟𝑖𝑛𝑒 𝑓𝑙𝑜𝑜𝑑 𝑚𝑜𝑑𝑒𝑙 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝐴𝑟𝑒𝑎]
+ [𝐹𝑙𝑎𝑠ℎ 𝑓𝑙𝑜𝑜𝑑 𝑖𝑚𝑝𝑎𝑐𝑡𝑒𝑑 𝐴𝑟𝑒𝑎] 

However, the actual situation may varied from this 
equation. Therefore, scenarios which include 10% 
variation from community impacted area will be se-
lected to further analysis. All scenario results, in be-
tween 432-528 (impacted areas), will be selected to 
validate. The scenarios those suitable for flood as-
sessments are selected based on recorded flood level 
in Rathnapura river gauge is; alert level =3.65m. El-
evation range 3~4m range. 
 

Scenario Name Inundated area 

E3.5B1.5 472.2 

E4B2.5 476.7 

E3B1 482.2 

E4B2 486.6 

E3B0.5 520.4 

  
Therefore, aforementioned scenarios are suitable 
for flood inundation modelling in Rathanpaura MC 
Area.  
 
6. Way forward  
 
Future research will be focused on integrated flood 
modeling to produce proper flood hazard profile. It 
will included hydrodynamic functionality of the 
river system and terrain of the respective area. Fur-
ther each components of the water balance equation 
will be considered to predict the flooding based on 
different return period. 
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Inundation 

Depth 

(from the 

surface of 

regarded 

area) feet 

 

Affected area 

Total MC area-  

2636.9 (hectare) 

 

Affected 

buildings 

Numbers 

  

Area Percentage 

2 4 0.2 22 

3 1.2 0.05 13 

4 20.7 0.8 168 

5 16.2 0.6 98 

6 293.5 11.2 789 

10  145 5.5 380 

Total 480 20.1 1470 

Table 3 Profile of elements at risk 
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ABSTRACT: Landslide hazard has become a frequently increasing natural threat to Sri Lanka due to climate 
change impact and current development practice. The impacts of landslides are getting increased during the 
last three decades and most of the landslides have been occurring in Central Highlands of Sri Lanka and the 
surrounding slopes. Therefore, among many risk reduction approaches, structural mitigation interventions for 
identified potential landslide areas have become a vital approach. In this aspect, structural mitigations are 
conducted by NBRO with the financial support of several agencies such as Government of Sri Lanka, World 
Bank, and JICA. The project funded by the government of Sri Lanka investing rupees 200 million in a year is a 
major component utilized for landslide mitigations around the country since 2014.in the present context many 
Governmental and nongovernmental organizations that have been trying to mitigate landslide hazards. The 
study focused on developing an Analytical procedure to select the most appropriate sites for structural 
mitigations considering multidisciplinary expert knowledge.  

Keywords: evaluating criteria, landslide prone area 

1. INTRODUCTION 

1.1 Background 

Sri Lanka has been exposed to may natural 
disasters and losses to life and property in the recent 
past decades with the increasing frequency. Among 
them, many incidences are recorded due to the 
heavy rain. With reference to the latest disaster sit-
uation prevailed due to bad weather in May 2016 
causing considerable losses to lives and properties, 
and temporary by displacing hundred thousands of 
people, re-emphasise the need to establish a system-
atic approach to reduce the risk of natural disasters 
on development activities especially on housing and 
other infrastructure sector which is more vulnerable 
due to socio-economic concerns. All the recorded 
landslide situations are reported to NBRO head of-
fice through the district offices. The government has 
to address those situations as soon as possible to re-
duce the risk of expected disaster. But, due to vari-
ous reasons including resource limitations, sites 
have to be prioritized base on the level of risk and 
funding availability. Further, Environmental factors 
are also critical while implementing the migratory 
measures.   

 

Therefore selecting a site for Risk Reduction 
Measures should be done carefully. Otherwise, the 
assigned resource can be merely wasted. Because of 
the expected allocations of the government for these 
migratory activities are comparatively low. 

 
1.2 Research problem 

Landslide mitigation projects under Government 
Grant is one of the main intervention that funded to 
mitigate potential landslide islandwide by the Na-
tional Building Research Organization. Structural 
mitigation is one of the mechanisms practised to 
protect vulnerable communities and properties from 
landslide disasters. Therefore, the introduction of an 
analytical methodology for the prioritization of po-
tential landslide areas for structural mitigation is an 
important aspect instead of the available method 
used. 
 
1.3 Objective  

The main objective of this study is to develop a 
rational and comprehensive methodology to select 
the most important potential landslide areas to mit-
igate them by structural means to maximize the ben-
efit under cost. 
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1.4 Study Area  

To undertake this study, 27 most vulnerable land-

slides were selected from Rathnapura, Badulla, Nu-

wara Eliya, Kandy, Matale, Kegalle, Gampaha, 

Galle, Matara and Kalutara according to the given 

report by the relevant NBRO district offices. 

2. METHODOLOGY 

Mainly the assessment was conducted by using a 
multidisciplinary approach. The each landslide was 
evaluated based on an evaluation matrix prepared 
including different factors on different fields such 
as Environmental, Geological, Planning, Social and 
Project Management. Criteria were developed for 
each discipline to gather the data from the sites. All 
the sites were individually visited by the multidisci-
plinary team and Interviews were carried out using 
the guidance of the developed criteria.  All the el-
ements like lands and buildings were carefully in-
vestigated by the Officers who have experience in 
each field. At the same time, a layout plan of each 
building was sketched and GPS points were taken.  

 
Following criteria and methods were used to 

analyze the landslide as well as each criteria has 
value range.  

  
3. CRITERIA DEVELOPMETN AND ANALYSIS  

3.1. PLANNING, ECONOMIC AND SOCIAL ASPECTS 

  

3.1.1 Land use 

The term ‘Land use’ might not seem like the most 
considerable topic to use as criteria of landslide. 
Land use is the function or functions that humans 
apply to the land available to them. Human inter-
vention for changing the uses of land might be a 
greater encouragement to create hazard scenarios.  

 
There are many types of land use need to consider 
when studying the land uses. Those types include 
recreational, transport, agricultural, residential, and 
commercial etc. Three main land use categories and 
20 subcategories were identified to this study. There 
were human settlement categories developed for 
Landslide Risk Assessment and Risk Profile Devel-
opment Project of NBRO. Those settlement catego-
ries were adjusted to use this study.  The following 
table shows the description and the weight given for 
each category.  

 
Every selected site was fallen into a one or more 
category. For example, Dangolla Circular Road is 
one of the sites in Kandy district which has an un-
stable slope situation. It is falling into category 1.4 
and 1.7. Because it consists with few houses and a 
road. According to the weight of the category range 
value is given to each site. The nearest value is taken 
as the weight.  For example,    if   any    site 
got land use of rural settlement it will get the value3. 
Some of the sites have more than one type of land 
uses. On such a situation the each value of each used 
were taken as added value.  

Table 1. Identified Land uses 
Land use Categories Description Weigh 

1. Settlements   

1.1  Urban Center 
High concentration of non - residential, public & private buildings, roads and 

parking spaces 
5.000 

1.2  Urban Residential 
High concentration of dwelling units, with little or no space for agricultural 

activities 
4.120 

1.3  Open Space and recre-

ational areas  
Parks, playgrounds and cemeteries etc. 0.709 

1.4  Rural Settlement Cen-

ter 

Medium concentration of residential, non - residential, and public or private 

buildings 
3.131 

1.5  Estate Settlement Bungalows, labour lines and factories etc. 3.131 

1.6 Social Infrastructure Schools, Hospital, Religious Places, Warehouses, Universities, Forces Camps 3.419 

1.7 Roads  Main Road - A, B C Grades, Rail Roads 1.262 

1.8  Homestead and Up-

land Crops 
Major portion of the land covered by perennial or seasonal crops 1.647 

1.9  Homestead and Wet-

land Crops 
Occurrences of homestead on paddy land 1.647 

2. Agriculture   

2.1.1  Market gardens 
Intensive use of land for seasonal crops (Mainly vegetable cultivated on ter-

races and / or raised benches) 
0.643 

2.1.2  Annual crop gardens Annual crop cultivated on land 0.643 

2.1.3  Sparsely used 

cropland 
Areas cultivated from time to time (mainly Chena cultivation) 0.467 

2.1.4 Tea Plantations State or Estate managed 0.666 

2.1.5 Rubber Plantations State or Estate managed 0.666 

2.2.1  Paddy Irrigated or rain fed paddy 0.666 
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3. Other Major Uses   

3.1  Forest Plantations State managed 0.424 

3.2  Natural Forest  Nature managed 0.424 

3.3  Grass Land Nature managed 0.393 

3.4  Rocky Land Rock outcrops, Erosional Remnants 0.389 

 

V.High High medium Law very low 

1 2 3 4 5 

 

 

 

3.1.2 Cost benefit Ratio  

The basic idea is to render comparable all the 

costs and benefits of an investment accruing over 

time and in different sectors from the viewpoint of 

society. Generally, for this study Cost Benefit Anal-

ysis developed by comparing two consequences.  

 Hazards and their impacts on communities 

“without “any mitigation measures 

 The reduction in hazard impact “with” risk 

mitigation measures 

Here benefit is taken as an economic benefit. 
This can be decided as long term and short term. 
Giving the ability to continue the current economic 
activities is the short term benefit.  Increase in cur-
rent economic activities due to the much safer envi-
ronment is a long term benefit.  

Cost can be calculated under the following 
framework 

1. Risk analysis: Risk in terms of potential im-
pacts without risk management has to be estimated. 

2. Identification of risk management measures 
and associated costs: based on the assessment of 
risk, potential risk management projects and alter-
natives can be identified. 

3. Analysis of mitigation benefit: The benefits of 
mitigation measures are estimated. The benefits are 
the additional outcomes generated by the project 
compared to the situation without the project, in 
mitigation projects benefits arise due to the savings 
in terms of avoided direct, indirect and macroeco-
nomic costs as well as due to the reduction in varia-
bility of project outcomes. 

The following formula can be used to calculate 
the cost benefit ratio 

 
 
Cost benifit ratio= (Benefit/Cost) ×100 
 
 

Then the normalize the values in to the following 
weight,  

V.High High medium Law very low 

1 2 3 4 5 

 
 

3.1.3 Social benefit 

Cost-benefit analysis (CBA) is unable to reflect 
social values. Hence CBA has emerged with some 
interesting significances. These significances also 
make the Social CBA different from the CBA. To 
reflect the real value of a project to society, the im-
pact of the project on society. The selected sites 
were basically fallen into 4 main categories. To cal-
culate the benefit to the society was calculated in 
different perspectives as follows.  

o School-number of students 

o Road- Direct and indirect users 

o Urban area-Level of urban hierarchy  

o Rural settlement- Number of People af-

fected 

Percentage (%) of the population affected by the 
project was taken as the social benefit. According to 
the percentages a value was given.  

  Description Value 

80% to 100% v.High 5 

60% to 80% High 4 

40% to 60% medium 3 

20% to 40% Law 2 

0 to 20% very low 1 

 
3.1.4 Number of Affected buildings 

In a disaster scenario building are the vital victims. 
Calculate the number of building is important. 
There for following classification were used to eval-
uate the sites.  

 

More than 5 building or less 

than 5 + Public building high 
3 

between 5 and 3 medium 2 

between 1 and 2 Law 1 

 
3.1.5 Accessibility 

Accessibility generally refers to physical access 
to goods, services and destinations or simply say as 
transport. Accessed to a main town center will cre-
ate advance to risk reduction. It will reduce the 

54



 

transport cost and also convenience to evacuate peo-
ple. According to the distance following value were 
given to analyze the sites.  

5 km from Main town Centre V.High 5 

10 km from Main town Centre High 4 

15 km from Main town Centre medium 3 

20 km from Main town Centre Law 2 

more than 20 km from Main town Centre very low 1 

 
3.1.6. Land Value 

The land is the domain of all the development 
activities. Everything is depending on the land. 

Therefore value of the land also a predominant fac-
tor should be taken into account.  Following 
weights were given according to the market values 
of the site.  

More than 100 thousand V.High 

100<75 High 

75<50 medium 

25<50 Law 

0<25 very low 

 
3.2 Geological Criteria 

Table 2. Geological criteria 

Slope angle 
Area and volume 

of slide 

Length of flow 

path 
Area of deposition Rate of movement Soil type 

1 0-200 1 Very low 1 Very low 1 Very low 1 Very low 1 Gravelly 

2 21-350 2 Low 2 Low 2 Low 2 Low 2 Sandy 

3 36-440 3 Medium 3 Medium 3 Medium 3 Medium 3 Silty 

4 45-600 4 High 4 High 4 High 4 High 4 Silty Calyey 

5 >600 5 Very high 5 Very high 5 Very high 5 Very high 5 Clayey 

            

Water level 
Overburden thick-

ness 

Overall stability 

and strength 

Requirement of de-

tailed soil investi-

gation     

1 Very Deep 1 Very low 1 Very high 1 Very low     

2 Deep 2 Low 2 High 2 Low     

3 Medium 3 Medium 3 Medium 3 Medium     

4 Shallow 4 High 4 Low 4 High     

5 Surface 5 Very high 5 Very low 5 Very high     

 
3.3 .Environmental Criteria 
Table 3. Environmental Criteria 

Ecological habitat Protected area Catchment area Endemism (fauna/flora) Water source and quality 

1 Very low 1 Very low 1 Very low 1 Very low 1 Very low 

2 Low 2 Low 2 Low 2 Low 2 Low 

3 Medium 3 Medium 3 Medium 3 Medium 3 Medium 

4 High 4 High 4 High 4 High 4 High 

5 Very high 5 Very high 5 Very high 5 Very high 5 Very high 

          

Timber value  
Surface runoff 

(sediment) 

Air quality during 

mitigation(Dust, 

particulate matter) 

Refusal material genera-

tion during mitigations 
Archaeological value 

1 Very low 1 Very low 1 Very low 1 Very low 1 Very low 

2 Low 2 Low 2 Low 2 Low 2 Low 

3 Medium 3 Medium 3 Medium 3 Medium 3 Medium 

4 High 4 High 4 High 4 High 4 High 

5 Very high 5 Very high 5 Very high 5 Very high 5 Very high 

Finally the landslide with the highest value was 
gained the top priority and the landslide with the 

lowest value was gained the last number in landslide 
mitigation rank.  

 
3.4. Project Management Factors 
3.4.1 Scope Management 
Scope refers to a project’s boundaries: it determines 
what work will be completed during the project 
lifecycle. This includes identifying the work that 

won’t be included in the current round of prod-
uct/service development. During the planning pro-
cess, outputs are created to capture and define the 
work that needs to be completed. The controlling 
and monitoring process is concerned with managing 
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scope creep, documenting, tracking, and approv-
ing/disapproving project changes. Finally, the clos-
ing process includes an audit of project deliverables 
and assesses the outcomes against the original plan. 
 
3.4.2 Project Cost Management 

This includes the processes required to ensure that 
the project is completed within the approved 
budget. Project cost management is primarily con-
cerned with the cost of the resources needed to com-
plete project activities. However, project cost man-
agement should also consider the effect of project 
decisions on the cost of using the project product. 
 
3.4.3 Project time management 

Project time management is the efficient use of time 
by means of good organization, efficient productiv-
ity, and proper planning. Project managers, who are 
tasked with overseeing projects from start to finish, 
utilize these time management skills to complete 
their work in the most efficient, cost-effective ways 
possible. For example, a project manager may de-
velop a sequenced list of tasks that need to be com-
pleted, then track employee progress through those 
steps. Project managers may even implement 
changes to projects when necessary to make better 
use of time, and they may keep notes on what went 

well or needs improvement to utilize for future pro-
jects. 
 

3.4.4 Resource Management 

The most important resource to a project is its 
people the project team and Labour, Materials, 
Equipment etc. Projects require specific exper-
tise at specific moments in the schedule, de-
pending on the milestones being delivered, or 
the given phase of the project. An organization 
can host several strategic projects concurrently 
over the course of a budget year, which means 
that its employees can be working on more than 
one project at a time. 
 
3.4.5 Risk management  

The risk model is based on the existence of one or 
more causes with an unknown probability of occur-
rence and one or more effects that will appear due 
to the occurrence of the event. In practice, both the 
known and unknown risks are addressed with a re-
active approach. 
 
3.4.6 Project Procurement Management 

Project Procurement Management Processes neces-
sary to purchase or acquire products, services or re-
sults needed from outside the project team 

Table 4. Project Management Criteria 

Capability on 

Scope Manage-

ment 

Capability on 

Cost Manage-

ment 

Capability on Time 

Management 

Capability on 

Quality Manage-

ment 

Capability on Resources 

Management: Labour, Mate-

rials, Equipment, Finance 

etc. 

1 Very low 1 Very low 1 Very low 1 Very low 1 Very low 

2 Low 2 Low 2 Low 2 Low 2 Low 

3 Medium 3 Medium 3 Medium 3 Medium 3 Medium 

4 High 4 High 4 High 4 High 4 High 

5 Very high 5 Very high 5 Very high 5 Very high 5 Very high 

          

Capability on 

Risk Manage-

ment : Degree 

of uncertainty 

Procurement 

Management 

      

1 Very low 1 Very low       

2 Low 2 Low       

3 Medium 3 Medium       

4 High 4 High       

5 Very high 5 Very high       
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Above Project Management Competencies were 
based to value the particular projects to check 
whether the applicability of following four Project 
Management Job Functions for selecting of a 
highest valued project. 

 
I. Manage internal and third party resources. 

Ensuring delivery of project on time, within 

scope, budget and quality.  

II. Procure resources for project activity planned. 

Develop plan to monitor and track progress. 

Manage changes to scope, schedule and cost. 

III. Measure performances. Report and Escalate 

client as needed. Manage relationship with 

client and stakeholders. Perform to minimize 

project risk. 

IV. Establish and maintain relationship with third 

parties. Create and maintain comprehensive 

documentation 

 
Following format was used to evaluate the sites 

 

Table 5. Crite-

ria value for-

mat District Galle 

Name of the Site Imaduwa Town Area 

Type of Failure Cut Slope Failure 

Date visited 25.10.2016 

Evaluation Criteria 

Cate-

gory 
No Criteria Value 

G
eo

te
ch

n
ic

al
 a

n
d

 G
eo

lo
g

i-

ca
l 

1 Slope angle 3 

2 Area and volume of slide 3 

3 Length of flow path 1 

4 Area of deposition 2 

5 Rate of movement 2 

6 Soil type 3 

7 Water level 4 

8 Overburden thickness 4 

9 
Overall stability and strength 

of soil 
4 

10 
Requirement of detailed soil 

investigation 
5 

P
la

n
n

in
g

, 

ec
o

n
o

m
ic

 a
n

d
 

S
o

ci
al

 A
sp

ec
ts

 

11 Land Use 5 

12 Number of Affected house 3 

13 Accessibility 5 

14 Social benefit 5 

15 Cost Benefit 1 

16 Land value 5 

E
n

v
ir

o
n

m
en

t 

17 Ecological habitat 2 

18 Protected area 2 

19 Catchment area 3 

20 Endemism(fauna/flora) 2 

21 Water source and quality 3 

22 Timber value of plant 2 

23 Surface runoff (sediment) 3 

24 
Air quality (Dust, particulate 

matter) 
3 

25 Earth materials 2 

26 Archaeological value 1 

27 Waste management 2 

28 Surface drainage path 3 

P
ro

je
ct

 M
an

ag
em

en
t 

V
ie

w
 29 Project integrative Process 3 

30 Scope Management 3 

31 Objective : Cost Management  2 

32 Objective : Time Management   2 

33 
Objective : Quality Manage-

ment  
3 

34 
Resources Management: La-

bor, Materials, Equipment etc.  
2 

35 
Risk Management : Degree of 

uncertainty 
2 

36 
Change Agent : Bring to miti-

gate problem 
2 

37 Procurement Management 3 

   Total 105 

Comments: 

 
 

Each and every sites were carefully analysed using 
all above criteria. Each site got a value respective to 
their sensitivity and the magnitude to the all criteria.  
Then sum of the all values were ranked 

 
4. RESULTS & CONCLUSIONS 

Study was expected to develop an analytical 
method to find out the most important sites for risk 
reduction purposes.  After calculating adding all 
the value for each site maximum value was 123 it 
was the most important site to be considered and 
minimum was 63. According to the value received 
all the sites can be ranked. Sites can be selected for 
risk reduction among the list depending on the fund 
availability. 

  
Other important conclusion is none of the site 

can be selected on the physical magnitude or ap-
pearance. For example Mocha Tamil Vidyalaya Nu-
wara Eliya District. Physically it has vast area but it 
got any 85 points and rank 20. Comparatively to 
other area Kandy District Dangolla Lower Circular 
Road is physically small area but it got the highest 
value. 

Collection of data might be very difficult regard-
ing recognized benefits of the physical mitigation 
measures, such as seawalls, under different hazard 
scenarios.  
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ABSTRACT: High Density Electric Exploration as a geophysical technique can be applied to detect the 
existence and continuity of a potential sliding surface and the technique was applied to study the land instability 
at 135 km post of Colombo- Badulla railway line where a gradual subsidence has been noted for a long time. 
The subsided area is about 100 m in length along the railway line with average vertical movement of 200 mm. 
Slow movements (creeping) of topmost materials are possible along the slope. Resistivity imaging survey 
revealed that topmost materials nearly to the depth of 10m are hard and almost dry. Below 10m depth 
approximately, fractured or weathered rock materials with high water content and clay rich soil are expected. 
Therefore, it can be suggested that there is a possibility for a slip surface to exist at 10m depth. There is a clear 
boundary with high resistivity materials around low resistivity materials at the middle area of the profile at 
resistivity survey 3 (Resistivity Survey 3 was done across the axis of the failed mass nearly 20m below the 
railway). This feature is considered as a suspicion of a deep weathered zone or a subsurface cavity like structure; 
which should be confirmed by drilling test. 

1. INTRODUCTION 

The area around Galabodawatta, Kandy District is 
experiencing a land instability for a long time. 
Hence the Colombo-Badulla railway line of 
crossing this area has been affected from time to 
time. The affected areas of the railway line has been 
identified as a 100m length at 153km post. This 
length gradually subsided and it has been estimated 
that the distance of the vertical movement is about 
200m during a rainy season. Due to continuous 
subsidence, the railway authority had dumped 
rubble and metal on the line to maintain required 
level of the lane. Therefore average thickness of fill 
material is about 1-1.5m from the original ground. 
Topmost materials mainly consist of yellowish –
brown sandy clay with large sized (diameter 2-3m) 
boulders. 

Galboda is an isolated village located in between 
Nawalapitiya & Watawala, in the Colombo-
Badulla, upcountry railway. Since there is no well-
developed road system yet, the railway is the only 
source of transportation for the villages and 
travellers. Galboda is important to travellers due to 
two reasons. One is the famous Galboda waterfall. 

The other is the natural water spring located in the 
back yard of the Galboda Railway Station. It is 
known as the source of tastiest water in the South 
Asia .Therefore it is very important to identify the 
causes for incidence and introduce a proper 
mitigation measures. 

Landslides pose a hazard to life and property 
worldwide. Improving public safety by predicting 
unstable slopes in time or space, locally or 
regionally is a complex problem. Due to the 
complexity of Landslides phenomena which 
requires a multidisciplinary approach, studying 
them can be based on a wide range of observations 
including geological and geomorphological 
mapping, geotechnical and geophysical 
investigations, geodetic surveys, satellite 
observations and meteorological data analysis 
(Perrone et al. 2014). 

Different geophysical techniques can be applied 
for the landslide investigation such as seismic, 
electrical tomography, magnetometry, gravimetry, 
and thermometry. These techniques are provided 
with useful details of the landslide geometry 
reconstructions and the site hydrological 
characterisation (Jongmans and Garambois 2007). 
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Among the all geophysical techniques electrical 
resistivity tomography is the widely applied 
technique for landslide investigation as if, it 
measures the electrical resistivity values and their 
spatial distribution in the subsoil and it provides the 
geometry like lateral extension and thickness of the 
landslide, detecting the sliding surfaces, and 
categorized high water content areas. 

2. STUDY AREA 

The area of the study is Galboda which is in 
Wewegama Grama Niladhari division of Pasbage 
Korale Divisional Secretariat Division within 
Kandy District. The investigated subsided area is 
situated in Colombo- Badulla railway line at 135km 
in between (Railway Bridge) 6°59'31.14"N, 
80°31'20.16"E, (Culvert) 6°59'28.62"N, 
80°31'26.16"E GPS coordinates. Main access to 
area is the 20 km along railway line from Watawala 
Junction. Some alternative access roads are also 
available. Study area belongs to topographic sheet 
number 68 (1:50,000) published by Survey 
Department of Sri Lanka (Fig.1). 

 
Fig. 1 Location map of the study area (Source: Survey 
department of Sri Lanka) 

According to historical records and Landslide 
Hazard zonation maps published by National 
Building Research Organization, this area shows 
high a frequency of landslide occurrences. This area 
is characterized by wet climate, experiencing low-
temperatures, and high rain fall throughout the year. 
The gradient of the affected down slope is 10-12 ° 
towards N40°E direction. Upper slope has an even 
lesser gradient. Its elevation varies between 2500 m 
to 3000 m above Mean Sea Level. The area exhibits 
an undulated morphology and belongs to middle 
peneplain of central Highlands. 

 2.1 Geology 

According to the 1: 100,000 geology map published 
by Geological Survey and Mines Bureau of Sri 
Lanka, the study area belongs to Highland 
Complex. The major rock types observed in the area 
are Hornblende Gneiss, Biotite Hornblende Gneiss, 
Garnet Silimlianite Biotite Gneiss and Quartzite 
(Fig. 2) 

 

Fig.2 Simplified geology map of the area (Source: 
Geological Survey and Mines Bureau) 

Geomorphology of the area is almost controlled 
by the underlying lithology and structures. 
Although clearly visible landslide signs such as 
tension cracks and tilted trees cannot be observed on 
upper slope, subsided locations were observed on 
the down slope. Existing drainage system in lower 
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slope was erratic and distorted than the upper part. 
Some water logging areas could be observed in both 
the slopes. The slope is mainly covered with grasses 
(Panicum sp) with few isolated bushes and 
turpentine vegetation. At the time of investigation, 
existing earth drains in the upper slope have been 
diverted away from the affected body towards, the 
Galboda direction. Also some land modification 
activities on upper side of the railway line were in 
progress.  

2. MATERIAL AND METHODS 

Available landslide features of the area were 
observed and mapped initially to understand the 
anatomy of the landslide. All the identified 
morphological features was taken into a sketch plan 
for interpretation and selecting location for detail 
geophysical investigation in the subsided area. 

Electrical Resistivity Tomography (ERT) was 
conducted to identify ground resistivity variations 
beneath the affected area. McOhm profiler 4 
Instrument was used in this investigation. ERT can 
be effectively used to obtain continuous information 
to a greater depth Thus number of boreholes 
required for such investigations can be minimized 
and most critical locations can be selected for 
further investigations (i.e. for drilling). 

3.1 2D Electrical Resistivity Tomography method 

Electrical Resistivity Tomography (ERT) is a 
geoelectrical method commonly applied to obtain 
2D and 3D high-resolution images of the resistivity 
subsurface patterns in areas of complex geology 
(Griffiths and Baker 1993). 

Different electrodes configurations can be used 
for ERT field survey among those commonly used 
are pole-pole dipole-dipole, Wenner, and 
Schulumberger. Field procedure includes the use of 
a multi-electrode cable, laid out on the ground, to 
which 24 steel electrodes are connected at a fixed 
4m distance according to a specific electrode 
configuration. The 24 electrodes are used both for 
the injection of the current (I) in the subsoil and the 
measurement of the voltage (V). 

From the current (I) and voltage (V) values, an 
apparent resistivity (ρa) value can be calculated by 
using Eq. (1). 

ρa = k V / I               (1)  

Where, k is the geometric factor which depends 
on the arrangement of the four electrodes. 
Resistivity meter normally give a resistance value, 
R = V/I, so in practice the apparent resistivity value 
is calculated by using Eq. (2) 

 ρa = kR                 (2)  

These values are positioned at pseudo-depths 
according to a geometrical reconstruction (Edwards 
1977), which results in a pseudo-section 
representing an approximate picture of the true 
subsurface resistivity distribution (Hack 2000). To 
obtain an electrical resistivity tomography, the 
apparent resistivity values must be inverted by using 
Res2Dinv which is the best known and most applied 
inversion algorithm (Loke and Barker 1996; Loke et 
al. 2003) based on a smoothness-constrained least-
square method. The development of algorithms for 
the inversion of apparent resistivity data (Loke et al. 
2003) made it easier to analyse the data and generate 
2D and 3D images useful for the obtain information 
on the geometry of a landslide body (i.e. the slide 
material thickness, the location of areas 
characterized by a higher water content, the 
presence of potentially unstable areas, slip surface, 
etc.). 

In this study, a 2D pole-pole array is used since 
it gives subsurface details up to greater depth than 
other configurations. The number of electrode 
points are 24 for each survey line with 4m electrode 
spacing. 3 surveys were conducted to cover the 
whole subsided area. In the measurements 
sequence, each electrode in turn was used as a 
current electrode and the potentials measurements 
were made at the electrodes along the horizontal and 
vertical directions. Due to reciprocity, it was only 
necessary to measure the potentials at the electrodes 
with a higher index number than the current 
electrode (Hamid and Mohammad 2013). Since in 
practice, the ideal pole-pole array with only one 
current and one potential electrode does not exist, to 
approximate the pole-pole array, the second current 
and potential electrode (c2 and p2) is placed at a 
distance which is at least 10 times the maximum 
separation between c1 and p1 electrodes used in the 
survey to minimize the error is less than 5%. 

4. RESULT AND DISCUSSION 

The Knowledge of geology and Geomorphology of 
the area, together with resistivity measurements 
provides better interpretation for the ERTs obtained 
for each survey of this study. Three tomography 
images show a resistivity difference between 
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shallow conductive and deeper resistive subsurface 
material. The conductive material was associated 
with slide material which is rich in water. The 
sliding surfaces were located in a zone where the 

resistivity values clearly change from high to low 
values. Dashed lines on each tomography represent 
the probability of sliding surface.

 

Fig. 3 Trace of the electrical resistivity tomography of RS_01 

 

Fig. 4 Trace of the electrical resistivity tomography of RS_02 
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Fig. 5 Traces of the electrical resistivity tomography of RS_03 

RS_01 reached an investigation depth of 40-45m 
(Fig. 3). RS_02 and RS_03 were reached up to 40-
50m depth (Fig. 4 and Fig. 5 Respectively). Created 
tomographies were topographically corrected using 
ground elevation of each electrode point. The 
RS_01 and RS_02 ERT show 8-10 m thick shallow 
conductive layer with greater than 200 Ωm 
resistivity values (ρ). This conductive layer could be 
associated with slide material with higher resistance 
such as rock boulders. After the 10m highest 
conductive nucleus (ρ< 40 Ωm) located with 10-
15m thick it could be associated with an area 
characterized by high water content. Due to an 
increase of the water content in the soil could cause 
an increase in the pore pressures then a weakening 
of the slope, the presence of this high conductive 
nucleus could be one of the causes of the movement.  

5. CONCLUSIONS 

An electrical resistivity imaging study was carried 
out over a landslide in the Galabodawatta in 
Galboda, Kandy district of Colombo-Badulla 
railway route. ERT is a very useful tool in studying 
landslides, because it provides details upon specific 
geoelectrical heterogeneity of the investigated zone 
and, thus, upon its lithological variations. The ERT 
results allowed mapping of the weathering material 
at depth.  

As per the data obtained from Railway Engineer, 
data gathered from initial field survey, and the 
results of the resistivity imaging survey slow 
movements (creeping) of topmost materials are 
possible along the slope. Resistivity imagines 

survey revealed that topmost materials nearly to the 
depth of 10m are hard and almost dry. Below 10m 
(approximately) depth, fractured or weathered rock 
materials with high water content or clay rich soil 
are expected. Therefore, it can be suggested that 
there is a possibility for a slip surface to exist at 10m 
depth. There is a clear boundary with high 
resistivity materials around low resistivity materials 
at the middle area of the profile at RS_03. This 
feature is considered as a suspicion of a deep 
weathered zone or a subsurface cavity like structure; 
however it should be confirmed by drilling test. 
Obtained borehole log is important to identify 
possible slip surfaces and other relevant subsurface 
conditions. 

A comparison between the ERT section and 
lithology of boreholes can be used to reveal sliding 
surface and characteristics of the landslide material. 
It is clear that longitudinal ERT surveying with 
multi-electrode arrays would be a useful in addition 
to this study in order to obtain subsurface structure 
in direction of the sliding movement. In the future, 
interpretation of this study will be useful for a 
stability assessment of the landslide area. 
Afterwards, the ERT investigations including the 
other electrode arrays will be performed for similar 
landslide areas. 
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ABSTRACT: Badulla landslide , located in Uva Wellassa University, Budulla in Sri Lanka is one of the pilot 
sites of Technical Cooperation for Landslide Mitigation Project (TCLMP) by Japan International Cooperation 
Agency (JICA). The JICA study team together with NBRO performed continuous monitoring of the active 
Badulla landslide using number of real-time monitoring equipment in order to study various aspects related to 
subsurface conditions important to slope stability. The slope movement aspects of the Badulla landside has 
been monitored using extensometers, inclinometers, strain gauges and groundwater level monitoring gauges. 
Rainfall data were also collected by installation of on-site rainfall gauges. Real-time continuous measurements 
on slope movement were done and data were analyzed with respect to slope movement, Japanese landside 
evaluation criteria and Japanese landside warning criteria.   

The instrumentation used in this study captured many aspects of slope stability, and extensive monitoring has 
been practiced for the first time in Sri Lanka. The study highlighted number of important aspects. The maxi-
mum movement of landslide has occurred in December 2014, along with heavy rainfall, but movement has 
been recessed subsequently according to measurements in 2015 in 2016. The plane of movement has varied in 
the depth of 9.5m to 11m approximately. The subsequent subsurface conditions created after the initial move-
ment after 2014 has resulted significant changes in causative factors to control the active movement. 

The Japanese  landslide evaluation criteria ranks the Badulla landside in to Type A which is “Definite” land-
slide and warning criteria “caution” in Japanese typical control value,. 

The paper signifies extensive monitoring of various causative factors important to slope movement in a active 
landslide. The study shows importance in the close monitoring of surface and subsurface conditions of an ac-
tive landside along with on-site rainfall, to develop management strategies precisely.  

1 STUDY AREA 

1.1 Location and scale 

The Budulla landslide is located at Uva Wellasa 
University in Badulla District. The scale of the 
landslide is approximately 120 m wide and 500 m 
long. The slide depth is 9-13 m. Many residential 
houses are located at the toe part of the landslide 
and therefore the community is at high risk of 
landslide hazard. 

1.2 Past Damage 

The previous investigation by the NBRO reveal 
that the slope has been moving at slow rate with 
several notable movements in the rainy seasons of 
2007, 2011 and 2012, the movements have de-
stroyed the houses at landslide toe. 

1.3 Geological and Topographical Features 

Quartzofeldspathic geness lies at this area. Col-
luvium is deposited up to the depth of 9-13 m.  
This is a colluvial landslide formed on a gentle val-
ley-type slope and the landslide mass consists of 
earth mixed with gravels. The slope is 10-15 
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degrees, which is covered with herb and plants. 
Analysis of geographical and topographical fea-
tures relevels that weak geological conditions in 
the slope is a predominant contributory factor for 
slope movement.   

1.4 Current Condition 

Identifying the risk from landslide hazard on the 
communities living in the very toe area, improve-
ment to drainage is being done by construction of 
surface drainage and installing subsurface horizon-
tal drainpipes in November 2016. 

2 MONITORING METHODS 

The unstable slope was investigated in detail by the 
study team and the factors influencing the ground 
movement were measured simultaneously by state 
of the art monitoring devises, which has electronic 
devises for real-time continuous monitoring with 
high sensitivity. This study used 4 types of moni-
toring devises such as Extensometers, Inclinome-
ter, Pipe Strain Gauge and groundwater level 
monitoring equipment. Using this equipment the 
subsurface characteristics of the slope was meas-
ured for two years from 2015-2016. 
 
The results were evaluated using a landslide evalu-
ation criteria used in Japan, which uses mainly the 
displacement aspects of the slope.   

Given below is the description of monitoring 
devises used in this study. 

2.1 Extensometer 

An extensometer was used to measure the 
ground expansion in a section having cracks and 
unevenness due to landslide movement. Infor-
mation on the movement characteristics of the 
slope was obtained by continues monitoring and 
the monitoring covered the rainy season. The con-
tinuous monitoring captured the causative factors 
in relation to subsurface conditions including 
groundwater hydrology and rainfall. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Installation Example of Extensometer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo. 1 Extensometer Installed in Badulla Landslide 

2.2 Inclinometer 

An inclinometer was used to measure the incli-
nation angle of a guide pipe that is inserted into the 
borehole, by moving the inclinometer upward and 
downward along the guide pipe the changes in the 
pipe shape due to the bend effect of the borehole 
was measured almost continuously. 

 

Fig. 2 Outline of Inclinometer 
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2.3 Pipe Strain Gauge  

PVC pipes with strain gauges were  inserted 
into boreholes, and the movement is estimated by 
change in the strain as the PVC pipe bends using 
sensitive electronic devise. In the installation spe-
cific care was made to set the gauge direction set 
same as the landslide direction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Pipe Strain Gauge 

2.4 Groundwater Level 

The groundwater level was monitored continu-
ously to find out fluctuation of ground water level 
in relation to rainfall intensity and duration. This 
was used to estimate pore water pressure variation 
on the slip surface through the measurement of the 
groundwater level in the borehole. An automatic 
water level gauge was used for the continuous 
measurement of the groundwater level. 

2.5 Installed Equipment at Badulla landslide 

JICA study team and NBRO installed the fol-
lowing equipment in Badulla landslide as shown 
Table 1 and Figure 4. Data observation was per-
formed by NBRO.  

 
Table 1. Installed equipment in Badulla landslide  

Items Equipment No. 

Extensometer SB-1, SB-2, SB-3, SB-4 

Inclinometer BB-2, BB-4 

Pipe Strain Gauge BB-1 

Groundwater Level Gauge BB-3, BB-5 

Groundwater Level (Manual) BB-6  

3 RESULTS OF MONITORING 

3.1 Extensometer 

According to the monitoring data of extensome-
ter SB-1 and SB-2 which were installed at the lat-

eral area of the lower landslide blocks, definite 
tension displacements were observed since the end 
of October 2015. (see Figure 5). 

During the phase of monitoring, rapid active 
movements were observed at SB-2 from 8th to 
11th November 2015 parallel to heavy rainfall 
event at the beginning of November 2015.  The 
movement velocity was 15.7 mm/3 days (Max. 7.6 
mm/day). Importantly, the total displacement was 
29.0 mm during 10 days between 8th and 17th 
Nov. (see Figure 5) However, subsequent meas-
urements have shown gradual slowdown of the 
movement since December 2015. 

 

Fig. 4 Location Map of Monitoring Equipment 

 
 
 
 
 
 
 
 
 
 
 
 

 

Water
Proof Cover

PVC Pipe

Strain Gauge

Direction
Mark

Lead WireMoving
direction

PVC Pipe Strain Gauge

Landslide Driving 

Force Direction 

Expected

67



 

  

Fig. 5 Graph of Extensometers and Groundwater Level.  
 
According to the visual observations carried out 

by NBRO in 2014 at SB-3 and SB-4, the crown ar-
ea of landslide has been actively moving (10.0 
mm/2days, Max. 5.8 mm/day) during and after 
heavy rain (total cumulative rainfall; 652 mm/18 
days) at the end of December 2014.  But, accord-
ing to extensimeter measurements the heavy rain-
fall events at the end of November 2015 and May 
2016, active slope movements have not been rec-
orded. The results therefore suggest that following 
the rapid movement in December 2014 the slope 

has reached a state of slow movement in 2015 and 
2016, and no significant increase in movement has 
occurred even during substantially high rainfall 
events. Figure 6 shows the relationship between 
displacement of extensometers and cumulative 
rainfall. 

 
The analysis of extensometers results with rainfall 
shows that the slope to reach the phase of active 
movement the cumulative rainfall should be over 
400 mm.

Fig. 6 Graph of Extensometers and Cumulative Rainfall 
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3.2 Groundwater Level gauge

Fig. 7 Graph of Inclinometer BB-4 

 
Analysis of groundwater data shows that the 

highest groundwater table of BB-5 is near ground 
surface, which is about GL-1.3 m. The groundwa-
ter table fluctuation was analyzed in close conjunc-
tion with precipitation. (see Fig.5) According to 
the results the rainfall event of the end of Septem-
ber 2015 has brought the groundwater level at BB-
5 to a rapid increase. 

However, the groundwater level of BB-5 has 
decreased since the beginning of July 2016. As 
there ware counter measures such as horizontal 
drainage pipes were being  installed at this period,  
the results suggests that countermeasure, the drill-
ings of horizontal drainage, have contributed to 
lowering the groundwater level. 

Although, the groundwater level of BB-3 in-
creased during the rainfall event in the beginning 
of November 2015 the movement measurement da-
ta did not show an active movement. When analyz-
ing possible scenarios that have controlled the rate 
of slope movement, it is suggested that impervious 
soil masses resulted from compression during the 

slope movement could have prevented progression 
of water towards the slip surface, but the accumu-
lation of water near the surface soil masses have 
resulted in increased ground water table in the be-
ginning of November 2015.  

 
Inclinometer 
Definite cumulative displacement has been ob-

served at the depth of GL-9.5 m - 10.0 m of BB-4. 
(see Fig.7) The inclinometer guide pipe of BB-4 
was stuck at GL-9.20 m depth on November 2015 
due to the high bending caused by landslide 
movement. 

Definite cumulative displacement has been ob-
served at the depth of GL-9.5 m - 11.5 m of BB-2. 
(see Fig.8) especially, from the end of September 
2015 to the end of November.  The movement 
displacement was 45 mm/2months. However, the 
movement of BB-2 has not been active during a 
rainfall event of May 2016. The results give strong 
evidences that the plane of active movement in the 
slope lies in 9.5m at GL and 11.5m at BB2.  
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Fig. 8 Graph of Inclinometer BB-2

3.3 Pipe strain gauge 

The pipe stain gauge result too also inline with the 
inclinometer results, and the result show definite 
cumulative displacements at the depth of GL-12.0 

m - 13.0 m of BB-1. (see Fig.9). The continuous 
measurements shows that movement has increased 
from the end of October 2015 to the middle of No-
vember 2015, but the movement has been slow 
since the end of November 2015.

Fig. 9 Graph of Pipe Strain Gauge BB-1 
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The data and interpretations clearly show strong 

co-relation between various factors influencing 
complex subsurface mechanism in the landslide. 
More importantly, the behaviour of subsurface 
movements, in relation to rainfall patterns and the 
resultant the plane of slip surface etc.  

4 EVALUATION OF BADULLA LANDSLIDE 
ACTIVITY AND MANAGEMNET FOR 
EMERGENCY SITUATIONS 

4.1 Japanese Landslide Evaluation Criteria 

In Japan a landslide evaluation criteria has been 
developed for their slopes through extensive moni-
toring using real time on-site monitoring gauges 
having high sensitivity. The criterial is based on 
several important factors crucial for issuing early 
warning, which is mainly focused on slope move-
ment aspect. The criteria categorizes the displace-
ment into 4 types, A, B, C, D. which ranks the dis-
placement under three main categories a) daily 
displacement in mm, cumulative displacement in 
mm/month, and c) significance of trend of dis-
placement in the moving direction.  Table 2 
shows Japanese landslide evaluation criteria de-
rived based on the measurement results using an 
extensometer. 

 
Table 2. Landslide Evaluation Criteria of Extensometer 

 
 
 
 
 
 
 
 
 
 
 

Source: Guidelines for Landslide Prevention Technologies, PWRI 

 
The extensimeter measurements in Badulla 

landside was evaluated against these criteria and 
accordingly the Badulla landslide is categorized 
under Type A which is “Definite” landslide. 

4.2 Risk Management Control Values for 
Emergency Situations 

Although it is not possible to define control 
values uniformly as they vary depending on the 
movement characteristics and impact range of in-
dividual landslides, typical values shown in Table 
3 are fundamental to establish particular control 
values for targeted landslide used in Japan. 

 
Table 3. Typical Management Control Values by Exten-

someter in Japan 

 
 
 
 
 
In this criteria the levels are normally deter-

mined as “caution” if the movement amount by ex-
tensometers is in the order of 1 mm/day, “warning” 
if in the order of 10 mm/day, and “evacuation” or 
“entry restricted” if in the order of several tens of 
mm/hour.  

4.3 Application of Japanese Control Values to 
Landslides in Sri Lanka 

Table 4 shows maximum moving speeds which 
were observed at Badulla landslide until October 
2016. 
 

Table 4. Maximum Moving Speeds of Badulla Landslide 

Daily Max. 7.6 mm/day SB-2 8th Nov. 2015 

Hourly Max. 5.2 mm/hour SB-1 30th Oct. 2015 

 
The recorded maximum speed per day is 7.6 

mm/day, accordingly Badula landside is catego-
rized in “caution” in Japanese typical control val-
ue. In the same way, maximum speed per hour is 
5.2 mm/hour, which categorizes the landside in 
“evacuation” in Japanese control values. 

 
However, it is not possible to consider the con-

trol values with only one case. Rainfall characteris-
tics are also differ between Sri Lanka and Japan. 
Applicable management control values in Sri 
Lanka should therefore be considered based on 
abundant data which is accumulated in the future 
over the long term for many landslide cases. 

In addition, when establishing the control value 
for early warning and evacuation systems, it is im-
portant to consider not only the measured individ-
ual displacements but also cumulative displace-
ments because some landslides can increase their 
moving speed abruptly. 

5 CONCLUSION 

The study highlighted number of important aspects 
 
 The maximum movement of landslide has 

occurred in December 2014, along with 
heavy rainfall, but movement has been re-
cessed subsequently in 2015 and 2016.  
 

 The plane of movement has been varying in 
the depth of 9 m to 12m approximately. 

Landslide

evaluation
Activity level, etc.

Type A More than 1 More than 10 Significant Definite

Actively moving,

surface and deep

slides

Type B 0.1 – 1 2 – 10 Less significant
Almost

definite

Slowly moving,

clayey and

collusive slides

Type C 0.02 – 0.1 0.5 – 2 Slight Latent

Continuous

monitoring

necessary

Type D More than 0.1

None

(Intermittent

displacement)

None Abnormal
Local ground

deformation, others

Overall evaluationType of

displacemen

t variation

Daily

displacement

(mm)

Cumulative

displacement

(mm/month)

Cumulative

trend in the

same direction

Caution Warning Evacuation
Entry

Prohibited

1 mm/day 10 mm/day
2 mm/h *2h

or 4mm/h

10 mm/h

or Expert
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 The subsequent subsurface conditions cre-

ated after the initial movement after 2014 
have resulted significant changes in causa-
tive factor to control the active movement 

 
 The landslide evaluation criteria ranks the 

Badulla landside in to Type A which is 
“Definite” landslide and warning criteria 
“caution” in Japanese typical control value, 
maximum speed per hour is 5.2 mm/hour, 
categorizes the landside in “evacuation” in 
Japanese control values. 

 
 The paper signifies extensive monitoring of 

various causative factors important to slope 
movement in an active landslide. The study 
shows importance in the close monitoring 
of surface and subsurface conditions of an 
active landside along with rainfall, to de-
velop management strategies precisely, and  
most importantly  

 
a) Monitoring is the key for management 
of landslides where data is integrated for 
early warning system, proper design 
measures, etc.  
 
b) The control values should be carefully 
determined by referring to past disaster 
cases. The data and knowledge should be 
accumulated for establishment of early 
warning system 
 
c) The monitoring can be used as a ref-
erence for initiating an early warning and 
evacuation system as landslide activity 
develops, 
  
d) The risk management control values 
should be established based on the meas-
ured values from extensometers together 
with other devises such as rainfall gauges. 
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ABSTRACT: In Sri Lanka, occurrence of landslides has become more frequent and widespread resulting in a 
high number of victims and considerable socio-economic impacts. National Building Research Organization 
(NBRO), Sri Lanka conduct research studies on landslide risk management since 1986. NBRO has been prepar-
ing landslide hazard zonation maps since 1992 and these landslide hazard maps display the distribution of se-
verity of potential landslide hazard in a given area. These landslide hazard maps do not quantify the human 
settlements factor and as a result, landslide hazard map is insufficient tool for development planning. In order to 
overcome this drawback, 1:10,000 scale landslide risk maps have been developed since 2015. Intention of de-
veloping these landslide risk maps is to make decisions on suitable risk reduction measures in development 
planning. Such maps also serve as tools to guide investments in development and utilization of lands susceptible 
to landslides. Human settlements map (HS map) is one of the fundamental tool for development of risk maps. 
Human settlement maps have been prepared considering major land uses; settlements, residential and small 
holder agriculture, agriculture and other major uses. In order to produce the HS map, a scientific method has 
been followed. In this background this paper attempts to explore the significance of utilizing human settlement 
maps in landslide risk assessment process. Further this paper discusses the limitations of Human settlements 
mapping methodology and makes suggestions to improve the process. 
 
Key words: Landslide, Human Settlements Maps, Landslide Risk Map 
 
 

1 1INTRODUCTON 

National Building Research Organisation (NBRO) 
is the prime research and development institution 
which has been mapping landslide hazard areas 
since 1992. Landslide hazard mapping is the first 
comprehensive attempt to generate ‘Human Settle-
ments Map’ on 1:10,000 scale.  
 
In Sri Lanka, landslides have become frequent in 
both space and time making in terms of lives and 
property. About one fifth of the land and one fourth 
of the population of the country who live in the hilly 
region are prone to disasters due to landslides. Fur-
thermore the density of population in the hilly re-
gion is much higher than the average figure as a high 

proportion of the land is occupied by the estates, for-
ests, grasslands, other reserves and barren lands, 
sparing very little land for human settlements. This 
has huge impact on the risk due to landslides as well 
as on the incidence of landslides.  

1.1 Purpose of Human Settlements Mapping 

Landslide risk levels are needed to use in develop-
ment planning. Risk Maps will be developed by 
considering the potential damages to human lives 
and properties. 
 
These risk maps are developed based on hazard 
maps already prepared under Landslide Hazard Zo-
nation Mapping programme which display the dis-
tribution of severity of potential landslide hazard in 
a given area. By the term ‘landslide hazard’ is meant 
probability of occurrence of a landslide in given 
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area in a specific time. The landslide hazard maps 
delineate areas according to the associated degree of 
hazard. The preliminary assessment of risk at each 
hazardous location is facilitated by using the human 
settlements map. It is highlight that preparation of 
HS maps is fundamental to development of risk 
maps. In other word ‘Human Settlements Map’ is 
one of the fundamental tool for development of 
risk map. A new map named as “Human Settle-
ments Map” is developed for this specific purpose. 
The risk maps will lead to further investigations and 
proper planning of risk mitigation actions. In fact 
risk maps serve as a tool to guide investments in de-
velopment and utilization of lands susceptible to 
landslides. This paper discusses the significance of 
utilizing Human Settlements map as a new product 
in landslide risk assessment process. 
 
2 METHODOLOGY 

The Human Settlements Maps have to be produced 
scientifically by following two ways. Firstly, the de-
tails of the human settlements are obtained mainly 
from the satellite images and access through QGIS 
open source software. Secondly, details are ob-
tained from already published maps of human set-
tlements and field observations.  

 
 

2.1 Evolving a Suitable Legend 

The most important factor of the mapping process is 
legend in preparation of Human Settlements map. 
In this context, it was decided to use the legend de-
fined for human settlements map in 1995 under 
landslide hazard zonation mapping project.  
 
In evolving this legend the sort of details required in 
assessment of risk has been considered and also 
consideration has been given to the ability to obtain 
these details from satellite images. The following 
categories are considered as significant for human 
settlement mapping with these considerations.  
 
The development of modern risk analysis and as-
sessments were closely linked to the establishment 
of scientific methodologies for identifying causal 
links between vulnerability and carrying capacity 
(Covello and Mumpower, 1985). Based on previous 
studies and literature [1], following parameters were 
identified for assessing the vulnerability and carry-
ing capacity of the human settlements. The parame-
ters are;  
 

1. Building Density - is a built environment 
parameter which gives the details about 
how congested the buildings in the settle-
ment. Building Density is found to be high 
in urban areas and it is low in rural settle-
ments.  

 
2. Open Spaces – open spaces are free move-

ment areas; where can be suitable for ag-
glomerate activities in the settlements. 
These areas are not highly developed areas 
but people gather for their recreational pur-
poses. 

 
3. Forestry type land uses - this indicator gives 

the idea on natural lands availability in the 
land. If more forestry lands available in the 
site, it is concerned as a natural area.   
 

4. Rate of productivity of natural/ market land 
uses - The economic crops, perennial crops 
and other productive lands will be catego-
rized under this category. 

 
Taking all these aspects into consideration, few ma-
jor categories were identified for inclusion in the 
legend; Settlements, Residential + Small holder ag-
riculture, Agricultural and Other Major Uses. These 
major categories were further divided in to several 
sub categories which defined based on assessing the 
vulnerability and carrying capacity of the human 
settlements. 

2.2 Preparation of Human Settlements Map 

Human Settlements mapping process was carried 
out by using QGIS open source GIS application. 
Earlier, aerial photos were used instead of satellite 
images. Use of satellite images for the mapping pro-
cess lead to more benefits than aerial photo interpre-
tation. Benefits are counted such as, satellite images 
are more updated than aerial photos and also can be 
produced soft copies of the HS layer which can be 
used to analysis through the mapping process, His-
torical images of the satellite imagery is easy to clar-
ify the suspicion land uses.  Human Settlements 
Map have been prepared by digitizing on the satel-
lite image and considering four major land uses; 
Settlements, Residential and Small holder agricul-
ture, Agriculture and Other major uses. The pro-
duced human settlements layer is used to field veri-
fication and analysis while field observation.  
 
Figure 1 is an example for HS map which is pre-
pared at the scale of 1:10,000. 
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Fig. 1: Human settlements map 
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2.2.1 Settlements 
 
This category consists of settlement centers urban 
and rural as well as high density residential areas 
with little space left for agricultural activities. As 
well as urban amenities, estate settlements, social 
infrastructure and roads are included in this cate-
gory. In terms of risk, this category is to be consid-
ered as the most important due to high density of 
population and high concentration of properties 
both private and public. 
 
2.2.2. Residential + Small holder agriculture 
 
This category consist of an association of both resi-
dential and agricultural activities which cannot be 
separated one from the other such as homestead+ 
perennial crop cultivation, homestead annual crop 
cultivation and etc... Here the risk is relatively low 
compared to the first category, as the occurrences of 
residential units are not so dense due to the exten-
sive use of land for agriculture. 
 
2.2.3 Agricultural 
 
This category consists of only agricultural land 
without any significant involvement of human lives 
and property other than agriculture associated infra-
structure. This category included market gardens, 
annual crop gardens, tea & rubber plantations, wet-
land cultivation, paddy and etc. Therefore the risk 
involved in this category is low relative to the first 
two categories. 
 
 
2.2.4 Other Major Uses 
 
This category consists of state managed and nature 
managed activities such as Forest plantations, Nat-
ural forest, Grass Land and Rocky Land. 
 
These major categories were further divided in to 
several sub categories which defined based on as-
sessing the vulnerability and carrying capacity of 
the human settlements and depending on the various 
levels of their development. This is mainly done to 
achieve a greater degree of precision in the risk as-
sessment exercise as it would help in making correct 
decisions.  
 
With considering the field observation and type of 
settlements arrangement, it seems to be a require-
ment of a new sub categories due to uniqueness of 
the land uses. Since it is appended as social infra-
structure and roads into Settlements category. Ear-
lier, these categories were included under sub cate-
gory of urban amenities (S3) under Settlements 
category. After amendment of social infrastructure 

category, it is consisted with schools, hospitals, re-
ligious places Universities etc. 
 
2.3 Field Observation of Human Settlements Map 
 
In the process of field observation of human settle-
ments map, our own method has been followed. It 
is difficult to clearly identify all types of land uses 
in mapping process by using QGIS open source 
software. Most of the land uses can be identified 
while checking out the satellite images. Some of 
them are more or less similar to other type of land 
uses and historical background is doubtful with the 
current land use. Therefore in the mapping process, 
marking those land uses to observe in the field will 
helps to get an idea on other unmarked areas of the 
map also. The whole map cannot be checked out at 
the field due to inaccessibility to the some of land 
uses, bad climatic condition such as mist and the 
limited time.  
 
Most of the land uses which were marked according 
to the legend are tally with the actual ground but 
some do not. Hence it is necessary to identify the 
pattern of land use correctly in mapping process 
when preparing human settlements map. 
 

2.3 Application of the Human Settlements Map 

 
Possible application of the human settlements map 
could be listed as follows. 
 

1. Preliminary application of risk 
 

Determination of risk attributes of the map is a dif-
ficult exercise. The difficulty in a agreeing on a pre-
cise value for each of the map units due to lack of 
data and the difficulty that arises in assessing and 
quantifying risks to human lives and agricultural 
components.   
 

2. As a basic Planning Tool 
 
Hence human settlement map has been given 

more attention to the socio economic aspect, the in-
formation on this map will be used as a guide in ex-
ercises related to human settlements, such as decid-
ing the project specific requirements, determination 
of the risk, and determination of the locations for 
resettlements and also selecting suitable areas for 
the construction of temporary shelters in case of 
emergencies.  
 
The legend which used when digitizing on the sat-
ellite image in the mapping process is presented in 
Table 1. 
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Table 1. Legend for categorization of land uses for 
human settlements map 
 

Human Settlement Category Mapping Criteria 
Map Sym-

bol 

1. Settlements 

1.1  Urban Center 
High concentration of non - residential, public & private 

buildings, roads and parking spaces 
S1 

1.2  Urban Residential 
High concentration of dwelling units, with little or no 

space for agricultural activities 
S2 

1.3  Open Space and recreational areas  Parks, playgrounds and cemeteries etc. S3 

1.4  Rural Settlement Center 
Medium concentration of residential, non - residential, 

and public or private buildings 
S4 

1.5  Estate Settlement Bungalows, labour lines and factories etc. S5 

1.6 Social Infrastructure 
Schools, Hospital, Religious Places, Warehouses, Uni-

versities, Forces Camps 
S6 

1.7 Roads  Main Road - A, B C Grades, Rail Roads S7 

2. Residential + Small holder agricultural 

2.1 Homestead and Upland Crops 

2.1.1Homestead + Perennial crop cultiva-

tion 

Major portion of the land covered by perennial crops 
SH1 

2.1.2 Homestead + annual crop cultivation 

(Type A) 

With little or no perennial crop cover, land is mainly as-

signed to cultivation of annual crops  
SH2 

2.1.3 Homestead + annual crop cultivation 

(Type B) 

All other conditions similar to SH2 except no visible 

parcelling pattern 
SH3 

2.1.4 homestead Market gardens Intensive use of land for seasonal crops SH4 

2.1.5 Forestry type homestead Agriculture 

(Land cover< 70%) 

Homestead with dense perennial crop cover similar to 

forest (ground cover > 70%) 
SH5 

2.1.6 Forestry type homestead Agriculture 

(20% <land cover< 70%) 

Similar to SH5 with intermittent dense perennial crop 

cover (ground cover >20 %< 70%) 
SH6 

2.1.7 Recently Occupied Homestead 
Recently occupied land undergoing process of settle-

ment without usual established patterens 
SH7 

2.2 Homestead and Wetland Crops 

2.2.1 Homestead +Paddy Occurrences of homestead on paddy land SH8 

3. Agricultural 

3.1.Upland Cultivation 

3.1.1  Market gardens 
Intensive use of land for seasonal crops (Mainly vegeta-

ble cultivated on terraces and / or raised benches) 
H1 

3.1.2  Annual crop gardens (improved) 
Annual crop cultivated on land with visible parcelling 

patterns 
H2 

3.1.3 Annual crop gardens(unimproved) 
Annual crop cultivated on land without visible parcel-

ling patterns 
H3 

3.1.4  Sparsely used cropland 
Areas cultivated from time to time (mainly Chena culti-

vation) 
H4 

3.1.5 Tea Plantations State or Estate managed JT 

3.1.6 Rubber Plantations State or Estate managed JR 

3.2 Wetland Cultivation 

3.2.1  Paddy Irrigated or rain fed paddy H5 

4. Other Major Uses 

4.3  Forest Plantations State managed JW 

4.4  Natural Forest  Nature managed W 

4.5  Grass Land Nature managed G 

4.6  Rocky Land Rock outcrops, Erosional Remnants RK 
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3. Conclusion and Way Forward 
 
The mapping exercise, limitations and difficulties of 
preparation of Human Settlements maps can be 
identified. Mainly, satellite images are not clear due 
to clouds and it leads to incorrect interpretation of 
land uses. Then it becomes a barrier for digitizing 
process. 
 
In the process of field observation, inaccessibility to 
site and undefined roads in the satellite images are 
obstacles when entering uncertain lands in the HS 
layer. 
 
However, accuracy of the human settlements map 
can be considered as at an acceptable level. With 
reference to field observation of HS layer, 95% of 
human settlements categories are accurate in the 
ground level verification. And it can be used as a 
tool for preparing landslide risk maps.  
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ABSTRACT: Landslide is a sliding of mass of earth or rock from a cliff or mountain. In Sri Lanka, slides are 
usually triggered by heavy rain. Certain measurable geophysical factors exist in unstable slopes and during the 
study it was noticed that these factors can be used to detect a slide in advance. Out of these factors the ground 
resistivity is important as it markedly decreases in wet weather and resulting bonding structures to dilute, 
whereas distances among rock structure points vary at times of a slide. These physical factors can be measured 
using simple electronic devices and the data can be ported and stored in a web server. The open source Ar-
duino module could be used to measure these physical factors. Arduino module with added on other modules 
was used to fabricate devices for detection of slides and early warning.  

1 INTRODUCTON 

Landslides are a hazard that frequently affects the 
hilly regions of Sri Lanka, and triggered by rain-
fall. Though this hazard is commonly referred to as 
‘landslides’, it also can be identified in three dif-
ferent forms, namely (i) landslides, (ii) rock falls 
and (iii) debris flows. Ground movement in each of 
these three forms can be monitored by using dif-
ferent instruments, commonly used to detect a slide 
for the purpose of early warning.  This research 
project is focused on identifying physical charac-
teristics of the hazard and fabricating appropriate 
devices for the deployment in such slide-prone ar-
eas and unstable slopes for the purpose of slide 
detection and early warning. The device used in 
this study was developed recently for which a pa-
tent is now pending.  

The device was made by combining a RADAR 
reflector, a ground resistivity measuring instrument 
and a distance measuring instrument. The device 
contains two separate individual items, namely 
Base Station Module and Client Module. The Cli-
ent Module is equipped with three main instrumen-
tation units whereas the Base Station Module is 
equipped with two instrumentation units, as de-
scribed below. 

Base Station Module: This is equipped with an 
Arduino module which is fully functional open 
source programming with GSM & GPS unit, the 

distance measuring unit and ground resistivity 
measuring instrumentation unit.  

Client Module: The Client Module contains a 
ground resistivity measuring instrumentation unit 
and has further a combination of three types of 
electronic circuits, each circuit categorized into 
several sub units that their own characteristics con-
figured to measure distance and communicate with 
other important units such as web server. 

This paper discusses about the fabrication of these 
modules, their field application and developing of 
an analytical database. The database will be used 
in the decision making and will be a type of use 
data mining technology. 

2 LITERATURE SURVEY 

Bogoslovsky and Ogilvy in their paper “GEO-
PHYSICAL METHODS FOR THE INVESTIGA-
TION OF LANDSLIDES” state that the geologic 
structure of a landslide is considered in modeling it 
and in determining the thickness of both the land-
slide body and the slip zone. The methods of self-
potential, resistivity, and temperature measurement 
are analyzed for characterization of the seepage 
flow through the landslide body. This research is 
perhaps the oldest research carried out about resis-
tivity in landslides. The 2D Electrical Resistivity 
Tomography is the most important breakthrough in 
geology. The work done by Andrey Nikolayevich 
Tikhonov in Soviet Union without having com-
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puters in 1940 based on the ERT was the docu-
mented approach of measuring resistivity in soil 
layers. He collaborated with geophysicists and 
without the aid of computers they discovered large 
deposits of copper. As a result, they were awarded 
a State Prize of Soviet Union.  

Earth’s tomography techniques suggest having ei-
ther 2D image or 3D image by measuring electrical 
resistance in the ground, with resistance sensors 
deployed over a cross section of the ground. Ac-
cording to this technique, ground level minerals 
and water table concentration can be accurately 
modeled. The 3D modeling technique of the to-
mography could visualize ground in a 3D mesh. 

A paper published by Angela Perrone et.al. on 
“Electrical resistivity tomographies for landslide 
monitoring” describes the methods used in resistiv-
ity tomographies. They identified the areas with 
low resistance having high water concentration 
where a landslide occurred in a landslide area lo-
cated in the Altındağ district of İzmir. The steady 
bedrock reported high resistances going beyond 
100 MΩ. However, this was not a realtime data 
acquisition mechanism. 

A similar method described by Zhigang Tao et al 
in their paper about “Real-time Remote Monitoring 
System Based on the Large Deformation Cable 
with Constant Resistance for Landslide Disaster 
and Its Application”. This paper discusses about 
constant resistivity monitoring and an application 
based on it. In their paper they described that the 
data has to be mined and processed accordingly. 
The technique suggested by them was measuring 
constant resistance with pressure. According to the 
literature survey, it was found that there are similar 
incline measurement methods deployed in land-
slide monitoring. The technique adapted in this 
paper incrporates geophysical parameter monitor-
ing through satellite communication with GPS 
tracking. The result of this research proves that 
measuring resistance would be a good measurable 
physical factor.  

3 METHODOLOGY 

The experiment was based upon testing of fabri-
cated devices in an emulated environment which 
was created to simulate typical early stages of a 
slide. Several different factors are affected when a 
slide takes place. The major influential factor is the 
rainfall that causes the ground water to increase 
and the soil mass to slip. Thus the experiment stud-
ied the effect of the water to the soil by measuring 
the soil resistivity. The client module measured the 
soil resistivity every 30 seconds. This measure-
ment was then transfered to a server for analytical 

purpose. It was observed that when the soil mass 
was going to slip the resistivity went dramatically 
down and this decline of the resistivity could be 
measured. Hence during the experiment, following 
factors were selected and measured. 

Resistivity 

Distance from base station 

3.1 Resistivity 

The resistivity measurement is the most significant 
physical factor that could be adopted for measuring 
with simple electronics. The following table shows 
the experimental measurement of the resistivity in 
a sample exhibit. 

Table 1: Resistivity of soil sample 

Time Resistivity in MOhms 

7:00:00 AM 24.6 

7:00:30 AM 24.67 

7:01:00 AM 24.56 

7:01:30 AM 24.6 

7:02:00 AM 24.63 

7:02:30 AM 24.56 

7:03:00 AM 24.7 

7:03:30 AM 24.5 
 

The readings below were obtained after adding 
water to the sample soil mass.  

Table 2: Resistivity of soil sample 

Time Resistivity in MOhms 

8:00:00 AM 20 

8:00:30 AM 19.8 

8:01:00 AM 17.8 

8:01:30 AM 16.4 

8:02:00 AM 15 

8:02:30 AM 14 

8:03:00 AM 13.8 

8:03:30 AM 11.6 

08:04:00 AM 11 

08:04:30 AM 10.2 

08:05:00 AM 6.8 

08:05:30 AM 5.8 

08:06:00 AM 5.5 

08:06:30 AM 4.1 
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08:07:00 AM 3.5 

08:07:30 AM 2.8 

08:08:00 AM 1.5 

08:08:30 AM 0.5 

08:09:00 AM 0.2 

The graph plot in Fig. 1 clearly shows the changes 
to the measured resistivity with increasing soil 
moisture content. Based on the above it was noted 
that at a certain time the resistivity dramatically 
declined and at that point the soil structure began 
to collapse. This point is the most important time 
before which an alarm should be raised and hence 
it is required to mine the above data to a web serv-
er in order to publish and notify concerned parties.  

Fig. 1: Change in resistivity observed 

3.2  Distance for Client module 

The initial distance to the Client Module is meas-
ured by the Base Station at regular intervals. At the 
point of resistivity declination, the Client Module 
began to slip down, and as the Base Station noted 
the variation in the distance to the Client Module, 
an alarm was activated. 

The experimental data is listed below illustrated. 
The Base Station Module is equipped with other 
units in order to maintain communication. The 
GSM module is configured to access either 3G or 
4G network. If these networks are not available as 
a contingency it is configured to send the data via 
SMS. The Table below illustrates the experimental 
values based on the experimental ground. 

 

 

 

Table 3: Variation in distance measured between the 

two modules 

Time Distance(m) 

8:00:00 AM 6 

8:00:30 AM 6 

8:01:00 AM 6 

8:01:30 AM 6 

8:02:00 AM 6 

8:02:30 AM 6 

8:03:00 AM 6 

8:03:30 AM 6 

08:04:00 AM 6 

08:04:30 AM 6 

08:05:00 AM 5.9  

08:05:30 AM 5.7 

08:06:00 AM 5.4 

08:06:30 AM 5 

08:07:00 AM 4.5 

08:07:30 AM  

08:08:00 AM  

08:08:30 AM  

08:09:00 AM  

Fig. 2: Variation of distance between two modules with 

time 
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4 CONCLUSION 

The experiment conducted was based on the resis-
tivity change along and ground based RADAR 
monitoring is successful. This requires further test-
ing under actual environment and actual data has to 
be analyzed further. Based on the actual data read-
ing there may be modifications required to the 
electronics. Further, these devices should be able 
to work with solar powered and battery backed.  

4.1 Limitations 

The limitation that was encountered is the extent of 
coverage. In order to cover a vast geographical 
area, several modules should be installed. There 
should be a clear line of sight to the base module. 

4.2 Improvements recommended 

 At present the following modifications are 
pending and the devices are being improved. 

 Working under solar power and battery backed 
environment. 

 GPS/GSM communication interface. 

 The web server interface with the base station. 

 Data mining of the base station and client sta-
tions. 

The risk assessment and alarming interface through 
mined data. This is a software agent and the agent 
should run on the mined data. This interface is ac-
tually based upon Artificial Intelligence (AI) and 
this has to be trained and re-programmed. 
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ABSTRACT: Effective landslide early warning helps mitigating the risk to human lives. Therefore it is 

important to communicate data gathered from early warning systems (EWS) in real time for decision making. 

This paper examines the literature on existing wireless technologies that have been used in early warning 

systems worldwide and the potential trends developed for future systems.  

Key words: Landslides, Early Warning, Wireless Technologies. 

1 INTRODUCTION 

A landslide is a wide range of ground movements 
which happens when a slope changes from a stable 
to an unstable condition. (na n.d.) It can be mainly 
categorized as debris flow, slope failure and 
landslide. There are many causes for landslides. 
Human activities such as deforestation, unsafe 
cultivation and construction, 
vibrations from machinery and natural causes such 
as excessive ground water, earthquakes, erosion of 
slopes by rivers or ocean waves etc... 

In the recent years Sri Lanka also suffered from 
several major landslides. The landslides in 
Koslanda, Meeriyabadda and Aranayaka caused 
extensive damage and took many valuable human 
and other lives. Therefore, landslide early warning 
is an essential process to prevent the loss of life 
and decrease the material impact of disasters. Early 
warning can be considered as a main component of 
landslide risk reduction.  

EWS are defined in many ways. One of the 
definition is monitoring devices designed to avoid, 
or at least to minimize the impact imposed by a 
threat on humans, damage to property, the 
environment, or/and to more basic elements like 
livelihoods. (Medina et al.  2008)  

National Building Research Organisation 
(NBRO) is the focal point for landslide risk 
management in Sri Lanka. NBRO has identified 10 
landslide-prone districts namely, Kalutara, Galle, 
Hambantota, Nuwaraeliya, Matale, Kandy, Kegalle 

,Ratnapura, Matara and Badulla.NBRO has been 
assigned the duty of issuing landslide early 
warnings in Sri Lanka. 

Early warnings are mainly based on the rainfall 
in landslide areas. There are about 105 automatic 
rain garages currently functioning that had been 
strategically located in landslide prone districts. 
These gauges measure the rainfall and transmit real 
time data through Global System for Mobile 
Communication (GSM) network. When recorded 
rainfall exceeds a predefined threshold limit in a 
vulnerable location, then different levels of 
warnings will be issued. 

Fig. 1 Part of the automatic rain gauge network 

and early warning mechanism in Sri Lanka. 
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Fig. 2 Automated rain gauge. 

There are many landslide early warning 
systems functioning worldwide. Most of those 
warning systems are designed to fully function 
using wireless networks. Therefore, it is important 
to identify suitable wireless data transmission 
method according to the situation. 

 
2 REVIEW OF WIRELESS DATA 

TRANSMISSION METHODS IN EARLY 

WARNING SYSTEMS 

 
A few important aspects of transmission were 
referred to; interference, power consumption, 
speed, and reliability. A good transmission method 
should comprise of low interference/noise, low 
power consumption, high speed, and low error rate. 
EWS also focuses on low cost, scalable and 
flexible data transmission methods which are 
capable of handling large amount of data from 
heterogeneous sources. The following describes 
some wireless communication methods used in 
EWS literature.  

 
2.1 Wireless sensor network (WSN) 

WSN is one of the major data transmission method 
used worldwide especially in the area of disaster 
management. This method contains spatially 
distributed autonomous sensors to monitor 
physical or environmental conditions such as 
temperature, sound, pressure, etc. and then pass 
these data through the network to a main location. 
(Madhav et al. 2010)  WSN focuses on low cost, 
scalability and flexibility in data transmission. It is 
capable of handling a large amount of data from 
diverse sources with minimum energy 
consumption. Mesh-based WSN with multi hop 
radio connectivity or star based WSN generally 

with single-hop radio connectivity are 

used according to the distance of data transmission.  

Arnhardt et al built a Sensor based Landslide 
Early Warning System (SLEWS) which contained 
a series of sensors connected among themselves 
for sensing landslide and generating alarms. Real 
time monitoring and early warnings for mass 
movements are the main aims of this system. 
(Arnhardt, et al. 2007) In 2012 Emanuele Intrieri et 
al designed a EWS specially to monitor the rocks 
falls of Torgiovannetto in Central Italy. Using 
WSN this EWS provided simple, flexible, versatile 
solutions for a landslide early warning with a low 
probability of giving false alarms. (Emanuele 
Intrieri 2012) Another attempt to develop a 
prototype alarm- and early warning system to 
address different kinds of natural hazards was done 
by Rafig Azzam based on an ad-hoc wireless 
sensor network. The developed prototype was 
highly flexible, easy to set up, secure and cost-
efficient. (Azzam et al.,n.d.) 

2.2 Global Positioning System (GPS) 

Many researchers use worldwide radio-navigation 
system which is called GPS, as a data transmission 
method for landslide early warning. It uses satellite 
signals for transmission and provides 100% 
coverage on the planet. This feature is really 
important as it can be used to communicate on 
landslides and other disasters all over the world. 
The most important feature in GPS is that, it works 
in all kinds of weather. Therefore, there is no need 
to worry about climate changes to issue warnings 
like in other navigating devices. Also it costs very 
low and considered as the best navigating system 
in water. (na nd) 

There are many publications on EWS using 
GPS and satellite communication. In 2005 Zhou et 
al. developed a system based on GPS monitoring 
of a landmass movement and radio communication 
to automatically alert on landslides in Sichuan 
Province, China. (Pinggen et al. 2005) Cardellini 
and Osimani have designed an EWS for 
monitoring the Ancona landslide in Italy using 
geodetic GPS receivers. (Cardellini 2008) Another 
advanced comprehensive GPS based monitoring 
system was designed and used on the Grohovo 
Landslide in Croatia. (Željko et al. 2014)  

2.3 ZigBee 

ZigBee is a wireless protocol that aligns with an 
IEEE 802.15.4-based specification for high level 
communication over digital radios. It specializes in 
using low power, enabling long battery life for 
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transmission. Also using ZigBee it is very easy to 
add or remove nodes from the network. 

In the literature of landslide EWS, ZigBee 
technology is used combinely with other wireless 
communication methods such as GPS, GSM and 
WSN. Using sensor network and ZigBee 
transmission, geological disaster monitoring and 
EWS were developed in 2015. (na, nd) Srinivas 
and Raghava Rao designed EWS combinely using 
ZigBee, GPS and GSM. The system collects the 
data; then the GPS gives the latitude and longitude, 
and all the readings are given to ZigBee for 
transmission. (Srinivas et al. 2014) Another EWS 
design by Sagar and Ankit used GSM, ZigBee and 
WSN for their system. (Sagar et al. 2014) 

2.4 Global System for Mobile Communications 
Network (GSM) 

GSM is the most widely used early warning data 
transmission method all over the world. Sri Lankan 
landslide warning systems also heavily rely on 
GSM network, which covers a significant part of 
Sri Lanka.  

In 2006, Jayasinghe et al. developed an EWS 
which used the GSM network. It is called as 
Disaster Emergency Warning Network (DEWN). It 
is mainly aimed at generating a cost effective and 
reliable mass alert system. (Jayasinghe et al. 2006) 
‘AsaniWasi’, is another Landslide EWS which 
uses GSM network. It is a low cost EWS which 
sends warning alerts via SMS. (Withana et al. 
2014)  

2.5 Wifi 

Wi-Fi is one of the widely used wireless local area 
network (LAN) communication method. It 
functions aligned with IEEE 802.11 protocol and 
standards a, b, g, i and n. The latest standard IEEE 
802.11 n supports transmission speed around 
450Mbps and cover around 70 m to 250 m area. 
(na, nb) 

Wifi network can be setup with easy 
configuration and low cost. Wireless access points 
consume low power and expandability of network 
can be done without much difficulty. Low power 
consumption and flexible expandability are very 
important features of early warning data 
transmission. Also it is important to assure the 
security and the speed of transmission the data. 

Only a very few literature is available to 
support wifi network usage in wireless EWS. In 

2014, Leonard Ondongo Sweta developed an 
EWS. In this system also he used not only for wifi 
but also for other wireless technologies namely 
Very Small Aperture Terminal (VSAT), mobile 
telephone networks either 2G, Wideband Code 
Division Multiple Access (WCDMA) or 4G. 
(Sweta  2014 ) 

Other than above described wireless 
technologies, there are EWS literature available 
which use many other technologies such as VSAT, 
2G, 3G, 4G etc. 

Table 1. Comparison of wireless technologies 

 Security Coverage Energy 

consumption 

WSN Low Low Low 

GPS Medium Very High Low 

GSM Medium High Low 

ZigBee Low Low Very Low 

Wifi Medium Medium Low 

  

3 CONCLUSION 

All of the above mentioned wireless technologies 
can be used for landslide early warning according 
to the situation. Even though some of the wireless 
technologies such as wifi plays major role in 
modern world, it is not used in EWS 
communication very heavily as it does not cover a 
large geographical area. In disaster EWS literature, 
combinations of wireless transmission methods are 
used to assure the robustness of the systems and 
the quality of the data.  

In Sri Lankan early warning context, WSN and 
the GSM network heavily used. As redundancy is 
an important concept in EWS, Sri lanka also can 
adapt other wireless technologies such as ZigBee, 
4G or WCDMA for their EWS. So if one 
transmission method fail due to congestion of 
traffic or jamming, still the systems will not fail as 
these systems are capable of handle multiple 
transmission methods.  

4 RECOMMENDATION  

For the functioning of successful EWS, all the 
parties within NBRO have to work collaboratively. 
Geologists have to identify landslide prone areas, 
Electronics and IT experts have to combine 
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technology and do the instrumentation and data 
acquisition, IT experts have to select proper 
transmission method for gathering data and 
communicating them from the field to decision 
makers at the head office. Finally decision making 
has to be done by the experts of that area to decide 
whether and when to issue the early warning. The 
combine work of experts in these four areas can 
finally output an effective EWS which can 
successfully issue early warnings to public. 
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ABSTRACT: Technical Cooperation for Landslide Mitigation Project (TCLMP) is being carried out from Oc-
tober 2014 implemented by Japan International Cooperation Agency (JICA).  The purpose of the project is to 
improve the sediment disaster management capacity of National Building Research Organization (NBRO) and 
contribute to reduce sediment disasters in the target region, Kandy, Matale, Nuwara Eliya and Badulla in Sri 
Lanka. Main activities are shown below. 
1) Research and evaluation for countermeasures of sediment disasters  
2) Design, supervision and monitoring for Landslides, slope failures, rock falls 
3) Accumulation of the knowledge and know-how of sediment disaster mitigation measures (including non-
structural measures) 
Based on the activities of 1 and 2, site surveys and designs for countermeasure works were conducted and sum-
marized in this article. 

1 PROJECT BACKGROUND 

Sediment disasters (Landslides) have become 
one of the major natural disasters in Sri Lanka. 
The hilly and mountainous areas in the central 
region of Sri Lanka known as the Central High-
lands cover nearly 20% of the total land area of 
Sri Lanka and are occupied by about 30% of the 
total population of the country. 
Topographically steep slopes and geologically 
weak strata are the main natural factors contrib-
uting to sediment disasters (Landsides) in se-
vere concentrated rainfall particularly during 
the monsoon season.  The recent sediment dis-
asters have taken nearly 300 human lives and 
caused huge losses to the people's property， 
infrastructure and national society and econ-
omy.  Based on the records，the landslide oc-
curs most frequently among the different types 
of sediment disasters (namely rock fall, land-
slide，slope failure and debris flow). 
The NBRO plays an important role in issuing 
early warning for sediment disasters (land-
slides) and implementation of mitigation 
measures. 
Under such circumstances, the Government of 
the Democratic Socialist Republic of Sri Lanka 

has requested the Government of Japan to im-
plement countermeasure works of the most vul-
nerable 16 sites out of 47 potential sediment 

Fig. 1 Distribution of landslides (1947-2007) 
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disaster areas in the highest priority areas of 
Kandy District, Matale.District, Nuwara Eliya 
District in Central Province and Badulla Dis-
trict in Uva Province. Thereafter through a se-
ries of discussions with NBRO, finally both 
sides have come to an agreement over capacity 
development of staffs through implementation 
of countermeasure works for three types of sed-
iment disasters (rock fall, landslide, slope fail-
ure) in the four districts with design and super-
vision of countermeasure works and 
preparation of manuals.  Herewith the Tech-
nical Cooperation for Landslide Mitigation Pro-
ject (TCLMP) has been determined to be imple-
mented. 

 
Fig. 2 Pilot project sites 

2 PROJECT PURPOSE AND OUTPUTS 

With the current situation mentioned above in 
mind, this project aims to improve NBRO’s ca-
pacity relating to structural and non-structural 
measures for landslide, slope failure and rock 
fall including survey, design, construction su-
pervision, warning, evacuation and land use 
regulation. 
 
Output 1: Capacity of investigation and eval-
uation for sediment disaster (Landslide) mitiga-
tion measures is strengthened. 

Output 2: Capacity of design, construction su-
pervision， and monitoring for landslide miti-
gation measure is strengthened. Pilot Sites: 
Badulla & Nuwara Eliya 
Output 3: Capacity of design, construction su-
pervision, and monitoring for slope failure mit-
igation measure is strengthened. Pilot Site: 
Kandy 
Output 4: Capacity of design, construction su-
pervision，and monitoring for rock fall mitiga-
tion measure is strengthened. Pilot Site: 
Matale 
Output 5: Knowledge and know-how for 
landslide mitigation measures are improved. 

3 OUTCOME OF THE PROJECT 

3.1 Surveys in the pilot sites 

The field surveys shown below for counter-
measure design were done by the JICA Team 
under cooperation with NBRO since October 
2014. 

 
 Preliminary Survey in the Pilot Sites 
 UAV Aerial Photographic Survey and 

Plane/Cross-section Survey 
 Boring Survey 
 Installation of monitoring instruments 

and data collection/evaluation 
 

The project team clarified the overall situation 
of the pilot sites by preliminary surveys.  After 
that, base maps of the sites were prepared by 
UAV and plane/cross-section surveys.  Moni-
toring instruments were installed in the sites, 
and basic data for countermeasure design was 
collected.  The project members transferred 
their knowledge and techniques to NBRO staffs 
in monitoring and core-sample-boring. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo. 1 UAV aerial photographic survey 
 

UAV aerial photo-
graphic survey 

Kandy 

Nurse’s Training 

School 

Uva Wellassa University 
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Photo. 2 Samples of core boring and photo of technical 
transfer 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Graph of extensometer, groundwater level and 
precipitation 

3.2 Countermeasure design and bidding 

Counter measure design, cost estimation and 
bidding shown below were conducted by the 
project team under collaboration with NBRO 
staffs.   
 
 Stability analysis based on observed data 
 Countermeasure design and cost estima-

tion 
 Bid document preparation and bidding 

 
In the process, it appeared that the geological 
condition at the Kandy site is rather weak, and 
expected countermeasures inadequate.  
Thereby, JICA and NBRO decided to cancel 
the pilot work at the Kandy site in this project.  
The pilot work will be conducted by the other 
JICA scheme. 

3.3 Designs, pilot works and supervision 

The bidding for the pilot sites in Badulla and 
Nuwara Eliya (landslide) and Matale (rock 
fall) was conducted in January 2016, and con-
structers were selected.  The practical con-
struction works and supervision by the project 
team started in May 2016. 

3.3.1 Pilot sites of landslide 
One of the main causes of landslide is generally tor-
rential rain.  Therefore, it is effective and efficient 
to drain groundwater and surface water for mitiga-
tion of landslide movement.  Based on the reasons 
above, horizontal borings have been selected for 
drainage of groundwater and surface water drainage 
ditches have been selected for drainage of surface 
water in both sites of Nuwara Eliya and Badulla.  

(a) Pilot site of Nuwara Eliya 

Horizontal borings (gravity drains), surface 
drainage ditches and small dams were selected 
as countermeasures for Nuwara Eliya landslide 
pilot site.  These countermeasure works are 
under construction in October 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Design of countermeasure works at Nuwara Eliya 
 
 
 
 

 

Installed 
extensometer 

Data 
collection 

Observed data by extensometer 

Samples of core-boring 

Photo of 
technical transfer 
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lection 
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Photo. 4 Countermeasure works at Nuwara Eliya 
 

(b) Pilot site in Badulla 

Horizontal borings (gravity drains) and surface 
drainage ditches were selected as counter-
measures for the Badulla landslide pilot site. 
These countermeasure works are under con-
struction in October 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Design of countermeasure works at Badilla 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo. 5 Countermeasure works at Badulla 

3.3.2 Pilot site in Matale 
As countermeasure works against small size 
rock fall, steel nets or steel fences are possible 
to be applied.  However, the size of the rock 
fall is more than one (1) m at the pilot site in 
Matale. 
Based on simulations of rock fall, earth dyke 
has been selected as countermeasure work. 
Excavation, embankment and gabion were in-
cluded in earth works as countermeasures for 
the Matale rock fall pilot site. 
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Fig. 5 Design of countermeasure work at Matale and photo 
of source of rock fall 
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Countermeasure works are under construction 
in October 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo. 6 Countermeasure works at Matale  

3.3.3 Pilot site in Kandy 
Countermeasure works against shallow slope 
failure, soil nailing with crib work or shotcrete 
tend to be selected in Sri Lanka.  Therefore, 
soil nailing with shotcrete crib works were se-
lected in the preliminary survey prior to the 
implementation of the TCLMP.  However, as 
mentioned in 3.2, the geological condition of 
the lower slope was weaker than expected, 
therefore the design condition had to be 
changed.  Furthermore, shotcrete crib work in 
Sri Lanka is completely different from shot-
crete crib work in Japan, therefore based on 
the design conditions above, it was impossible 
to apply soil nailing with shotcrete crib work 
at the Kandy site. 
Cable anchor works and soil nailing with shot-
crete crib works were selected and designed in 
the project.  The design is shown in Fig. 6.  
However, these countermeasure works will be 
scheduled to be installed in another scheme of 
JICA.   
The difference between Japanese style shot-
crete crib works and Sri Lankan type crib 
works is as follows. 
 Design 

In Japan, the size of the shotcrete crib 
works is selected based on analysis of the 
shotcrete crib works.  In Sri Lanka, the 
size of crib works is selected without analy-
sis.  The size of crib works is usually the 
same (200*200mm) based on experience.   

 Material 

A unit type wire net form work is used for 
shotcrete crib works in Japan.  In Sri 
Lanka, no form work is used for crib works.  
Instead of form work, a ditch along the crib 
work is used.  Japanese style form work is 
flexible therefore it is possible to be in-
stalled along a natural slope.  

 Installation 
Because of the difference of materials, Jap-
anese style shotcrete crib works is possible 
to be installed on the surface of the slope as 
mentioned above.  On the other hand, Sri 
Lankan style must be excavated along the 
crib works. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Countermeasure works at Kandy 
 
Photos of shotcrete crib works are shown in 
Photo 7. 
 
 
 
 
 
 
 
 
 
 
 
Photo. 7 Shotcrete crib works in Japan and Sri Lanka 
 

Pictures of 
Gabion works 
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Japan 

Crib work in Sri Lanka 
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4 CONCLUSION 

Based on the surveys, proper countermeasure 
works have been selected for each pilot site.  At 
the moment (November 2016), these countermeas-
ure works are being installed in each pilot site.  Af-
ter the completion of the construction works of the 
countermeasure works, it will be possible to dis-
cover lessons learnt through the implementation of 
the project.  These lessons should be shared in 
NBRO and all of Sri Lanka. 
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ABSTRACT: Rapid growth of population leading to increased urbanization, deforestation, and unplanned 
land-use development contribute to enhancement of the vulnerability in areas already prone to landslides. In 
recent times threat of landslide shows an increasing trend which claimed hundreds of lives, destroyed properties 
and caused considerable impacts to economy even damaged the natural environment. In this background it is 
vital to establish a mechanism to incorporate landslide risk management into development process. NBRO had 
been developing a risk map to overcome the gap in hazard zonation mapping process. In landslide hazard zo-
nation mapping process each zones get equal weightage in terms of risk level. According to that if a landslide 
has occurred in a forest or a settlement area, the associated risk level may be equal.  To avoid this gap the 
landslide risk assessment and mapping have been developed by combining human settlements maps and land-
slide hazard zonation maps. Because of the shortcomings of earlier methodology, revised methodology is used 
when risk map is generated. In this revised methodology, Analytical Hierarchical Process (AHP) method is used 
to weight overlaying components of human settlements. The output generated through the process included  
landslide risk maps that show only possible damages due to landslides, along with the expected losses in terms 
of casualties, when landslide trigger. The maps also indicated the flow path of the landslide. These maps served 
as a tool to guide investments in development and utilization of lands susceptible to landslides and function as 
a guide to development decision making process of the Local Authorities, Urban Development Authority and 
other relevant agencies to identify priority areas for landslide mitigation activities and to regulate development 
activities. 

Key words; Landslide, Risk, Development Planning, Decision Making 

1 INTRODUCTON 

National Building Research Organisation 
(NBRO) has been preparing landslide hazard zona-
tion maps since 1992. It is a long felt need to prepare 
Human Settlement Map which leads to preparation 
of a risk map. Landslide hazard mapping in Sri 
Lanka may be considered as a unique experience in 
this context as it perhaps mark the first comprehen-
sive attempt to generate maps of human settlements 
and infrastructure on 1 : 10,000 scale conjointly 
with other state of nature maps. 

By the term ‘landslide hazard’ is meant proba-
bility of occurrence of a landslide event in a given 
area in a specific time frame. The landslide hazard 

maps delineate areas according to the associated de-
gree of hazard. The preliminary assessment of risk 
at each hazardous location is then be facilitated by 
reading these with the human settlement and infra-
structure maps. In other words, preparation of such 
maps is fundamental to development of risk maps. 
The human settlement map will leads to further in-
vestigations and mitigation actions could be planed.  

Based on the information supplied by landslide 
risk maps either protective or reinforcement works 
can be envisioned to minimize the risk level, 
whereas alert systems can be established in places 
in order to protect the human lives. 

 
 

93



 

  
  

 

2 THE METHODOLOGY 

2.1 Preparation of Human Settlements 
Map 

Human Settlements and infrastructure map can 
be produced in two stages as all the details are usu-
ally not obtainable from a single source. First the 
details of human settlement are obtained mainly 
from the satellite images by using QGIS open 
source software. Secondly obtained details relevant 
to human settlements and infrastructure will be ver-
ified through sources such as already publish maps 
and field observations.  

2.2 Preparation of Suitable Legend 

The legend was defined for Human Settlement 
map in 1995 under Landslide Hazard Zonation 
Mapping Project. In evolving this legend it has con-
sidered the type of details required in assessment of 
risk. Also consideration was given to ability to ob-
tain these details from satellite images. With these 
considerations following categories were consid-
ered as being of major importance for the human 
settlement mapping.  

1. Human lives 
2. Public and Private Properties (Other than 

agriculture)  
3. Agricultural properties 

Taking all these aspects into consideration, Pa-
rameters were identified to assess the vulnerability 
and carrying capacity of the human settlements. 

The parameters are; 
1. Building Density  
2. Open spaces  
3. Percentage of forestry type land uses  
4. Rate of productivity of natural/market 

land uses 

1. Settlements ‘S’ 
This category consists of settlements centers 

both urban and rural as well as high density residen-
tial areas with little space left for agricultural activ-
ities. In terms of risk, this category is to be consid-
ered as the most important due to high density of 
population and high concentration of public and pri-
vate properties 
 

2. Agricultural ‘H’ 
This category consists of only agricultural land 

without any significant involvement of human lives 
and property other than agriculture associated infra-
structure. Therefore the risk involved in this cate-
gory is low relative to the first category. 

 
3. Other Major Uses  

This category consists of only natural habitats 
which do not have involvement of human lives and 
property. Therefore, the risk involved in this cate-
gory is the lowest relative to the first two categories. 

2.3 Field Verification of Human 
Settlements Map 

Human Settlement Map, Field Verification com-
pares information in fields to information in a map 
which is digitized using the satellite images. Field 
verification is mainly consists of getting into the 
field and checking the existing information. If the 
information in the fields does not match with the 
map, the fields can be marked and changed. In here 
may be some features which cannot be classified or 
identify from the satellite images. Before going to 
field verification those features need to mark as 
doubtful categories. Then it is easy to compare 
when field verification is in progress.  

Fig 1: Landslide Risk Mapping Methodology 
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2.4 Risk Calculation Methodology 

Landslide Hazard Map has to be overlaid with 
completed Human Settlements Map. For this over-
laying components should be weighted in proper 
manner. Pairwise ranking method used to weighting 
the human settlement categories. Adopted method-
ology is illustrated below. 

2.4.1 Weighting of Human Settlements 
Categories 

19 Human settlements categories are identified 
and arrange them in a matrix for compare each with 
others. Analytical Hierarchical Process (AHP) 
method used to weight human settlement categories. 
The Analytic Hierarchical Process (AHP) is referred 
to, as the Saaty method due to Saaty who’s invented 
to apply this method in 1980. 

The mathematics of the AHP and the calculation 
techniques are explained in the section "The AHP 
calculations" and Saaty adopted to one common 
scale when making judgements. The ranking scale 
is presented in Table 1. 
 
Table 1: Ranking scale of AHP 

Intensity 

of im-

portance 

Definition Explanation 

1 
Equal im-

portance  

Two factors contribute 

equally to the objective.  

3 
Somewhat 

more important  

Experience and judg-

ment slightly favor one 

over the other.  

5 
Much more 

important  

Experience and judg-

ment strongly favor one 

over the other.  

7 
Very much 

more important  

Experience and judg-

ment very strongly fa-

vor one over the other. 

Its importance is 

demonstrated in prac-

tice.  

9 
Absolutely 

more important  

The evidence favoring 

one over the other is of 

the highest possible va-

lidity.  

2, 4, 6, 8 
Intermediate 

values  

When compromise is 

needed.  

 
According to the above mentioned theory 

and method, pairwise ranking matrix was pre-
pared for 19 HS categories. After getting the 
rankings for all pairs, eigenvectors for each factor 
were calculated. Calculation of eigenvectors was 
done using MS Excel.  

First, the table was squared by using table multi-
fication function. Multiplied values were summed 

as rows and total of all summed rows were calcu-
lated. Summed values of each row was normalized 
by summed rows total. Same procedure was re-
peated for several times until normalized values get 
consistent. Consistent values (eigenvectors) are 
taken as the weight of each factor.  

 
Human settlements categories were weighted 

based on the expert’s knowledge and stakeholder’s 
opinion. For this objective, Stakeholder Consulta-
tion Group & Technical Working Group (TWG) 
was appointed for the purpose of getting expert 
technical knowledge and advices on development of 
landslide risk maps. The TWG had the members 
from a wide range, including government and non-
government institutes, research & universities, ur-
ban planning experts and had constructive discus-
sion for the methodology development. This ensure 
that a wide range of views have been represented on 
the weighting of human settlements categories.  

2.4.2 Weighting of Hazard Zonation Map 
 

Landslide hazard map have seven major hazard 
categories as listed below. 

 
1. Landslides have been occurred in the Past 
2. Rock falls and Subsidence 
3. Landslides are most likely to occur 
4. Landslides are to be expected 
5. Modest level of landslide hazard exist 
6. Landslides not likely to occur 
7. Inaccessible Slopes 
 

   Table 2: Values of each hazard class according to  

    Exponential curve 

 

The map rasterized in to 30m grids and probabil-
ity of occurrence landslide of each grid was found 
out from hazard map. Area composition of each 
hazard class in a grid was calculated and filled in a 
table. A regression model was fitted to best resulted 
parameters and coefficient of each parameter was 
taken as the weight of respective hazard category.  

Hazard Level Value 

Landslides & Rock fall have oc-

curred in the past (e3) 
20.0855 

Landslides most likely to occur 

(e3) 
20.0855 

Landslides are to be expected (e2) 7.3891 

Modest level of landslide hazard 

exists (e1) 
2.7183 

Landslides not likely to occur  

(e0) 
1.0000 
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2.4.3 Simulation of landslide runout 
 

Landslide Hazard Zonation map of NBRO only 
shows the area where landslides can initiate. But as 
per the experience from recent landslides it is obvi-
ous that the major damage happen because of the 
debris flow of the land-slide. To simulate the flow 
path we used RAMMS (RApid Mass Movements 
Simulation) software. 

There are different kinds of data to be provided 
to successfully perform a calculation with RAMMS. 

1. Topographic Data – Digital Elevation Model 
(DEM) 

2. Release Information 
3. Friction Information   
  

2.4.4 Calculation of Risk 
 

   Risk = Hazard Value x Vulnerability Value  

 
 
Equation 1: Risk Calculation Equation 

 
In a scale of 1:10,000, it is very difficult to assess 

the capacity of each and every element in a given 
area. Hence vulnerability values and capacity are 
taken from values of the Human Settlements Map. 
Human Settlements Categories are weighted con-
sidering human lives are the most important factor 
among all of these. Resulted values are ranged from 
3.405100 to 0.00 and resulted values have been clas-
sified in to four major categories as Very High, 
High, Medium and Low risk areas. The classifica-
tions were done based on the expert judgements.

 
Table 3: Final weighting for Human Settlements categories 

HS Category Map Symbol Weight 
Normalized 

value 

1.      Settlements  

1.1  Urban Center S1 0.16990 12.84 

1.2  Urban Residential S1 0.13992 10.58 

1.3  Open Space and recreational areas  S3 0.02402 1.82 

1.4  Rural Settlement Center S5 0.10633 8.04 

1.5  Estate Settlement S5 0.10633 8.04 

1.6 Social Infrastructure S6 0.11611 8.78 

1.7 Roads  S7 0.04280 3.24 

1.8  Homestead and Upland Crops S8 0.05600 4.23 

1.9  Homestead and Wetland Crops S9 0.05600 4.23 

2.      Agricultural  

2.1.1  Market gardens H1 0.02176 1.65 

2.1.2  Annual crop gardens H2 0.02176 1.65 

2.1.3  Sparsely used cropland H3 0.01591 1.20 

2.1.4 Tea Plantations JT 0.02256 1.71 

2.1.5 Rubber Plantations JR 0.02256 1.71 

2.2.1  Paddy H5 0.02256 1.71 

3.      Other Major Uses  

3.1  Forest Plantations JW 0.01446 1.09 

3.2  Natural Forest  W 0.01446 1.09 

3.3  Grass Land G 0.01330 1.01 

Capacity 
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3.4  Rocky Land RK 0.01323 1.00 

3 RESULTS & DISCUSSIONS 

The output generated through the landslide risk 
mapping process included  landslide risk maps that 
show landslide potential along with the expected 
losses in terms of casualties, when landslide trigger. 
The risk values are categorized based on expert 
judgements as below. 

 
  Very High Risk : 0.859658 - 3.405100 

High Risk   : 0.316254 - 0.859657 
Moderate Risk  : 0.116344 - 0.316253 
Low Risk   : 0.000000 - 0.116343 

 
Field visit were conducted to verify and validate 

the results generated through the mapping process. 
Two methods had been used to find out the validity 
of the risk areas. 

 
1. The high risk areas consist any settlements 

or economically valued sites. 
2. Draw a transect line across the site, which is 

starting from high risk area to safe area and 
analyze the risk value changes. 

 
Several sites were selected and visited to verify 

the associated risk level in order to check the accu-
racy of maps.  

In this revised methodology we used previous 
method of verification of risk maps. So the verifica-
tion method is constant and the methodology of the 
preparation of landslide risk maps change in appro-
priate manner to get valid output through the map-
ping process.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

In this analyze town center marked as high risk 
area and hazard zones indicated that zone as “land-
slide are to be expected”. In human settlements map 
this town identified as settlement area and it resulted 
to get high risk value.  

 
Fig. 2 presents the results of the cross section an-

alyze variation based on human settlements catego-
ries. 

 
High risk areas are mostly consisted in settle-

ments areas such as urban centers, estate settlements 
& rural settlement centers. Low risk areas are 
mostly vary in natural forest areas and the paddy ar-
eas. 

 
 
 
 
 
 
 
 
 
 
 

Fig 2: Risk Value Variations 

Low Risk 

Moderate Risk 

High Risk 

Very High Risk 

Fig 3: Risk Value Variations on Human Settlements Cate-

gories 
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Fig 4: Landslide Risk Map 
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Fig 5: Landslide Risk Map with Flow Path 
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4 CONCLUSION 

Landslide Hazard mapping programme of 
NBRO was initiated on 1993 to identify the hazard 
prone areas. However with the rapid development 
landslide risk is an important factor in development 
planning. 

 Landslide hazard and risk maps have different 
objectives within the framework of landslide risk 
assessment and management. Landslide risk maps 
provide a global view of the expected damages due 
to the potential landslide hazard by identifying the 
most vulnerable elements that are threatened. 

Landslide risk maps are intended for direct use 
in urban planning and development because they 
generally reflect the current situation of potential 
damage of the hazard zones. 
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ABSTRACT: The Kahagalla earth slip is a unique landslide and one of the sixteen proposed mitigation sites 
under the Landslide Disaster Protection Project (LDPP) in Sri Lanka. This earth slip is located between Haputale 
and Bandarawela on Beragala-Hali-Ela highway A16 at an elevation of 1430 m above MSL. National Building 
Research Organisation executed the geological and geotechnical investigation with an objective of mitigation. 
The Kahagalla earth slip is a slow moving soil mass with a rate of 20mm/year. The slip was characterized by 
sinking soil at scar area due to solution cavities of the calc silicate, circular type rotational failure at the middle 
and moving soil at the toe area. The soil is mainly dominated with coluviam and residual components. The slip 
surface which was caused by pore water pressure due to the infiltrated water and water in the solution cavities 
is located at a depth of 15.8m. A mitigation program has been established based on the data from this geotech-
nical and geological investigation.  
 
KEYWARDS: Kahagalla earth slip, circular type rotational failure, solution cavities, colluviam, pore water pres-
sure 
 

1 INTRODUCTON 

Landslide Disaster Protection Project (LDPP) of the 

national road network was undertaken by Ministry 

of Ports and Highways, Sri Lanka with the financial 

and technical corporation from the Japanese Inter-

national Cooperation Agency (JICA). The 

Kahagalla earth slip which is one of the sixteen mit-

igation sites under LDPP is located between Hapu-

tale and Bandarawela on Beragala-Hali-Ela high-

way (A16) in the central hills of Sri Lanka, at an 

elevation of 1,430 m above MSL.The slide which 

has an areal extent of 3.5 ha is on the western slope 

of the mountain range running northeast from Ha-

putale. The Kahagalla earth slip first occurred in 

1957. 

National Building Research Organisation 

(NBRO) executed the main investigations of 

Kahagolla earth slip including drilling, laboratory 

tests and installation of monitoring instruments 

(exnsometers, pipe strain gauges, borehole incli-

nometers and groundwater level gauges) and con-

ducted the monitoring program for one year period 

as well. 

The main objective of the investigations is to 

characterize the Kahagalla earth slip in view of pro-
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posing future mitigation measures. In addition es-

tablishment of a monitoring program is the second-

ary scope of the investigations.    

2 METHODOLOGY  

The detailed geotechnical investigations performed 

in this study include field investigation, field instru-

mentation and laboratory tests. Field investigation 

and instrumentation consisted of advancing of bore-

holes, performing the standard penetration test 

(SPT), collection of disturbed and undisturbed sam-

ples for laboratory tests, and the installation of pie-

zometers, inclinometers, and tilt meters. Monitoring 

works were carried out for nearly one year time pe-

riod and using analyzed monitoring data slip sur-

face, strain of due to load of moving mass and rate 

of movement were identified. 

3 RESULTS AND DISCUSSION  

The morphology of the earth slip is characterized by 

hummocky surface terrain (Figure 1). The general 

geology of the study site is characterized by calc 

gneiss, charnokitic gneiss, garnet-biotite gneiss and 

khondolite. The material within the slip area con-

sists of colluvial deposits and in-situ weathered re-

sidual materials. The site is dominated by sandy silt 

and silty sand while gravel and rock boulders are 

distributed in an irregular way. The scar area of the 

slip has subsided due to sinking into solution cavi-

ties of the calc gneiss underneath and the presence 

of solution cavities were detected during the drilling 

by experiencing water loss and difficulties in drill-

ing activities. The water table can be found at shal-

low levels varying from 2m to 6m but it dropped to 

deep levels as 12m to 16 m at the appeared tension 

cracks. 

On the eastern slope of the ridge, a water pond 

(built in 1948) was found at an elevation of 30 m 

above highway (A16). Infiltrated water from scar 

area seep down the soil profile and appear at the toe 

area. The high water pressure causing the sliding is 

generated by seepage water and water in the solu-

tion cavities. The inclinometers installed in the mid-

dle of the slip gives negative values indicating a lo-

calized circular type rotational failure.  

The first critical failure at the bottom of the slope 

was considered the realistic failure mechanism for 

the purpose of back analysis. The first critical fail-

ure occurred at a Factor of Safety of 0.785.  

According to the monitoring data of extensome-

ters which were installed at the area of the landslide 

blocks, average total displacement was 20.0 mm 

/year and according to inclinometer data definitely 

cumulative displacement has been observed at the 

depth of GL- 15.8 m of BH-1 (Figure 2), the incli-

nometer guide pipe was stuck at GL-19.00 m depth 

at BH-2 due to the bending caused by landslide 

movement. The slip surface where the safety factor 

is 2.918 goes 15.8m depth in BH1and 19.00m depth 

in BH2. 

4 CONCLUSION 

The Kahagalla earth slip is a slow moving soil 

mass at a rate of 20mm per year and it is character-

ized by sinking process at scar area due to solution 

cavities, localized circular rotational failure and de-

bris flow at toe area. Soil of the earth slip is domi-

nated by colluviam and residual component while it 

is dominated by sandy silt and silty sand with gravel 

and rock boulders distributed in an irregular way. 

The slip surface is found at 15.8m. Based on the date 

recovered from the geotechnical and geological in-

vestigations, a mitigation program has been pro-

posed.  
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ABSTRACT: Identification and determination of the rupture surfaces of a landslide is critical to performing 
the stability analysis of a landslide, and subsequently planning and designing mitigation works. Geotechnical 
boring exploration, as the first and important step of a rupture surface survey is typically conducted to provide 
high-quality core samples for identifying the position of rupture surfaces or zones along which landslide 
movement has occurred. This paper presents geotechnical classification and characterization of the rupture sur-
faces of landslides, provides core observation methods for identifying and determining the rupture surfaces or 
zones of various types of landslides based mainly on the experience of landslide investigations in Japan, and 
discusses the improvement of coring techniques to help NBRO drillers obtain high-quality cores. This study is 
part of TCLMP activities to improve the capacities of NBRO counterparts in investigating and mitigating 
landslides. 

1 INTRODUCTON 

Sri Lanka has a high concentration of land devel-
opments on hilly terrains in close proximity to 
landslide-susceptible and potential landslide areas. 
Recently, several large landslides have occurred in 
potential landslide areas, destroying residential 
houses and killing many people (for example, 
Handa et al. 2014). Landslides are presenting great 
problems in land developments, especially in resi-
dential development in Sri Lanka. One of NRBO’s 
major missions is to evaluate the stability of hilly 
lands that are known or suspected to be subject to 
slope instability and provide geotechnical recom-
mendations on landslide risk mitigation for further 
land developments.  
 

 As an important step of landslide risk mitiga-
tion, landslide investigation focuses typically on 
the following: i) division of landslide movement 
blocks, ii) the depth of rupture surfaces, iii) the 
strength of sheared material (or landslide clay), iv) 
the underlying geology, and v) the distribution and 
fluctuation of pore water pressures within landslide 
area (PWRI 2007). The identification and determi-
nation of rupture surfaces is particularly critical in 
conducting the stability analysis of a landslide, and 
subsequently planning and designing countermeas-
ure works (Yamasaki 2007; and Kuju and Ishii 
2012). The depth or position of rupture surfaces 

has been generally identified through geotechnical 
boring exploration – by core observations. Addi-
tional information regarding the depth of active 
landslide can be obtained from landslide monitor-
ing, such as borehole inclinometer and pipe strain 
gauge monitoring. However, these landslide moni-
toring methods have serious limitations in charac-
terizing potential and inactive or dormant land-
slides. 
 

In pursuit of obtaining high-quality core samples 
through geotechnical boring exploration for the 
visual observation and identification of rupture sur-
faces of a landslide, considerable efforts have been 
done at developing coring techniques for landslide 
investigation in Japan. These efforts have shown 
that muddy-water rotary drilling rig equipped with 
double tube swivel core barrel and core pack tube 
is very effective for the subsurface investigation of 
landslides (Hosaka and Koike 1993; and JGCA 
2013). Likewise, a lot of data and experiences have 
been accumulated regarding the identification of 
rupture surfaces by core observation (Yamasaki 
2007; Kuju and Ishii 2012; PWRI 2002; and JLS 
2013).  

 
Japan International Cooperation Agency (JICA) 

has provided NBRO a similar muddy-water rotary 
drilling rig equipped with double tube swivel core 
barrel that has been widely used for landslide in-
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vestigation in Japan, to improve the techniques of 
boring exploration in the Technical Cooperation 
for Landslide Mitigation Project (TCLMP). The 
core samples in the pilot sites drilled using the 
newly provided rig were better than those using ex-
isting rigs in terms of core recovery, but could not 
provide enough information to define the depth of 
the rupture surfaces due to partial core loss and 
disturbance.   

 
This paper briefly explains the mechanism of 

rupture surfaces and development of various types 
of landslides, presents some key points in observ-
ing and identifying the rupture surfaces of various 
types of landslides with particular reference to 
landslides that have pre-existing potential rupture 
surfaces, and provides some suggestions for col-
lecting reliable and high-quality cores sampled 
through geotechnical boring exploration for the 
above-mentioned identification purposes.   

2 MECHANISM OD RUPTURE SURFACES 
AND TYPE OF LANDSLIDES 

2.1 Definition of Landslide and Landslide Clay 

There are many technical definitions of a landslide. 
In international usage the term landslide has been 
widely defined as the movement of a mass of rock, 
debris or earth down a slope (Varnes 1978). How-
ever, in Japan, for the purpose of disaster recogni-
tion and management, landslide and slope failure 
are separately defined in the legislation (Watari, 
1987), a landslide is a phenomenon in which soil 
or rock mass on a slope moves slowly along the 
rupture surface(s) downward the slope under the 
influence of groundwater and other causes, while a 
slope failure is a phenomenon that a slope collaps-
es abruptly due to weakened self-retainability of 
the earth under the influence of a rainfall or an 
earthquake.  
 

In this paper, the term landslide narrowly refers 
to the relatively slow movement of a mass of rock, 
debris or earth along a pre-existing shearing sur-
face (or potential rupture surface), for the purpose 
of classifying and identifying the rupture surfaces 
of a landslide. The pre-existing rupture surface is 
formed due to a past landslide movement, which is 
now either active or dormant.  
 

In addition, landslide clay is defined as soft, 
weak layers that are formed along the rupture sur-
face due to landslide movement. The landslide 
clays generally very thin, mostly about 10 cm 
thick, and consist mainly of fine-grained materials 
and occasionally contain coarse-grained materials 
like gravels. Within landslide clay, slickenside and 

streak formed due to landslide movement are ob-
servable from drilled cores. In general, the land-
slide clays are soft and blackish gray when formed 
recently, and become firm, semi-consolidated and 
reddish brown to blackish brown when formed 
from long ago.    

2.2 Classification of Landslides 

An understanding of various types of landslides 
and their associated movement natures is necessary 
to fully understand the formation and development 
of the different rupture surfaces related to landslide 
type and geology. The following briefly reviews 
the existing landslide classifications and thereby 
suggests classifications suitable to identify the 
formation and features of rupture surfaces. 
 

There have been known various classifications 
of landslides and other types of mass wasting with 
different purposes, generally in consideration of 
the following factors: 
 
1) Type and size of materials moved; 
2) Type and velocity of movement; 
3) Degree of activity; 
4) Age of movement; 
5) Causes of movement and triggering mecha-

nism; 
6) Formation and development processes of 

landslides; 
7) Underlying geology;  
8) Morphology of landslide deposits; 
9) Type of climate; and 
10) Geographic type and location. 
 

The most widely used classification is the classi-
fication of Varnes (1978). The type of movement 
is used to determine the principal group, and the 
second term is established by the type of material 
(Table 1).  

 
Table 1 Landslide Classification (after Varnes 1978) 

Type of 

movement 

Type of material 

 Bedrock Debris Earth 

Topple Rock topple Debris topple Earth topple 

Fall Rock fall Debris fall Earth fall 

Slide Rock slide Debris slide Earth slide 

Flow Rock flow Debris flow Earth flow 

Spread Rock spread Debris spread Earth spread 

Complex Combination of two or more type of movement 
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BRC= Brown colluvial soil, BLC= Blue colluvial soil, WR=Weathered rock, BR=Bedrock 

 

Rupture surface 

BRC 

BRC 

BLC 

BRC 

BLC 

BRC 

BLC 

BR 

BR 

BR 

BR 
BR 

WR 

BRC 

 
On the other hand, in Japan landslides are subdi-
vided, in terms of material type and deformation 
process, into four types (Watari, 1987), as shown 
in Fig. 1. 

Fig. 1 Japanese classification of landslide (Watari 

1987) 

 
The two classification schemes are simple and 

both consider some factors of the above-mentioned 
classifications, such as 1) type of landslide materi-
al, 2) geology and topography, 3) velocity of 
movement, and 4) degree of activity. These factors 
are related considerably to the formation and de-
velopment of rupture surface. Accordingly, the two 
classifications of landslide are used together for the 
identification and observation of rupture surfaces, 
as shown in Table 2 below.  

2.3 Classification of Types of Rupture Surfaces 

Nakamura (1977) classified the rupture surfaces in-
to 6 types on the basis of the inventory survey re-
sults of landslides occurring in Japan. The classifi-
cation considers the hardness, colour, and 
weathering of cores collected from the rupture sur-
faces. The six types of rupture surfaces are shown 
in Fig. 2 for reference and described below: 

Fig. 2 Conceptual illustration of varying rupture sur-
faces related to different geological materials (after 
Nakamura, 1977) 

 

1) Type I: The rupture surface is formed along 
the boundary of brown and blue colluvial soil 
layers. The displaced mass consists of colluvi-
al materials, either fine-grained or coarse-
grained or their combination. Such landslide, 
generally shallow, is mostly caused by heavy 
rainfall. 

2) Type II: The rupture surface is formed be-
tween bedrock and overlying brown colluvial 
soils. The brown colluvial soils are generally 
thick. Such landslides often occur sporadically 
due to considerable fluctuation of groundwa-
ter level as a result of heavy rainfall or long-
term rainfall. 

3) Type III: Similar to Type II, the rupture sur-
face is formed between bedrock and overlying 
colluvial soils, but the overlying colluvial 
soils consist of two layers, brown and blue 
colluvial soil layers. The blue colluvial soils 
consist mainly of fine-grained materials like 
clay. Such landslides generally move slowly 
under the influence of high groundwater level.  

4) Type IV: Geologically similar to Type III, but 
the rupture surface is formed along differen-
tially weathered rocks, mostly between highly 
and moderately weathered rocks. The dis-
placed mass consists of highly and completely 
weathered rocks and mostly contains overly-
ing colluvial materials. 

5) Type V: The rupture surface is formed along 
geological discontinuities such as bedding, 
contact, shear, etc., mainly in weathered 
rocks.  

6) Type VI: Geologically similar to Type V, the 
rupture surface is formed along geological 
discontinuities, but in bedrocks or fresh rocks. 
The displaced mass consists mainly of bed-
rocks and occasionally contains thin overbur-
den. 

 
The classification of rupture surfaces can be in-

corporated into landslide classification for the pur-
pose of observation and identification of rupture 
surfaces through core observation, as given in Ta-
ble 2 below.   

 
Table 2 Classification of landslides and their corre-

sponding type of rupture surfaces 

Classification of landslide Corresponding type  

of rupture surfaces Watari (1987) Varnes (1978) 

Bedrock 

landslide 
Rock slide V, VI 

Weathered rock 

landslide 
Rock slide IV 

Colluvial soil 

landslide 
Debris slide I, II, III 

Cohesive soil 

landslide 
Earth slide I, II, III 

Weathered rock 
landslide

Colluvial soil 
landslide

Colluvial soil 
landslide

Fresh bedrock

Bedrock 
landslide

Weathered rock 
landslide

Colluvial soil 
landslide

Cohesive soil 
landslide

Weathering rock

Cohesive soil 
landslide

Cohesive soil 
landslide

Cohesive soil 
landslide
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3 KEY POINTS IN IDENTIFIYING RUPTURE 
SURFACES 

3.1 Main Features of Rupture Surfaces 

The rupture surfaces of a landslide record and re-
flect the subsurface condition and its change due to 
landslide movement, including geological compo-
sition, weathering degree, fracturing, colours, 
hardness, lithological disturbance, movement 
streak, etc. The main features of rupture surfaces at 
level of core observation are reviewed based on 
relevant literatures and summarized as follows 
(Figs 3 and 4): 

 
1) Rupture surfaces are formed mostly on sur-

faces described below (refer to Fig. 2 above): 
a) along the boundary of colluvial materials 

of different colours,  
b) between bedrock and its overlying collu-

vial deposits (Fig. 4),  
c) along the contact of hard and soft rocks 

(Fig. 3),  
d) along differential weathering, almost be-

tween highly and moderately weathered 
rocks, or 

e) along discontinuities, such as fault, shear 
zone, shear, bedding, foliation, band, 
joint or their combination. 

Fig. 3 An example of bedrock landslide occurring in al-
ternated sandstone and siltstone (after JLS 2013) 

 

2) Rupture surfaces are generally smooth, une-
ven, and gentle, mostly between 10 and 25 
degrees (Fig. 3). 

3) Slickenside, streak, and/or wooden piece are 
usually observable within the rupture surfaces 
(Fig. 3 (c)). 

4) When the rupture surface of a landslide is 
formed along a fault, slickenside and streak, 
which show different directions corresponding 
to the orientations of fault and landslide 
movements, respectively, can also be ob-
served within the rupture surface.  

5) Landslide clays, which are formed along the 
rupture surfaces of a landslide, consist mainly 
of fine-grained materials and occasionally 
contain various sizes of gravels. They some-
times contain several layers of fine-grained 
and coarse-grained materials. These gravels 
are generally angular to sub-rounded, and are 
well arranged parallel to the direction of land-
slide movement. 

6) Landslide clay is mostly 10 cm to 50 cm 
thick, blackish gray to greenish gray, soft, and 
at moist to wet condition. 

Fig. 4 An example of colluvial soil landslide occurring 
above conglomerate/sandstone (after JLS 2013) 

3.2 Main Items to Be Observed for the 
Identification of Rupture Surfaces 

The following items should be preferentially noted 
and carefully observed when identifying and de-
termining the rupture surface of a landslide from 
core observation: 

(b) Spread view of rupture surface 

(a) Borehole core samples between GL-76.4 m and GL79.4 m  

Rupture surface formed at depth of about 78.4 m 

Rupture surface 

Wood chip 

Lower end Upper end 

(c) Close view showing the upper and lower ends of rupture surface 

 

 

(b) Close view of core condition around rupture surface 

(a) Whole borehole cores 

Samples  

Slip Surface at Depth of 7.8 m 
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(b) Close view of rupture surface (a) Whole borehole core samples  

Rupture surface 

Showing fractured gravelly 

material due to sliding and 

subsequently weathering around 

the rupture surface   

 
1) Geological Division 
 
With reference to field reconnaissance results, and 
local and regional geological maps, the geological 
division (or zone) is first carried out to understand 
the overall geological features and distribution at 
drilled depth, mainly in view of the following: 

 
a) Types and origin of overburden deposits; 
b) Physical characteristics (color, moist, 

grain distribution, etc.) of overburden de-
posits; 

c) Type and classification of bedrocks; 
d) Structures and their orientations in bed-

rocks; 
e) Geological contacts; 
f) Weathering grades of soils and rocks; 
g) Degree of fracturing in rocks; and 
h) Hardness of soils and rocks. 

 
2) Geological Discontinuities 
 
All geological discontinuities have the potential for 
the formation of rupture surfaces of a landslide in 
rocks. They are listed in Table 3 below. 

 
Table 3 Discontinuity type 

Type Description 

Geological contact between soil/bedrock, and soft/ hard rock 

Fault With some displacement 

Shear & shear zone No displacement 

Joint Tectonic, sheeting, cooling joints, etc. 

Fracture  Breakage in rock 

Schistocity  

Bedding Bedding joint 

Foliation Foliation joint 

Fissure/Crack  

Lamination Very thin layering in rock 

Vein Quartz vein, silica vein, etc. 

Banding Like biotite banding, etc. 

 
The rupture surfaces of bedrock landslides are 
formed mostly along the first five types listed in 
Table 3 above, namely; geological contacts, faults, 
shear/shear zone, major joints, and frac-
tures/fracturing zones (Fig. 5). The identification 
of rupture surfaces should pay more attention on 
the following points: 

 

 

 

 

 

 

 

Fig. 5 An example of bedrock landslide occurring in 

slate and tuff (after JLS 2013) 

 
a) The orientation of these discontinuities 

and their positional relations to landslide 
movement direction; 

b) Structures of these discontinuities, like 
coarse-fragmented crushed zone, clay-
rich crushed zone, etc. within disconti-
nuities; 

c) Size range and arrange of coarse-grained 
materials, like gravel and boulder; 

d) Disturbed sedimentation structure in the 
sedimentary rock; 

e) Weathering and alteration; 
f) Width of these discontinuities; and  
g) Color of these discontinuities.  

 
3) Degree of Weathering in Rocks 

 
In weathered rocks, the rupture surfaces of a land-
slide are developed mostly between highly and 
moderately weathered rocks. The boundary of the 
moderately and highly weathered rocks is charac-
terized by a great decrease in the strength of rock 
mass and a significant increase in the permeability. 
Table 4 gives a field definition of rock mass 
weathering.   
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Table 4 Core observation of rock mass weathering 

(ISRM 1981) 

Term Core observation feature 

Residual 

soil 

All rock materials are converted to soil. The 

rock structure/ fabric is completely destroyed. 

Completely 

weathered 

All core materials are decomposed to soils and 

become brown due to weathering 

Highly 

weathered 

Half of the core material is decomposed to a 

soil. Discolored rock is present in place 

Moderately 

weathered 

Less than half of the core material is decom-

posed and becomes brown due to weathering. 

Slightly 

weathered 

Discoloration is observed only along disconti-

nuity surface. Core material is somewhat 

weaker than fresh rock. 

Fresh rock No visible sign of rock material weathering. 

 
4) Presence of Movement Streak within Rupture 

Surface 
 
Slickenside and streak formed due to landslide 
movement are the most important indications for 
the identification of rupture surface locations at 
observation of cores sampled (Figs. 3 and 4 
above). Orientation and distribution of slickenside 
and streak should be carefully identified and rec-
orded. Wooden pieces are sometimes included 
within the rupture surface of a landslide as a result 
of landslide movement and can be thus considered 
as an evidence of rupture surface.  
 

In addition, as stated above, the rupture surface 
of a landslide is sometimes formed along fault and 
shear zone. It is necessary to identify and examine 
whether the observed slickenside and streak are 
formed due to fault movement or landslide move-
ment. The distinction is based mainly on the orien-
tation and distribution of these slickenside and 
streak is consistent with the direction of landslide 
movement or fault movement. 

4 TECHNIQUES FOR CORING  

4.1 Quality of Cores Drilled by NBRO  

High-quality cores are generally defined to be con-
tinuous samples with core recovery of more than 
90%, and should meet the following requirements 
in defining the depth of rupture surfaces:  
 
1) 100% core recovery ratio (the core recovery 

ratio is the ratio of the length of core recov-
ered to the total length of the core drilled on a 
given run, expressed as either a fraction or a 
percentage);  

2) None or less disturbance by mechanical drill-
ing as well as subsequently handling and stor-
ing; and 

3) No contamination by invasion of drilling fluid 
as well as materials from borehole collapse. 

 
Obtaining high quality core samples is crucial in 

providing complete and accurate observation and 
identification of rupture surfaces and underlying 
geology, thereby ensuring the quality and accuracy 
of geotechnical parameters and assessments for 
mitigation work design. Fig. 6 shows core condi-
tions collected in the Badulla site by using the ex-
isting rig and the newly purchased rig (Fig. 6b), re-
spectively.  

Fig. 6 Comparison of cores drilled by the existing rig 

(a) and the newly purchased rig (b) 
 
  

As seen from Fig. 6, compared to the previous 
core recovery of about 40% (Fig. 6a) by using ex-
isting rig, the core recovery was significantly im-
proved to achieve up to about 60% on average 
(Fig. 6b) by using the new rig. However, the cores 
obtained by the new rig cannot provide sufficient 
information to appropriately identify the rupture 
surfaces due to partial core losses and disturbances. 

4.2 Recommendations on Coring Improvement  

The TCLMP members have worked with NBRO 
drilling personnel for drilling guidance. Following 
a close observation at site and discussion with 
NBRO drilling personnel, problems encountered 
and recommendations to further improve the cor-
ing techniques for obtaining high-quality cores are 
summarized below: 
 
1) It is important to understand that the purpose 

of geotechnical boring exploration for a land-

 

(a) Cores by existing rig with an average 

recovery rate of about 40%  
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slide is to collect a high-quality and continu-
ous core samples that are used to observe the 
underlying geology of landslide area and to 
identify its rupture surfaces.  

2) Poor core recovery may be due to improper 
use of sampling equipment or procedures and 
many other factors. When poor recovery is af-
fecting a sampling program the field geologist 
should cease drilling operations and confer 
with the drilling crew and supervisor to assess 
whether the sampling methods should be 
changed. 

3) A considerable amount of driller’s effort, pa-
tience and expertise are needed to obtain high-
quality core samples. It is thus suggested to 
designate younger drillers to be responsible 
for the new rig, to gradually understand coring 
technology and then disseminate such tech-
niques in NBRO. 

4) When coring, especially in unconsolidated 
materials, soft and fractured rocks, the judg-
ment and control of drilling fluids is very im-
portant. A large amount of drilling fluids with 
high circulation flow pressure would wash 
away the cored materials. In addition, a fast 
load turnover rate would lead to the disturbed 
core samples and changed core conditions. 

5) Failure to clean slough and cuttings from the 
bottom of the borehole would lead to contam-
inated core samples. The driller should not be 
allowed to sample through slough. Preferably 
the driller should reenter the boring and re-
move the slough before proceeding. 

6) A drilling fluid is circulated to carry cuttings 
out of the hole, cool the bit, lubricate the rotat-
ing drill pipe, and so forth. High-quality cor-
ing boring uses foam surfactants or equivalent 
materials as drilling fluid to reduce the friction 
at the cutting edge and remove the cuttings, 
allowing a reduction in fluid pressure from 
that when using water or mud and obtaining 
high-quality cores and samples. The utiliza-
tion of a strictly controlled drilling-fluid pro-
gram for hydraulic-rotary coring of unconsol-
idated material is very recommendable. 
Drilling mud having these restrictive proper-
ties are made using very high-yield (low sol-
ids) bentonites. Low-solid polymers can be 
added to the bentonites mixture to hold the 
weight down, while still increasing viscosity. 
When coring unconsolidated materials, such 
drilling fluid forms a quick, thin filter cake on 
the borehole wall, as well as on the exterior of 
the cores, so that little or no filtrate invasion 
or erosion of the drilled core occurs. 

7) A daily drilling report should be routinely 
prepared, including circulation amount, circu-
lation flow pressure, load turnover rate, color 

change in circulation water and its drilling 
depth, etc. during drilling. Such data and in-
formation could be used to supplement the es-
timation of rupture surfaces of the investigat-
ed landslide. Partial or complete loss of 
drilling fluid (water or muddy water) circula-
tion sometimes occurs during drilling. The 
loss results generally from encountering frac-
turing, shearing, or high-intergranular perme-
ability in rocks, which mostly indicates the 
potential for the location of rupture surface 
within a landslide area. 

8) NBRO’ drillers have a little geological 
knowledge related to coring technology, and 
thus some advice and assistance from 
geologists and geotechnical engineers would 
contribute to the collection of high-quailty 
core samples.  

4.3 Problematic Geologic and Groundwater 
Conditions  

Considerable care should be taken when selecting 
the proper coring and sampling equipment, obtain-
ing the sample, and evaluating the performance of 
problematic geologic conditions. Some typical 
geological and groundwater conditions that may 
cause low-quality and loss of cores and samples 
during drilling are listed below: 

 
1) Organic soils and deep peat deposits, 
2) Completely weathered or highly fractured 

rocks, 
3) Faults, and sheared and jointed rocks, 
4) Sensitive or quick clays, 
5) Unstable ground (landslide clay with some 

gravels), 
6) Very dense glacial soils, 
7) Boulders and cobbles, 
8) Loose, unconsolidated granular soils, 
9) High groundwater and saturated soils, and 
10) Sampling below groundwater level. 

4.4 Rough Estimation of Rupture Surface Depth  

Prior to starting core borings, rough estimation of 
the depth of rupture surface contributes not only in 
collecting high-quality cores but also in facilitating 
the identification and determination of rupture sur-
face location.  
 

During drilling, it is of much benefit to pay 
more attention to the control and adjustment of 
drilling fluid, rotational speed, down pressure, etc. 
when the drilling is advanced closely into the esti-
mated depth of rupture surface. Moreover, at ob-
servation of cores sampled, with reference to the 
estimated depth of rupture surface, the rupture sur-
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face can be simply and quickly identified and de-
termined.  
 

Based on the inventory survey results of land-
slides in Japan, the depth of rupture surfaces has 
been found to have the following empirical rela-
tionships with the width of landslide area: 
 
D = W×(1/7～1/10) 
 
Where, D: Depth of rupture surface, and  

W: Width of landslide area. 
 

The boundaries (width and length) of landslides 
can be easily identified and determined from the 
distribution of ground surface deformations, such 
as head scarp, minor scarp, tensional cracks at the 
head slope of landslide, compressive cracks at the 
toe slope of landslide, shear cracks around the 
flank sides of landslide, etc., through photograph 
and topographic interpretation and subsequent field 
reconnaissance.  

5 CONCLUSION 

1) In identifying the rupture surface depth of a 
landslide, high-quality cores should be desig-
nated to be continuous samples with a recov-
ery rate of 100%, and without mechanical dis-
turbance and contamination. 

2) It is imperative to provide reliable and high-
quality cores collected through geotechnical 
boring exploration for the identification of 
rupture surfaces within a landslide, especially 
in inactive and potential landslides. High-
quality cores are expected to provide signifi-
cant indications about the geological, physi-
cal, geotechnical and deformation nature of 
the subsurface for use in the identification and 
examination of rupture surfaces as well as the 
design and construction of mitigation works. 

3) The classification of rupture surfaces can be 
incorporated into landslide classification; this 
would contribute to appropriate observation 
and identification of rupture surfaces. 

4) Most geological materials, including uncon-
solidated granular materials can be cored with 
no core loss and little disturbance by using a 
muddy-water rotary drilling rig equipped with 
double tube swivel core barrel.   

5) NBRO drilling personnel have some difficulty 
in obtaining continuous cores with very little 
disturbance even with the above-mentioned 
muddy-water rotary drilling rig. Hydraulic-
rotary coring is a slow and skills-based pro-
cess requiring a considerable amount of driller 
patience and expertise, necessarily with the 

cooperation of geologist or geotechnical engi-
neer.   

6) The core observation methods presented in 
this paper is based on the experience of land-
slide investigation in Japan. Landslides as 
well as the formation and development of 
their rupture surfaces in Japan are not com-
pletely the same as those in Sri Lanka. Thus, 
the above-mentioned methods should be re-
vised and updated with further practices of 
landslide investigation in Sri Lanka. 
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ABSTRACT: Being a tropical country, almost all the landslide incidents reported in Sri Lanka are rain induced. 
Debris flows are not quite common in Sri Lanka, and causative factors of a hillside debris flow were studied 
using Aranayake landslide as a case study. The tragic landslide at Aranayake that occurred in May, 2016 brought 
catastrophic results, burying parts of three villages, namely Siripura, Elangapitiya and Pallebage. The triggering 
and failure mechanisms of the landslide were studied using field and aerial investigation methods. It was iden-
tified to be a rain-induced landslide. The landslide initiated in the upper incline of the area in the form of a ‘slide’ 
and later developed into a debris flow. Improper landuse patterns of the region including poor surface drainage 
management resulted by tea estates and garden cultivations were identified to be causative factors leading to the 
disaster. Areas with natural vegetation cover stands intact all around the landslide scar signifying the importance 
of mechanical reinforcement deep root systems provide. Further, a vegetation canopy can prevent direct and 
swift infiltration of rainwater into a soil slope at times of high precipitations. The affected area, being a valley 
should not be inhabited, and it could be recommended that this entire region should be declared as a restricted 
zone. No human activity should be tolerated in order to prevent further damage to life and properties.

1 INTRODUCTION 

The term ‘landslides’ has been given many different 
definitions such as “a movement of a mass of rock, 
debris, or earth down a slope” by Cruden (1991) or 
a downslope movement of soil, rock materials under 
gravity (Crozier, 1986). Being a tropical country 
and an island nation, Sri Lanka gets plenty of rains 
within the year making it constantly vulnerable to 
rain induced landslides. The situation has been 
worsened with unnaturally extreme weather condi-
tions experienced with climate changes. 

Particularly, with the torrential rains experienced 
in the first half of year 2016, many incidents of land-
slides have been reported including the disastrous 
Siripura – Aranayaka landslide situation that re-
sulted in heavy casualties and property damage.  

With this torrential rainfall a portion of the 
Siripura – Elangupitiya hill at Dippitiya, Aranayake 
had been subjected to a sudden landslide situation 
on 17th May 2016 at around 4.30-5.00 in the even-
ing, The debris flow propagated down the hill man-
aged to bury parts of three villages(Fig. 1 and 2).A 
‘debris flow’ is defined as a mixture of fine and 
coarse materials which flows downslope behaving 
like a viscous slurry, 60% to 80% of solids by 
weight (Varnes, 1978; Hutchinson, 1988), and con-
sidered similar to “wet concrete”(Hutchinson, 
1988). 

National Building Research Organisation 
(NBRO), has been carrying out numerous research 
studies and investigations on landslide disasters, 
ever since 1985. However, debris flows like Ara-
nayake in the country, being relatively uncommon, 
have not been identified as a separate concept and 
were considered under the holistic term ‘landslide’ 
up until recently. Therefore, there are not many 
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studies about debris flows and possible causative 
factors for their initiation in Sri Lankan context.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This paper briefly explains the triggering mecha-
nism of the Aranayake landslide as a case study and 

observes the different factors that contributed in the 
magnitude of the disaster as well as the high life and 
property damages resulted by it.  

2 STUDY METHOD 

The selected study area was subjected to field and 
aerial surveys by expert teams comprised of land-
slide specialists from both NBRO and Japanese In-
ternational Cooperation Agency (JICA). Geologi-
cal, hydrological and lithological characteristics of 
the site was observed while rainfall data from 
NBRO rain gauges were collected to find the cumu-
lative rainfall the region experienced at the time of 
the disaster. Pre and post disaster LiDAR survey im-
agery from JICA team were used to compare the 
two situations. The landslide hazard zonation maps 
were further used to verify the observations. 

3 FIELD OBSERVATIONS AND OTHER 
BACKGROUND INFORMATION 

3.1 Landslide characteristics and rainfall data 

The width of the crown of the landslide is about 345 
-350 m and the scrap height is about 50-75 m. The 
widest part of the landslide is approximately 600 m. 
completely unaffected home gardens and a natural 
forest cover could be observed at the intermediate 
area of the slide while several houses remain un-
damaged. Down the right side of the landslide, a 
quite rapid and muddy water flow could be ob-
served. The region covered with the debris at the toe 
of the landslide could be split into two regions: the 
left side is about 75-125 m wide while the right side 
is about 350-450 m wide. 

The exceptionally high rainfall that occurred the 
landslide is due to the low-pressure formation in the 
atmosphere around Sri Lanka, associated with a 
slow moving tropical cyclone in the Indian 
Ocean. The Meteorological map shows the rainfall 
distribution during 14th and 15th of May, 2016 ac-
cording to the Department of Meteorology, Sri 
Lanka.  

This region had experienced a cumulative rain-
fall of about 435 mm, as verified based on the data 
from automated rain gauges of the National Build-
ing Research Organization, for 04 days from 
14.05.2016 to 17.05.2016 (Fig. 3). 

3.2 Other observations from pre and post disaster 
imagery, hazard maps and field investigations 

A thick vegetation cover could be observed slightly 
beyond the landslide boundary while completely 

unharmed home gardens and a natural vegetation 

Landslide boundary 

Figure 1: Landslide boundary shown in 1:10,000 scale 
landslide risk zonation map 

Figure 2: Siripura Samasara hill where the landslide 
occurred 

Figure 3: Rainfall distribution from 14th – 17th, May 
2016 
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cover could be observed at the middle area of the 
slide. 

 
The landslide had taken place on an escarp slope 

inclined towards northeast direction. The slides oc-
curred on the upper incline and middle incline of the 
slope respectively, where the slope is nearly vertical 
at two places.  The area in between is covered by a 
thick colluvium left by past landslides that have 
been occurring over a long period of time, and this 
layer consists of boulders of varying size embedded 
in past landslide debris. At the intermediate area of 
the slope and just below the escarpment, there are 
two major valleys oriented towards north and north-
west.  

 
There are thick colluvium soil layers at either side 

of these two valleys and on the upper area of scarp 
in between the two valleys. As it was revealed 
through field investigations, with heavily jointed 
rocks underneath, this area has had a high potential 
for a landslide.  

There had been many houses located at the af-
fected slope and below that area. The entire area had 
been cultivated with minor export crops (cloves, 
coffee, pepper etc.) and fruits. Some of the access 
roads had been paved with concrete or asphalt.  

Figure 1 shows the 1:10,000 scale landslide risk 
zonation map compiled by the National Building 
Research Organisation for the Aranayake Divi-
sional Secretariat and according to which the region 
where the landslide got initiated falls onto the high 
hazard zone.  

 
A debris flow about 75-100m wide and 2 km 

long was observed close to the toe of the landslide 
in the valley oriented towards northeast direction. 
The toe of the debris flow is lying on a plain with 
paddy fields. The bedrock of the area is a high-grade 
metamorphic rock called Garnet Biotite Gneiss in 
which two major vertical joints could be observed. 

4 CHARACTERIZATION OF THE 
LANDSLIDE 

4.1 Mechanism of the landslide 

Based on the investigations and past case studies in 
Sri Lanka, it has been established that once a hill 
slope receives continuous rainfall of about 200 mm 
within a period of 3 days it could be susceptible to a 
landslide situation. The high rainfall occurred over 
four days could be considered as the triggering fac-
tor of the landslide.  
 

The two escarpments in the affected slope are 
made of mainly jointed metamorphic rock with pos-
sible thin soil cover. Due to improper landuse pat-
terns employed in the tea cultivation on the upper 
regions of the escarp slope, the rainwater had 
quickly infiltrated into the soil slope. Hence, high 
pore water pressures would have built up at the 
boundary of thin soil layer and rock underneath, 
with the heavy prolonged rainfall. 

Figure 5: Aerial survey photograph taken after the 
disaster 

Source:https://www.jica.go.jp/srilanka/english/office/topics/c8h0vm00006ufwhl-att/160615.pdf 

 

Figure 4: LiDAR survey image taken on 26.12.2015 
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The sudden increase of lateral and uplift pres-
sures developed within the rock joints may have 
caused the rock blocks to slide along the slip sur-
face. Subsequently, passing through the first escarp 
they hit on the flat terrain at mid-slope with full im-
pact, thereby dislodging the already saturated, thick 
colluvium soil cover, houses, home gardens as well 
as cultivated lands and sending them all down the 
second escarp.  

With its speed intensified by the steepness of the 
slope and more debris added every minute, the dis-
aster initially set off in the form of a slide developed 
into a debris flow that flooded over the low-lying 
regions beneath the hill leading to devastating out-
comes 

4.2 Causative factors of the landslide disaster at 
Aranayake 

It could be concluded that several major factors 
contributed to the disaster. The primary causative 
factor for the landslide was identified to be improper 
landuse patterns of the region including poor sur-
face drainage management resulted by tea estates 
and garden cultivations that had had scattered 
within the affected region.  

 
Areas with natural vegetation cover stands intact 

all around the landslide scar signifying the im-
portance of mechanical reinforcement deep root 
systems provide (Figure 6). Further, a vegetation 
canopy can prevent direct and swift infiltration of 
rainwater into a soil slope at times of high precipi-
tations.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 CONCLUSIONS 

The sudden water infiltration due to high rainfall 
and the sudden pore water pressure increase resulted 
from that, improper land use and the geomorphol-
ogy of the slope in question led to initiate the 
Siripura - Aranayake landslide.  

The landslide initiated in the upper incline of the 
area in the form of a ‘slide’ later developed into a 
debris flow. 

The affected area, being a valley should not be 
inhabited, and it could be recommended that this en-
tire region should be declared as a restricted zone 
and no human activity should be tolerated in order 
to prevent further damage to life and properties. 

Improper landuse patterns in hillsides could lead to 
similar disastrous situations in the country.  
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ABSTRACT: After mitigating the cut slope failure at Diyathalawa bus stand, improving the 

aesthetic view has been discussed and application of green wall technique was proposed. Hence, 

a suitable plant from which minimum influence to the shotcreted surfaces had to be selected. 

Therefore, after surveying different plants with characteristics of green wall plants, Vernonia 

elaeagnifolia which is also known as Curtain Creeper was selected as the most suitable plant.  

The selected plant “Curtain Creeper” was planted in polyethylene bags with “cuttings” of the 

plant. The cuttings were impregnated in a solution of commercially available growth hormone 

before planting. Then the planted cuts were watered daily and fertilized in every two weeks for 

three months period in a nursery, which is located in similar climate to that of Diyathalawa. After 

three months most of the cuts have grown well to an average length of 30cm. Well grown siblings 

were selected and transferred to 40 pots. Those pots were placed at the top of the mitigated cut 

slope and allow to grow while maintenance is continued. 

 

Keywords: Green Wall Techniques, Curtain creep, Diyathalawa, Shotcreted surface 

  

  

1.0 INTRODUCTION  

Concrete structural measures have applied 

in the landslide rectification project of 

failed cut slope at Diyathalawa bus stand. 

Hence, the present view is not merged with 

the environment and aesthetic view, it has 

been considerably altered. A need of 

greening the site was proposed and 

application of green wall technique was 

decided.  

The most suitable plant species for creeping 

that can be applied in green wall technique 

was identified as Vernonia elaeagnifolia, 

(Jayasundara et al, 2015). This is also 

known as Curtain Creeper, which has a 

significant durability against the regional 

climatic conditions, quick-growing, 

pendulous and it is an evergreen climber 

with shoots slender. It requires less soil 

cover to grow and penetration is very less 

into the shotcrete surface. 

 
Fig.1 Retaining wall with a grown curtain creeper 
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2.0  METHODOLOGY  

After selecting the suitable plants 

transferring the plants to the site was 

needed and hence following methodologies 

were adopted.   

Selected plant was cut and cuttings of the 

selected plant cuttings were planted in a 

nursery by applying commercially 

available root hormone, of which trade 

name is “Rootone”. The nursery was 

maintained until getting a better growth of 

plant cutting of the curtain creeper (Table 

1). Continuous manual watering was 

assured and the plants were fertilized with 

commercially available and commonly 

used fertilizers for three months. Then the 

plants were transferred into diameter of 

30cm plastic elongated pots. After 

nurturing the siblings in the nursery after 

three months, the plants were introduced to 

the site (Fig.2). Within the nursery period 

the average growth rate of the plants were 

monitored weekly (Table 1). 

Table 01. Average growth of the siblings 

Period 

(week) 

average length  Fertilizer 

(g) of stems (cm) 

1 6  

2 7  

3 8  

4 11 10 

5 12  

6 13  

7 15  

8 18 10 

9 21  

10 22  

11 24  

12 26 10 

13 28  

14 30  

15 31  

16 33 10 
 

 

4.0 RESULTS AND DISCUSSION  

With continues monitoring, growth rate of 

the plants was maintained. Hence, roots of 

the plants were well grown and well 

established within the polyethylene bags. 

No insects or fungi attacks were noticed 

due to application of common insecticides 

and fungi sides. Transferring of siblings to 

plastic pots in polythene bags were 

perfectly done manually and it was found 

that they were well established in the new 

environment after two weeks of time. 

Around 40 pots with the selected plants 

have been placed at the site finally and a 

maintaining process was established.   

 

Fig. 2 Transferred plants to the site 

 

5.0 CONCLUSION 

The cuttings of Vernonia elaeagnifolia 

were well grown in the nursery and well 

transferred to the pots and to the field.  
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ABSTRACT: Landslides associated with intense rainfall during monsoon seasons and extreme weather situa-
tion are the most pressing natural disasters frequently affecting the life, property and economy of Sri Lanka. 
National Building Research Organisation (NBRO), introduced a numerical evaluation system for landslide 
hazard zonation mapping in Sri Lanka (NBRO, 1995). Understanding effective factors in landslide and differ-
ent areas from incident susceptibility point of view is one of the significant and essential practices for the re-
duction or prevention from such damages of landslides. Existing landslide hazard zonation methodology was 
derived based on the evaluation of landslide characteristics of NuwaraEliya and Badulla districts in Sri Lanka. 
Therefore, applicability of the numerical evaluation system is necessary for landslide characteristics of differ-
ent terrain conditions. Already prepared factor maps of geology, overburden, slope, hydrology, land use and 
landform maps of study areas from each district will be used to evaluate the applicability of the numerical 
evaluation. Homogeneous units were identified by combining the data layers representing the effective param-
eters. Logistic regressions with stepwise method in SPSS software was used with thirteen factors. To validate 
the accuracy of the landslide susceptibility map, observed landslides and the newly generated susceptibility 
map are to be compared. Land use and management factor is found to be the most important element in inci-
dence of landslide of this area. Statistical analysis on observed landslides showed that Form factor is constant 
throughout the study area and it has no major effect on the landslides in this study area. The second important 
factor is dip angle of the rock. Third important factor in this area is lithology. Biotite gneiss and Charnockitic 
gneiss rocks get higher weightage due to alteration. Results indicate some deviations with the weights of fac-
tors in NBRO user manual for landslide hazard zonation mapping (1995). Further studies and field confirma-
tions should be carried out to check the accuracy of the produced map. Also this methodology is to be tested 
for the other landslide prone districts in Sri Lanka.  

1 INTRODUCTON 

The most dominant natural disasters (landslide, 
flood, subsidence, cyclone etc.) in Sri Lanka are 
associated with intense rainfall conditions during 
monsoon and inter-monsoon seasons. Since Sri 
Lanka is located closer to equator heavy rainfall 
can be experienced throughout the year which 
increases the incidents of natural disasters. 

Compared to other disasters, landslides are the 
most predominant hazard which poses threats to 
both property and human lives. Most commonly, 
Badulla, Nuwara Eliya, Rathnapura, Kandy, 

Kegalle, Kaluthara, Galle, Matara and Hambanto-
ta, which covers approximately 20000 km2 (30.7%) 
of land area are identified as landslide prone dis-
tricts in Sri Lanka. 

Landslides affect life, property and economy of 
Sri Lanka frequently. National Building Research 
Organisation (NBRO), introduced a numerical 
evaluation system for landslide hazard zonation of 
Sri Lanka based on studies carried out using 1076 
landslides in Badulla and Nuwara Eliya districts 
(NBRO,1995). Current methodology considers ma-
jor causative factors of bedrock geology, hydrolo-
gy and drainage, surface overburden, slope angle 
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range, land use and landforms in landslide hazard 
level evaluation. These factors have contribute in 
different degrees to initiate a landslide and they 
have been chosen according to the studied land-
slides. 

Because of the damages caused by landslides, 
economy of the country as well as the lives of peo-
ple are highly affected. Recovery from a landslide 
is more expensive than prevention. Therefore, ac-
tions taken to understand the causative factors and 
incident susceptibility are the most important and 
essential practices to a country like Sri Lanka. 

2 OBJECTIVES 

Existing landslide hazard zonation methodology is 
derived based on the evaluation of landslide char-
acteristics of Nuwara Eliya and Badulla districts of 
Sri Lanka. Therefore, applicability of the numeri-
cal evaluation system should be studied for land-
slide characteristics of different terrain conditions. 

3 STUDY AREA 

In Kegalle district there are 76 places where eleva-
tion ranges from 250m to 1800m MSL and average 
rainfall of the area is 2500mm. Landslides are 
quite frequent in this area. A representative land 
area of 40 km2 in extent located in Yatiyanthota( 
Map number 6024) in Kegalle district was selected 
as the study area for this research work.  

4 MATERIALS AND METHODS 

As the initial step in this research effective factors 
and necessary data were gathered, as they are im-
portant in recognizing and selecting of precision 
and reliability of these factors in hazard zonation.  

For identifying effective parameters in landslide 
incidence, field observations were conducted and 
during this period six parameters were recognized: 
bedrock geology, hydrology and drainage, surface 
overburden, slope angle range, land use and land-
forms. Already prepared factor maps of geology, 
overburden, slope, hydrology, land use and land-
form of study areas of Kegalle district were used 
to evaluate the applicability of the numerical 
evaluation (Table.1, fig.2).  

Selection of effective factors is based on the na-
ture of the study area and data availability. This 
provides the identification of similar characteristics 
(homogenous units). Homogenous units were gen-
erated using effective layers including geology, 
overburden, slope, hydrology, land use and land-
form maps (Nafuti, M.H, 2010). 

Next, homogenous units were identified by the 
combination of data layers from the effective pa-
rameters. Arc GIS software was used for the all 
analysis. Homogenous units were created by con-
verting all the vector layers in to raster. Combine 
tool in the Spatial Analyst tool was used to overlay 
all these maps (Eshghabad, S.M., Solaimani, K., 
Omidvar, E., 2012).  Values of independent vari-
ables were obtained from the analysis of homoge-
neous units. Also values for the dependent variable 
were acquired on the basis of availability of land-
slides. Finally 150 homogeneous units were ran-
domly selected for statistical analysis.

Fig. 1 Map of the study area 
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Table 1. Major factors and coding approaches for homogeneous units 

Factor 
Code of classes 

1 2 3 4 5 

Soil cover(m) Bed rock Colluvium<1,Residual<2 
Colluvium 1-3, 

Residual 2-8 

Colluvium 3-8, 

Residual >8 

Colluvium >8, 

Residual>8 

Lithology Marble Biotite gneiss, Granite Chanokitic Gneiss Quartzite Other 

Amount of dip & 

type of slope 

Dip 0-10, 

scarp31-45 
Dip 11-30, scarp 46-55 

Dip 31-55, scarp 

0-30 

Dip & scarp 

56-70 

Dip & scarp 

71-90 

Deviation angle 

(degrees) 
00-100 110-250 or  1210-1550 260-1200 1560-1800 

 

Discontinuities Yes No 
   

Slope range & 

category 

(degrees) 

0-11 11-17 17-31 31-40 >40 

Land use & Man-

agement 

JT1, JC, JO, 

JWb, W1, S1 

JT2,JR, JWp, HP, HK, 

HM, W2, W3, W4, S2, 

S4 

HA, G1, G2, G3, 

S3, N1, N2, N3, 

N4 
  

Landform 

F11, F12, F31-

F35, F43, F91-

F92, F94, A10-

A13, X1,X2 

F41, F42, F44-F48, F53 
F51, F52, F54-

F58, X13,X14 

F61, F62, F71-

F74, F81-F83, 

F92,X11, X15 
 

Proximity to wa-

ter bodies (m) 
<50 50-100 >150 

  

Relief amplitude 

(m) 
0-170 170-350 >350 

  

Hydrological map 

unit (km2) 
0-0.07 or >0.50 0.07-0.2 0.2-0.5 

  

Drainage density 

(km/km2) 
0-3 3-5 >5 

  

Hydrological map 

unit shape      

( Form Factor) 

<0.3 0.3-0.6 0.6-1 
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Fig. 2 Analyzed factor maps (A)Soil cover (B) Lithology (C) Amount of dip and type of slope (D)Deviation angle 
(E)Discontinuities (F)Slope range and category (G) Land use & management (H)Proximity to water bodies (I)Landform 
(J) Relief amplitude (K) Hydrological map unit area (L) Drainage density  

 
4.1 Modeling of Landslide Susceptibility 

 
Logistic regression is a linear model which repre-
sents data with binary values. Dependent variable 
in a logistic regression is binary which means val-
ues always obtain are either 0 or 1 whereas the in-
dependent variable could be categorical, dichoto-
mous or interval (Derick et al.2016)  

p = 1/ 1+ e -y                            (1) 

where, p is the probability of occurrence of an 
event (varies between 0 and 1)  

y= a0 + a1x1+…..+ anxn                       (2) 

where, a1 , a2 , …, an are logistic regression coeffi-
cients and a0 = intercept, x1 , x2 , …., xn are inde-
pendent variables. 

Logistic regressions with stepwise method in 
SPSS software was used with thirteen factors in-
cluding lithology, dip type and slope, dip angle, 
other discontinuities, soil cover, slope range & cat-
egories, relief amplitude, hydrological map unit ar-
ea, hydrological map unit shape, drainage density 
with or without soil cover, proximity to water 
body, land use & management and landform 
against 150 homogeneous units (NBRO user man-
ual 1995).  

Dependent variable (landslide susceptibility) 
was analyzed with respect to the independent vari-
ables (effective variables). Variables with greater 
correlation are entered earlier and variables with 
lower correlation are eliminated. New weights 
were obtained analyzing the above mentioned fac-
tors in the Yatiyanthota area (sheet number 6024). 
By using the weights obtained from this map, sheet 
number 6106 and 6111 were prepared which are 
both in the Kegalle district. 
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Fig. 3 Produced Susceptibility maps (A) sheet number 6106 (B) sheet number6111 

 
Landslide susceptibility map was generated 

with the developed model in a raster-GIS environ-
ment (Fig 3). Landslide susceptibility map was 
classified into four classes as landslide not likely to 
occur, modest level of landslide hazard exists, 
landslide are to be expected and landslide are most 
likely to occur. 

4.2 Validation of Landslide Susceptibility Map 

To validate the accuracy of the landslide suscepti-
bility map, observed landslides in the area and the 

newly generated susceptibility map are to be con-
firmed by the field investigations. 

5 DISCUSSIONS AND CONCLUSION 

The applied method for this research is a statistical 
approach rather than an empirical one. Hazard 
maps created using empirical methods can be 
changed according to personal experiences and 
therefore following a statistical approach is more 
accurate. 

A 

B 
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Statistical analysis on observed landslides 
showed that Form factor is constant throughout the 
area and it has no major effect on the landslides in 
the study area. 

Land use & management is the most important 
factor in incidence of landslide of this area. Rubber 
estates, abandoned terraced paddy, home gardens, 
degraded natural forests and poorly managed tea 
estates get higher weights than scrubland, rural set-
tlements and natural grassland.  

The second important factor is the dip angle of 
the rock. Majority of the landslides in this region 
occurred within the dip angle of 110- 250 or 1210-
1550. 

Third important factor in this area is lithology. 
Biotite gneiss and Charnockitic gneiss rocks get 
higher weight due to alteration (.Yalcin, A. 2007). 
As a result they produce clayey fine-grained soil 
which is responsible for the occurrence of a land-
slide. (Regmi, A. D., Yoshida, K., Dhital, M. R., & 
Pradhan, B. 2014) 

Our results show some deviation with NBRO 
user manual for landslide hazard zonation mapping 
(1995).   

 As evident in fig. 3, recent landslides have oc-
curred in very high susceptibility areas.  

Further studies and field confirmations should 
be carried out to check the accuracy of the pro-
duced map. Also this methodology is to be tested 
for the other landslide prone districts in Sri Lanka. 
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Drone Technology for Landslide Rapid Assess-

ment – Case Study on Aranayake, Niyadigala 
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ABSTRACT: Rapid assessment of any natural incident gives important information that are useful to decision 
makers and decision takers. Recently, Sri Lanka faced different landslide impacts in various locations and many 
lives and properties were destroyed. 
Unmanned Ariel Vehicles (UAV) are useful technology to capture aerial images with Global Positioning System 
(GPS). Image processing techniques can be used to combine the images and develop orthophoto from many 
individual photographs. Additionally, generating contours, Digital Surface Modelling (DSM), Digital Terrain 
Modelling (DTM) can be developed through this image processing software. After gathering these information, 
it is easy to calculate the number of damaged buildings, vegetation loss, soil los and, soil accumulation. Also, it 
helps to estimate any further threats by visualizing the 3D image of the landslide. This 3D image can be visual-
ized to many expert group in shorter period and discuss the challenges and further actions that should be taken. 
NBRO used this technology for recent landslide events and generated detail reports for each site. This research 
study discusses the theories, practices and challenges faced in developing the landslide rapid assessment.  

Keywords: Landslide, UAV (Drone) technology

1 INTRODUCTON 

Aerial photographic survey is a useful technique 
used to capture various data through air borne in-
struments. It is widely used in many subject areas. 
Nowadays these modern technological advances 
may provide unprecedented scientific application in 
the most diverse fields of science such as forest 
health monitoring, wildlife surveys, inaccessible ar-
eas mapping, monitoring of crop, mine surveys, 
plume tracking. [1] In recent years, Structure from 
motion (SfM) techniques applied to photographs 
taken by camera-equipped unmanned aerial vehi-
cles (UAVs) has become a powerful new tool for the 
generation of high resolution topography. [2] 

The Landslide Hazard Mapping Programme 
(LHMP) [3, 4] was designed to identify the land-
slides through aerial photographs. However, aerial 
photographs are not updated frequently. Therefore, 
it is difficult to be used for rapid assessments. Dur-
ing the landslide event, it is required to get exact 
boundary for the detail assessments. [5] It helps to 

estimate victim population, buildings, infrastruc-
ture, soil, agriculture and many other vulnerable el-
ements.  

Following sections discuss recent two landslide 
events, activities conducted under drone survey and 
analysis conducted through model outputs. NBRO 
faced experience with landslide events at Aranayake 
and Niyadigala area in the past few moth period. 

 

2 DRONE MAPPING IN NIYADIGALA 
LANDSLIDE  

 
Niyadigala landslide triggered on 3rd May of 2016, 
on 3rd May 2016 between 16.15 -17.00 Hrs. The 
landslide is a large scale debris flow occurred in Ni-
yadagala, Pabahinna in Rathnapura District 
(476985.99 m E, 744040.48 m N). Approximate 
length of the landslide is about 1.5 km while the 
length of the main scarp is about 50 m & the height 
is about 29 m. The landslide flowed through the 
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"Pannil Oya" valley, destroying the “Niyadigala 
Arannasenasana” Temple.  

Following activities were carried out in the ini-
tial field assessment. 

  
 The mapping drone was flown over the land-

slide area and the village area to map out the 
area  

 Generate 3D model and Digital Elevation 
Model (DEM) 

 Generate new contours (after landslide) and 
obtain previous contours 

 Estimated the height changes before and after 
the landslide 

 Digitize new human settlements map of risk ar-
eas on the debris flow path 
 

The drone was flown over from the mid-point of 
the landslide and captured around 370 geotag aerial 
photographs. DJI Panthom III drone was used to 
collect this information and used the Agisoft soft-
ware to develop the 3D model simulation. Figure 1 
shows the error estimate of the drone survey images. 
Color and angle shows the different error levels of 
images by capturing and processing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1: Error estimate of image 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Digital Elevation Model of the area 
 
Digital Terrain Model (DTM) was derived based 

on the model. The contours were generated primar-
ily from newly generated DEM (after landslide) and 
previous contours were obtained from the secondary 
sources. Then cross sections of impact area (before 
and after landslide) were generated. The average 
slope gradient from landslide to Niyadigala temple 
was 33%. 

The slope gradient from deposited area to human 
settlement area was 18.5%. The distance from the 
deposited area to the nearest house along the valley 
is 600m.   

Soil mass changes were calculated based on two 
Digital elevation models (DEMs) shown in Figure 
3. In the map, blue color represents the soil loss ar-
eas and yellow, red color represents the soil depos-
ited areas. Maximum soil loss height was 64m and 
maximum soil deposit height was 6m. 

The landslide slope gradient was 33% and from 
landslide deposit to settlement area slope gradient is 
18.5%. Settlement is 1.0 km away from the land-
slide deposits. The main land use type between 
landslide deposit and settlement area is forest. Soil 
mass movements were calculated by using Digital 
Elevation Models (DEM) created from the existing 
and previous contours. According to the calculation, 
highest soil loss height was 64 m and highest soil 
fill height was 6.5 m. The deposit area (near temple) 
height was 6m. Landslide deposit and nearest build-
ing distance is 600m along the valley. There are 
some buildings located downstream of the slope 
area. If the debris deposit moves further down, 23 
buildings and the A5 main road are in danger. 

The buildings are not high risk from present 
landslide. The settlements are located on the lower 
slope gradient area. However, if another landslide 
event occurred, the debris flow may be in the valley. 
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Therefore, it is necessary to conduct proper aware-
ness for above community to identify the changes or 
cracks in the ground. There are isolated rock boul-
ders/ debris on the landslide path. Also, possible 
landslide locations were generated by this event. It 
is needed to conduct further landslide investigation 
along the landslide. It is estimated, the cost for the 
resettlement of one building would be 2.0 Million, 
and the total cost would be around 50 Million. In 
addition, road deviation costs and lifeline costs are 
needed to be added for the resettlement. Therefore, 
the total cost for the resettlement will increase rap-
idly and it is recommended to have a detailed inves-
tigation and mitigation to reduce the landslide risk 
in a sustainable manner. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Soil fill and deposited areas 

3 DRONE MAPPING IN ARANAYAKE 
LANDSLIDE 

Siripura, Elagapitiya landslide triggered on 17 May 
2016 around 4.30 pm-5.00 pm. The landslide is a 
large scale debris and mud flow occurred in Ela-
gapitiya, Aranayake in Kegalle District (7° 
9'15.48"N, 80°25'50.29"E). Approximate length of 
the landslide is about 2.26 km while the length of 
the main scarp is about 345 m. Landslide flowed 

through the Samasara Kanda of Elagapitiya disap-
pearing the houses of three villages without a trace 
with many of its inhabitants.  

Similar to Niyadigala landslide, the drone flew 
over the landslide generating a 3D model and cross 
sections (Figure 4).  Soil mass changes were cal-
culated based on two Digital elevation models 
(DEMs) shown in Figure 5. In the map, blue color 
represents the soil loss areas and yellow, red colors 
represent the soil deposited areas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: 3D model of Aranayake Landslide 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Cross Section of Aranayake Landslide 
 
 
Maximum soil loss/fill height is 14m. Out of the 

whole affected area, 29% (35 acres) represent the 
homestead. Other major land uses of the area are tea 
(32%) and natural forest (21%). Table 1 shows the 
land use types and their extent in affected area. Fig-
ure 6 shows the distribution of land uses in landslide 
affected area. 
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Fig. 5: Soil loss and fill in Aranayake Landslide 
 
Table 1: Land use types and their extent in af-

fected area 

# Land use Extent (Acres) 
Percentage 

(%) 

1 Forest Plantation 0.60 12% 

2 Homestead 34.97 1% 

3 Natural Forest 24.87 29% 

4 Other Cultivation 14.17 21% 

5 Paddy 5.38 4% 

6 Rock 0.98 1% 

7 Rubber 0.03 0% 

8 Tea 38.85 32% 

Total 119.86 100% 

4 DISCUSSION  

Drone was used to perform initial assessment of 
the area and generate a 3D model of the landslide 
event. Main objective of this initial survey is to un-
derstand the present risk situation and get 3D point 
cloud to visualize the incident to support wider dis-
cussion with more professionals in the laboratory. 
The initial assessment can be completed within a 
day depending on the location and time. Therefore, 
it gives advantage to prepare for further activities 
with a wider group of people.  

The mapping accuracy is dependent on different 
factors such as drone condition, camera quality, 
weather condition of the area, flying heights, GPS 
accuracy, etc. Auto pilot mode was used to mini-
mize the handling error while capturing the images. 
Multiple flight plans including different overlap-
ping will be used to enhance the resolution of the 
output.  

Following key steps were suggested to develop 
drone initial assessment report.  

a. Aerial image/ Orthophoto of the area 
b. 3D point cloud  
c. 3D image 
d. Contour Map 

e. Land use Map  
f. Digital Surface Model (DSM)  
g. Digital Terrain Model (DTM) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Affected Land uses 
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ABSTRACT: Residual soil formations near ground level in Sri Lankan landform are generally in an un-
saturated state. Prevailing matric suction enhances the shear strength of the soil. In tropical countries like Sri 
Lanka, this added shear strength is no longer reliable due to frequent rainfall periods. With rainfall infiltration, 
the matric suction reduces, perched water table develops, ground water table rises and the shear strength di-
minishes making the slopes vulnerable. Therefore, it is necessary to study how the moisture content of soil is 
affected after the rainfall and how it can be related to shear strength. Accordingly, basic characteristics of Sri 
Lankan residual soil formations such as Soil Water Characteristic Curves (SWCC), permeability function and 
unsaturated shear strength parameters are essential factors in these analyses. These characteristics have not 
been established for typical residual soils forming slopes in Sri Lanka. This paper highlights the need for de-
tailed experimental studies and presents the studies that have been conducted at the NBRO laboratories to es-
tablish the shear strength characteristics of unsaturated Sri Lankan residual soils. Undisturbed samples of soil 
obtained from the failed slope at Welipenna in the Southern Expressway were used in this study. Direct shear 
tests were done by modifying the conventional apparatus by incorporating a miniature tensiometer which al-
lows for the simple and direct measurement of soil matric suction during shearing.  

1. INTRODUCTON 

Rain induced failures in slopes made of residual 
soils are a major geotechnical hazards in Sri 
Lanka. Residual soils that are formed by the in-situ 
weathering of the metamorphic parent rock are 
characterized by the heterogeneous nature inherit-
ed from the difference in its mineralogy and the 
process of variable weathering under tropical con-
ditions. Ground water table is generally low in the-
se conditions. The soils are therefore generally un-
saturated and possess negative pore water 
pressures. Climatic changes greatly affect the soil 
properties, negative pore water pressure and shear 
strength of unsaturated soils. 

Safety margins of these slopes are high during 
the periods of dry weather due the prevailing ma-
tric suctions. Rainwater infiltration causes loss of 
matric suction, development of perched water table 
conditions and rise of ground water table.  

Many researchers in the region have studied the 
effects of rainfall on the pore pressure regime by 
both analytical and experimental approaches. Ra-

hardjo et al., (2000), studied the process through an 
instrumented slope at the Nanyang Technological 
University in Singapore. Similar studies were done 
by Jotisankasa et al., (2008) in Thailand. 

This paper presents results of the study of the 
variation of apparent cohesion with degree of satu-
ration in the residual soil obtained from failed 
slope of Southern Transport Development Project 
(STDP) in Welipenna. This study is based on di-
rect shear tests with matric suction measurement 
using tensiometer performed on undisturbed resid-
ual soil specimens at unsaturated state. 

The results of this research will be useful for fu-
ture studies on slope stability analysis. In the de-
sign of rainwater drainage systems, the results can 
be used to determine the apparent cohesion which 
must be maintained in the soil with similar history 
of formation as that of Welipenna. If sufficient  
apparent cohesion is maintained in the soil, with 
appropriate surface and sub surface drainage and 
surface protection measures the slope will not be-
come unstable during prolong periods of rain. 
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2. OBJECTIVES 

In Sri Lanka, numerical studies were done simulat-
ing the process of infiltration through the unsatu-
rated soil using a finite element formulation (Su-
jeevan and Kulathilaka, 2011).  

However, in these studies characteristics of un-
saturated soils available in literature were taken as 
there were no Sri Lankan data. This research pro-
ject focuses on the evaluation of the basic unsatu-
rated characteristics of selected Sri Lankan residual 
soils.  

This paper present the results of studies con-
ducted to determine the variation of unsaturated 
shear strength parameters of residual soil obtained 
from the site of failed slope at Welipenna in 
Southern Expressway. To accomplish this scope, 
soil classification, determination of shearing rate 
required for 90% consolidation, determination of 
consolidated drained shear strength parameters and 
derivation of the relationship between the apparent 
cohesion and matric suction of soil is presented 
here. The Soil Water Characteristic Curves 
(SWCCs) and the variation of permeability with 
matric suction were also developed in this re-
search. However, those results are not presented in 
this paper due to limitation in space. 

3. PRELIMINARY EXPERIMENTAL STUDIES  

Experimental procedures described in this paper 
are used to establish; Shear strength parameters of 
the unsaturated residual soils of Sri Lanka. Initial-
ly, the basic index properties of the soil were de-
termined. Consolidation test was also conducted 
after saturation of the samples to determine the 
strain rates in direct shear tests. 

3.1. Classification of the soil 

Particle size distribution curve is presented in 
Fig.1. The soil was classified as SANDY SILT ac-
cording to the British Soil Classification System 
(BSCS) and index properties are summarized in 
Table 1. The specific gravity was 2.66. 

 

 

 

 

 

 

 

 

Fig. 1: Particle size distribution 

 

Table 1 Index properties of soil 

3.2. Consolidation test 

It was required to come up with an appropriate 
shearing rate for testing of the samples in the direct 
shear box to ensure consolidated drained condi-
tions. Consolidation test was conducted after satu-
ration of the samples and the shearing rate is esti-
mated as 0.125mm/min. 

4. DETERMINATION OF SHEAR STRENGTH 
PARAMETERS 

In an unsaturated soil the water contained in the 
pores are at a pressure less than atmospheric (nega-
tive). This negative pore water pressure, or the ten-
sile stress in soil water, is also referred as the ma-
tric suction, s,  

s = ua − uw               (1) 

Where ua is the pore air pressure (equal to zero 
at atmospheric condition) and uw is the pore water 
pressure. There are varieties of  methods for meas-
urement of matric suction such as; axis-translation, 
tensiometer, filter paper etc. (Fredlund & Ra-
hardjo, 1993).  

In this research a miniature tensiometer devel-
oped consisting of Micro Electro Mechanical Sys-
tem (MEMs) pressure sensor with 1Bar High-Air-
Entry porous ceramic at the Kasetsart University 
(KU), Thailand is used. The device requires thor-

Parameters Value 

Soil type 2 
Classification MS 
Liquid limit/(%) 54 
Plastic limit/(%) 43 
Plasticity index/(%) 11 
Gravel/(%) 2 
Sand/(%) 43 
Silt/(%) 35 
Clay/(%) 20 
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ough saturation with water so that tensile stress can 
be transferred effectively between the soil water 
and the pressure sensor. This is normally achieved 
by evacuating air from different parts of the device 
in a water-filled reservoir using a vacuum pump, as 
described in details by Jotisankasa (2010).  

Direct shear tests were conducted on undis-
turbed specimen of soil varying the degree of satu-
ration from natural to full saturation. This was 
achieved by systematic wetting of specimen. The 
weights and moisture contents were determined on 
each specimen to ascertain the degree of saturation. 
In all unsaturated samples direct shear tests were 
done while measuring the matric suction. The pro-
cess is illustrated in Fig. 2. 

 
 

 

 

 

 

Fig. 2 KU-tensiometer and its incorporation in direct 
shear box (modified from Jotisankasa and Mairaing, 
2010). 

4.1. Fully saturated condition 

Initially, the tests were performed after making the 
specimen fully saturated. The basic data are pre-
sented in Table 2.  

Table 2 The basic characteristics of tested specimen for 

fully saturated condition 

 

The stress – strain curves were obtained for 
normal load intensities of 50, 100, 150 and 200kPa 
and the shear strength envelope is presented in Fig. 
3. The saturated shear strength parameters are 
c=18kPa and =33

o
.  

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 3 The variation of shear stress with normal stress 
for fully saturated condition 

 
In the subsequent tests, the degree of saturation 

of the undisturbed sample was changed by con-
trolled wetting. Accordingly, a calculated amount 
of water was added to the tested soil specimen to 
achieve target degrees of saturation of 65%, 72%, 
81% and 92%. The details for approximately 65% 
saturated condition are given in section 4.2.  

After the tensiometer was attached to the sam-
ple it was kept for some time until the readings 
reached equilibrium. Thereafter, the normal stress 
was applied and sample was consolidated for 24 
hours. This was followed by shearing under 
drained conditions. Matric suction was monitored 
throughout the test. 

4.2. Approximately 65% saturated condition 

The basic characteristics of the samples with target 
of 65% saturation are presented in Table 3. The 
shear strength envelope is presented in Fig. 4. The 
tensiometer was placed on the sample and was al-
lowed to reach equilibrium to measure the matric 
suction values. Thereafter, consolidation and 
shearing stages are conducted while measuring the 
matric suction as presented in Fig. 5 & 6 respec-
tively.  

Table 3 The condition of tested specimen for approxi-
mately 65% saturated condition 

Parameter Value 
Specimen No. 1 2 3 4 

Moisture con-
tent/ (%) 

49.08 43.77 44.81 42.11 

Saturation (%) 100.0 100.0 100.0 100.0 
Volumetric water 
content/ (%) 

56.26 52.73 53.92 52.14 

Dry density 
/(kg/m

3
) 

1146 1205 1203 1238 

Void ratio 1.27 1.16 1.16 1.10 

Parameter Value 
Specimen No. 1 2 3 4 

Moisture content/ 
(%) 

26.31 27.05 26.97 27.13 

Saturation/ (%) 63.3 64.3 64.1 64.4 
Volumetric water 
content/ (%) 

32.87 33.59 33.49 33.67 

Dry density 
/(kg/m

3
) 

1249 1242 1242 1241 

Void ratio 1.08 1.09 1.09 1.09 
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Fig. 4 The variation of shear stress with normal stress 
for approximately 65% saturated condition 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 The variation of matric suction with time at con-
solidation stage for approximately 65% saturated con-
dition. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 The variation of matric suction with time at 
shearing stage for approximately 65% saturated condi-
tion. 

 
Based on Fredlund and Rahardjo (1993), the 

same  obtained from fully saturated direct shear 
test was used for all unsaturated samples and the 
cohesion intercept was determined accordingly. 

The apparent cohesions obtained from the di-
rect shear tests on samples of different levels of 
saturation are presented along with measured aver-
age matric suction in Table 4. The variation of ma-

tric suction with the degree of saturation is graph-
ically presented in Fig. 7. 

Table 4 Unsaturated parameters obtained from the di-

rect shear tests for sandy silt of  =33. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 The variation of average degree of saturation 

with average matric suction  

5. DETERMINATION OF SHEAR STRENGH 
OF UNSATURATED SOILS 

The shear strength of an unsaturated soil can be 
expressed as (Fredlund & Rahardjo, 1993); 

τ = c'+ (σ − ua)tan'+ (ua− uw)tan
b
(2) 

 
Where, 
c' = Effective cohesion intercept,    
σ = Normal total stress,  
ua = Pore air pressure (for atmospheric pressure, ua 

equals zero),  
uw = Pore water pressure,  
' = The effective angle of shearing resistance, and 


b
 = Angle of shearing resistance due to suction. 

The miniature tensiometer used in this study 
was of a lower capacity, capable of measuring suc-
tion from value of zero to 100kPa. This smaller 
range of suction is however more appropriate for 
slope stability studies. 

Test 
No. 

Degree of 
saturation/ 
(%) 

Measured 
apparent 
cohesion,  
ca/(kPa) 

Measured   
average matric 
suction,  
(ua - uw)/(kPa) 

1 50 -  117 
2 65 38 65 

3 72 32 56 
4 81 28 22 

5 92 24 3 
6 100 18 0 
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During testing, a constant water content condi-
tion of the soil specimen can be maintained (pre-
venting evaporation) by using plastic wrap and 
pieces of wet clothes to cover the whole shear box. 
This type of suction monitored shearing tests thus 
offer alternative tools for characterizing unsaturat-
ed shear strength in slope stability studies.   

5.1. Development of angle of shearing resistance 
due to suction, b

 using tensiometer apparatus 

Peak shear strength (obtained from stress-strain 
curve) and relevant matric suction values for all the 
specimens used for the direct shear test with tensi-
ometer arrangement for different levels of satura-
tion are summarized in Table 5 for each normal 
loading category. 

The variation is graphically presented for nor-
mal stress of 50kPa – 200kPa in Fig. 8. The varia-
tion of apparent cohesion with average matric suc-
tion derived from these tests is presented in Fig. 9.  

It could be seen the 
b 

value is not a constant. 
Similar results were obtained by Gan et al., (1988), 
Escario, V. & Juca, J., (1989), Vanapalli et al., 
(1996) and Jotisankasa et al., (2010). 

Table 5 The variation of shear strength with matric suc-

tion for different saturated condition 

Normal 
stress/ 
(kPa) 

Degree of 
saturation/ 
(%) 

Shear  
strength/  
(kPa) 

Measured matric 
suction,  
(ua - uw)/(kPa) 

50 

65 64.26 44.48 

72 58.03 13.58 

81 51.58 9.55 

92 54.80 2.09 

100 51.60 0.00 

100 

65 131.14 58.06 

72 95.42 16.87 

81 100.58 20.90 

92 95.42 2.54 

100 83.80 0.00 

150 

65 200.00 87.01 

72 150.22 79.25 

81 127.01 33.43 

92 126.07 1.04 

100 116.10 0.00 

200 

65 156.06 67.16 

72 172.79 92.09 

81 149.58 25.37 

92 169.72 0.45 

100 145.70 0.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Fig. 8 The variation of maximum shear strength (at fail-

ure) with matric suction for 50kPa – 200kPa of normal 

load 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9 The variation of apparent cohesion with average 

matric suction 

 

Residual soils, especially those formed by 
weathering of parent metamorphic rock are highly 
heterogeneous. The composition of the weathered 
product can change abruptly. Rocks with high feld-
spar content would weather to form clayey soils. 
Such patches of whitish clay were seen at the shear 
surface as depicted in Fig. 10. 

 

 

 

 

 

 

 

 

 

 

Fig. 10 Direct shear specimen after the testing  
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6. SUMMARY AND CONCLUSIONS 

6.1. Summary and conclusions 

Slope failures in tropical climates are triggered by 
excessive rainfall. In order to predict the vulnera-
bility and variation of the safety margins of a slope 
due to given rainfall, it is necessary to understand 
the mechanism of infiltration and resulting loss of 
matric suction, the possible developments of 
perched water table and the rise of the ground wa-
ter table. 

Analytical studies were done (Sujeevan and 
Kulathilaka, 2011) simulating the process of infil-
tration. Due to the absence of actual data on Sri 
Lankan residual soils basic characteristics availa-
ble in literature were used in these studies. The 
findings of these studies highlighted the im-
portance of establishing these basic characteristics 
for Sri Lankan residual soils.  

The testing to determine these characteristics 
for Sri Lankan residual soils was conducted with 
undisturbed samples obtained from the site of the 
failed slope at Welipenna in the Southern express-
way. After acquiring KU-tensiometers and other 
accessories such as data loggers, a suction-
monitored direct shear box equipped with the min-
iature tensiometer was used to determine the 
strength characteristics of unsaturated soils. 

Different levels of saturation were obtained by 
controlled wetting of the samples. The tensiometer 
was fixed to the test sample after de-airing and left 
to reach the equilibrium state. The consolidation of 
the sample at the applied normal stress and shear-
ing under drained conditions was conducted while 
monitoring the matric suction. Tests were done at 
four levels of saturation. Four stress levels were 
used for each saturation level. 

Matric suction for a particular saturation level 
should be same theoretically and do not depending 
on the normal loads what was applied during con-
solidation and shearing stages as the equilibrium 
stage was achieved before apply the normal load.  

However, in this study, there were variations in 
matric suction values obtained for a particular satu-
ration level. This could be due to the non-
homogeneity of the soil.  

Variation of shear strength with the matric suc-
tion was plotted for different stress levels. Thereaf-
ter the variation of the apparent cohesion with the 
matric suction was plotted. These plots demon-

strated similar trends observed by other research-
ers.  

6.2.  Future outlook 

With this newly established technique it is now 
necessary to extend these testing to many other 
important slopes. With that it would be possible to 
obtain set of curves and parameters corresponding 
to typical soil types encountered in local slopes. 

Once these characteristics are well established 
it would be possible model the infiltration process 
and changes in the pore pressure regime for a giv-
en rainfall pattern. Thereafter stability analyses 
could be conducted incorporating the unsaturated 
shear strength characteristics. 

This will enable the estimation of the variation 
of the safety margin during a prolonged rainfall 
and threshold rainfall intensities for important 
slopes could be established. 

With the help of the KU-tensiometers it is pos-
sible to monitor the changes in the pore pressures 
in field from high matric suction values to positive 
pore water pressures during any given rainfall. The 
data acquired from the instrumented slope can be 
compared with the predicted changes from the 
modeling process. With such studies the process 
can be calibrated and it would be possible to estab-
lish threshold values of rainfall that could lead to 
failure in a given slopes of critical importance.  
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ABSTRACT: Indoor air quality (IAQ) in buildings are of significance since presence of harmful materials in 
indoor environmental could lead to various health problems in the occupants and affect their productivity. It was 
identified that inadequate ventilation is the major contributing factor for IAQ problems in office and commercial 
buildings. Since most of commercial and office buildings in Sri Lanka use air conditioning systems with poor 
or no fresh air circulation to save energy costs while using building materials that emit harmful air contaminants, 
the IAQ condition of those buildings cause health problems and uncomfortable conditions to the occupants. This 
paper present the IAQ data in selected air conditioned commercial and office buildings in Colombo Sri Lanka 
which reflect the importance of the ventilation factor in IAQ management. 

IAQ levels in commercial and office buildings that use different type of Air Conditioning systems and building 
materials were measured. The measured parameters include Carbon Dioxide (CO2) as an indicative gas of the 
ventilation factor and Formaldehyde (H2CO) gas to assess impact of building materials together with other 
relevant IAQ parameters and the measuring techniques that are acceptable in many indoor norms were used. 
Measurements were taken under different ventilation conditions and results indicate that indoor CO2 levels in 
air-conditioned buildings without proper ventilation were high and exceeded the relevant guideline levels 
recommended by ASHRAE (outdoor+700 ppm) standards. The H2CO levels are comparatively high in buildings 
that used decorative panels for partitioning and other processes with poor ventilation. The levels of both pollutant 
can be reduced to acceptable levels by providing ventilation conditions that are acceptable to ASHRAE and 
other norms.  The results also indicate that air conditioning alone does not provide a practical solution to comfort 
of a building but acceptable ventilation provide major role in building comfort with heathy condition. 

Key Words: Indoor Air Quality, Ventilation, Air condition 

1 INTRODUCTION 

At present, the quality of indoor environment such 

as office & commercial buildings and workplaces 

etc. is a subject of concern since it can profoundly 

affect the health, comfort, and productivity of 

building occupants. Although serious health 

problems related to Indoor Air Quality (IAQ) are 

rare, the perception of endangered health is 

increasingly common among some building 

occupants.  

 

Dust, objectionable odors, dampness or mold are 

some of physical characteristics to represent indoor 

environmental quality (IEQ) and the most common 

complaints by occupants. The comfort-related 

complaints such as temperature, air movement and 

humidity (too cool or too hot, eat, the air is too dry 

or too muggy) are other complaints related to Indoor 

Environmental Quality. Health-related complaints 
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such as headaches, sinus problems, congestion, 

dizziness, nausea, fatigue and irritation of the eyes, 

nose or throat are also commonly associated and 

reported symptoms among the workplace occupants 

in air conditioned buildings under poor ventilation. 

Scientific studies have pointed out that most of these 

complaints, health effects and discomfort are 

associated with the indoor environment 

characteristics of buildings.  

 

Some illnesses such as sick building syndrome 

(SBS) are physical symptoms without clearly 

identifiable causes and only the occupants in a 

building experience acute health- or comfort-related 

effects that seem to be linked directly to the time 

spent in the building. The complainants may be 

localized in a particular room or a zone or may be 

widespread throughout the building. Some of 

complaints are not related to IAQ but linked with 

other personal matters such as stressful work 

environment, impending layoffs, a great deal of 

overtime, or an ongoing employee/employer 

conflict etc. All these disorders would lead to 

increased employee sick days and reduced work 

efficiency though it is linked to IAQ or other 

matters. Therefore, identifying of the cause for the 

complaints is very important in office and 

commercial buildings to solve the problem and 

satisfy the occupants for better work output.  

 

Indoor air in commercial and office buildings can be 

contaminated by variety of pollutant sources. 

Common sources of indoor air pollution in those 

buildings include tobacco smoke, biological 

organisms, emission from building materials and 

furnishings, cleaning agents, electronic machinery 

and human activities etc. Some pollutants may be 

generated by a specific or limited source or may be 

from several sources over a wide area, and may be 

generated periodically or continuously and could 

accumulate within a confined area depending on the 

ventilation condition. The pollutant levels may be 

high with the installation of new furnishings, 

uncontrolled renovation activities, poor air 

circulation, and persistent moisture etc. 

 

The IAQ in a building is highly dependent on 

several factors. These factors include indoor & 

outdoor pollution sources and their emission rates, 

positioning of pollution sources, ventilation 

condition or rate, human activities, building 

materials and furnishings etc. Figure 1 represents 

the percentage contribution of primary pollution 

sources of indoor air quality problems based on the 

investigations done by National Institute of 

Occupational Safety and Health (NIOSH), America 

in 500 problems in 10 years of time. 

Fig. 1 The primary sources of indoor air pollution 

 

According to the figure 1 and the investigations 

done by National Institute of Occupational Safety 

and Health (NIOSH), inadequate ventilation is the 

major contributing factor for IAQ problems in 

office and commercial buildings.  

 

In the past, most buildings had windows that 

opened; airing out a stuffy room was common 

practice. In addition, indoor-outdoor air pressure 

differences provided ventilation by movement of air 

through leaks in the building shell. However in 

present world, most new office and commercial 

buildings are constructed without openable 

windows and installed “air condition (AC)” systems 

instead of providing natural ventilation. 

 

The term “air conditioning” is used to describe the 

process that achieve more comfortable environment 

conditions in a confined space. Also, it can be 

referred to as the technology that modifies the 

indoor environment condition by cooling, de-

humidification, cleaning and air movement of a 

space. However, in common usage, "air 

conditioning" refers to systems which cool, de-

humidify and filter the indoor air. The complete 

system in which heating or cooling, ventilation, de-

humidification and air conditioning is referred to as 

Heating, Ventilation and Air Conditioning (HVAC) 

systems. 

 

There are different types of air-conditioners 

categorized as split-type air-conditioners, window 

type air-conditioners, packaged type air-

conditioners, central air-conditioning systems and 

HVAC. These classifications are based on the size, 

arrangement of the units and the capacities of the 

system.  

 

The commonly used AC types include split-type, 

window type or packaged type air-conditioners, 
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they are energy effective but have neither 

continuous supply of fresh air nor aeration as the 

part of their system. The operation system of these 

types do not have facilities to air exchange between 

indoor and outdoor. On the other hand the 

ventilation in the area is very poor and almost zero. 

 

The central air conditioning systems and HVAC 

systems are used to distribute the conditioned (cool) 

air to a large occupied space such as a conference 

and reception halls, showrooms and multistory 

buildings etc. In these systems part of fresh air is 

introduced to the indoor space while cooling indoor 

environment in which the fresh air intake ratio is 

decided as per the requirement. 

 

Most of commercial and office buildings in Sri 

Lanka  use split-type, window type or packaged 

type air-conditioners and air condition systems as 

our  buildings are  constructed much tighter to save 

energy costs. Although, some building have 

installed   central air conditioning systems and 

HVAC systems, they do not operate at the required 

fresh air circulation rate due to the energy cost that 

are needed to cool or condition outdoor air. 

 

Therefore, most of our office and commercial 

buildings operate with less or poor ventilation 

conditions in which unwanted contaminants can get 

trapped in these tight enclosed areas. This poor 

ventilation conditions therefore, would lead to 

deteriorate the indoor air quality that cause health 

condition of the occupants. At the same time, 

variety of synthetic and natural building materials, 

furniture, partitioning and decorative boards that 

emit harmful air contaminants are used in these 

buildings. Most of the emission rates of these 

materials are estimated, certified and categorized 

based on the acceptable ventilation conditions. 

Therefore, use of those materials without proper 

ventilation conditions would lead to worsen the IAQ 

conditions to cause health disorders and 

uncomfortable conditions to the occupants. 

 

Control of pollutants generated at the source is the 

most effective strategy for maintaining clean indoor 

air. Control or mitigation of all sources, however, is 

not always possible or practical. Ventilation, either 

natural or mechanical, is the second most effective 

approach in providing acceptable indoor air. 

Therefore, there are many guidelines and standards 

setup in many countries and organizations in order 

to maintain ventilation conditions in buildings to 

achieve acceptable indoor air quality. The 

Ventilation guideline established by American 

Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) Standard 62.1, 

is the most commonly used current guideline in the 

ventilation for acceptable Indoor Air Quality in 

office and commercial buildings. In addition, 

occupational related IAQ standard stipulated by 

Occupational Safety and Health Administration 

(OSHA), American Conference of Governmental 

Industrial Hygienists (ACGIH), World Health 

Organization (WHO), Environmental Protection 

Authority (EPA- US) etc. are also used for 

occupational exposure and threshold limits. Some 

countries such as Germany, Singapore etc. use their 

own standards and guidelines for IAQ control.  

 

Measurement of indoor air quality (IAQ) would 

provide information such as efficiency of the 

ventilation system and its operation condition, 

emission sources, contaminant concentrations and 

type of contaminants in indoor air etc. and their 

acceptability to the relevant guidelines and 

standards that could facilitate to the managers to 

understand the actual scenario. This paper therefore 

presents the IAQ data measured in selected AC 

commercial and office buildings in Colombo, Sri 

Lanka which reflect the importance of ventilation 

systems and maintaining their operational 

conditions.   

 

2 METHODOLOGY 

 

Three multi-story buildings used for commercial 

and office proposes that use different type of Air 

Conditioning systems were selected for the study.  

In addition, one ASHRAE certified building and 

one building which extensively used decorative 

panels as building materials were also included in 

the study. The selected buildings are within 

Colombo Metropolitan areas and details of the 

buildings are summarized in Table 1. IAQ levels of 

selected locations to represent different 

environmental conditions in each buildings were 

measured for a period of one hour. Measuring 

parameters include Carbon Dioxide (CO2) as an 

indicative gas of the ventilation factor and 

Formaldehyde (H2CO) gas to assess impact of 

building materials with other relevant IAQ 

parameters. The measuring techniques and 

equipment used for CO2 and H2CO measurement 

are given in Table 2.  

 
Another set of CO2 measurement were taken by 
increasing the fresh air intake of the air condition 
system of building C by providing additional 
ventilation to study the improvement of the IAQ 
levels to assess the efficiency of the system. Since 
there is no air conditioning or ventilation system in 
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Building E, a part of the buildings was temporary 
ventilated using a temporary system and H2CO and 
CO2 levels were measured to assess the 
improvement of IAQ. 

Table 1. Details of the selected buildings 

Buil-
ding 

Category/ 
Type 

Detail 

A 
Commercial 
/ Office 

Five Story building located 
at, Rajagiriya. About 100 Nos 
of staff are engaged in 
activities in each working 
floor of the building and have 
HVAC system  and obtained 
ASHRAE Building 
Citification 

B Office  

Five story building located at 
Colombo 10.  About 12 Nos 
of staff are engaged in office 
activities in each area of the 
building and having Central 
AC system 

C Office  

Five story building located 
closed to Galle Road, 
Wellawatta. About 12 Nos of 
staff are engaged in office 
activities in each area of the 
building and central AC 
system 

D Commercial  

Three story building located 
at Orugodawatta. About 10 
Nos of staff are engaged in 
office and only one higher 
officers in some unique areas 
of the building and having 
Central AC system 

E Commercial 

Four story building located at 
Homagama, used extensive 
decorative boards. Since the 
building is new, no AC 
system is installed yet and use 
split type AC in some 
selected areas.  

 
Table 2. Testing methods and instrumentation 

Parameter Testing method Instrumentation 

HCHO 
Electrochemical 

Sensor 

Indoor air quality 
analyzer (IAQRAE 

PGM-5210) 

CO2 IR Sensor 
Indoor air quality 

analyzer (IAQRAE 
PGM-5210) 

 

3 RESULTS AND DISCUSSION 

Indoor air quality monitoring data of the building A 
is given in Fig. 2 and the results indicates that the 
measured CO2, the indicative parameter of the 
ventilation factor, was below the ASHRAE 

guideline levels. Since the building has obtained 
ASHRAE Building Citification, which is 
compulsory to maintain the building, HVAC system 
and IAQ levels that are acceptable to ASHRAE 
guideline. Therefore, HVAC system of the building 
is well maintained and operated with the adequate 
ventilation to provide acceptable IAQ with thermal 
comfort within the building. 

Fig. 2 Measured IAQ levels in the building A 

Fig.3 Measured CO2 levels in the building B 

Figure 3 indicates the measured CO2 levels within 
selected areas of the building B. The building has a 
central AC system which has not been given due 
attention. The measured IAQ levels with respect to 
CO2 in the most areas of the building exceed the 
ASHRAE guideline levels. The results indicated 
that all areas were not adequately ventilated and 
therefore due attention is required in this building’s 
AC system to increase fresh air intake to improve of 
IAQ levels along with improved thermal comfort 
within the building. 
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Measured CO2 levels within selected locations of 
the building C is presented in Fig. 4. The measured 
IAQ levels with respect to CO2 in the most areas of 
the building exceeded the ASHRAE guideline 
levels which indicates that the fresh air supply by 
the AC system is inadequate to current occupancy 
of the working area. Therefore, it is recommended 
to increase the fresh air intake to the working area 
and necessary action were taken to increase the 
fresh air intake of the AC system. The measured 
IAQ levels also indicate that the levels still 
exceeded the acceptable levels as shown in figure 4. 
Therefore, fresh air intake was further increased by 
using an additional air circulation system since there 
was a limitation of AC system, to active the 
acceptable IAQ as shown in Fig. 4. 

Fig. 4 Measured CO2 levels in the building C 

Indoor air quality results of building D is given in 
Fig. 5. The results indicates that the H2CO values in 
some locations were high compared to other 
locations and exceeded ASHRAE guideline levels. 
The area where high levels of H2CO were recorded 
are the rooms used by top management (directors 
and chairman) of the building, which are isolated 
rooms, have poor ventilation due to less opening of 
doors and also having furniture’s and materials 
(partition boards) that emit air contaminants such as 
H2CO. The contaminant emission from these 
material accumulate within the isolated areas and do 
get diluted due to poor ventilation condition.  

Fig. 5 Measured CO2 levels in the building D 

Figure 6 presented the Indoor air quality measuring 
results of building E. According to the results, the 
H2CO and CO2 values in all measured locations 
within the building were high compared to other 
parameters and exceeded ASHRAE guideline 
levels. The H2CO levels were exceeded the IAQ 
standard stipulated by Occupational Safety and 
Health Administration (OSHA), American 
Conference of Governmental Industrial Hygienists 
(ACGIH), World Health Organization (WHO), 
Environmental Protection Authority (EPA- US) etc 
that used for occupational exposure studies and 
threshold limits as well. 

Fig. 6 Measured CO2 levels in the building E 

 

As explained in the methodology, the building E is 
located at Homagama, in a relatively rural and less 
polluted area compared to other buildings. This 
building has used extensive decorative boards as 
building material to achieve indoor environment 
conditions as suitable to the building usage. The 
particular building is a newly constructed one and 
has no installed AC system to the building yet 
(though it was in the design). The recommended AC 
system is split type AC in some of the selected 
areas. Air emissions (especially H2CO) from these 
synthetic decorative board which are made of Urea 
or Melamine Formaldehyde Resin are accumulated 
within the building due to no ventilation, and that is 
the cause for high level of H2CO and CO2.  

Since both H2CO and CO2 levels inside the 
buildings were high, a temporary ventilation was 
introduced to some rooms of the building to 
improve the IAQ. The measured H2CO and CO2 
levels after installation of temporary ventilation 
system were also present in the figure 6 and the 
result shows that both pollutant levels were  
decreased drastically with compared to levels 
without ventilation system and levels were below 
the levels stipulated in IAQ guidelines such as 
Occupational Safety and Health Administration 
(OSHA).   

0

5000

L1 L2 L2 L3 L4 L5 L6 L7 L8

C
O

2
 l

ev
el

 (
p

p
m

)

Locations

CO2 Levels in Building C at Wellawatta

CO2

(ppm)

0

2

4

6

8

10

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12

C
o

n
c
e
n

tr
a

ti
o

n

Sampling Locations

IAQ in Building D at Orugodawatta

H2CO (x10 ppb)
PM10 (x10 µg/m3)
CO (ppm)

0

0.5

1

1.5

2

2.5

3

L1 L2 L3 L4 L6 L7 L8 L9

C
o

n
ce

n
tr

a
ti

o
n

Sampling Locations

IAQ in the Building E at Homagama

CO2 (x1000 ppm)

CO2 (x1000 ppm) with

Ventilation System

143



 

 

 

 

All above results indicate that air conditioning itself 

does not provide practical solution to comfort of a 

building. An acceptable air circulation or ventilation 

play a major role in building comfort for heathy 

condition. Also it emphasizes that the term 

ventilation is not either air movement within a 

building or the introduction of outdoor air, it is 

actually a combination of processes which results in 

the supply and removal of air from inside a building. 

These processes typically include bringing in clean 

outdoor air, conditioning and mixing the outdoor air 

with some portion of indoor air, distributing this 

mixed air throughout the building, and exhausting 

some portion of the indoor air outside. Therefore, 

the proper design, operation and maintenance of the 

ventilation system is an essential requirement in 

maintaining indoor air quality that is free of harmful 

concentrations of pollutants. 

 

Also it is noteworthy that energy efficiency and IAQ 

as contradictory goals and only an integrated design 

can lead to high performing buildings that are both 

energy efficient and have good IAQ. Passive design 

features (i.e. the architectural and envelope aspects) 

can be optimized before active design strategies are 

designed for thermal conditioning and source 

control, and can be implemented as the fundamental 

approach to reducing contaminant levels inside 

buildings before exposure control, via ventilation 

and air cleaning, is designed for IAQ. Furthermore, 

as the world moves rapidly toward constructing 

high-performance and sustainable buildings, it 

should be recognized that sustainable/net zero 

energy building efforts will fail if they only achieve 

energy targets but cause significant health or 

comfort problems to the occupants or impede 

occupant performance in ways that inhibit the 

building from attaining the goals for which it was 

built. 

 
4  CONCLUSIONS 

Following conclusion remarks can be pointed out by 
analyzing indoor air quality data obtained in 
selected building in the study.  

 IAQ in most of air conditioned office and 
commercial building without adequate fresh air 
circulations is a health hazards to occupational 
safety. 

 
 Air conditioning itself does not provide good 

working environment but need to couple with 
acceptable ventilation conditions to attain 
expected comfort goals of the building. 

 The construction firms should pay a serious 
attention on selection of building materials. 
Those with potential to releases of pollutants that 
are harmful for human health should be avoided 
and installation should be within the specified 
emission levels. 

 
 The paper highlights a point of concern where 

serious attention of building construction 
industry should be drawn with respect to 
numerous high-rise apartment buildings coming 
up in Mega areas.  With the proposed high rise 
development a significant population would 
occupy these buildings and they become a 
central concern in urban life. Therefore, the 
research stress the importance of expert 
intervention at design, construction and 
operational phases to ensure that acceptable 
norms are used with respect to IAQ in the 
buildings. 

 
 The research further emphasizes that current 

level of scientifically acceptable studies 
addressing numerous aspects of IAQ is 
inadequate. Hence intended performance with 
respect to IAQ management will certainly have 
serious implications due to lack of expertise in 
the area in which fact that local environmental 
conditions is a critical factor in respective design 
and operation of facilities to maintain IAQ 
within the acceptable norms, and therefore, wish 
to draw attention of construction industry policy 
makers on increased research in the area. 
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ABSTARCT 
This paper presents a study on implementation of laboratory accreditation in an Environmental Testing Labora-

tory based on ISO/IEC 17025:2005-General Requirements for the Competence of Testing and Calibration La-

boratories. Experiences on challenges faced, issues encountered and strategic approaches practiced in the labor-

atory to ISO/IEC 17025 Certification is discussed. The staff concerns and commitment and specific issues of 

personality as well as running costs along with increased workload, the multiple advantages both internally to 

the organization and externally; such as marketing advantages and international recognition and the difficulties 

encountered while setting up the system are discussed. The feasibility of accreditation showed that laboratory 

accreditation is a demanding process and it requires significant investment in the preliminary stages. The ex-

penses requires greater flexibility in financial support of top management. The contribution of a quality man-

agement system is to enhance the staff competence, the confidence, and subsequent dedication of staff to sustain 

quality management system are significant beneficial outcomes of accreditation. The analysis led to the conclu-

sion that laboratory accreditation is a challenging process and the success of the implementation of a quality 

management system based on ISO/IEC 17025:2005, is achievable subjected to fulfillment of several factors such 

as commitment from the top management and the staff, uninterrupted availability of resources, proper documen-

tations, system quality control and assurance. Among, several important factors inculcation of quality concepts, 

staff attitudes and their level of willingness to improve and comply with the system were the aspects required 

special attention and strategic approach for successful implementation of QMS.  

 
Key words: Accreditation, Quality Management System, calibration, competence, benefits. 

 

1. INTRODUCTION 

 
Modern quality of life and the services depend 

widely on the measurements. Trade of products and 

services such as food safety, pharmaceutical and 

health and environmental protection depend largely 

on the analysis of chemical parameters. Chemical 

analysis is crucial for these sectors to ensure product 

/service quality and also the quality of environment. 

The quality of the services often depend on provid-

ing reliable results within an agreed time period. 

However, the testing laboratories frequently deviate 

from both and rarely maintain customer confidence 

throughout the process. The factors contributing to 

these are often personal issues, inconsistency in per-

formance, reasons pertinent to reliable supply of re-

sources, not being systematic overly and operation 

in personalized compartments, lack of standard set 

of documents and etc. 

 
Accreditation of testing laboratories has mini-

mized much of above issues by stream lining all as-

pects of laboratory testing by organizing into a la-

boratory quality management system; ISO 17025.  
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By implementing the QMS according to ISO 17025 

the laboratory enters to community of globally rec-

ognized laboratories under the logo of ISO accredi-

tation with reliance of the service internationally.  

 
However, implementation of ISO QMS to con-

ventional laboratories operated under routine, per-

sonalized, poorly supervised systems is a challeng-

ing task and requiring careful inception. This paper 

presents a study on implementation of laboratory 

accreditation in an Environmental Testing Labora-

tory based on ISO/IEC 17025:2005-General Re-

quirements for the Competence of Testing and Cal-

ibration Laboratories. Experiences on challenges 

faced, issues encountered and strategic approaches 

practiced in the laboratory to ISO/IEC 17025 Certi-

fication is discussed. The fact presented in this pa-

per would be helpful for the laboratory community 

to identify specific issues, bottlenecks, personalities 

of the staff that have both positive and negative im-

pacts, strategies to overcome the issues and ensuring 

QMS according to the ISO 17025 requirements. 

 

2. AIM AND OBJECTIVE OF THE STUDY 

 
The aim of this study is to scientifically analyze the 

experiences in bringing the laboratory up ISO/IEC 

17025 Certification. The problems, time commit-

ment and personnel requirements, costs associated 

with the accreditation and multiple advantages both 

internally to the organization and outside users are 

discussed. 

 

3. INTRODUCTION TO QUALITY 

 
It is an undeniable fact that, in our contemporary 

world, being competitive is the key to success for 

any company. Competitiveness involves delighting 

the customer and exceeding his expectations and to 

achieve these goals, there is a need for quality. Why 

should the laboratory have a quality management 

system? The establishment of quality system began 

when outsiders asked about the laboratory quality 

system. Our first response was of the nature “we 

have competent expert professional staff belonged 

to a variety of environmental related scientific dis-

ciplines with advanced degree from highly ranked 

programme, we do work using sophisticated ad-

vanced laboratory equipment; of course we do qual-

ity work. ”from the perspective of the organization 

this answer is of the nature, TRUE, But it is irrele-

vant. 

 

But many customers want to know how labora-

tory demonstrates its competence. What is system-

atically being done that would lead them to accept 

the statement(s) about the quality of work. If we say 

the value of a parameter is X±Y, Can they stake 

their reputation on it? This exchange indicates the 

major reason for establishing a quality system cus-

tomer demand it.  

 
A Quality Management System in a testing la-

boratory is a way of showing that the quality of the 

final test results can be relied upon. The presence of 

quality assurance, through the use of appropriate 

procedures and management methods, guarantees 

customer that errors, in test results, are minimized. 

The Quality Management System provides the la-

boratory with measurement traceability, the oppor-

tunity of error prevention by the use of preventive 

actions and the possibility of initiating corrective 

action when errors are detected. 

 
ISO 9001 is the general standard which specifies 

the requirements for a quality management system, 

whereas ISO/IEC 17025 states the requirement for 

the competence of testing and calibration laborato-

ries. 

  
On the other hand a laboratory accredited to the 

ISO/IEC 17025 standard has been evaluated for 

compliance to specific factors relevant to the labor-

atory’s ability to deliver precise and accurate data. 

Some of these factors are, 

i. Technical competence of staff 

ii. Validity of methods 

iii. Calibration and maintenance of equip-

ment 

iv. Traceability of measurements 

v. Estimation of measurements uncer-

tainty 

vi. Quality assurance of test or calibration 

results. 

  
There are many private and state Testing Labor-

atories in Sri Lanka established and implement a 

Quality Management System. These accredited La-

boratories act as a gateway to other Testing Labor-

atories. And also Cabinet of Ministers had given an 

approval (Cabinet paper no: 16/0071/716/003 dated 

07/01/2016) on making “Accreditation Mandatory 

in taking technical decisions. This is in view of cre-

ating a quality conscious culture in the country and 

this concept is applicable to Conformity Assess-

ment Bodies that carry out testing, inspection and 

certification services.   
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4. METHODOLOGY 

 
In order to achieve the aims and objectives we stud-

ied the problems, time commitments, personnel re-

quirements, costs and advantages to the organiza-

tion and outside users in the preliminary stage, 

implementation stage and continuing stage sepa-

rately. 

 

5. RESULTS AND DISCUSSIONS 

 
For a testing laboratory, accreditation is the formal 

recognition that the laboratory possesses the neces-

sary competence to carry out specific tests. As it is 

delivered by an independent, national or interna-

tional body, accreditation assures the customer of 

the validity of the test results. On a national scale, 

government bodies and regulators often need accu-

rate information to take their decisions. Therefore, 

the benefits they derive from using data from an ac-

credited laboratory are as follows: 

 
I. Increase in public confidence. 

II. Assurance that quality data is being 

used to establish baseline for key anal-

ysis and decisions. 

III. Reduce uncertainties associated with 

decision that effect the protection of hu-

man health and the environment. 

IV. Improve efficiency of assessment pro-

cess. 

 
Accreditation of laboratories plays an essential 

role on the international stage as it minimize barriers 

to trade. With accreditation, test results produced in 

one country is accepted in another country. The data 

generated by accredited laboratories is more readily 

acceptable on the overseas market. By reducing or 

eliminating the need for retesting in the importing 

country, manufactures and exporters can reduce 

costs. 

 
Accreditation will generally change the way of 

laboratory functions. The status acquired by a labor-

atory, the way the work is carried out and the addi-

tional paperwork represents some of the changes 

that will occur. The implementation of a Quality 

Management System based on ISO/IEC 

17025:2005 will modify the actual system prevail-

ing in a laboratory and will also introduce new pro-

cedures. These alteration will generally have an ef-

fect on the laboratory, its personnel and customers. 

Accreditation will increase paperwork and work 

load, internal quality control and running costs of 

operating the laboratory. There will be a need to 

maintain documentation procedures and records to 

operate Quality Management System and the addi-

tional control of records to verify on tests carried out 

and calibration results. The validation of test meth-

ods is another additional load for laboratory staff. 

Calibration of equipment requires the use of calibra-

tion standards and reference materials and these add 

up to the running costs of the laboratory. In addition 

to the external calibration, we require verification of 

internal performance and it requires a variety of 

forms and this also adds additional work load for la-

boratory staff. 

 
The most time consuming and difficult part is the 

development of the documentation aspects of the 

Quality Management System. Quality Manual, 

Standard Operating procedures (SOPs), Work in-

structions, job descriptions and records are some of 

the documents that need to be created or reviewed. 

The creation of these documents required the help 

of all laboratory personnel and therefore, develop-

ment of the quality management system will have 

an impact on the work load. Training is another as-

pect that needs to consider while implementing the 

Quality Management System. The laboratory re-

quire additional personnel in order to implement 

and maintain the QMS with the guidance of an ex-

ternal consultant was be a plus point for the imple-

mentation process. 

 
We identified that there are major components in 

the accreditation process which require financial 

support at the initial stage, implementation stage 

and continuing stage of the quality management 

system. The major expenses are, 

1. Consultancy 

2. Calibration of equipment and glassware 

3. Internal quality control, Inter-Laboratory 

Comparison, proficiency testing and train-

ing. 

4. Preventive and corrective actions. 

5. Application and assessment by accredita-

tion body. 

 
Moreover, the impact of quality on cost should 

not be neglected and this is explained by Deming’s 

philosophy (Deming 2009) which says that as qual-

ity increases costs tend to fall over time as shown in 

Figure-01. 

 
Implementation costs 

148



 

  
 . 

 

 
 
Figure: 01-Effect of Quality Management System 

on Costs. 

 

 

Staff constraints  

 
In conventional laboratories, the staff is considered 

as producers of results. The lab staff depend mostly 

on their own competence, capacities are not re-

freshed in general, management often neglect the 

need for systematic training and competence assess-

ment etc. this has resulted to build up their own 

recognitions and competence which is often ques-

tioned by other in a way which humiliation, putting 

staff on a state resistance. 

Initially, changing attitudes and negative mind-

set among the staff were challenging tasks, and it 

was decided that the situation should be handled 

carefully and smoothly. A series of seminars by 

competent external and internal professionals were 

held, and these were made open to staff at all levels. 

The strategy made significant change to positive at-

titudes among the staff. Also, certain bottlenecks 

had to be cleared after carefully analyzing the situ-

ation. One important aspect needs highlighting is 

recognition to staff for their work, assurance of the 

management for competence development, provid-

ing customized facilities to match with local staff 

requirements within the ISO system. Also changing 

the working environmental conditions and reliving 

the burden of results uncertainty from the analysists 

and transferring it QMS system made tremendous 

positive impact on staff competence, confidence 

and commitment. 

 
Transparency of the QMS implementation and 

regular reviewing 

 
The QMS implementation team made it a fact that 

maximum transparency of the system exist, which 

was always communicated to the staff and the im-

portance of being transparent. This resulted in fre-

quent Non-Conforming Records (NCR) during in-

ternal audits, but, gave valuable benefits to 

improvement to QMS. 

 
Flexibility in system implementation 

 
A greater flexibility was allowed to the ISO team to 

change procedure complying with ISO system, 

which often demanded resources. The resources 

were made available to system without making it a 

constraint for QMS implementation. 

 
Benefits 

 
The benefits associated to accreditation can be ana-

lyzed from three different angles; the laboratory’s 

personnel, the laboratory itself and the customers. 

With the use of appropriate procedures, staff will be 

more confident about their work. They can easily 

identify errors and their sources. Thus they can im-

plement necessary corrective actions. Accreditation 

demonstrates the technical ability of laboratory to 

carry out specific tests and thus provides a formal 

identification to competent laboratories. And also it  

helps to decrease the percentage of non-conformi-

ties, increase greater awareness of the concept of 

quality, clarify the responsibilities and obligations, 

improve in delivery times, decrease the number of 

complaints, improve the internal communications, 

increase the motivation of employess.This recogni-

tion is a way for the customer to select reliable test-

ing services suited to his needs by improving the 

customer relationship, customer satisfaction and 

communication with the customers. The logo of the 

accreditation body on the test reports of the accred-

ited laboratory ensures the customer credibility of 

the results delivered. 

 
Most accreditation bodies, around the world, 

have adopted ISO/IEC 17025:2005 as the basis for 

accreditation testing laboratories. As the approach 

is uniform, laboratory competence can be com-

pared. Based on this approach, mutual recognition 

arrangements are established between countries and 

these allow the test and calibration data generated in 

one country to be accepted in other country. These 

arrangements allow laboratories to achieve form in-

ternational recognition as the results will be sent 

abroad and accepted as reliable and accurate. 

 
One of the most important benefits of accredita-

tion according to the ISO 17025 standard is to en-

COST

TIME

Ongoing costs 
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dorse the cooperation and partnership between la-

boratories and other institutions with the aim of ex-

changing information prompting the harmonization 

and standardization of procedures and standards. A 

laboratory accreditation strengthens the organiza-

tion performance through a better control of labora-

tory procedures and thereby increases their potential 

due to the increase customer satisfaction. 

 

6. CONCLUSIONS 

 
Accreditation by definition is the procedure, based 

on internationally agreed criteria by which an au-

thoritative body provides a formal recognition that 

a body or a person is in a position to carry out spe-

cific tasks with impartiality and competence. Ac-

creditation of a laboratory provides formal recogni-

tion that the laboratory is competent to carry out 

specific tests and demonstrates its impartiality. With 

customers having understood the concept of having 

quality than quantity, accreditation is becoming a 

must for companies eager to satisfy their customers.   

 
With the implementation of ISO/IEC 

17025:2005, the laboratory, the personnel and the 

customers enjoy various benefits. Better traceabil-

ity, involvement of personnel in decision making 

process, acknowledgement of testing competence, 

benchmark for performance, marketing advantage, 

international recognition, risk minimization, cus-

tomer confidence and cost reduction are the main 

advantages which can be achieved with the Quality 

Management System in the Laboratory.  

 
This case study showed that the Laboratory ac-

creditation is a challenging process and the commit-

ment of top management and staff involvement, un-

interrupted availability of resources, proper 

documentations, system quality control and assur-

ance are the key factors that will effect for the suc-

cess of the implementation and continuation of the 

Quality Management System based on ISO/IEC 

17025:2005. 
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ABSTRACT: Rockfall risk assessment is an important aspect in designing road traces or widening existing 
roads, particularly in mountainous regions. Rockfalls often cause enormous damages, even fatalities; therefore, 
the risk assessment is an essential step in proposing mitigation strategies. The study was focused on rockfall 
risk assessment, to propose suitable remedial strategies for possible rock slope failures during the widening 
process of Thennekumbura - Ragala road, Sri Lanka. Detailed field mapping was carried out to identify the 
lithological variations and the orientations of discontinuities of the rock slope. Discontinuity orientation data 
were analyzed by stereographic projection method to identify the possible modes of failures along the road 
trace. Rockfall Risk Rating System (RRRS), which is based on morphological, structural, vulnerability and 
consequences, was applied for individual sections along the rock slope to depict the different degree of risk 
against rockfall occurrences. In order to investigate existing stability conditions, stability and rockfall analyses 
were carried out for slope sections. Based on the analytical results, stability predictions and mitigation strate-
gies were proposed by comparing the factor of safety achieved by the limit equilibrium analysis. According to 
the study, the predominant types of instability along the road trace were planar and wedge failures. The risk 
assessment revealed that, the investigated road trace is under medium risk level. Based on the stability assess-
ment and the factor of safety, rock benches and rock bolting were proposed as suitable remedial measures. 
Remedial measures proposed from the risk rating system and results obtained by limit equilibrium analysis had 
an agreement in proposing mitigation strategies.   

1 INTRODUCTION 

Transportation corridors often susceptible to land-
slides particularly rock falls majorly in mountain-
ous regions. Rock falls in mountainous regions in-
crease infrastructure damages, casualties as well as 
fatalities.  

Design of rock cuts is usually concerned with 
the details of structural geology. Structural geology 
focuses on the orientation and characteristics such 
as length roughness, infilling materials of joints 
and beddings of the rock face. Therefore, the rock 
slope design is primarily concerned with the stabil-
ity of rock blocks formed by the discontinuities. 
The analysis technique depends on the possible 
mode of failure with careful consideration of the 
varying strengths of the rock.  

Furthermore, the rock slope stability assess-
ments should address structural geology of the site 
and these assessments involve two major steps: 
preliminary, determination of properties of the dis-

continuities which involves mapping out crops and 
existing cuts and then the study the relationship be-
tween the orientation of the discontinuity and the 
rock face (Mah and Willey 2004). This is termed 
as kinematic analysis, which is used to identify 
possible modes of slope failure. 

Rock fall risk assessment is still a highly com-
plex operation as it requires precise evaluation of 
hazard and vulnerability of vehicles passing the 
road corridor along the rock hill (Budetta, 2004). 
Vulnerability depends on the interaction between 
the vehicle and the landslide or rockfall deposit. 
These interactions consider the factors such as ve-
hicle speed, length, decision sight distance, traffic 
volume and the length of the landslide risk section 
of the route (Budetta, 2004).  

There are several systems to evaluate the rock-
fall risk based on the triggering factors. Method to 
evaluate the seismic rockfall susceptibility based 
on engineering rock classification system was de-
veloped by Harp and Noble (1993) as a derivation 
from the quantitative description of discontinuities 
in rock masses from Barton (1978). Several au-
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thors used the methods to evaluate the possible 
rockfall paths hence, assess the rockfall risk to ve-
hicles along road. Statistical approaches based on 
the binominal distribution calculate the risk as a 
function of rockfall frequency based on the identi-
fied combinations of interaction between the de-
posit and the vehicle (Budetta, 2004). 

Rockfall Hazard Rating System (RHRS) devel-
oped by the Oregon State Highway Division, is the 
most accepted rating system in rockfall risk as-
sessment (Pierson et al. 1990). A similar system is 
proposed by Pritchard et al. (2005), who developed 
a rating methodology, which is applied for predict-
ing the rockfall risk along railways. McMillan and 
Matheson (1997) have developed the Rock Slope 
Hazard Index (RSHI) system for highway rock 
slopes system for highway rock slope inspection in 
Scotland (Saroglou et al, 2012). 

2 ENVIRONMENTAL SETTING OF THE 
STUDY AREA 

The study area is located in between 50+00 km to 
50 + 285 km of Thennekumbura Ragala road 
(B413) (Fig. 1). The road is the major access to 
Ragala, and the area belongs to Walapane divi-
sional secretariat division of Nuwara Eliya district, 
Sri Lanka. 

 Topography of the area is dominated by a 
sloppy terrain with rock slopes and hillocks. When 
facing towards Ragala, the right side of the road 
mainly composed of a wall of rocks and left hand 
side of the road slopping downwards to the Beliul 
Oya, which is the major river of the area. Rock 
slope height varies from 15 m – 25 m and their 
weathering grade varies from moderately to fresh. 
Furthermore, the landuse is dominated by semi 
forest vegetation and home gardens. 

The road segment in between 50 + 000 km to 
50 + 285 km is very narrow and widening the road 
is essential for the development of the area.  
Therefore, a detailed study should be carried out 
prior to the modification of rock slope. The main 
focus of the study was to identify the mode of fail-
ures along the road segment. In addition, to carry 
out a rockfall risk assessment and propose suitable 
slope design to withstand failures during the wid-
ening of the road. 

 

3 ROCKFALL RISK ASSESSMENT 

In order to assess the risk associated with rockfalls 
and to provide budget allocations for maintenance 
and remedial works, the Oregon Department of 
Transportation (USA) has developed a classifica-
tion scheme specifically for motorway cuts (Bu-
detta, 2004). Rockfall Hazard Rating System 
(RHRS) was developed by Pierson et al. (1990) 
and it is the most widely accepted rating system to 
identify the slopes which are under risk and require 
urgent remedial measures or study. 

Proposed Rockfall risk rating system was de-
rived from Rockfall hazard rating system. It is ap-
plicable to the calculation of rockfall risk of natural 
and man-made slopes (Saroglou et al, 2012; 
Pierson et al, 1990). It defines twenty (20) rating 
parameters, grouped into four (4) major categories 
according to the hazard and consequences. The 
methodology contains different weights in the as-
sessment of the total risk. 

The first category of hazard, category A, in-
volves parameters, related to the geometry of the 
slope (angle, height, slope roughness and vegeta-
tion) and the height of the rockfall release areas. 
Category B parameters refer to the geological and 
rock mass conditions of the slope. These parame-
ters describe the conditions of rock are discontinui-
ties, intact rock strength, presence of karst, block 
volume and number of potential blocks. 

Category C parameters relate to the potential 
triggering factors (rainfall, seismicity of the area) 
and drainage conditions of the groundwater on the 
rock stability. Category D parameters refer to the 
consequences impact on structures and associated 
elements, as well as the accessibility of the slope. 

The weight for each category varies, depending 
on the importance of the parameters involved. 
More specifically, category A is given a weight of 
25% to the total risk score, while B 25 %, C 10% 
and D is given 40 % (Saroglou et al, 2012). The 
sub categories and their weight in total risk scores 
presented in Saroglou et al (2012).  

The proposed risk rating system has been de-
veloped on an empirical basis, with the weight of 
categories and parameters and the parameter rat-
ing, based on geo-engineering judgment and facts. 
The proposed risk system was designed with spe-
cial emphasis on rating of natural rock slopes. 

Each parameter has an internal exponential, in-
crease of rating, between 10 and 100, as one move 
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from favourite to adverse conditions. The parame-
ter is rated and then is multiplied by a respective 
weight factor. Finally, the total risk score is calcu-
lated by summing the individual score of each pa-
rameter. 

Based on the rating method proposed, a slope 
with the highest risk will have a total weighted 
score of 100 in a 10 to 100 scale. In order to classi-
fy the risk against rockfall, the proposed risk clas-
sification system has five categories, very low to 
very high risk (Table 01) (Saroglou et al, 2012). 

4 DATA AND METHODOLOGY 

Available data for the study area was collected 
prior to the detailed field investigations. 
Topographic maps and satellite images are 
important data sources to get an idea about the 
terrain condition and accessibility, prior to the field 
investigation. 

 
Fig. 1 Location map of the study area (Source: Topo-
graphic map of Hanguranketha Sheet No. 62 published 
by Survey Department, Sri Lanka) 

 

 

 

 

 

 

 

Table 01: Rockfall risk classes and indicative pro-
tection measures (Saroglou et al, 2012) 
Risk 

class 

Total 

weight 

score 

(1-100) 

Risk Indicative Protection 

Mesure (Choice is site 

specific) 

I < 20 Very 

low 

Not necessary. May be 

sparse spot interven-

tions. 

II 21-40 Low In limited extent 

III 41-60 Medium Light measures (such 

as bolts, nets, removal 

of unstable blocks, 

simple light fences) 

IV 61-80 High Combination of active 

(such as bolts, an-

chors) and passive 

(such as nets, wire 

rope cables, buttress 

walls, fences removal 

of unstable blocks) 

measures 

V 81-100 Very 

high 

Critical state of stabil-

ity, combination of 

generalized or/and 

strong active and pas-

sive measures. Residu-

al risk to be accepted. 

Topographic maps are in 1:10,000 scale and 
published by the Survey Department of Sri Lanka. 
Field contour survey data and cross sections were 
used for detailed field data collection. 

In detailed geological mapping, area was divid-
ed into zones. Boundary between zones was de-
fined by the rock contact and its strike direction. In 
each road segment details of the rock type, their 
weathering grade, type of discontinuity (foliation, 
joints, faults and beddings) and their orientations, 
discontinuity properties (intensity, persistence, in-
filling) were collected during the detailed mapping. 
Details of slope dimensions were obtained by 
measuring the slope angles, slope heights and sur-
vey cross sections. 

Stereographic projection method was used to 
identify the mode of failures in each defined seg-
ments during the analysis. Discontinuity data were 
plotted on a stereonet by using software Dips v.5.1 
and analysed to identify the possible mode of fail-
ures in each road segment. 

Depending on the mode of failure, limit equilib-
rium analysis was performed for each road seg-
ments using the relevant sub packages of 
Rocscience software. Limit equilibrium analysis 
for plane failures and wedge failures were ana-
lyzed by Roc Plane 2.0 software and Swedge 
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5.0 software respectively. Above mentioned Rock-
fall risk rating system was used to assess the risk 
category of the road trace. Based on the risk as-
sessment and the factor of safety, suitable remedial 
measures were proposed. 

4 RESULTS AND DISCUSSION 

Rock slope in between chainage 50+000 km to 50 
+095 km is composed of moderately weathered 
Garnet Biotite Gneissic with several joint sets. 
Joint sets were more closely spaced and certain lo-
cations rock blocks exist in 1 m length in separa-
tion. Rock discoloration was seen due to the 
weathering along the joints (Fig. 2a). Joints persis-
tency was 5 m and intensity was 2 per meters. Dis-
continuities contained filling materials in highly 
weathered zones. In weathered zones, joints were 
filled with clay of weathered feldspar. 

Based on discontinuity contour plot, 2 pole 
concentration maxima were obtained for 8 discon-
tinuity data sets (Fig. 3). According to the analysis 
three major joint sets were identified between the 
chainage 50+000 km to 50 +095 km.  

Kinematic analysis was performed to identify 
the possible mode of failures. In plane failure anal-
ysis the pole of joint 2 (690/0300) falls within the 
daylight envelope zone of failure possible area. 
Therefore, occurrence of a planar failure is possi-
ble in this location (Fig. 4). 

 
 

Fig. 2 View of the rock slope (a) at 50+065 km 
chainage (b) 50+ 110 km 

 
The rock slope in between chainage 50+090 km 

to 50 +285 km composed of Charnokitic Gneissic 
rock inter banded with Quartzite layers about 1m 
thick. Weathering grade of Charnokitic Gneiss is 
moderate to fresh and completely weathered soil 
overburden exists on the crest region of the slope. 
According to the field observations several discon-
tinuity sets could be identified in the area. The 
joints are filled with clay infilling which facilitate 
rock sliding. In this location discontinuity surfaces 
are stepped and undulating in shape and rough. 

Kinematic analysis performed to identify the 
possible failure modes depict that the analysis car-
ried out for occurrence of a wedge failure, discon-
tinuity intersection of joint 2 (660/1560) and joint 
3 (760/1040) falls within the risk zone of the plane 
friction cone (Fig 5). Hence, there is a possibility 
of occurrence of a wedge failure in between the 
chainage. 

According to the limit equilibrium analysis for 
planar failure between 50+000 km to 50 +095 km 
the factor of safety was 0.78 (Fig. 6). The factor of 
safety for wedge failure between 50+090 km to 50 
+185 km was 0.82 (Fig.7). In both cases, the factor 
of safety is less than 1, therefore, stability 
measures should be applied to increase the factor 
of safety. 

The Rockfall Risk Rating system was applied 
along the rock slope for both sections, since the 
parameter rating differs for each slope area. The 
application of this risk rating is shown in Table 2. 
Parameters vary from one slope segment to an 
other. Slope angle and height was obtained as field 
measured data in both cases. Release height is the 
block release height as a propotion from the total 
slope height. The slope roughness is a measure of 
the acceleration and determines the favor of 
acceleration or the bouncing. In both slope cases 
the surfaces are planar and smooth, which facilitate 
the acceleration. 

 
Fig. 3 Pole contour diagram of discontinuities -
chainage in between 50+000 km to 50 +095 km 

 
Fig. 4 Kinematic analyses of rock cut slope for planar 
failures chainage in between 50+000 km to 50 +095 km 

 

(a) (b) 
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Fig.5 Kinematic analyses of rock cut slope wedge fail-
ures chainage in between 50+090 km to 50 +185 km 

Availability of vegetation has a considerable ef-
fect in weighting process. Dense vegetation with 
high trees reduces the risk parameter weight while, 
sparse vegetation or no vegetation provide a high 
value. Section A contains low raised bushes and 
vegetation therefore, the rating is 30. Similarly, 
sparse vegetation available along the section B and 
the weight increases up to 60. 

 

 

Fig.6 Limit equilibrium analyses for the cut slope with 

discontinuity controlled planar failure for  normal dry 

condition - chainage in between 50+000 km to 50 +045 

km 

 
In both slope segments, joint openings are 

moderate openings of 8mm-10mm with filling ma-
terials of clay with minute amount of weathered 
rock fragments. Therefore, the rating is 30 for both 
cases. Block volumes and number of blocks were 
estimated by the details obtained as the results of 
limit equilibrium analysis. In both wedge and pla-
nar cases the dimensions and the volumes of 
blocks were obtained with the results. 

Karstic features were not available for the area 
and the rainfall can be determined as seasonal. 
Permeability of the slopes were moderate as they 
have considerable amount of joints. The orienta-
tion of the joints are favorable for occurrence of 
failures, as explained by the results of limit equi-
librium analysis. 

 

 

Fig. 7 Limit equilibrium analyses for the cut slope with 

discontinuity controlled wedge failure under normal dry 

Condition  

 

Table 2: Application of proposed risk rating system for 

slope section (The value in the parenthesis is the un-

weighted rating for each parameter) 

No Parameter 

Weight 

Factor 

Section on slope 

50+000 

km to 50 

+095 km 

(A) 

50+090 

km to 

50 +185 

km (B) 

1 Slope angle A/7 % 7 (100) 7(100) 

2 Slope height A/4 % 2.4(60) 2.4(60) 

3 Release area 

height 

A/7 % 

2.1(30) 4.2(60) 

4 Slope roughness A/3 % 0.9(30) 0.9(30) 

5 Vegetation of 

slope 

A/4 % 

1.2(30) 2.4(60) 

6 Roughness of 

joints/ fillings 

B/6 % 

1.8(30) 1.8(30) 

7 Orientation of 

joints 

B/5 % 

3(60) 3(60) 

8 Persistence of 

joints 

B/4 % 

2.4(60) 2.4(60) 

9 Joint strength B/1 % 0.4(30) 0.6(60) 

10 Strength of intact 

rock 

B/1 % 

0.6(60) 0.6(60) 

11 Block volume B/4 % 2.4(60) 1.2(30) 

12 Estimated number 

of blocks 

B/2 % 

0.6(30) 0.6(30) 

13 Karstic feature B/2 % 0.2(10) 0.2(10) 

14 Rainfall C/3 % 1.8(60) 1.8(60) 

15 Permeability C/3 % 0.45(15) 0.45(15) 

16 Seismicity C/4 % 0.4(10) 0.4?(10) 

17 Catchment zone 

width 

D/10 % 

1.5(10) 1.5(10) 

18 Rockfall history D/5 % 0.75(15) 0.75(15) 

19 Accessibility D/5 % 0.75(10) 0.75(10) 

20 Potential impact D/20 % 12(30) 12(30) 

Score on 10 to 100 

scale 

 42.65 44.95 

Risk  Medium Medium 
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Seismic acceleration is under the lowest 
catergory of weighting as the acceleration 
coefficient is considered as less than 0.16. The area 
is often threatened by the rockfalls, therefore the 
rockfall history is considered as often. Both slopes 
can be accessed conveniently, therefore, most of 
the stabilization measures can be applied to the 
location. In such case, the parameter ranking 
becomes a lower weight of 10. Potential impact 
and value of the structures are high in both slope 
segments. The reason for high impact is that the 
area has frequent human presence with the 
numerous houses. 

According to the total weight assessment, 
both segments fall within the catergory of 
moderate risk level. Indicative remedial measures 
given by the rating system are the light measures 
(such as bolts, nets, removal of unstable blocks, 
simple light fences). 

Several mitigation designs can be applied to 
reduce the rockfall threat along the rock slope 
segment. For the segment of 50+000 km to 50 
+095 km,  a bench design with a bench angle of 
70

0
, bench height of 8m and width of 3.5m have a 

factor of safety of 1.467. Hence, the option can be 
considered as suitable remedial solution for the 
slope segment (Fig 8).  

 
Fig. 8 Limit equilibrium analyses with benches of the 
cut slope - chainage in between 50+000 km to 50 +020 
km 

Rock bolting design for the slope segment 
50+090 km to 50 +185 km with optimum rock bolt 
configuration, which can be used as follows: the 
distance between bolts is 2m, the length of the bolt 
is 5m, the bolts are placed 150 from the horizontal, 
the capacity of the rock bolt is 75kN and the rock 
bolt type is end anchored (Fig 9). The resultant 
factor of safety with the above mentioned bolt 
configuration is 1.617. Therefore, rockbolt 
insertion can be considered as a suitable mitigation 
measure. As an alternative option, a bench design 

with 6m bench height and 3.5 m bench width can 
be introduced. The design achieves a global 
minimum factor of safety of 1.335 (Fig 10). 

 

 
Fig. 9 Limit equilibrium analyses with rock bolts of the 

cut slope - chainage in between 50+090 km to 50 +185 

km 

 

 
 

Fig. 10 Limit equilibrium analyses with benches of the 
cut slope - chainage in between 50+090 km to 50 +185 
km 

5 CONCLUSIONS 

Predominant types of instability along the road 
trace are planar and wedge failures. The risk as-
sessment revealed that, the investigated road trace 
is under medium risk level. For medium risk level, 
the indicative protection measures proposed by the 
risk rating system are the light measures (such as 
bolts, nets, removal of unstable blocks, simple light 
fences and benches). Therefore, the remedial 
measures, rock benches and rock bolting were pro-
posed based on the factor of safety. Remedial 
measures proposed from the risk rating system and 
results obtained by limit equilibrium analysis had 
an agreement in proposing mitigation strategies.  
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ABSTRACT: Any Environmental Management Plan (EMP) outlines how a construction project would avoid, 

minimize and mitigate environmental impacts due to project actions. Under Climate Resilience Improvement 

Project (CRIP) implemented by the Government of Sri Lanka with the financial assistance from the World 

Bank, eighteen (18) unstable slopes in Kandy -Mahiyangana Road are being rectified. As many of these sites 

are located in hill country in terrains identified as environmentally sensitive areas ensuring construction 

activities incompliance with national environmental regulations and within the norms of construction site 

safety are an obligatory responsibility of the Consultant; NBRO, as well as the Client; RDA and the financing 

agency; IDA. In view of this the management of NBRO deployed its environmental expertise to assess the 

project status to establish a sound EMP; a system with the capability to satisfy both mandatory and 

conservatory norms and environmental protection measures.  

The initial screening assessment and review of implementation of system led to develop a customized EMP 

system for construction based landslide mitigation. The EMP system consists of 40 performance indicators 

under eight (08) categories. The system implementation is obligatory to the Contactors working at site, and its 

performance should be surveillanced by the Consultant, progress of performance should be reported with 

quantifiable performance indicators to the Client and other partner agencies. In the implementation of EMP, 

NBRO as the Consultant regular monitoring at site to inspect the performance of EMP were made by 

appointing an environmental officer fulltime to ensure that corrective actions which are taken to rectify EMP 

violations and corrective actions are taken on time. The NC which do not rectify within 4-5 days are raised as 

Non Conformance Record (NCR). The unattended NCR were taken to deduct the component under 

environment management of BOQ.  

The EMP progress over project phase revealed that out of 08 categories, Noncompliance’s (NC) were 

reported in five (05) categories during the implementation period. Not wearing personal protective equipment, 

dusting, poor site management, slope exposed to raindrop erosion are major areas where NC were raised. 

Monitoring the execution of EMP through close supervision, raising NCR, discussion in monthly meetings 

were supported to reduce the negative impact on environment during landslide mitigation. However, further 

inclusions to overall framework are suggested to improve the performance of the EMP system. 

 

Key words: Environmental Management Plan, Noncompliance, Rectification  
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1. INTRODUCTION 

The Landslide Research & Risk Management 

Division (LRRMD) of National Building Research 

Organisation (NBRO) is the focal point for risk 

management of landslides and related geohazards 

in the country, and has established short-term and 

long-term mechanisms for landslide disaster risk 

management in Sri Lanka. As the mandatory 

agency in the management of landslide hazard, 

NBRO expanded its scope in to several areas 

beyond the landslide hazard zonation and now 

engaged in much important structural mitigation 

measures which require unique blend of 

capabilities in geology and engineering. Currently, 

under several funded projects, LRRMD is carrying 

out several landslide mitigation works for landslide 

affected areas in 10 landslide prone districts in the 

country.  

The Climate Resilience Improvement Project 

(CRIP) implemented by the Government of Sri 

Lanka with the financial assistance from the World 

Bank is one such project and the project 

encompasses rectification of hillside road cuts 

currently threatened with slope instability. In 

mitigation, road and bridge improvements are 

identified as sub component in building climate 

resilience of infrastructure of CRIP.  Under this, 

CRIP financed rectification of  eighteen (18) 

unstable slopes located  between 29+050 km and 

60+000 km of Kandy -Mahiyangana Road under 3 

packages; The project management system is 

operated under the Transport Continuity 

Programme of CRIP, and is implemented by the 

Road Development Authority (RDA), and 

mitigation of roadside landslides is a major 

component of it. NBRO with its unique expertise 

in landslide management serves as the Consultant 

and involve in site investigations, designing slope 

mitigation measures, tendering and construction 

supervision activities. 

As many of these sites are located in hill 

country in the terrains identified as highly 

environmentally sensitive, ensuring   construction 

activities incompliance with national 

environmental regulations and construction site 

safety norms are an obligatory responsibility of the 

Consultant; NBRO, and also the Client, RDA. The 

paper presents the procedure followed and 

improvement in implementation of environmental 

management system for slope rectification works 

in eighteen (18) unstable slopes located between 

Kandy -Mahiyangana Road. 

1.1 Objective of Environmental Monitoring 

Under provisions of Part IV C of the National 
Environmental Act (NEA) No. 47 of 1980 as 
stipulated in Gazette (Extra Ordinary) No. 772/22 
dated June 24, 1993 made environmental 
assessment (EA) as a legal requirement for a range 
of development projects. The list of projects 
requiring an environmental impact assessment 
(EIA)/ initial environmental examination (IEE) is 
prescribed in the above Gazette notification. The 
proposed construction mitigation of road sections 
under CRIP activities do not fall under the 
prescribed project requiring an EA. However, 
several of other mandatory requirement 
complementary to environmental management 
should be complied and necessary approvals 
should be obtained from relevant authorities and 
agencies to execute the project. In addition, the 
project should comply with environmental criteria 
of the project financing agency; the International 
Development Association (IDA) resources: the 
World Bank Operational Policies (OPs) for 
safeguards. 

1.2 Study area 

Fig.1 shows the road section between 29+050 km 

and 60+000 km of Kandy –Mahiyangana Road 

considered for slope mitigation activities. This 

includes eighteen (18) unstable slopes located in 

the section and are mitigated under 3 packages; 

CRIP/ Works/ RDA/ NCB/ 305 (Locations 01 to 

07), CRIP/Works/RDA/NCB/ 306 (Locations 08 to 

11 and Location 18), CRIP/ Works/RDA/NCB/307 

(Locations 12 to 17). 

Fig 1. Locations of mitigation sites in Kandy-

Mahiyangana Road 
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2. METHODOLOGY 

Initially, environmental management requirements 

of landslide mitigation projects were studied in 

detail by a team of senior level scientists in 

Environmental Studies and Services 

Division/NBRO. The studies were then extended 

to review environmental management practices in 

similar construction projects to find out their 

adequacy and appropriateness as a suitable system 

to adopt for management of environmental quality 

in landslide mitigation projects; reviews were 

extended under following areas; 

 Statutory, regulatory requirement to grant 

permission to carry out construction activities 

at the site. 

 Requirement of National Environmental Act 

and environmental management considerations 

of partner agencies of landslide rectification 

projects (regulations and environmental 

guideline documents). 

 Adequacies of current Environmental 

Management Plans (EMP)s, documentation 

systems in similar projects; Existing EMP 

guidelines for construction mitigation of 

landslides, inclusion of relevant sections in the 

bid documents, assessments of the Contractors 

capacities in EMP implementation, on-site 

monitoring and reporting, preparation of 

environmental method statement, final 

reporting format etc. 

 Identification of gaps in implementation of 

EMP process. 

 Performance of environmental monitoring 

system. 

3. RESULTS AND DISCUSSION 

3.1  Statutory, regulatory requirement to grant 

permission to carry out construction activities at 

the site: 

The landslide mitigation projects are not listed as 

prescribed projects by the Environmental Act. 

However, that can be prescribed project by the 

virtue of its location, for eg: if the site is located in 

an area listed under part III of the schedule in 

National Environmental Act. All mitigation 

projects support some degree of environmental 

protection such as by imposing slope stabilization 

whereas sediment dislodge and erosion are 

controlled. None of the sites under study required 

an Environmental Assessment as mandatory. But, 

all of them required several clearances, consents 

and approvals depending on the locations, the 

ownership, and conservation status etc. which 

support environmental quality improvement. Table 

1 summarizes different approvals required for the 

18 sites considered for mitigation. The analysis of 

regulatory prerequisites show that majority of sites 

are in state lands within natural reservations. 

Therefore, necessary approvals are to be obtained 

by the contractor from relevant departments by 

indicating that the reservation areas expected be 

cleared for construction activities and articles such 

as boulders and trees to be removed etc. Consent 

from ownership is required if a site is located in a 

privately owned land. All projects required 

disposal yards for disposal of earth and debris. The 

requirement is that the Contractor should find and 

provide details on suitable sites for which 

approvals are granted by the local regulation 

bodies if the disposal site is under their 

jurisdiction. And granting approval for disposal 

sites are subjected to number of factors which are 

environmentally sensitive such soil erodibility, 

close proximity to waterways (about 200m away) 

sensitive areas/human settlement, distance from 

main roads and nuisance during unloading & 

loading. Further, the Contractor should obtain a 

license to extract and transport of earth gavel and 

metal under the Act of Geological Survey & Mines 

Bureau. 

Table 1. Approvals required to be obtained for 

mitigation sites 

Clearance  

No of sites 

requiring the 

clearance 

1. Ownership Consent 1 

2. Regulatory: Land 

reforms commission 
4 

3. Felling of trees 17 

4. Conservation : forests 

/wildlife reservations 
13 

5. Construction waste 

management 

regulations 

18 

6. Extraction and 

transportation of earth, 

gravel & metal  

18 

3.2 Adequacy of current Environmental 
Management Plans (EMP)s and documentation in 
similar projects and the level of document quality:  

The scope covered the existing EMP guidelines for 

construction mitigation of landslides, inclusion of 

relevant sections in the bid documents, 
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assessments of Contractor’s capacities in EMP 

implementation, on-site monitoring and reporting, 

preparation of environmental method statement, 

final reporting format the client organization etc. 

As required by the NBRO management, the 

NBRO as the Consultant performed a significant 

task in improving the quality of maintaining the 

Environmental Management Plan and in the 

reporting system. 

Poor competence and low attention to maintain 

systematic environmental reporting are common 

among all contractors. In the process of 

implementation a significant improvement to 

environmental reporting system from the 

Contractor was observed. Also NBRO developed 

its own reporting system in accordance with the 

standard EMP reporting guidelines. 

3.3     Identification of gaps in the implementation 

of EMP process 

The requirement of Client and funding agency is 

keeping a full time environmental officer at site 

from the contractors’ side and the consultant 

(NBRO) should ensure that necessary staffing is 

available from both parties for effective 

implementation of EMP. The staff availability and 

commitment of contractor was marginal at most of  

the time and burdened extra load of work on 

NBRO officers to push the contractor towards 

meeting required level of EMP implementation. 

3.4  Implementation of EMP and monitoring 

performance 

As the Consultant of the project with obligatory 

requirement to safeguard environmental quality in 

the country, NBRO had several challenges to face 

and to overcome.  

a) Many mitigation sites were located in highly 

environmentally sensitive terrains with high 

susceptibility for erosion and sediment dislodge. 

b) Improvement within the organization had to be 

made on the EMP performance monitoring and 

reporting system in par with the general 

requirements of inspection systems with respect to 

document quality and with the involvement of 

professionals having required levels of expertise. 

As a management decision, the staff organization 

of EMP from the Consultant side was changed to 

hierarchical management system opposed to 

commonly practice single environmental officer 

engaged in the EMP monitoring. Although, some 

of the quality aspects were higher than the 

expected level of   partner agencies, a decision was 

taken to maintain the levels in par with standard 

environmental monitoring criteria as much as 

possible within the allocated financial resources.  

c) The EMP performance criteria developed by 

NBRO has performance monitoring indicators 

much higher than that used in other development 

projects, and includes 40 different indicators in 08 

different categories developed based on the EMP 

of Bid document of the project. The categories 

included fauna, flora, vegetation and historical 

places, air pollution control, noise pollution and 

vibration control, water sources and quality, health 

and safety, traffic management, disruption to 

public, and waste management, on-site cleanliness, 

erosion and sediment dislodge, runoff 

management.  

The environmental team of contractor should 

implement and report by checking the compliance 

of EMP for the 40 indicators under above 

categories. Unmet requirements are reported as 

Nonconformities (NC) and recorded in log books 

maintained at the sites by the Environmental 

Officer of consultant during his regular 

surveillance, the requirement is that for each NC 

the contractor should make rectification at the 

earliest possibility. NCs which are not rectified 

within practical minimum time are raised as 

confirmed Non Conformance Record (NCR). The 

unattended NCRs lead to deducting respective 

payment component under environment 

management of BOQ. The EMP system ensures 

that EMP progress reports made according to given 

standard reporting system are submitted to the 

Client, followed by monthly review meetings to 

discuss the issues arose  during the implementation 

of EMP.  

3.5   The performance of environmental monitoring 

This section discusses the performance of 

environmental management system at 18 landslide 

rectifications sites interpreted as percentage of 

non-conformities over total indicators considered 

for the given period. Out of eight categories, 

Noncompliance’s were reported only in five (05) 

categories during the implementation period. They 

are; Health and Safety, Waste Management, Air 

pollution control, Traffic Management and 

Disruption to public. Distribution of 

Nonconformities in each category is presented in 

Fig 2. 
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When considering the distribution of NC     

(Fig. 3) in 18 sites with categories, it is obvious 

that higher percentage of NC was reported for 

health and safety issue. At some sites; site L9& 

L12, the NC percentage for health and safety issue 

was 100%. More than 50% of NC in the same was 

noticed in other sites L2, L5, L8, L13, and L15. 

Unsatisfactory waste management of site was the 

other major issue at almost all the sites. The waste 

(excavated earth, rubbles and debris) were not 

removed regularly from the sites prone to cause 

blocking of the drainage paths during rainy period 

(Fig 4.). This issue was noticed at a level of 70% 

of NC in site L14. Also, this Noncompliance was 

observed in Sites L2-L8, L10, and L13.  

Air pollution from machines (drilling and shot-

creating), dust generation from site clearance and 

construction were also reported as NCs in several 

occasions (Fig. 5). Not keeping a flagmen, not 

providing adequate sign boards, not providing safe 

and convenient passage for vehicles and 

pedestrian, not removing unsafe boulders 

immediately were the issue reported at sites 

located close to Kandy – Mahiyanganaya Road.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Fig. 7 shows the number of NCs raised for 

05 major categories within the month. 

Accordingly, the highest number of NCs was 

Fig.4 Blocking of drains due to earth 

Fig.5 Dust emission from drilling machine  

 

 

 
Fig.6 Not wearing PPE 

 

Fig. 2 NC Distribution (Period Aug. 2015 – Jul. 2016)  
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reported for health & safety issue; not wearing 

Personnel Protective Equipment (PPE) (Fig.6).  

The total number of NC were 70 for the 1st 

month, however, the level decreased sharply in the 

9th and 10th months. NC on waste management is 

also in a reducing trend with time.  

 

 

3.6   Complaints  

Throughout the monitoring period, no complaints 

were received from any party. NBRO has been 

constantly engaged in supervision of contractor’s 

EMP implementation closely on the performance 

of EMP and maintaining transparent reporting 

system to all parties concerned while pursuing the 

contractor maximally on keeping up the agreed 

level of EMP. 

4. CONCLUSION 

Monitoring the execution of EMP through close 
supervision, raising NCR, systematic reporting, 
reviewing the performance at monthly meeting and 
being transparent in reporting were immensely 
helpful to reduce number of NCs. Although, it was 
a difficult task initially to make the Contractor 
adhered to conformance of EMP, the performance 
monitoring and reporting system had significant 
impact on improving the system to the required 
level of performance. Lack of awareness on the 
obligation of EMP requirement and less attention 
given by the contractor, which however is common 
to many construction projects in the country, were 
the biggest challenges that NBRO officers had to 
face in maintaining EMP performance. Also, 
throughout the process, NBRO included various 

goodwill tactics, sometimes deviating from the 
contractual terms, to ensure required performance 
levels. 

In conclusion, it can be stated that NBRO as the 

Consultant organization in the landslide mitigation, 

the EMP process in construction remediation of 

landslide sites suggests further upgrading in 

several other areas consisting of defining a  set of 

environmental  criteria to include in the contract 

documents bound by cost component not less than 

a substantial percentage of the contract sum,  

payment terms given as a breakdown instead of a 

lump cost for implementation of EMP to make 

contractor more obliged for EMP, inclusion of 

clauses to halt executing project action on 

unsatisfactory EMP performance, making 

instrumental monitoring obligatory, and extending 

monitoring in to evaluating environmental 

compatibility of designs, construction 

methodologies and optimum resources 

management , and allocation of additional funds 

for high quality EMP monitoring will help to 

improve the EMP system. 
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ABSTRACT: It very important to get the slope disaster records and rainfall data for deciding the threshold 
limits for a disaster causing rainfall event. NBRO has succeeded in acquiring the detailed disaster records as 
well as their occurrence time and rainfall data for every 30 minutes during the slope disaster event which 
occurred in May, 2016. The present study elaborates the threshold limit of disaster causing rainfall of Kegalle 
district which was set using these slope disaster records and rain fall data acquired by NBRO. Threshold limits 
were calculated by two methods called hourly rainfall and working rainfall because, in the case of short-term 
heavy rains last less than one hour, it was difficult to issue a warning alert only by the hourly rainfall index. 
Threshold limits by working rainfall was given for both the long-term and short-term heavy rains less than one 
hour. The threshold limit by hourly rainfall was set at 100mm/24hr and the threshold limits by working rainfall 
was given by a numerical formula which was obtained by the statistical methods for the Kegalle District. 

1. INTRODUCTION 

The slope disasters occur due to the rainfall at the 
time of disaster as well as due to the rain before the 
disaster. The degree of influence of rainfall before 
disaster decreases depending on the time from a 
disaster.  

 Current study focused on landslide and slope 
disaster records in Kegalle district considering the 
fatal incidences occurred in the district in the 
month of May, 2016. Eleven (11) critical 
incidences covering landslides and cutting failures 
were considered for the study. 30 minute rainfall 
data corresponding to the disaster period were 
statistically analysed and rainfall index for 
threshold limits were calculated by two methods 
named hourly rainfall and working rainfall1). 
Hourly rainfall was calculated considering 24- 
hours rainfall before the disaster time and 1 hour 
rainfall at the time of disaster. Meanwhile the 
working rainfall is a cumulative rainfall that 
considered the influence of rain fall up to 72 hours 
before the disaster. Alerts for hourly rainfall is 
given by two means considering the threshold 
values of 1 hour before and 24 hours before the 
disaster consecutively while the working rainfall is 
given the alerts by a single straight line. Because of 

that, the missing alerts can be reduced using the 
alerts given by working rain fall. 

2. SLOPE DISASTER RECORDS AND RAIN 

FALL DATA 

2.1 Disaster records 

Eight (8) cutting failures (CF) and three (3) 
landslides (LS) records used for the study are 
tabulated in the table 1. 

2.2 Rainfall data adjustment 

Available rainfall data was collected for the period 
from 09:00 hrs on 12/ 05/ 2016 to 21:00 hrs of 18/ 
05/ 2016 covering the disaster period and the rain 
gauge set time was taken at 09:00 hrs each day. 
Further, the raw data available for calculations are 
the daily accumulation rainfall. Therefore, the raw 
data was returned to observation data from the 
available 30 minutes rainfall, because the hourly 
rain fall are used to analyse the rain characteristics.  
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Table 1. Disaster occurrence time, Kegalle district in 

Sri Lanka (2016, NBRO) 

 

2.3 Analysis of the rain characteristics 

Major rain events that causes the slope disasters 
were found using a graph of time Vs. 1 hour 
rainfall before the incidence (Figure 1).  Slope 
disaster causing and non-causing rainfall was 
delineated with the help of above graph. 

Disaster records were plotted in an X-Y graph 
of 24 hours rainfall Vs. 1 hr rainfall to find the 
hourly rainfall. 

The working rainfall was obtained by the 
following equation (Equation 1). 

Rw = ∑ α1i * R1i α1i = 0.5i/T  (1) 

Where Rw = working rainfall; α1i = deduction 
coefficient at the time i- hour ago; R1i = one hour 
rainfall at the time i- hours ago; T = half- life 
(days). 

3 RESULTS AND DISCUSSION  

3.1 Rainfall and slope disaster events 

1hr-rainfall before and after the slope disaster 
events are shown in Figure 1. All slope disasters 
were caused by two rain events. The rainfall data 
which causes the slope disasters are called as the 
causing rainfall. 

 

 

 

 

 

 CF-1, CF-2, CF-3, LS-1, CF-4, CF-5 : 
15-May-2016, 8:30pm  to  16-May-2016, 
1:00am 

 LS-2, LS-3, CF-6, CF-7, CF-8  : 
17-May-2016, 1:45am  to  17-May-2016, 
4:00pm 

The rainfall that a slope disaster did not occur is 
called “Non-causing rainfall” and is shown as a 
circle (○) in Figure 1. Non-causing rainfall should 
be used to set the threshold limit. 

3.2 Hourly rainfall and working rainfall 

Hourly rainfall and working rainfall are calculated 
as a rainfall index for threshold limits and the 
results are tabulated in Table 2. 

 Hourly rainfall : R1 (1hr-rainfall, 1hr 
before) and R24 (24hr-rainfall, 24hr 
before)  

 Working rainfall : Rw1.5 
(T=1.5hr), Rw6 (T=6hr), Rw12 (T=12hr), 
Rw24 (T=24hr), Rw72 (T=72hr) 

 
3.3 Threshold Limits by Hourly Rainfall  
 

Threshold limits by hourly rainfall in Kegalle 
district was obtained from the disaster records and 
rainfall data of 24 hours rainfall Vs. 1 hr rainfall to 
find the hourly rainfall (Figure 2).  

Disaster No. District Gn Village Type Date Time 

CF-1 Kegalla Udabogala Jayalath CF 15-05-2016 8.30pm 

CF-2 Kegalla Kegalla Bossalla CF 15-05-2016 10.30pm 

CF-3 Kegalla Kegalla Bossalla CF 15-05-2016 11.00pm 

LS-1 Kegalla Kegalla Jambugasdeniya LS 15-05-2016 11.15pm 

CF-4 Kegalla udabogalla Upali CF 15-05-2016 11.55pm 

CF-5 Kegalla Udabogala Gamini CF 16-05-2016 1.00am 

LS-2 Kegalla Kegalla Jambugasdeniya LS 17-05-2016 1.45am 

LS-3 Kegalla Dewella Madagama LS 17-05-2016 12.00pm 

CF-6 Kegalla Kegalla Bossala CF 17-05-2016 1.00pm 

CF-7 Kegalla Somathilaka Jambugasdeniya CF 17-05-2016 2.30pm 

CF-8 Kegalla udabogalla Abekoon CF 17-05-2016 4.00pm 
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The threshold limit is set at 100mm/24hr. The 
threshold limit does not need to be set for the 1hr 
rainfall, because the 1hr rainfall is too small. 

 
Fig. 1 Rainfall & Slope Disaster Events 

 

Table 2 Rainfall index, hourly rainfall and working 

rainfall 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disaster

No.
District Gn Village Type Date Time

1hr

Before

24hr

Before
T=1.5 T=6 T=12  T=24 T=48  T=72

CF-1 Kegalla Udabogala Jayalath CF 15-05-2016 8.30pm 14.8 157.5 30.3 79.3 109.9 136.8 159.0 169.0

CF-2 Kegalla Kegalla Bossalla CF 15-05-2016 10.30pm 14.5 184.3 34.2 88.4 123.9 155.6 181.1 192.4

CF-3 Kegalla Kegalla Bossalla CF 15-05-2016 11.00pm 18.8 194.5 38.8 94.1 130.9 163.8 190.2 202.0

LS-1 Kegalla Kegalla Jambugasdeniya LS 15-05-2016 11.15pm 21.5 205.0 43.1 100.2 138.5 172.6 200.0 212.1

CF-4 Kegalla udabogalla Upali CF 15-05-2016 11.55pm 23.3 217.3 47.7 107.1 146.8 182.4 210.8 223.3

CF-5 Kegalla Udabogala Gamini CF 16-05-2016 1.00am 11.0 228.0 41.1 106.4 149.6 188.2 218.7 232.2

LS-2 Kegalla Kegalla Jambugasdeniya LS 17-05-2016 1.45am 1.5 109.3 13.9 50.1 104.9 185.0 262.7 299.2

LS-3 Kegalla Dew ella Madagama LS 17-05-2016 12.00pm 16.3 101.5 17.2 40.1 86.8 169.2 260.1 305.4

CF-6 Kegalla Kegalla Bossala CF 17-05-2016 1.00pm 7.5 102.3 18.4 43.2 89.5 171.9 263.8 310.0

CF-7 Kegalla Somathilaka Jambugasdeniya CF 17-05-2016 2.30pm 26.8 122.8 36.8 63.6 109.1 191.5 285.0 332.3

CF-8 Kegalla udabogalla Abekoon CF 17-05-2016 4.00pm 3.5 124.8 23.5 59.0 105.8 189.4 285.0 333.7

ND-1 13-05-2016 4.00pm 14.3 16.3 14.3 15.0 17.4 20.5 23.1 24.2

ND-2 15-05-2016 12.00am 22.0 76.3 40.5 61.0 69.8 80.6 92.2 97.9No Disaster (Non-causing rainfall)

Rainfall R [mm] Working rainfall Rw  [mm] 

No Disaster (Non-causing rainfall)
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Fig. 2 Threshold Limits by Hourly Rainfall 
 
 
3.4 Threshold Limits by Working Rainfall  
 
The graph relevant to threshold limit for working 
rainfall is illustrated in Figure 3. Working rainfall 
Rw1.5 and Rw72 are used as a working rainfall in 
this study, because it is thought that Rw1.5 & 
Rw72 are the most reliable rainfall index in Japan. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Threshold Limits by Working Rainfall 

 
 
 
 
 

Critical Line (red line) in the figure 3 was set 
for the threshold limit.  

 

In this case, both a long-term rain and a short-
term heavy rain less than one hour are considered 
for warning alert. Therefore, the working rainfall 
may forecast a slope disaster more precisely than 
the hourly rainfall. 

3.5 Simulation of the actual slope disaster and 
setting of the Evacuation Line (EL) 
 

As a simulation of the actual slope disaster, the 
rainfall when slope disaster CF-1 occurred is 
traced on Figure 4 (The trace of the rainfall is 
called “Snake Line”). The blue line is a trace of 
working rainfall, the blue dots are working rainfall 
every 30 minutes, the red line is Critical Line (CL) 
same as in Figure 3.  

The disasters are highly prone to occur when 
the rainfall shown in the blue line exceeds the CL. 

 
Generally, in Japan, the evacuation line (EL) 

should be set one hour before CL, shown as a red 
dash line in Figure 4. 

 
The numerical formulas of CL & EL shown in 

Figure 4 are given by the equations 3 and 4 
consecutively. 

 

CL :  Rw1.5 = -0.23・Rw72 + 69.39 (3) 

EL :  Rw1.5 = -0.23・Rw72 + 60.74 (4) 

 
 
 
 
 
 

 

 

 

 

 

Fig 4 Snake line of slope disaster, CF-1 

Causing rainfall ( Slope disaster occurrence ) Threshold ( It is almost trusted )
Non-Causing rainfall ( No disaster ) Threshold ( It is not trusted )

Causing rainfall ( Slope disaster occurrence ) Threshold ( It is almost trusted )
Non-Causing rainfall ( No disaster ) Threshold ( It is not trusted )

Causing rainfall ( Slope disaster occurrence ) Threshold ( It is almost trusted )
Non-Causing rainfall ( No disaster ) Threshold ( It is not trusted )

Causing rainfall ( Slope disaster occurrence ) Threshold ( It is almost trusted )
Non-Causing rainfall ( No disaster ) Threshold ( It is not trusted )
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4 CONCLUSION 
 
Based on the result of Chapter 3.3, it is calculated 
that the threshold limit for slope disasters in 
Kegalle district is 100mm/24hr. The threshold 
limit does not need to be set for the 1hr rainfall, 
because the 1hr rainfall is too small. Therefore, in 
the case of short-term heavy rains less than one 
hour, it is difficult to issue a warning alert.  

 
On the other hand, according to Chapter 3.4 & 

3.5, the threshold limit (EL) by working rainfall is 
given the alerts by a single straight line of -0.23・
Rw72 + 60.74. Because of this linear regression 
line, missing alerts can be reduced. Therefore, the 
threshold limits can be issued with a high accuracy 
through the working rain fall values. Further, a 
critical line (CL) was set 1hour before the 
threshold limit which is given by the evacuation 
line given by the -0.23・Rw72 + 69.39.  
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ABSTRACT: Detailed identification of geospatial pattern of an area with the accurate information is a fun-
damental requirement in planning and policy making especially in agricultural decision making. Smallholder 
farmers are in the front line of climate change impacts. Hence, it is very crucial to detailed identification of the 
canal system of the area (including Feeder Canal, Main Canal, Distribution Canal and Field Canal), Agro 
wells, Crop patterns and cultivated lands including paddy lands and non-paddy lands for agricultural decision 
making specially in identifying climate resilience agriculture. Conventional methods have been used at present 
for land-use mapping including remotely sensed satellite image and Google earth image have certain limita-
tions to identify such micro land-use patterns in detail. The main purpose of this research is trying to propose 
an alternative solution by using Unmanned Aerial Vehicle (UAV)/ Drone technology to overcome aforesaid 
difficulty in preparing land-use maps for agricultural decision making. Compared with current alternatives, 
UAVs could potentially provide a superior low cost, adaptable and accurate data gathering tool for planners. 
Pavatkulam GN division of Vavuniya District has been selected as the study area for this research since they 
have adopted to climate agricultural system to overcome water stress of the area.  With the selected three type 
of remotely sensed images (Satellite image, Google earth Image and Drone image) and through the analysis it  
was proven that drone images play fundamental role in providing large  amount of information of earth sur-
face in the study area which are very important for decision making. 

Key words: Land-use Mapping, Climate Resilient Agriculture, Unmanned Ariel Vehicle (UAV) 
    

1 INTRODUCTON 

1.1 Background 

Climate change impacts on agriculture are being 
witnessed all over the world, but countries like Sri 
Lanka are more vulnerable as the most of the coun-
try population is depending on agriculture. The 
warming trend in the world over the past 100 years 
has indicated an increase of 0.60°C. The projected 
impacts are likely to further aggravate field fluctu-
ations of many crops thus impacting food security. 
There are already evidences of negative impacts on 
the yield of paddy and Other Field Crops (OFC) in 
some areas in the country due to increased temper-
ature, water stress and reduction in number of 
rainy days. 

Strategic land use planning is a critical tool to 
mitigate and adapt to hazardous events. Given the 
growing concerns about impacts of climate change, 

there are new imperatives for linking land use 
planning, disaster management and climate change 
as part of an integrated package to address disaster 
management issues in a holistic manner. (Bajra-
charya et al, 2011). Land-use map is a main tool to 
analysis the spatial structure of the area and for ex-
ploring the impact of different scenario conditions 
(Cockx et al, 2013) and different assessments re-
lated to large number of themes and issues (Jones, 
2012) including climate resilience agriculture. 
Land cover and land-use information is a funda-
mental requirement for many different kinds of 
planning in development from local, regional to 
national levels. Land-use information play an im-
portant role in policy decision making in all the 
sectors of a society including Agricultural, Natural 
Resources, Human Settlement etc. Hence, they are 
fundamental for guiding decision making at vari-
ous geographical levels (Eiden, 2012).  

Different type of data collection tools are avail-
able for gathering primary data on land cover and 
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land-use to satisfy the user requirements and the 
information demand. Remote sensing imagery, aer-
ial photo interpretation and data frame sampling 
surveys are more general and widespread methods 
that have been used in many studies for this pur-
pose (Eiden, 2012). But, these have certain limita-
tions of gathering accurate on time land-use data of 
a particular area.  

Aerial photos record all visible features on the 
Earth's surface from an overhead perspective. Alt-
hough the features are visible, they are not always 
easily identifiable. The color characteristics of an 
object, relative to other objects in the photo, are 
used to identify the feature, but it is not ideal for 
identification of vegetation types and/or crop types 
of the area. Aerial photo interpretation and data 
frame sampling are traditional manual methods 
that have been used in past, but presently those are 
not in practice due to time consuming, high cost 
and availability of advanced technologies like re-
mote sensing imagery.   

There are several satellites in operation world-
wide including LANDSAT, SPOT, IRS, IKNOS, 
NOAA-AVHRR, World-view 1 and 2, Quickbird 
and RADARSAT, ERS equipped with specific im-
aging sensors to capture remote sensing imagery. 
Since the 1990s, vast number of satellite missions 
have been dedicated to the observation of Earth, 
and these have captured number of imagery which 
can be used for simple mapping of land-cover (Ei-
den, 2012). Other than satellite images, it can be 
utilized free Google Earth images for land-use map 
preparation as one can see the type of land-uses 
(Building, Water bodies, Roads etc.,) clearly to a 
certain extent (Kumar et al, 2016).                       

1.2 Research Problem  

Accurate and updated land-use information is 
essential as a part of agricultural decision making. 
The use of satellite data and Google Earth image is 
becoming a most attractive method of preparing 
land-use maps instead of traditional field survey 
and aerial photo interpretation methods due to ad-
vancement of remote sensing and other related 
mapping applications like GIS, ERDAS etc. 

It is very crucial to identify the canal system of 
the area (including Feeder Canal, Main Canal, Dis-
tribution Canal and Field Canal), Agro wells, Crop 
patterns and cultivated lands including paddy lands 
and non-paddy lands for agricultural decision mak-
ing specially in identifying climate resilience agri-
culture. There are certain limitations in identifying 
those land-use pattern by using conventional meth-
ods and remote sensing imagery for geo-spatial 

mapping. Both satellite images and 

Google earth images having only lower or medium 
spatial resolution (size of each pixel on the ground) 
in the range of 30m to 80m (purchasing high reso-
lution (0.5m) of image is very costly) . In addition 
to, it may not be possible to obtain a latest satellite 
data or Google images for the particular year. 

 
Accordingly, difficulty to obtaining high reso-

lution, updated images with clear and accurate in-
formation for land-use mapping is main obstacle 
for this kind of studies. The main purpose of this 
research is trying to propose an alternative solution 
of using Unmanned Aerial Vehicle (UAV)/ Drone 
technology for preparing land-use maps for agri-
cultural decision making. Compared with current 
alternatives, UAVs could potentially provide a su-
perior low cost, adaptable and accurate data gather-
ing tool for planners. 

1.3 Unmanned Aerial Vehicle (UAV) technology 

Unmanned Aerial Vehicles (UAVs), commonly 
known as drones, were traditionally used by mili-
taries in countries like the United States, the Unit-
ed Kingdom, and Australia in their surveillance 
operations (Jenkins, 2013, Luppicini, 2016). UAVs 
are no longer exclusively for military use, and with 
innovations in cellular modular technology, they 
are more widely accessible and affordable than ev-
er before (Jenkins, 2013). Drones are now used 
commercially in many countries for mapmaking, 
advertising, delivery, law enforcement, environ-
mental studies, and agriculture (Berger, 2014). Al-
so, mass media broadcasting directly from drones 
enables real-time reporting on a situation is benefi-
cial to journalist advertising, and law enforcers 
(Tremayne & Clark, 2014).  

 
Some researches demonstrate the potential of 

small UAV’s for archaeological site detection and 
interpretation. This practice is now efficient and 
can add important new information on site exten-
sion and conservation without intensive geophysi-
cal research or other time and cost intensive, and 
destructive, methods such as excavation (Stek, 
2016). Further, UAV technology can be recom-
mended in landscape types where the accessibility 
is very poor such as mountains, forest or coastal 
monitoring. Acquiring seabed, landform or other 
topographic data in the field of marine ecology has 
a pivotal role in defining and mapping key marine 
habitats. However, accessibility for this kind of da-
ta with a high level of detail for very shallow and 
inaccessible marine habitats has been often chal-
lenging and time consuming. To overcome this, re-
cently developed UAV technology can be used for 
fine scale maps of fish nursery area (Ventura et al, 
2015). Likewise, drone can detect canopy variables 
explaining local patterns of biodiversity and more 
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specifically in supporting a gap dynamics hypothe-
sis in structuring observed forest biodiversity 
(Zhang, 2015).  

Accordingly, Drone technology, as a comple-
mentary tool of traditional field surveys, offers the 
potential to collect a large volume of data with 
high spatiotemporal resolution and at low costs 
(Anderson and Gaston, 2013). Though, many 
countries are using drone technology for commer-
cial and research purposes at present, still in Sri 
Lanka it has not been established properly for 
mapping, planning and disaster management of the 
country. This paper is focused on to developing a 
novel way for geo-spatial mapping by using UAV 
technology which is providing more accurate, real 
time data at lower cost.  

2 METHODOLOGY  

2.1 Study Area 

Pavatkulam GN division of Vavuniya District 
located in dry zone in Sri Lanka has been selected 
as a study area for this research.  The area is high-
ly depending on agricultural economy. Major types 
of crops that are being cultivated are paddy, Soya 
beans, ground nuts and other OFC. These crops are 
cultivated in both Yala and Maha seasons under 
the major irrigation scheme. Therefore, predomi-
nant land-cover of the area is agriculture and irri-
gation system in the study area. Specially, land 
owners have large extent (equal to 01 Acre or 
more) of space in their home garden and they are 
using that space for cultivating commercial crops 
throughout the year.  

2.2 Technical Approach 

Three types of remote sensing imagery have been 
used for the analysis. First, Google Earth images 
were downloaded using the Google Earth Pro 
7.1.5.1557 software which is available to free 
download from https://www.google.com/earth/, for 
the study area. Satellite images were downloaded 
from Global Land Cover facility (GLCF) which 
can be freely download from 
http://glcfapp.glcf.umd.edu:8080/esdi/index.jsp 
Drone images of the area were captured by using 
DJI Phantom 03 PRO camera drone and processed 
using the Agisoft image processing software for 
this research. Finally, on screen digitizing of vari-
ous land-use classes were performed to prepare the 
land-use maps and findings have been presented 
according to the results of those 03 maps. The flow 
chart of the research approach is presented as fol-
lows.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study Area 

Collect Remote sensing imagery 

Drone Image 

Captured by 

the author by 

using Phan-

tom 03 Pro 

camera drone 

Google Im-

age 

Downloaded 

using the 

Google Earth 

Pro 

7.1.5.1557 

Satellite Im-

age 

Downloaded 

from Global 

Land Cover 

facility 

(GLCF).   

Comparison/ Analysis using mapping applica-
tions  

Analysis and Result 

Pavatkulam 

GN Division 

Fig. 1 Location map of study area 
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3 ANALYSIS AND RESULT 

The processed drone image, Google earth image 
and satellite image have been taken for the study 
area is shown in figure 02, 03 and 04 respectively. 
For clear identification of the differences in resolu-
tion of the images, figures represent very small se-
lected part of the study area in the same scale.  

Based on the figures, drone image has very high 
resolution (5cm vertical resolution) comparing to 
other two types of images which has more than 
30m resolution. Hence, the drone image shows 
clear detailed ground information compared to the 
other two images. Drone image shows tiny details 
of the ground such as number of trees, number and 
type of crops and number and type of buildings 
whereas other two images do not show. 

 The land-use map prepared using drone images 
is shown in Figure 05. As per the map the majority 
land-use type of the area is commercial crops 
(59.25%) cultivating in their home gardens. These 
crops cannot be taken as home gardens as these 
crops are cultivated for commercial purpose in 
large scale (equal to 01 acre or more). The main 
water source for the crops are from agro wells and 
there are 06 large agro wells in this area (see table 
01). These information are very crucial in decision 
making specially in studying about agricultural 
sector, economic activities or water availability of 
the area. But, it is difficult to identify those infor-

mation by using Google images or Satellite imag-
es.  

 
 

Land-use Type Area (ha) % 

Home Garden 23 27.47% 

Commercial Crops 49.6 59.25% 

Scrub 11.12 13.28% 

Total 83.72 100.00% 

 

Fig. 02 Drone Image Fig.4  Satellite Image Fig. 3 Google Earth Image 

This is a free satellite image 

downloaded from GLCF with 

Agricultural band combination 

(15m resolution). It can be 

seen the agricultural area in 

large scale but cannot be 

zoomed in to small scale  

Fig. 5 Land-use map of part of Pavatkulam GN Division 

Table .1 Devoted Land-use representing in Figure 05 
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As per the survey results conducted by Climate 
Research Unit (CRU) of National Building Re-
search Organisation (NBRO) in the area for pre-
paring village profile, in the Yala season most of 
farmers (more than 75%) are cultivating their crops 
in non-paddy lands specially in their home gardens 
since convenience of supplying water for crops 
from their agro wells. (see figure 06)  

 

Fig. 6 OFC cultivation in Paddy Lands and Non-Paddy 

Lands in Study Area  

  
It is very important to identify those micro in-

formation for decision making especially in identi-
fying climate resilience agriculture. But, those are 
not presented in Satellite images or Google earth 
images which are being mostly used in for land-use 
mapping at present. Hence, drone images play fun-
damental role providing large amount of infor-
mation of earth surface which are very important 
for decision making.  

Apart from this, drone captured images can be 
used to understand the agriculturally important fac-
tors such as soil surveying, or classifying areas that 
share similar soil properties.  

4 CONCLUSION 

In recent decades, Google images and Satellite im-
ages which have certain limitations were mostly 
used for land-use mapping. Due to the adaptive 
and cost effective options of drone technologies 
today, the use of drones to assist in geo-spatial 
mapping provide safer, cheaper, and more effective 
ways. Further it gives more accurate, high volume 
of information of an area which is very important 
for planners and decision makers in planning and 
development. Hence Compared with current alter-
natives, UAVs could potentially provide a superior 
low cost, less time consuming, adaptable and accu-
rate data gathering tool for planners. 

Further, drone imagery can be used for land-
slide hazard mapping activities on 1:5,000 scale, 
3D modelling of landslides and generating con-
tours based on Digital Elevation Model (DEM). It 
is very important for landslide risk reduction and 
disaster management. And drone images can be 
used for the 1: 100 scale mapping activities also.  
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ABSTRACT: Recently, occurrence of devastating landslides has become more frequent and widespread in Sri 

Lanka resulting high number of victims and considerable socio-economic impacts. Landslides are threatening 

to create further devastations in future due to prevailing global climate change. Hence, identification of land-

slide prone areas with high risk potential and implementation of proper and effective landslide mitigation in-

terventions to minimize the risk, have become an essential priority need. In order to make risk management 

programs more meaningful and cost effective the landslide risk management programs should target the high 

risk settlements through a comparative assessment of risk potential. To facilitate this requirement, a Landslide 

Risk Index has been developed combining attributes of landslide hazard and its influence on human settle-

ments utilizing Landslide Hazard Zonation maps and Human Settlement Maps prepared by National Building 

Research Organisation (NBRO).  

Landslide Risk Index analyses the landslide risk & potential impact on highly vulnerable settlements and in-

frastructure located within landslide prone administrative districts. Currently there are about 10 such districts 

covering around 30 percent of land area of Sri Lanka. Risk of a particular location can be reduced by designing 

and implementing mitigation measures. Landslide Risk Index shows the composite extent of influence of the 

03 factors of hazard, exposure, vulnerability and helps to delineate the potential overall landslide risk to human 

settlements, infrastructure and community assets. Risk can be reduced by changing the exposure level or re-

ducing the vulnerability and by enhancing the capacity. Assessing the exposure and vulnerabilities and model-

ing the risk, helps in identifying and justifying suitable mitigation measures and their influence in risk minimi-

zation. Desirable outcome of the risk index ultimately is to provide guidance for designing measures to 

mitigate the risk and to enhance the community resilience.  

Thus Landslide Risk Index expected to guide decision makers in identifying priority areas for landslide risk 

reduction programing in order to justify investment allocations for risk mitigation options. Landslide Risk In-

dex also will help authorities to direct the planning agencies/ organizations to design landslide resilient build-

ing programs in a sustainable and cost effective manner. Applying the methodology in defining the Landslide 

Risk Index and its evaluation with the focus of prioritizing the risk prone settlements for risk management in-

vestment decision making have been discussed in the paper. 

 

Keywords: Landslide, Risk Index, prioritization of mitigation measures 
 

1. INTRODUCTON 

Occurrence of landslide has become more frequent 
in Sri Lanka recently. The term „landslide hazard‟ 
means probability of occurrence of a landslide 
event in a given area in a specific time frame. 
Landslide hazard maps delineate areas according to 
the associated degree of hazard.  

Risk map is a zoning map which includes the 
possible damages to human lives and properties 
due to occurrence of landslide. Risk map is pre-
pared based on hazard assessment already being 
prepared under Landslide Hazard Zonation Map-

ping Project and Human Settlement maps prepared 
under Landslide Risk Assessment and Risk Profile 
Development Project. In fact such maps serve as a 
tool to guide investments in development and utili-
zation of lands susceptible to landslides.  

Currently most of the development activities are 
practiced without considering the landslide risks. It 
has resulted low income generation to the country 
and severe damages to the environment. This may 
have resulted from lack of coordination with land-
slide hazard maps into development programmes. 
It is vital to establish a mechanism to incorporate 
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landslide risk index for development planning and 
hazard management.   

Objectives of Landslide Risk Index; 
 
1. Identify priority areas for landslide mitiga-

tion activities  

2. Identify and justify proper mitigation op-

tions 

3. Guide the planning agencies/ organizations to 

implement landslide resilient constructions 

 

2. RISK INDEX CALCULATION 

Landslide risk has been categorized into four cate-
gories namely; Very High Risk, High Risk, Medi-
um Risk and Low Risk.  
 

 

 
 
 

Very High Risk  = 0.859651 – 3.405100  
High Risk = 0.316253 – 0.859651 
Medium Risk = 0.0116343 – 0.316253 
Low Risk = 0 – 0.0116343 

 
 

Risk Index of a particular area can be calculated 
from the risk map. First, the cluster which needs to 
calculate the risk should be identified. The selected 
cluster may covered with one risk category or it 
may be covered with more than one category. If 
the area is covered with more than one category, 
risk index can be calculated as follows; 

 
 
 
 
 
 
 
 
 

 

Figure 1: Risk Map of Aranayeke, Kegalle, Sri Lanka 

Risk Index Value = 

(Very High Risk Area % x Very High Risk Value) + (High Risk Ar-

ea% x High Risk Value) + (Medium Risk Area% x Moderate Risk 

Value) + (Low Risk Area% x Low Risk Value) 

Highest Risk Value 
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3. RISK INDEX 

Risk Index analyses potential impact of landslides 
in landslide prone districts. It shows how human 
settlements and properties are exposed to land-
slides and what could be done to mitigate the risk 
and improve resilience. Identifying the risks, mod-
elling and measuring their impacts and identifying 
suitable mitigation measures are the desirable out-
comes of the risk index. 

 
Hazard Risk = Hazard Value x Vulnerability Value  

 
 
 Human Settlement map has been prepared 
considering the vulnerability and capacity of hu-
man settlements. So the Landslide Risk map was 
developed based on the Landslide Hazard Zonation 
Category and Human Settlement Category. 
 

 
 

 
 

Hence, Risk in a particular area can be reduced 
by two ways; 
 

1. Application of mitigation measures to re-

duce landslide hazard 

2. Change of land use composition 

3.1 Landslide Hazard Zonation Category  

Landslide hazard zonation map has been prepared 
using six (06) factors; Land Use, Hydrology, Ge-
ology, Surface Deposits, Slope Angle and Land 
Form. These factors were rated (LHMP Value) in 
terms of their landslide potential, to create an in-
ferred map of landslide potential. 
With regard to the overall hazard rating obtaining 
from the map, hazard has been categorized into 
four hazard zones as shown in the table below; 
 

Table 1: Criterion for Landslide Hazard Zonation 

 
If the rating is high the probability to occur 

landslides is high. Hence, if the rating could be re-
duced, the probability also will reduce. The rating 
can be varied between the LHMP and Minimum 
LHMP value. Considering the degree which these 
factors could be reduced, the highest LHMP miti-
gation values were assigned.

 
Table 2: Relative Ratings and Highest LHMP Mitigation Values for Sub Factors 

 
Major Fac-
tor 

Sub Factors LHMP 
Value  

Minimum 
LHMP Value 

Can be 
changed or 
not 

Highest 
LHMP Miti-
gation Value 

Bedrock 
Geology 
and Geo-
logical 
Structure 

Lithology 8 0 No 8 
Amount & Direction of 
Dip in degrees 

4 0 Yes 0 

Deviation Angle in de-
grees 

6 0 Yes 0 

Discontinuities Linea-
ments, Faults & Mater 
Joints 

2 0 No 2 

Surface 
Deposits 

Distribution of Soil 
Cover in meters 

10 0 Yes 0 

Slope An-
gle Range 

Slope Angle Range 25 5 Yes 5 

Overall Haz-

ard Rating 

(R) 

Hazard 

Zone 

Description 

R < = 40% 1 Safe Slopes 

40 < R < = 55 2 Landslides not likely to oc-

cur 

55 < R < = 70 3 Modest level of landslide 

hazard 

70 < R 4 Landslides are expected 

 

45% 

25% 

10% 

20% 

Capacity 

Risk = [(45% x Avg. Very High Risk Value) + 
(25% x Avg. High Risk Value) + (10% x 
Avg. Medium Risk Value) + (20% x Avg. 
Low Risk Value)] / 3.405100 

= [(0.45 x 2.1323755) + (0.25 x 0.587952) 
+ (0.1 x 0.16394365) + (0.2 x    
0.00581715)] / 3.405100 
= 0.33 

Hence, the risk index for the cluster is 0.33. 
 

Landslide Hazard 

Zonation Category 

(LHMP) 

Human Settlement 

Category (HS) 

 

Hazard Risk = x 

Figure 2: Example of a Land Parcel consists 

with All Four Categories of Landslide Risk 
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Hydrology 

Relative Relief in meters 5 1 No 5 
Basin Area  4 1 Yes 1 
Basin Shape 4 1 Yes 1 
Drainage Density 5 1 Yes 1 
Proximity to water bod-
ies 

2 0 No 2 

Land Use Land Use Management 15 3 Yes 3 
Land Form Land Form Type 10 1 No 10 

Total  100 13  38 

 
Considering the highest LHMP mitigation val-

ues, risk in a location with 100 LHMP value can be 
reduced upto 38. So then the area becomes a safe 
zone (Table 1) which means an area under land-
slides most likely to occur (LHMP value – 100) 
can be transformed into an area landslides not like-
ly to occur (LHMP value – 38).  
LHMP Risk Reduction Range = 100 → 38 

           =20.0855 → 1.0000 
With the hazard rating, weight given for the 

hazard level is also decreasing. So the risk of a par-
ticular area can be calculated by referring to the 
weight given in the table below. 
 
Table 3: Weights assigned for hazard categories in pre-

paring the risk map 

 
Hazard Level Value 

Landslides & Rock fall 
have occurred in the 
past 

20.0855 

Landslides most likely 
to occur 

20.0855 

Landslides are to be ex-
pected 

7.3891 

Modest levels of land-
slide hazard exist 

2.7183 

Landslides not likely to 
occur 

1.0000 

 

3.2 Human Settlement Category 
 
Human settlement map was prepared considering 
three major land uses; settlements, agriculture and 
other major uses. These land uses were further cat-
egorized into sub categories.  
Land uses were defined based on assessing the 
vulnerability and carrying capacity of the human 
settlements. 
 
 

The parameters used are; 
1. Building Density (BD) 

2. Open Spaces (OS) 

3. Percentage of forestry type land uses (PF) 

4. Rate of productivity of natural/ market 

land uses (RP) 

Building density and rate of productivity were 
taken as factors expressing vulnerability and open 
spaces and percentage of forestry type land uses 
taken as factors expressing capacity. 
 
Following table indicates land use sub categories 
of settlements category, percentages assigned for 
each parameter and assigned weights. 
 
 
 
 

Table 4: Category of Land Uses, percentage for each parameter and weights assigned 

Human Settlement 

Category 

Building 

Density (BD) 

(a) 

Open Spac-

es (OS) 

(b) 

Percentage of for-

estry type land 

uses (PF) (c) 

Rate of Produc-

tivity of natural/ 

market land uses 

(RP) 

(d) 

Assign Weights 

1 Settlements      

1.1 Urban Center 75 - 100 0-25 - - 0.16990 

1.2 Urban Residen-

tial 
50 - 75 25 - 50 - - 0.13992 

1.3 Open Space and 

recreational ar-

eas 

0 - 25 75 - 100 - - 0.02402 

1.4 Rural Settle-

ment Center 
25 - 50 - 0-25 0-25 0.10633 
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1.5 Estate Settle-

ment 
50 - 75 - 0 -25 0 - 25 0.10633 

1.6Social Infra-

structure 
50 - 75 0 - 25 - - 0.11611 

1.7 Roads  - 100 - - 0.04280 

1.8 Homestead and 

Upland Crops 
0 - 25 - - 50 - 75 0.05600 

1.9  Homestead and 

Wetland Crops 
0 - 25  -  -  25 - 50 0.05600 

 
As assigned weights for the HS categories de-

pend on the above mentioned four (04) parameters, 
following equation can be developed. 
 
Assign Weight for HS Category = fx [a x 
(BD%)] +[ b x (OS%)] + [c x (PF%)] + [d x 
(RP%)] 
 
a = Coefficient of Building Density 
b = Coefficient of Open Spaces 
c = Coefficient of Percentage of forestry type land 
uses 
d = Coefficient of Rate of productivity of natural/ 
market land uses 

 
Hence, referring to an urban center; 
 
Assign Weight =fx [a x (BD%)]+[b x (OS%)] 

0.1699 = fx [(a (75~100)) + (b (0~25))] 

 

 

4. POSSIBLE MITIGATION MEASURES 

Most important benefit of the landslide risk index 
is the possibility to justify the selection of mitiga-
tion measures.  

Based on the above description, landslide risk 
can be defined as follows; 

 
 

 
 

Risk of a particular location can be reduced by 
applying mitigation measures. Hazard of a location 
can be reduced by „structural mitigation measures‟ 

while vulnerability and capacity factors can be 
changed by „planning mitigation measures‟. 
 

As an example, consider an estate settlement 
susceptible to landslides covering two risk zones; 
very high risk and high risk. It belongs to two haz-
ard zones; Landslides most likely to occur and 
Landslides are to be expected. The area consists 
with 60% of building density and 15% of forestry 
type land use (Value from HS Category).  
 

Considering the calculated risk is R1, weight for 
hazard is H1 and value for the HS category is V1; 
 
R1 = H1 x V1 
 
Application of Structural Mitigation Measures 
 

The hazard of the estate settlement can be re-
duced by changing the amount and direction of dip 
angle.  
Suitable structural mitigation measures will be; 

- Reshaping the angle 

- Soil Removal 

- Soil Nailing 

- Positioning infill at the foot of the slope by 

construction of berms, gravitational struc-

tures such as gabions or reinforced ground 

(concrete blocks) 

Hence, the weight for the hazard category will be 
reduced to H2.(H1>H2).  
 
Application of Planning Mitigation Measures 
 

Density of the estate settlement can be reduced 
by dispersing the buildings in the area and increas-
ing more open spaces. If dispersing of buildings 
does not reduce the risk the most suitable option 
may be to relocate the settlement. So the value for 
HS category will be reduced up to V2 (V1>V2). 
 
So the new Risk (R2) of estate settlement will be; 
R2 = H2 x V2  
As, H1 > H2 and V1 > V2, 

R1 > R2 
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Hence, possible mitigation options to reduce the 
risk level of a particular location can be clearly 
identified and justified using the risk index. It is 
helpful to identify whether the application of miti-
gation measures are worth or not to carry out, to 
reduce the risk level of the location. 
 
5. CONCLUSION  

Application of mitigation measures to reduce the 
landslide potential is based on the characteristics of 
the particular location. Most suitable mitigation 
options can be decided and justified referring the 
landslide risk index. 

Landslide risk index can be used as a planning 
directive by planning agencies and by decision 
makers to justify the investment on such risk miti-

gation projects which will be ultimately beneficial 
to the sustainable development of the country. 
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ABSTRACT: Out of 25 administrative districts in Sri Lanka ten (10) districts are prone to landslides. These 
landslide prone areas cover approximately 30% of the total land area of the island, and it is occupied by about 
35% of the population of Sri Lanka. Landslide density in these districts is 1-2 per sq.km. After a landslide 
disaster, in situ adaptation on reconstruction in the same location is not possible in most of the cases. Therefore, 
relevancy of resettlement is needed as a post disaster recovery and reconstruction option. Moreover, after a 
landslide disaster, another unstable slope could be created within the surrounding areas with the effect of initial 
failure. As a result, a resettlement program should be launched to act as a recovery and preventive strategy, in 
order to recover the affected parties and protect the vulnerable communities living in risk areas. In the process 
of resettlement and expansion of development activities, identifying suitable locations have become a crucial 
factor for the success of the resettlement and development programs. A methodology to identify developable 
lands was developed based on the Landslide Hazard Zonation Map developed by NBRO. Outputs of the series 
of sensitivity analysis (hydrological, environmental, human settlement, slope analysis and flow path analysis) 
and spatial planning guidelines were incorporated to the methodology using sieve map techniques in GIS. 
Finally, this study enables the identification of potential lands for development and resettlement under eight 
categories based on existing landslide hazard and accessibility to services. Further, the methodology will help 
development planning decision makers to adhere to a conceptual development framework in landslide prone 
districts and to reduce landslide risk on future development activities. 
 
Keywords: Landslide, Land Bank, Resettlement, Developable Lands

1 INTRODUCTON 

National Building Research Organisation (NBRO) 
implements Landslide Hazard Zonation Mapping 
Programme (LHMP) within the 10 landslide prone 
districts of Kalutara, Galle, Hambantota, Nuwara 
Eliya, Matale, Kandy, Kegalle, Ratnapura, Matara 
and Badulla. The maps which display the 
distribution of the severity of landslide hazard 
potential in a given area, were intended to be used 
with associated guidelines as a decision making tool 
for development of central highlands of the country. 
It is also used for identification of elements at 
landslide risk and can be utilized in relocation, 
rehabilitation, allocation of relief funds and 
insurance purposes also. Mapping is carried out at 
1: 50,000 scale and at 1:10,000 scale. 

1:50,000 scale maps covering the entire districts 
of Matale, Kandy, Nuwara Eliya, Badulla, Kegalle, 
Ratnapura and Kalutara are available for the use of 

planners, developers, decision makers, and general 
public. 

Landslide Risk Assessment is being developed 
by Human Settlement Planning and Training 
Division of NBRO. Based on this assessment, it 
identifies landslide risk zones in different levels. It 
is required to resettle people who are having their 
livelihood in high risk areas. Resettlement of people 
at high risk areas and people who have been affected 
from natural disasters in hilly areas is a critical issue 
due to the difficulty in identification of safe lands. 
This study tries to overcome this issue by 
developing a methodology for identification of safe 
lands call “Land Bank”. This paper presents the 
developed methodology and its application for 
identification of safer lands. 
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4 ANALYSIS 

Filtering different levels of factors is the most 
important process is identifying developable lands 
in landslide prone areas. In this context, analysis on 
landslide hazard zonation, human settlement map, 
hydrology, environmental sensitive areas, slope, 
landslide flow path and services proximity are 
considered as factors of major importance for the 
land bank mapping. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Land bank Methodology 

5 METHODOLOGY 

Identification of potential lands for resettlement 
process is developed based on Landslide Hazard 
Zonation Map and Human Settlement Map which 
are the main inputs of the Risk Mapping process. 
This study identifies the potential lands for 
resettlement, by using the ‘Sieve mapping’ 
technique which supports in avoiding natural 
components & highly functioning human activities. 
‘Sieve mapping’ involves overlaying maps 
displaying layers of constraints to produce a visual 
representation of areas with lesser or greater 
potential to sustain development.  

The purpose of this sieve mapping exercise is to 
get a general picture of the suitability, or otherwise, 
of different areas in the hilly areas for long-term 
urban consolidation. This information will be used 

to identify areas where further investigation may be 
warranted in the long-term, in conjunction with the 
local communities’ preferences on how settlement 
change or growth should be managed. 

This sieve mapping exercise (Fig.1) is purely an 
information gathering and assessment exercise, and 
in no way suggests that certain land should or could 
be approved for development. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1 Landslide Hazard Zonation Analysis 

Landslide Hazards Zonation Mapping Program 
(LHMP) has been carried out by NBRO since 1990, 
for the ten districts out of 25 districts. As an output 
of LHMP, areas are categorized in to four zones 
namely, landslides most likely to occur, landslides 
are to be expected, modest level of landslide hazard 
exist and landslides not likely to occur. 
Agglomeration of development and human 
activities in landslide declared areas would increase 
the risk level of the area. Based on analysis of 
Landslide Risk Assessment and Mapping the 
following categorization had been considered for 
selection of Modest level of landslide hazard exist 
and Landslide not likely to occur (Table 1). 
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Table 1: Risk of human settlements in different hazard 
categories  

5.2 Human Settlement Analysis 

Under Landslide Risk Assessment and Mapping 
Program, Human Settlements and infrastructure 
map can be produced in two stages as all the details 
are usually not obtainable from a single source. First 
the details of human settlements are obtained 
mainly from the satellite images by using QGIS 
open source software. Secondly obtained details 
relevant to human settlements and infrastructure 
will be verified through sources such as already 
publish maps and field observations. 

Compatible human settlement uses had been 
identified with consultation of expert view and 
technical working group.  

5.3 Hydrological Analysis 

Identified hydrological patterns by Survey 
Department of Sri Lanka were applied with legal 
definitions of reservations, which are covered by 
Section 49,50,55,101of the State Lands Ordinance 
No.08 of 1974 and Orders No.11,22 published in 
relevance to above section under gazette 
notification No.9912 published on 15th October 
1948. Natural Streams should have the following 
(Table 2) reservations; 
Table 2: Natural streams reservations 

Bed width  Reservations from the inner side 

Below 3 m 5 m for both sides 

3 to 8 m 10 m for both sides 

8 to 15 m 20 m for both sides 

15 to 22 m 40 m for both sides 

5.4 Environmental sensitive area Analysis 

Central Environmental Authority identified Forest 
Reserves, Archeological sites, Natural Reserves, 
Sanctuaries, and Proposed Reserves in the central 
fragile area of Sri Lanka. According to the Forest 
Ordinance No.16 of 1907, Fauna & Flora Protection 
Ordinance No.02 of 1937 and Archaeological 
Conservation act 1940, Section 24  
 

 
 

are considered to identify developable lands in 
landslide prone areas. 

5.5 Slope Analysis 

Slope factor is considered as one of the criteria in 
Landslide Hazard Zonation Map. With the relative 
correlation with other factors considered in the 
Landslide Hazard Zonation Mapping process, slope 
factor prominence had decreased. Further specific 
deliberation of slope, Digital Elevation Model was 
developed with use contours and spot heights 
produced by the Survey Department of Sri Lanka. 
Slope areas more than 31 degrees (60%) had been 
eliminated from the considered areas, according to 
the publication “Hazard Resilient Housing 
Construction Manual” by NBRO. 

5.6 Landslide Flow Path Analysis 

Flow path of a landslide is very important to identify 
developable lands in the landslide prone area. 
Landslide flow path has been analyzed by using 
RAMMS (Rapid Mass Movement Simulation) 
software. Topographic data, definition of release 
area or hydrograph and release volume as well as 
information about friction are mandatory 
parameters to analysis landslide debris flow in 
RAMMS. 

5.7 Accessibility Analysis 

 

Further selection of suitable lands for development, 
has to be done according to accessibility analysis. In 
this context accessibility to basic facilities namely 
education, health, trade and commercial were 
considered and based on these criteria, town centers 
have been categorized according to facility levels. 
Human walkable distance to town centers has been 
considered 2.5km.  

Accessibility to existing roads is an additional 
advantage for a selected land for development. 
Human walkable distance to a road considered as 
0.5km. Mentioned walkable distances had been 

Landslides most 

likely to occur

Lanslides are to 

be expected 

Modest level of 

landslide hazard 

exist

Landslides are 

not likely to 

occure

Assign 

Weights
20.0855 7.3891 2.7183 1

1.1  Urban Center 0.16990 3.412587 1.255430 0.461847 0.169903

1.2  Urban Residential 0.13992 2.810412 1.033901 0.380351 0.139922

1.3  Open Space and recreational areas 0.02402 0.482398 0.177466 0.065286 0.024017

1.4  Rural Settlement Center 0.10633 2.135752 0.785705 0.289045 0.106333

1.5  Estate Settlement 0.10633 2.135752 0.785705 0.289045 0.106333

1.6 Social Infrastructure 0.11611 2.332060 0.857923 0.315613 0.116107

Human Settlement Catogary
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decided based on expert judgment and with advice 
from a technical committee. 

6 RESULTS 

Based on the analysis results were generated in 
1:10,000 scale maps. Outputs had been categorized 
in to several levels to define hierarchy of lands. 

Development activities have been proposed to 
each category based on risk level of each site. After 
selection of lands, depending on the site condition, 
landslide mitigation measures may be applied 
(Table 3). 
 
Table 3: Identified land categories in landbank map 

6.1 Field Verification 

The draft map of Land Bank “potential lands for 
development” need to be verified in field for 
finalization. Map was verified specially for the 
landslide hazard. Additionally, six evaluation 
criteria were developed as follows; 

 
 Land use (Compatible vs. Incompatible) 
 Suitability for constructions (Presence of 

boulders, and location of the land), natural 
springs and streams 

 Hazard Potential (flood, high wind, ground 
subsidence) 

 Accessibility (for physical and social 
infrastructure) 

 Soil quality (agricultural purposes) 
 Access to public services 

 
These criteria are evaluated with draft Land 

Bank map in the field. Collected field information 
with draft map was reviewed in the preparation of 
final map.  

7 CASE STUDY 

Lank Bank Map for identification of potential land 
for resettlement was applied in landslide disaster 

resettlement in Aranayaka Divisional Secretariat 
Division of Kegalle district. The map no.61/06 of 
draft Land Bank map (Fig. 2) was prepared and 
verified in the field. The map comprised of all eight 
categories and all the potential land were verified in 
the field with evaluation criteria. According to the 
field verification, it was found that around 90% of 
identified potential land in the maps matched with 
given criteria. The rest of errors were found in the 
input layers of the land bank preparation process 
such as errors in human settlement map. Further, it 
was checked with additional criteria for the 
finalization of the map.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
In the landslide 

disaster resettlement process which has been 
undertaken by the Divisional Secretariat of 
Aranayaka, a resettlement land has been identified 
in the areas of map no.61/06. Although, the Land 
Bank maps has not been used in the process of land 
identification for the resettlement, it was found that 
part of selected land is in the Land Bank map of 
61/06. As the Land Bank represent only part of the 
resettlement land, an investigation was conducted to 
verify the reason behind it. Accordingly, it revealed 
that the other part of the land has not shown in the 
map due to the existing land use category of forest, 
which the Land Bank has excluded in process.  

8 CONCLUSION 

Land Bank database will be developed to cover all 
the ten landslide prone districts of Sri Lanka and this 
will be applied as a tool for decision making process 
in future development in hilly areas. 
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Land Category Description 

Category A Safe Area, Lands > 1 Acre, 2.5km Close Proximity to Town Centers 

& 0.5km Close Proximity to Roads 

Category B Safe Area, Lands > 1 Acre & 0.5km Close Proximity to Roads 

Category C Safe Area, Lands > 1 Acre & 2.5km Close Proximity to Town Centers 

Category D Safe Area, Lands > 1 Acre 

Category E Modest level of landslides hazard exists, Lands > 1 Acre, 2.5km Close 

Proximity to Town Centers & 0.5km Close Proximity to Roads 

Category F Modest level of landslides hazard exists, Lands > 1 Acre & 0.5km 

Close Proximity to Roads 

Category G Modest level of landslides hazard exists, Lands > 1 Acre & 2.5km 

Close Proximity to Town Centers 

Category H Modest level of landslides hazard exists, Lands > 1 Acre 

Proposed activities: 

Urban Centers 

Urban Residential 

Urban Amenities 

Rural Settlement Centers 

Estate Settlements 

Proposed activities: 

Rural Settlement Centers 

Estate Settlements 
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Distribution of Recorded Chemical Disaster 

Incidents during the Past Decade in Sri Lanka 

 

 

K.L.G. Kaushalya 

Environmental Studies and Services Division, National Building Research Organisation 

H.D.S. Premasiri 

Environmental Studies and Services Division, National Building Research Organisation 

S.V.Dias 

Environmental Studies and Services Division, National Building Research Organisation 

Jeyani V 

Department of Chemical and Process Engineering, University of Moratuwa 

ABSTRACT: With the industrial revolution, the world has achieved a rapid development in all areas of sci-
ence and technology. In line with this, the chemical and process industry has grown with an unprecedented es-
calation. Although, the aspects of chemical industry is taken as a positive factor in the economic growth and 
technological advancement of a country, the important risk aspect, i.e. the risk dimensions associated with a 
wide range of chemicals having different toxicities used by the industry cannot be under estimated, since under 
wrong environmental conditions and poor handling, these chemicals can trigger deadly emergencies crossing 
over the spatial boundaries of an industry. Review of industrial accidents over past decades in Sri Lanka re-
veals that there is an increasing trend of chemical disaster events and several chemical accidents have propa-
gated beyond the factory safety management protocols leading to a chemical disasters associated with the re-
lease of one or more hazardous chemical substances to the environment triggered by a fire, explosion or 
leakage. The paper present a critical analysis on chemical disaster incidents in the country took place over past 
decades, covering the aspects such as industrial category, spatial and temporal distributions, triggering factors, 
chemical migration and exposure pathways, and sector based hazards risk information. It shows that majority 
of accidents have occurred in the Western Province of the Country where the population density and industrial 
spread is high. Also, the incidents have escaped from existing environmental protection protocols and industri-
al safety procedures despite of the fact that there was a significant national level intervention on both. The 
analysis highlights several important aspects requiring serious attention in life cycle management of chemical 
and process industry in the country from siting to closure, including in-house safety, environmental protection, 
elements at risk in the neighborhood environment, the disaster risk and the disaster management as a whole. 
  
KEYWORDS: Chemical Disaster, Distribution, Industrial category, Impacts 

 
1 INTRODUCTON 

The modern economic development is closely 
linked with technological advancement, chemical 
and process industry is no exception. Today, over 
one million different chemicals are used globally, 
however, the use of chemical types in Sri Lanka is 
much low compared to the Global consumption. 
Fig. 1 illustrates data on chemicals importation to 
Sri Lanka within BOI enterprises related to few 
chemicals as in Country Situation Report by Task 
Force on Chemical Accident Prevention and Pre-
paredness Programme in Sri Lanka - 2013. 

Fig. 1: Chemical quantities imported to Sri Lanka relat-

ed to few hazardous chemicals 
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Today, the economic growth, and technological 
advancement in a country are closely related to 
production and performance of chemical and pro-
cess industrial sector. Although, the aspects of 
chemical industry is taken as a positive factor in 
the economic growth and technological advance-
ment of a country, the much important risk aspect, 
i.e. the risk dimensions associated with a wide 
range of chemicals having different toxicities used 
by industries cannot be under estimated, since un-
der wrong environmental conditions and poor han-
dling these chemicals can trigger deadly accidents 
crossing over the spatial boundaries of an industry. 

Review of industrial accidents over past dec-
ades in Sri Lanka reveals that there is an increasing 
trend of chemical disaster events. While many in-
dustrial accidents which occur inside an industry or 
a facility are reportedly managed within the factory 
safety framework, it appears that several chemical 
accidents have propagated beyond the factory safe-
ty management protocols leading to chemical dis-
asters associated with release of one or more haz-
ardous chemical substances to the environment 
triggered by a fire, explosion or leakage. 

The chemical industry expansion in many de-
veloped countries is a billion dollar investment, 
where the sector involves manufacturing and pro-
cessing of over million different chemicals, but has 
managed an excellent level of safety with extreme 
exercise of safety protocols. Therefore comparing 
to the size of the industry, the chemical accidents 
at the level of disasters are extremely low. In Sri 
Lanka the all industries and facilities which use in-
dustrial chemicals are mainly covered by two safe-
ty protocols, i.e. National Environmental Protec-
tion regulations and Factory Safety regulations. 
Significant national level interventions have been 
made to increase the capacities in both these to en-
sure safe performance of   industries and facili-
ties in the country. However, it appears that several 
industrial accidents have resulted after avoiding 
these protocols and propagated accidents to a level 
described as” chemical disaster event”.   

Therefore, it is a timely requirement to review 
risk dimensions of chemical disasters that have oc-
curred in the past decade in terms of the spatial, 
temporal and category based distribution along 
with initiators, causative factors, impacts, emer-
gency responses and recovery from the incidents 
which will provide an informational base for the 
development of enforceable regulations and guide-
lines for loss prevention and disaster management. 

The paper presents a critical analysis on chemi-
cal disaster incidents in the country that took place 

over the past decade, covering the aspects such as 
industrial category, spatial & temporal distribu-
tions, triggering factors, chemical migration & ex-
posure pathways, and sector based hazard risk in-
formation. 

2 OBJECTIVES 

The objectives of this study are, 

- Review risk dimensions of chemical disasters 

that have occurred in past decade in terms of 

the spatial, temporal and category based distri-

bution along with initiators  

- Derive important aspects to be considered in 

disaster management for the management of 

risk associated with industries and facilities 

that use chemical substances  

3 MATERIALS AND METHODOLOGY 

3.1 Study area 

The study was mainly focused on the chemical 
disaster events occurred in the chemical industries 
or service facilities during the past decade (mainly 
2006 – 2016) in Sri Lanka. 

3.2 Methodology 

The information needed for the study was ob-
tained through media archives, interviewing the 
industrial personnel visiting some of the selected 
factories or facilities where the accidents occurred 
and interviewing people around the facility or fac-
tory where the incident occurred. The statistical da-
ta needed for the analysis of the information were 
obtained from the statistical reports issued by the 
governmental institutions of Sri Lanka. 

3.3 Definitions used in the analysis 

 Chemical Hazard - a potential source of harm 

or adverse health effect on something or some-

one (to individuals as health effects or to or-

ganizations as property or equipment losses) 

which has a direct or indirect involvement of 

chemicals. 

 Risk - the likelihood that a person may be 

harmed or suffers adverse health effects if ex-

posed to a hazard. 

 Chemical Accident - the unintentional release 

of one or more hazardous substances which 

could harm human health or the environment. 
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 Chemical Disaster - the result of one or more 

consecutive chemical accidents which causes 

to a severe damage on something or someone. 

For ethical and legal consideration much of the 

details regarding the events were not recorded in-

tentionally; maximum efforts were made to present 

information within the ethical and legal framework 

to emphasize the aspect of DM framework, the 

sector under consideration. 

4 RESULTS AND DISCUSSIONS 

The analysis shows that 86 chemical accidents 
leading to some degree of disasters have occurred 
in industries and related facilities throughout the 
country during the decade (starting from 2006 till 
October 2016).  

Analysis of chemical disasters by industry cate-
gory, originating source, cause of initiation, and 
type of causative incident are important in order to 
identify the areas with the need of implementation 
of preventive and mitigatory actions and proce-
dures. Temporal distribution and spatial distribu-
tion of those incidents will highlight the trend of 
occurrence with respect to the time and area.  

4.1 Temporal distribution of chemical disasters 
during 2009-2016 

 

Fig. 2: Temporal distribution of recorded industrial and 

facility chemical disasters (2009-2016) in Sri Lanka  

 
Fig. 2 shows the temporal distribution of chem-

ical disasters from 2009-2016. Temporal distribu-
tion of the recorded chemical disasters shows that 
occurrence has been increased over the time and 
year 2016 shows a notably high value compared to 
other years.  

4.2 Spatial Distribution of the disasters 

Fig. 3 shows the distribution of industrial and 
facility disaster events during the past decade 
(mainly 2006 – 2016) in Sri Lanka with respect to 
the provinces. The distribution shows that many 
industrial disasters have taken place in Southern 
part of the country due to the fact that in Southern 
part industrial and service facilities are high. 

Fig. 3: Distribution of recorded industrial and facility 

chemical disasters (2006-2016) in Sri Lanka 

 

Fig. 4: Provincial distribution of recorded industrial 

and facility chemical disasters (2006-2016) and popula-

tion in Sri Lanka 
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The provincial distribution of recorded chemi-
cal disasters in Sri Lanka during the past decade 
along with the total population of nine provinces in 
percentage is illustrated in Fig. 4. The highest 
number of recorded chemical disasters has been 
recorded in the Western province. The reason for 
this is that highest number of industrial and facili-
ties are located in the three districts of the Western 
province. That is in Colombo, Gampaha, and Kalu-
tara districts.  

4.3 Distribution of industry based on category 

Fig. 4 and Fig. 5 show the industrial category 
based distribution of chemical disasters and the in-
dustrial category based incident density with re-
spect to the number of establishment respectively. 
According to the industrial classifications devel-
oped by the Industry, Construction, Trade and Ser-
vices Division of the Department of Census and 
Statistics, Sri Lanka, most of the recorded inci-
dents had occurred in industries fallen into the cat-
egory of “Manufacture of chemicals and chemical 
products” with more than 25% out of the total rec-
orded incidents. Manufacture of coke and refined 
petroleum products, Manufacture of rubber and 
plastic products, Electricity, gas, steam and air 
conditioning supply, Land transport and transport 
via pipelines, Water transport are few other indus-
trial categories which have also shown a consider-
able percentage of occurrences of chemical disas-
ters. 

Fig. 4: Distribution of recorded industrial and facility 

chemical disasters (2006-2016) in Sri Lanka based on 

industrial category 

 
When the incident density with respect to the 

number of establishments by industry category is 
considered, the highest density is recorded under 
the industry category of Manufacture of coke and 
refined petroleum products where only a three 
number of establishments exist while nine inci-
dents had been recorded. Electricity, gas, steam 
and air conditioning supply, Mining and quarrying 

(metal), Manufacture of chemicals and chemical 
products, Manufacture of leather and related prod-
ucts are the other major industry categories where 
the occurrence of incidents per establishment is 
high leading to the a high risk per establishment.  

Fig. 5: Industrial category based incident density with 

respect to the number of establishment** 

Table 1: Reference table of Industry category 

 

Code* Description 

08 Mining and quarrying (metal) 

10 Manufacture of food products 

11 Manufacture of beverages 

13 Manufacture of textiles 

14 Manufacture of wearing apparel 

15 Manufacture of leather and related prod-
ucts 

16 Manufacture of wood and of products of 
wood & cork, except furniture; manufac-
ture of articles of straw & plaiting material 

17 Manufacture of paper and paper products 

19 Manufacture of coke and refined petroleum 
products 

20 Manufacture of chemicals and chemical 
products 

22 Manufacture of rubber and plastic products 

24 Manufacture of basic metals 

35 Electricity, gas, steam and air conditioning 
supply 

38 Waste collection, treatment and disposal 
activities; materials recovery 

49 Land transport and transport via pipelines 

50 Water transport 

52 Warehousing and support activities for 
transportation 

84 Public administration and defence; com-
pulsory social security 

 

*Source: Sri Lanka Standard Industrial Classification – 

2014 by Department of Census and Statistics, Sri Lanka 
** Establishments with 25 or more persons engaged – 
Source: Annual Survey of Industries - Final Report 
2013 by Department of Census and Statistics, Sri Lanka 
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4.4 Distribution of industrial disasters with 
respect to phase of industrial processing 

4.4.1 Source 

Chemical accidents may originate at several 
stages of the industrial process and those can be 
identified as sources for the disasters. In this study 
they were categorized as the following. Accidents 
that have occurred in, 

 Manufacturing and material formulation instal-

lations 

 Material storage facilities 

 Transportation (road, rail, air, water, and pipe-

lines) 

Fig. 6 illustrates the distribution of recorded 
chemical accidents based on its phase of pro-
cessing which have occurred in during the past 
decade (2006-2016). According to the results, 
manufacturing installations is the most frequently 
subjected source to a chemical disaster which is 
more than 70% out of the total recorded incidents. 
Storage facilities and transportation have shown 
comparatively a similar number of incidents which 
is about 15% out of the total recorded incidents. 

Fig. 6: Source based distribution of recorded industrial 

and facility chemical disasters (2006-2016) in Sri Lanka 

 

4.4.2 Initiator 

Chemical accidents may originate due to sever-
al reasons and those can be identified as initiators 
of disasters. The categorization of the initiators can 
be listed as follows, 

 Process and Safety System Failures 

 Natural Calamities 

 Terrorist Attacks/Sabotage 

Fig. 7 illustrates the distribution of recorded 
chemical disasters based on its initiator which have 
been occurred in Sri Lanka during the past decade 
(2006-2016). It is evident that process and safety 
system failures has been the most frequently oc-
curred initiator for chemical disasters (95% out of 
the total recorded incidents) where natural climate 
changes or natural disasters and suspected sabotag-
es have accounted for only a 5% out of the total 
recorded incidents as the initiator. 

Fig. 7: Initiator based distribution of recorded of rec-

orded industrial and facility chemical disasters (2006-

2016) in Sri Lanka 

 

4.4.3 Causative factors 

Chemical accidents may result due to several 
reasons, commonly termed as the causative factor 
Categorization of the causative factors can be 
listed as below, 

 Fire 

 Explosion 

 Leaks in the storage vessels or pipe lines 

 Accidental spills 

Fig. 8 illustrates the distribution of recorded 
chemical disasters based on its causative factor 
which have occurred in Sri Lanka during the past 
decade (2006-2016). According to the results, fire 
is the most frequent causative factor for chemical 
disasters which is more than 60% out of the total 
recorded incidents. Explosions, Leaks in the stor-
age vessels or pipe lines, and Accidental spills 
have shown comparatively a similar number of in-
cidents which are more than 10% out of the total 
recorded incidents.  
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Fig. 8: Causative factor based distribution of recorded 

industrial and facility chemical disasters (2006-2016) in 

Sri Lanka 

4.4.4 Chemical migration and exposure pathways 

Chemicals could migrate to the environment 
through several methods, commonly termed as ex-
posure pathways. Those pathways can be listed as 
below. 

 Air 

 Drinking/bathing  water ( river/ stream) 

 Soil/groundwater contamination 

 Sea water contamination 

 Thermal waves 

 Kinetic energy 

Fig. 9: Migration and exposure pathways based distri-

bution of recorded industrial and facility chemical dis-

asters (2006-2016) in Sri Lanka 

Fig. 9 illustrates the distribution of recorded 
chemical disasters s based on its migration and ex-
posure pathways which have occurred in Sri Lanka 
during the past decade (2006-2016). A chemical 
disaster may involve in all above mitigation and 
exposure path ways where only the prominent or 
the initiative way is considered in above classifica-
tion. It is evident that thermal waves have been the 
most frequently engaged exposure path way to a 
chemical disasters (more than 60% out of the total 
recorded incidents), that is as heat. All the other 
pathways are varying in between 5% - 10% in their 

engagement in chemical disasters propagation 
which is out of the total recorded incidents.  

4.5 Potential risks of industrial disasters and 
human exposure risk  

Although inside the factory safety protocols da-
ta were not exposed, almost in all cases analysis 
suggests that lack of implementation of safety pro-
tocols was the main cause for the disaster event, 
and in many cases the releases have crossed the 
boundaries of the factory premises, exposing the 
surrounding communities to the chemicals. In sev-
eral cases the exposures have expanded beyond the 
immediate neighborhood by migration through riv-
er flow, ground water and winds. 

Fig. 10: Manufacturing industrial establishment distri-

bution in Sri Lanka (2013) 

Fig. 11: District level distribution of recorded industrial 

and facility chemical disasters (2006-2016) and popula-

tion densities in Sri Lanka 

Fig. 10 and fig. 11 illustrate manufacturing in-
dustrial establishment distribution in Sri Lanka 
(2013), and district level distribution of chemical 
disasters together with population densities in three 
districts of the Western province that the density of 
industries and population are very much high com-
pared to other districts in the country. And for ob-
vious facts the potential human exposure risk to 
chemicals from chemical disasters are much high 
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in all three districts and both Colombo and Gam-
paha fall within similar incident densities with re-
spect to population. 

Fig. 11: District wise incident density with respect to 

the population and land area 

The future projections is that there will be a 
significant growth in industrial sector and  major 
cities in many provinces will be densely populated 
according to population growth forecast in line 
with urbanization. The current planning strategy, 
which do not clearly emphases the siting criteria of 
industrial and installation and facilities having po-
tential to chemical disasters, the trend would be 
colonization of people in the neighborhoods of in-
dustrial and service facilities disregarding the po-
tential risks, and establishment of facilities and in-
dustries in populated areas with current state of 
safety and environmental protection. Under this 
scenario the speculation would be an increasing 
probability of chemical disasters along with the po-
tentially high magnitude of related disasters. 

4.6 Analysis of state industrial chemical disaster 
management  

Board of Investment (BOI) of Sri Lanka has 
developed a guideline as “General Guidelines for 
Factory Buildings” in 2011 to assist the investors, 
architects and engineers who are entrusted the task 
of designing or constructing the factories and other 
ancillary buildings of BOI projects by highlighting 
the areas to which special attention should be given 
in design. However this requirement is applicable 
only on BOI administrated zones and factories. 

The Disaster Management Act 13 of May 2005 
identifies chemical accidents as a category of dis-
asters. Consequently, the Chemical disaster pre-
vention has been identified as a new area to be de-
veloped in proposed National Emergency 
Operation Plan (NEOP), and under the Section of 

Disaster mitigation and mainstreaming DRR into 
development in Chapter 2 in Sri Lanka Compre-
hensive Disaster Management Plan :2014-2018 
(SLCDMP): in 2014. Although preparation of in-
dividual institutional plans have been emphasized, 
until to date progress with respect to chemical dis-
asters is not substantial. 

Review on recent chemical disaster events in 
Sri Lanka suggest that most of these chemical dis-
aster events have occurred mainly due to lack of 
knowledge, poor maintenance and supervision, and 
bad industrial practices despite that actual cause is 
undisclosed most of the time. Further, when disas-
ters strike, often the situation has gone out of con-
trol of the industrial management as well as the lo-
cal incident management capability resulting 
delayed emergency operation while exposing 
community at an uncertain vulnerability. 

Apart from the above reasons, the review high-
lighted lack of a sound Chemical Disaster Man-
agement Framework as a major concern and that 
has propagated many industrial accidents to a state 
of chemical disaster incident. 

4.7 Global level of industrial chemical disaster 
management 

There are many international guidelines for in-
dustrial safety management and risk assessment 
regarding to the chemical disasters such as, 

 National Disaster Management Guideline for 

Industrial Chemical Disasters - by National 

Disaster Management Authority, India 

 Guidelines for integrated risk Assessment and 

management in large industrial areas – by In-

ternational Atomic Energy Agency (IAEA) 

with the collaboration of United Nations Envi-

ronment Programme (UNEP), United Nations 

Industrial Development Organization 

(UNIDO), World Health Organization (WHO) 

 Storage of chemicals-Guidelines for good 

practice – by International Social Security As-

sociation (ISSA) 

 Storage of hazardous materials – A Technical 

Guide for Safe Warehousing of Hazardous 

Materials – by Industry and Environment Pro-

gramme Activity Centre (UNEP IE/PAC) 

 Guidelines for Chemical Transportation Safe-

ty, Security, and Risk Management – by Indus-

try Technology Alliance of American Institute 

of Chemical Engineers (AIChE) 
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5 CONCLUSION  

The paper, with facts and figures, stresses an 
important fact. That is, when considering the ex-
tent of future risks associated with the growth of 
industrial sector parallel to the population growth, 
requirement of a third dimension protection is em-
phasized to manage chemical disaster risks in in-
dustrial and service sector in addition to existing 
environmental protection and factory safety proto-
cols. This third dimension protection is the disaster 
management, i.e. integration of this aspect into one 
management framework. 

Fig. 11: Suggested three dimensional management 

framework for industry level chemical disaster risks 

 
The countries with advanced technology in in-

dustrial sector, specially many developed nations 
and even India, have established  siting criteria 
for industries mainly for those with potential of 
chemical disasters, and extremely well integrated 
disaster management systems is in place  which 
operate in industry, local, provincial, country  and 
event regional as required. By which the level of 
industrial accidents and their propagation to disas-
ters have been kept at practical minimum, and 
therefore trends in chemical disasters do not follow 
industrial growth patterns in these countries. With 
this critical review, the Paper emphasizes strongly 
to continue with initiatives of proposed actions in 
the CDMP.  
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ABSTRACT: Sustainable development in industrial sector is a key to the growth of the economy of a country. 
For that, the productivity of an industry must be maintained at an optimum level while mitigating and prevent-
ing industry related accidents that can lead to chemical disasters. Along the path to achieving this goal, many 
governments, professional organizations and industries throughout the world have developed several standard 
procedures to assess the risk and to implement preventive and mitigatory actions. Government of Sri Lanka 
identifies chemical accidents as a hazard to be addressed through the development of National Emergency Op-
eration Plan (NEOP). In line the National Building Research Organisation (NBRO) conducted an in-depth re-
view of disaster management aspect related to chemical accidents in several industries to identify the trigger-
ing factors, magnitude of the hazard, the vulnerability and the state of preparedness, emergency management 
and post disaster management to study requirement of disaster management framework for Chemical accidents 
to negate future risks. Industrial chemical disasters occurred in Sri Lanka during the past decade were studied 
by gathering information through media archives and by interviewing relevant persons from industry and sur-
rounding communities. Effects of the location of a factory or a facility on the chemical disaster impacts to the 
surrounding environment and neighbours were analyzed and compared with respective global incident man-
agement procedures and standards. The analysis of past chemical disasters shows that the location of a factory 
or a facility will affect the severity of a chemical disaster impact to the surrounding environment. Also global-
ly procedures have emphasized the importance of this factor by their attentiveness. Therefore, an action plan 
for prevention and mitigation of chemical disasters should include the assessment of the location of a factory 
as one of the major aspects and it must be continued throughout life span of a factory. 

 
Key words: Chemical Disaster, Location, Impacts, Safe zone, Guide-lines 

 
1 INTRODUCTON 

Sustainable development in industrial sector is one 

of the key factors for the growth of the economy of 

a country. For that, the productivity of an industry 

must be maintained at an optimum level while pre-

venting industry related accidents because acci-

dents can affect the productivity of an industry, 

and can damage the surrounding environment de-

pending on the nature of the accident. Conversely, 

the productivity can be increased by introducing 

safety practices for any industry. 

Therefore, the industrial development must be 

sustained by ensuring the safer environment in all 

stages and situations of a factory life cycle (United 

Nations Industrial Development Organization, 

2014). They include multitude of factors such as 

selecting the most suitable location in the siting 

stage (under the Planning and Investment stage), 

designing and building against all the possible ac-

cidental and disastrous situations (under Engineer-

ing & Process Planning stage, and Construction 

stage), commissioning and maintaining in both 

production efficiency oriented and safety oriented 

procedures with the capabilities of handling acci-
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dents (under Production & Service stage and 

Maintenance stage), and decommissioning in an 

environmental friendly manner (under Refurbish-

ment or Dismantling stage). 

Along the path in achieving this goal, many 

governments, professional organizations and in-

dustries throughout the world have developed sev-

eral standard procedures to assess the risk and to 

implement preventing and mitigating actions. Un-

der the current situation of the country, Sri Lankan 

government has also identified the requirement on 

development of National Emergency Operation 

Plans (NEOP) for the management of chemical ac-

cidents as a timely need (Ministry of Disaster 

Management, 2014). In addition to that, the need to 

prepare Disaster Management Plans for individual 

institutions has been identified along with the need 

to develop a forecasting and early warning alert is-

suing system for chemical disasters (Disaster Man-

agement Centre, 2014). Therefore, study on the 

country situation with respect to industrial chemi-

cal disaster management is crucial to support de-

velopment of necessary protocols and criteria for 

the chemical disaster management in the country. 

The paper examines three recent chemical dis-

aster events occurred in the county where the vul-

nerability of the hazards has been greatly influ-

enced by the elements at risk in the surrounding 

environment.  

2 MATERIALS AND METHODOLOGY 

2.1 Study area 

Industrial chemical disasters recoded during the 

past decade (2006-2016) in Sri Lanka were re-

viewed. Out of those, three incidents occurred re-

cently were selected depending on their application 

on the area of the study. 

2.2 Methodology 

Three selected incidents were studied using media 

archives and by visiting the place and interviewing 

the persons to identify storyline of the event, the 

nature of exposures, and the impacts on people and 

environment during the disaster situation. For all 

three cases incident time-lines were drawn which 

included, source of chemical/or  compound asso-

ciated, the triggering factors, environmental condi-

tion prevailed, dispersion and migration paths of 

flumes, elements at risk and the exposures, and in-

cident management. Accordingly, three recent case 

studies associated with chemical hazards affecting 

neighborhood communities indicated below were 

analyzed. 

a) The spontaneous ignition of solid waste dis-

posal & composting facility in Badulla district, 

b) Fire erupted in a plastic recycling facility re-

sulting in emission of smoke and toxic fumes 

in Gampaha district, and 

c) Accidental leakage of diesel from a beverage 

factory located on a river bank in Gampaha 

district. 

3 RESULTS AND DISCUSSION 

3.1 Background analysis 

From 2006 to 2012 approximately 70% decrease in 

total number of establishments has been recorded 

(Department of Census and Statistics, 2008 & 

2015). The deficiencies in safety management sys-

tems and the protests from public on environmen-

tal pollution and accidental releases of chemicals 

are among the factors led to reduction in the num-

ber of industrial establishments in the country. The 

closure and relocation of a rubber glove manufac-

turing factory in Gampaha District, removal of a 

detergents producing factory in Colombo District, 

and removal of a fuel station in Matara District and 

temporary shutdown of several industrial estab-

lishments are some of the recent incidents where 

failures in safety management system has directly 

or indirectly led to closure or temporary suspen-

sion of factory or facility. 

3.2 Case study 1: The fire erupted in a solid 
waste disposal and composting facility 

The solid waste disposal and composting facility 

was located in Badulla district where the popula-

tion density is comparatively low (288 per-

sons/km2 in 2012), with a low rate of population 

growth (0.43 over 2001-2012) (Department of 

Census, 2012). In addition to the residences, there 

are several sensitive facilities such as schools, 

technical collages, and playgrounds along with a 

river and a botanical garden located close by (Fig. 

2).The facility had been dumping mixed waste in 

an unregulated disposal yard, the composition of 

waste included mainly decomposable wastes (food, 

dead animals) paper, plastics and possibly elec-

tronic goods together with, construction debris and 

even industrial waste approximately over an area 

of four acres.  
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Fig. 1: Sketch of the surrounding area of the solid waste dump yard 

 

3.2.1 Hazard triggering factors: Generation of 
Methane in landfills and spontaneous ignition 

Fire has been erupted spontaneously due to for-

mation of bio-gas; mainly Methane; the principal 

bio reaction in landfills is anaerobic digestion; in 

anaerobic digestion organic compounds are de-

graded mainly by fermentative bacteria and meth-

anogenic bacteria and Methane is formed by meth-

anogenic bacteria, either by breaking down the 

acids to methane and carbon dioxide, or by reduc-

ing carbon dioxide with hydrogen. The organic de-

composable waste in the dump waste has acted as 

the source to produce Methane under favorable an-

aerobic conditions. 

Heat is generated by exothermic anaerobic de-

composition. Under favorable conditions heat 

builds up inside the landfill and the generated Me-

thane gas is also trapped within the voids of land-

fill materials. The conditions (Methane and heat) 

create an ideal set up for spontaneous ignition.  In 

this incident the dry weather prevailed, and the 

conditions in the landfill have made all favorable 

conditions for propagation of fire.  

3.2.2 Hazard development: Generation of smoke 
and fumes 

Unlike in several other fires, in landfills, a com-

plete combustion does not occur due to several rea-

sons. One major reason is that natural wetness re-

sulting from decomposition process and dense 

nature of the waste with substantial dump height 

hinder adequate oxygen supply for complete com-

bustion. The environment created leads to genera-

tion of smoke and fumes having a wide range of 

compounds with varying toxicities. The composi-

tion of compounds in fumes are Water vapor, un-

burned Carbon particles, Carbon Dioxide, Me-

thane, Carbon Monoxide, Voltaic Organic 

Compounds of various toxicities, Dioxins, Furans, 

Acidic gases such as  Hydrochloric (HCl) and 

Hydrogen cyanide (HCN), dusty fumes of heavy 

metals, Particulates such as PM10 and PM 2.5 and 

etc. 

3.2.3 Hazard propagation: The smoke and fumes 
dispersion pathways  

At the time of incident dry weather prevailed with 

low winds, and the disposal site was located in a 

topographically concave basin which is land-

locked. According to the annotated information re-

ported by media and community the ignition has 

been started days before inside the dump with 

signs of smoke and the combustion has continued 

to propagate to result the hazardous incident. The 

specific terrain topography, i.e. of being land-

locked, dry weather and low winds have made 

poor dispersion of smoke and building up in con-

centration within in the area where the sensitive el-

ements were present. 

3.2.4 Effects: Exposure of the community to smoke 

Even though the area is not highly populated, 

many people were affected due to the fire as many 

sensitive places such as schools, shops etc. men-

tioned above were located in the close proximity of 
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the source facility. Symptoms of fume inhalation 

were shown among the residents and school chil-

dren in the following morning suffering from 

breathing difficulty, headache, dizziness, etc.  

Eleven people including three children were hospi-

talized; two adults and a child were given treat-

ment for severe exposure to noxious fumes imme-

diately on the following day. Within two more 

days another eight people were hospitalized where 

total hospitalizations had become thirty at the end 

of a week’s time from the date of fire. 

 

3.2.5 Incident management: Actions taken by the 
local authority 

Local authority has taken actions to prevent the 

exposure of people to the toxic fumes by announc-

ing the public on the incident and necessary safety 

actions to be taken. Several town activities had 

been stopped by closing down of shops, and evac-

uation of people. The schools and administrative 

offices were closed and influx of commuters to the 

city was controlled. Meanwhile the fire brigade 

was active in dousing the fire using fire hydrant 

with the collaboration of military forces equipped 

with two helicopters in the dousing process. Com-

plete recession of fire was achieved after four days 

from the date on which the incident was first re-

ported while the smoking was continued to occur 

due to dump heat, posing residents exposed to 

fumes over eight days. The moisture resulted from 

fire hydrant made under-combustion and denser 

fumes. 
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Fig. 2: Incident time line of the fire erupted in solid waste disposal and composting facility

3.2.6 Important points of concern with respect to 
disaster event 

 In this incident, when selecting the location, 

the decision makers had never considered site 

suitability aspects on a disaster point of view, 

but may have considered mostly on environ-

mental point.  

 The waste load is only few years old at the 

time of fire, the potential hazard could have 

been much higher, if the dump was an old one 

of several years. 

 A solid waste is never considered as a material 

under the category that would lead to a disaster 

event with characteristics similar to a chemical 

disaster. 

 The terrain conditions were a critical contribu-

tory factor for severity of the hazard from pol-

lution dispersion point through air. This has 

not been thought of when deciding the loca-

tions for the facility. 

 On-site management: In controlled solid waste 

dumps landfills gases are removed by in-

stalling gas collectors. If these control 

measures together with close monitoring of ac-

cumulation of gases inside the bulk waste and 

generation of heat points were implemented 

triggering of fire hazard could have been de-

tected early and preparation of it to a disaster 

event could have been prevented. 

 According to annotated information there was 

no on-site fire management system, smoking at 

site had been a regular occurrence often left 

neglected.  

 Information of the situation were differently 

disseminated to the public causing ambiguity 

in actual situation of hazardness of the inci-

dent, appearing that there is less transparency 

on actuals. 

 Incident had been mostly tackled as event and 

management of an accidental hazard. Process 

of post risk assessment is weak. 

3.3 Case study 2: The fire erupted in a plastic 
recycling factory 

The plastic recycling factory is located in Gam-

paha district which is the second highest populated 

district of the country. The population density of 

the district is 1,719 persons/ km2 in 2012 with a 

population growth rate of 1.05 (2001-2012) (De-

partment of Census, 2012). The factory is sur-

rounded by residences in a closely packed manner 

with narrow access paths to the premises (Fig. 3). 

The factory premises was used to store the final 

product and substantial amount of plastic waste 

which are to be recycled, possibly with electronic 

parts and decomposable waste such as the food res-

idue (quantitative data is not available) on the day 

of fire. 

3.3.1 Hazard triggering factors: Initiator of the 
fire 

Fire had erupted closer to a rear boundary wall of 

the facility, early in the morning while the workers 

were sleeping. Though the annotated information 

by media and community, two possible alternatives 

as causes of fire were reporting as an electrical 

failure or as a suspected intentional setting of fire 

on sabotage. The exact triggering factor for the fire 

has not been established. 
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Fig. 3: Sketch of the surrounding area of the plastic recycling factory 

3.3.2 Hazard development: Generation of smoke 
and fumes 

Similarly to the fire occurred in the solid waste 

disposal and composting facility, incomplete com-

bustion occurred due to several reasons such as the 

wetness of plastic waste built up due to the accu-

mulation of rain water within the voids of the plas-

tic waste, and dense nature of the plastic waste 

mounted with a substantial height (more than 5 ft.) 

hindered adequate oxygen supply for complete 

combustion. Under this environment, the burning 

of synthetic or semi-synthetic organic compounds 

such as Polyethylene (PE), Polystyrene (PS), Poly-

amide (PA), Polyvinyl chloride (PVC) etc. in the 

form of polythene or plastics had led to generation 

of smoke and fumes having a wide range of com-

pounds with varying toxicities. The composition of 

compounds in fumes are Water vapor, unburned 

Carbon particles, Carbon Dioxide, Methane, Car-

bon Monoxide, Voltaic Organic Compounds of 

various toxicities, Dioxins, Acidic gases such as  

Hydrochloric (HCl) and Hydrogen cyanide (HCN), 

dusty fumes of heavy metals, Particulates such as 

PM10 and PM 2.5 and etc. 

3.3.3 Hazard propagation: Propagation of fire 
and dispersion pathways of smoke and fumes 

The fire has engulfed the entire factory premises, 

as a result of the inefficiency of the fire protection 

system which did not include a fire alarming 

mechanism, and inappropriate arrangements of the 

facility where fire can easily propagate from one 

place to the other. The smoke and toxic fumes has 

dispersed through the air to about 500 m  from the 

origin of fire according community as under dry 

weather with the wind direction towards a highly 

populated residential area(Fig. 3). 

Even though there had been a risk for the fire to 

be spread out of the boundaries to the neighboring 

residences, fire rescuing unit has been able to 

douse it within the factory boundary with the aid of 

a drain-line around the factory premises adjacent to 

its boundary. This drain has acted as a barrier 

against spread of the fire while serving as a water 

source for the dousing as quantity of hydrants were 

insufficient. 
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Fig. 4: Incident time line of the fire erupted in plastic recycling factory 
3.3.4 Effects: Exposure of the community to smoke 
and heat 

Many people were affected by the smoke and toxic 

fume inhalation within the area of 500 m distance 

from the origin of the fire showing the symptoms 

of breathing difficulty, headache, dizziness, etc.; 

exposure was high mainly due to the densely popu-

lated neighboring environment. Residences located 

around the boundary within 100 m distance from 

the facility including the residence of the owner of 

the plastic recycling facility were affected by the 

excessive heat generation of the fire. However the 

total damage to the facility has not been evaluated 

in financial terms. 

3.3.5 Incident management: Actions taken by the 
local authority 

Even though the fire brigade was informed on the 

fire, several hours have been taken for them to the 

reach the fire due to several reasons. One major 

reason is that the difficulty of firefighting trucks to 

reach the facility through very narrow passage of 

access road. Firefighting trucks were keeping a dis-

tance of 700 – 1000 m from the centre of fire due 

to the excessive heat and chemical fumes generat-

ed. The dousing process was less efficient as the 

fire was inside the material which could not be 

doused by surface spaying. However, the recession 

of fire had been completed by a process of dousing 

extended through almost six hours with the aid of 

six firefighting trucks. The moisture resulted from 

fire hydrant made under-combustion and denser 

fumes. Meanwhile, forced and voluntary evacua-

tion of neighbouring residents was done immedi-

ately along with the propagation of the fire. 

3.3.6 Important points of concern with respect to 
disaster event 

 The factory had been established approximate-

ly 25 years before where the neighbouring en-

vironment was sparsely populated with most of 

the surrounding lands were uneconomical 

marshlands. Subsequently, settlements have 

come up surrounding the facility which even 

has narrowed the access road. It appears that 

process of granting building approvals for res-

idences had never considered the potential dis-

aster risk from the plastic recycling facility on 

the neighborhood environment. 

 The fire safety precautions of the facility was 

limited to conventional minimum requirement 

such as maintaining sand buckets and an onsite 

water well as the source of hydrant where the 

access to the well had been completely blocked 

due to the fire. 

 The access path to the premises was not con-

sidered as an critical factor in safety on a disas-

ter point of view, as a hindrance to access in an 

emergency:   

 It appears that fire brigade has not made a pre-

assessment on the situation before reaching the 

point indicating poor preparedness to face ac-

tual conditions. This has resulted delay in 

combating the fire. 

 The plastic waste is never considered as a ma-

terial under the category that would lead to a 

disaster event with characteristics similar to 

chemical disaster due to lack of knowledge on  

as potential source for fire hazard and the  se-

verity of the effects  

 Information of the situation were differently 

disseminated to public causing ambiguity in 

actual situation of hazardness of the incident, 

appearing that there is less transparency on ac-

tuals. 

 Incident had been mostly tackled as event and 

management of an accidental hazard. Post risk 

assessment has not been clearly defined. 

3.4 Case study 3: The diesel leakage from a 
beverage factory 

The beverage factory is located in Gampaha dis-

trict, on a bank of a major river of the country with 

approximately a 50 m distance from the river bed 

which is a source of drinking water to many cities 

of the country.  

The factory is surrounded by both industries 

and residences along with several sensitive facili-

ties such as schools and temples. Water intakes of 

two major water treatment plants are located along 

the downstream of the river within a 5 km distance 

from the factory (Fig. 5). 

3.4.1 Hazard triggering factors: Initiator of the 
leakage 

The factory premises had a large storage of diesel 

where an accidental diesel leakage had occurred 

from an underground pipe line. The cause for the 

underground pipe line failure had not been estab-

lished with support evidences. However, the most 

possible cause could be the natural corrosion 

which may have led the pipe line to develop a leak 

as it is located on a river bank where the soil per-

meability is naturally high. 
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Fig. 5: Sketch of the surrounding area of the origin of leakage 

 

3.4.2 Hazard development 

According to the factory management, the leak was 

plugged immediately after the observation. How-

ever, by the time this leak was plugged, substantial 

amount of oil had escaped into the adjoining river, 

via storm water drainage system which has been 

undetected by existing safety precautions. 

Diesel is an organic compound used as a fuel 

where the composition of saturated hydrocarbons 

is comparatively high resulting to be a non-polar 

compound. Therefore, diesel is hydrophobic which 

does not get mixed with water and it flows on the 

water as a layer of oil due to the lower density.  

3.4.3 Hazard propagation: Propagation of diesel 
plume and River water pollution 

The oil released to the river had flowed along the 

downstream of the river until it had reached the sea 

which had occurred within six to eight hours with 

the aid of the river water flow. Soil of the river 

bank was contaminated by diesel up to a certain 

extent and some of the diesel was evaporated into 

the air due to its high volatility. 

3.4.4 Effects: Exposure of the community to con-
taminated water 

Many people were affected who lived closer to 

the river along the downstream by the consumption 

of contaminated water for bathing, drinking and 

washing.  The water supply from the treatment 

plant had stopped in the morning till evening on 

suspected contamination of intake water. The 

piped water consumer population was at severe un-

rest on suspicious contamination of drinking water 

with uncertain risk. Considerable number of people 

in the country was affected because main water 

supply had to be disconnected without any prior 

notification. 

3.4.5 Incident management: Actions taken  

According to the factory management, the au-

thorities were informed as soon as they noticed the 

incident while taking necessary actions to prevent 

the leakage. A warning notice was issued asking 

people not to use river water for bathing, drinking 

or washing by one of the responsible agencies. A 

process of contaminated river water purification 

was carried out where oil absorbents were used 

along with a flush out of contaminated water using 

the head water reservoirs of the river. Meanwhile 

the samples of contaminated water were sent to In-

dia for further laboratory test. 

Meanwhile the Environmental Protection Li-

cense (EPL) of the factory was temporary can-

celled until the factory implemented the corrective 

actions recommended and observed by the authori-

ty; the EPL was re-granted within a period of two 

weeks from the incident. Authorities had decided 

to frequently monitor the waste disposal of the in-

dustry in future and to carry out a special investi-

gation in waste disposal of all the A-grade indus-

tries along the river. 

3.4.6 Important points of concern with respect to 
disaster event 

 In this incident, when selecting the location, 

the decision makers had never considered the 

200



 

 

effect to the river by the operations of the fac-

tory on a disaster point of view, but may have 

considered mostly on environmental point 

 The factory had been established a few dec-

ades ago where the neighbouring environment 

was not populated compared to current state of 

development 

 Possible hazards of the diesel storage other 

than the flammability have not been assessed 

or considered in preparing safety precautions. 

 Fine sediments and gum could generate within 

the diesel with the time by reacting with oxy-

gen from air. Maintaining records on the vol-

umetric storage, age and consumption of diesel 

will lead to the optimization of volumetric 

storage of diesel and hence the elimination of 

sediments and gum formation. 

 Aquatic eco-system and coastal environment 

(corals) could get damaged due to the oil. 

 The inconvenience occurred to the public has 

not been addressed and no any immediate ac-

tion has been taken to provide alternative water 

for the drinking purpose as a minimum, since 

the river was the only source of water for most 

of the affected people. 

 Information of the situation were differently 

disseminated to public causing ambiguity in 

actual situation of hazardness of the incident, 

appearing that there is less transparency on ac-

tuals. 

 

Fig. 6: Incident time line of the diesel leakage from beverage factory 
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3.5 Discussion 

All the three case studies where chemical haz-

ard events had taken place emphasize that the 

magnitude of disaster has been increased due to its 

location, within the environment with critical sen-

sitive places. The analysis of three incidents clearly 

pin point the following aspects important in view 

of disaster management. 

 The siting criteria for many facilities has 

aligned with environmental perspective while 

disaster aspects has been largely forgotten 

 The vulnerability of surrounding environmen-

tal elements have increased with the develop-

ment process over decades , especially in terms 

of residents, urban facilities and service utili-

ties etc. where development plans  had  not 

thought of potential risks on the people 

 Aspects of environmental protection lined with 

EPL and factory safety covered by factory 

safety regulation were marginal in addressing 

the events occurred specially with respect to 

risk on  neighboring sensitive elements  

 The source materials that triggered the disaster 

event in two of cases were of unknown com-

position; therefore they could have contained 

hazardous waste with potential to release toxic 

contaminants with the event.  The week on 

the event monitoring on toxicity and the post 

monitoring actual exposures could not be es-

tablished. 

 It appears that transparency of the information 

to public were kept low, perhaps intentionally 

to control unwanted public unrest, but, the sit-

uation has made greater uncertainty among the 

exposed community regarding the risk factors.  

 The emergency operation in all three cases 

with respect to disaster management show sev-

eral weak areas 

 At the event, community vigilance appeared 

very strong and dissemination of information 

through all media was quick, therefore, the in-

formation with greater ambiguity on actuals 

were spread island wide within the short time 

when incident was traced. 

 It is suggested that the incident management 

had not been managed fully inline within the 

DM framework 

 The siting of facilities and in-side factory Dis-

aster Management has a strong impact on po-

tential to trigger a hazard and propagation, and 

vulnerability to sounding sensitive elements. 

4 CONCLUSION 

In this paper the authors had analyzed three in-

cidents in chemical disaster perspective. The anal-

ysis revealed substantial inadequacies in the siting 

criteria, the preparedness, emergency operation, 

and disaster management as a whole emphasizing 

the need for a sound management framework to a) 

Disaster management of existing facilities (indus-

tries and facilities) prone to chemical disasters’ and 

b) establishing siting criteria and Disaster Man-

agement in new establishments.  
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ABSTRACT: Air quality levels in built environment especially in urban areas are a special concerned 
that needs action oriented air quality management, so to maintain healthy breathing environment as 
polluted air affects human health, economy, and associated with a wide range of environmental damage 
specially linked to climate change issues such as  global warming. The ambient air quality levels of 
urban environments are deteriorated by spectrum of different pollution sources such as mobile, 
commercial, domestic and industrial emission sources. The main pollution source that contributes to 
urban air quality is mobile emissions, which contribute to more than 60% of total emissions. The 
majority of remaining 40% is contributed by commercial and domestic sources. Concentration of a 
pollutant in ambient air depends on several factors; meteorological, climatic, geographical and terrain 
etc. These factors do not contribute to emissions but they play a major role in determining the ambient 
concentration of pollutants mainly by means of dispersion.  

Ambient air quality levels with respect to Sulfur Dioxide (SO2) and Nitrogen Dioxide (NO2) were 
measured in selected Provincial Capitals in Sri Lanka. The data indicate that the pollutant levels in each 
city are highly subjective to the seasonal climate condition and wind pattern of the area. However, no 
studies were done in Sri Lanka to assess the impact of climatic and geographical factors in urban air 
pollution. Therefore, this paper attempted to study the influence of climatic and geographical factors on 
urban air pollution. According to the results, there is no significant correlation between air pollutant 
levels with climatic parameters in urban areas. However, monitoring data indicates that average 
pollutant levels in Kandy and Kurunegala urban areas were relatively high compared to other cities.   
When considering the main source of air pollution which is vehicular emissions, vehicular population 
of both Kandy and Kurunagala urban areas are lower than that of Colombo. Therefore, the speculated 
ambient concentrations are low, but in contrast, the air pollution levels are found to be high in both 
Kandy and Kurunegala, indicating the prominent role of a third factor in determining ambient air 
quality. The specific geographical and topographical setting in the two cities made to create a basin like 
terrain morphology thus creating conditions against dispersion of pollutants resulting accumulation of 
pollutant generated within the urban areas.  

Keywords: Urban air quality, Climate, Geography 
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1 INTRODUCTION 

Air pollution, both indoors and outdoors, is a 

burning environmental problem affecting 

health of people in urban areas. The health 

effects due to an air pollutant depend on the 

type of pollutant, exposed pollutant 

concentration, duration and frequency of 

exposure, and associated toxicity of the specific 

pollutant. Air pollution can seriously affect the 

quality of life, can damage historic buildings, 

kill sensitive plant life and even cause climate 

change issues such as global warming. Urban 

air quality deteriorates mainly due to air 

emissions by anthropogenic activities such as 

fossil fuel combustion for transportation, power 

generation and industrial activities, fugitive 

emissions and solid waste burning etc. As a 

result of rapid urbanization and infrastructure 

development in Sri Lanka, most urban cities are 

becoming victims of deteriorated ambient air 

quality. At present Colombo, Kandy, 

Kurunegala, Rathnepura and Galle are some of 

the cities facing air pollution problems in Sri 

Lanka.  

 

Colombo, the capital city of Western 

province as well as the commercial capital of 

Sri Lanka is one of the coastal cities with 

deteriorated air quality. Several research 

studies have found that pollution levels in 

Colombo air is being increased during the last 

few decades with the increase of vehicle 

density, industries, domestic and commercial 

activities in and around the city. The pollutant 

levels are comparatively high in high traffic 

congested areas than in surrounding areas. The 

annual average pollutant levels have exceeded 

the recommended WHO guideline values for 

SO2 and NO2 within the city. Although, 

monitoring data from 2012 to 2014 has shown 

a drop in air pollution level, the trend appeared 

to reverse and increase slightly in 2015.  

 

Kandy is both an administrative capital and 

a city of religious importance. The city was 

declared a world heritage site by UNESCO in 

1988 since it is the home of The Temple of the 

Tooth Relic, one of the most sacred places of 

worship in the Buddhist world. Also Kandy 

urban area represents Highland plateau 

geographical conditions. Research studies 

conducted in Kandy have found that the air 

pollutant levels in the city area have increased 

to a significant level and the pollutant levels are 

relatively high in high traffic congested areas 

than the surrounding. The annual average 

pollutant levels have exceeded the 

recommended WHO guideline values for SO2 

and NO2 within the city. The continuous 

monitoring data indicates that the pollutant 

levels are slightly increased from 2014 to 2015.  

 

Kurunegala, is the capital city of the North 

Western Province  and one of major cities in Sri 

Lanka located in flat terrain within eight 
very noticeable large rocks that encircle and 

dominate the city atmosphere. It was an ancient 

royal capital for 50 years, from the end of the 

13th century to the start of the 14th century. It is 

at the junction of several main roads linking to 

other important parts of the country. Therefore 

significant amount of vehicles are travels in the 

city. The average atmospheric temperature of 

the city is relatively high compared to 

surrounding cities, and hence, the city is 

encountered with air pollution problems. The 

continuous air quality monitoring data in 

Kurunagala city show that the pollutant levels 

are relatively high compared to other urban 

areas. 

 

Rathnepura city, is the capital city of 

the Sabaragamuwa Province  and the traditional 

center for the Sri Lankan gem trade. The city is 

surrounded by large green areas of 

tea and rubber plantations as well as several 

natural forest areas such as Sinharaja Forest 

Reserve, Udawalawe National Park, Kitulgala, 

and Adam's Peak etc are closer to the city. The 

city area is limited to about 20 Km2 and 

relatively high amount of vehicles are operated 

in the city. The continuous air quality 

monitoring data in the city show that the 

pollutant levels are relatively high within the 

city area compared to the surrounding areas. 

 

The Galle city is the capital city of Southern 

Province located in costal belt of Sri Lanka. The 

city has a World Heritage Site to its name 

because there are several historical, 

archaeological and architectural heritage 

monuments located within the city and those 

are predominantly responsible for its popularity 

with tourists. The city area is limited to about 

18.7 Km2 and relatively high amount of 

vehicles operate in the city. The continuous air 

quality monitoring in the city show that the 
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pollutant levels are relatively high within the 

city area. 

 
In general, ambient air pollution levels of all 

above urban environments rise from a spectrum 
of different sources, which are broadly 
classified as mobile, commercial & domestic 
and   stationary emission sources. All above 
cities have high traffic congestion where large 
number of vehicles are operated within small 
area less than 37 Km2. Therefore, the main 
source of ambient air pollution in those urban 
areas is the mobile emissions, which contribute 
more than 60% of total emissions. The majority 
of remaining 40% is contributed by commercial 
and domestic sources except in Colombo in 
which the contribution from stationary sources 
are also significant due to the availability of 
several industries, thermal power plants, 
harbour etc. around the city area.  

In addition source emissions, the other 
factors that affect the urban air pollution levels 
are meteorological, climatic, geographical and 
terrain factors. Although these factors do not 
contribute to emissions, they play a major role 
in air pollution dispersion. Continuous air 
quality monitoring data in each of these cities 
indicates that the pollutant levels are highly 
subjective to the seasonal climatic conditions 
and wind pattern of the area. Review of 
scientific literature on past studies in Sri Lanka 
analysing influence of climatic and 
geographical factors on air pollution are rather 
limited emphasising a gap in information vital 
for urban air quality management. Therefore, 
this paper attempts to study the influence of 
climatic and geographical faction on urban air 
pollution in major cities in Sri Lanka. 

2 METHODOLOGY 

The provincial capital city of several provinces 
in Sri Lanka, Colombo - Western Province, 
Galle - Sothern Province, Kandy - Central 
Province, Rathnapura - Sabaragamuwa 
Province and Kurunegala - South-Western 
Province that represent different climatic and 
geographical conditions were selected for the 
measurement of ambient air quality. Several 
points in each selected urban areas based on the 
land extent were selected and air quality levels 
were measured for a period of three years from 
2012 to 2015 on monthly basis. The pollutant 
parameters selected were Sulfur Dioxide (SO2) 
and Nitrogen Dioxide (NO2) which are directly 
related to fossil fuel burning. The passive 

sampling air quality monitoring technique was 
used for the sampling and analysis of pollutant 
levels and number of sampling points in each 
urban area is given in Table. 1.  
 
Table 1. Number of air quality monitoring sites in 

each urban area. 

 

Urban Area 
Number of Sampling 

Points 

Colombo 19 

Kandy 13 

Kurunegala 6 

Rathnepura 8 

Galle 6 

 

The climate data such as Temperature, 

Humidity and Rainfall etc in each urban area 

were taken from the Meteorological 

Department of Sri Lanka to cover the same 

period with the same frequency. Other related 

data such as population density, housing 

density and vehicular population etc in each 

urban area were obtained from the Department 

of Census & Statistics of Sri Lanka. The data 

were statistically analyzed using “MINITAB” 

to assess the correlation of air quality data with 

climatic data.  

 

3 RESULTS AND DISCUSSION 

Annual average ambient air quality levels 
with respect to SO2 & NO2 in each urban 
area of Colombo, Kandy, Kurunegala, 
Rathnepua and Galle are presented in 
Figure 1a and 1b. According to 
the results, highest 
average pollutant levels with 
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respect to NO2 and SO2 were recorded in 
Kandy urban area and the second highest 
were recorded in Kurunegala urban area. 
Colombo urban area shows the third highest 
average pollution levels with respect to 
NO2 and SO2 among other urban areas. The 
urban areas such as Rathnepura and Galle 
indicate low average pollution levels.    

 
Fig 1a. Annual average NO2 Levels in each urban 

area  

 

 
Fig 1b. Annual average SO2 Levels in each urban 

area  

 
Variation of SO2 concentration against climatic 
parameters of Temperature, Rainfall and 
Humidity are presented in Figure 2a to Figure 
2c. According to the results, the SO2 levels in 
urban areas do not correlated with the 
temperature and Humidity levels whereas SO2 
levels shows weak negative correlation with 
rainfall of the urban area. When average rainfall 
is high, the average SO2 concentration of the 
urban areas expected to be low.  

 Fig. 2a Scatter plot of Urban SO2 Levels Vs 

Temperature  

 

Fig. 2b Scatter plot of Urban SO2 Levels Vs Relative 

Humidity 

 

Fig. 2c. Scatter plot of Urban SO2 Levels Vs Rainfall  

Variation of NO2 concentration against climatic 
parameters of Temperature, Rainfall and 
Humidity are presented in Figure 2a to Figure 
2c. According to the results, NO2 levels in urban 
areas are not correlated with the climatic 
parameters. 

 

Fig. 3a Scatter plot of Urban NO2 Levels Vs 

Temperature  
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Fig. 3b Scatter plot of Urban NO2 Levels Vs Relative 

Humidity  

Fig. 3c. Scatter plot of Urban NO2 Levels Vs 

Rainfall 

According to above results, although there is no 
correlation between air pollutant levels with 
climatic parameters, the average pollutant 
levels in Kandy and Kurunegala urban areas 
were relatively high compared to other cities 
where average pollutant levels are almost in the 
same range. This variation therefore should be 
due to other factors that affect ambient air 
quality; the pollution sources and the 
geographical setting.  When considering the 
main sources of air pollution that is the 
vehicular emissions.  But, the vehicular 
population of both Kandy and Kurunagala 
urban areas are lower than that of Colombo, and 
contribution from other sources such as 
domestic and industrial sources too are 
comparatively much lower and therefore, under 
these scenarios, both Kandy and Kurunegala 
should have relatively low levels of measured 
pollutants. But, notably high result contrasting 
to speculate pollution scenarios could be due to 
the third factor, i.e. the geographical setting. 
Kandy city is located in flood plains of 
Mahaweli River surrounded by a mountain 
range creating city a basin geomorphology. 
Similarly, Kurunegala city is also surrounded 

by a tall rocky terrain to create a concave basin 
surrounding core area of the city. In both cases 
the basin like geomorphology has acted as a 
barrier against dispersion of pollutants while 
allowing the buildup concertation to give rise to 
high pollutant levels in ambient air. 

Ratnapura although is city in inlands of the 
country in a hilly terrain did not show elevated 
ait pollutant levels. The possible reasons could 
be low source emissions (low vehicle density in 
the town area), the broad flood plains and no 
basin like geomorphology, and the well 
distributed rich growth of rainforest like 
vegetation which act as a pollutant sink etc. 

4 CONCLUSIONS 

Following conclusions can be made based on 
the results obtained in this study, 
 
 The average SO2 & NO2 in levels each 

urban area defer and the levels in Kandy 
urban and Kurunegala urban areas were 
notably  high compared to other urban 
areas.  

 There is no correlation between air 
pollutant levels and the climatic parameters 
such as Temperature, Relative Humidity 
and Rainfall etc. of the urban area. 

 The results strongly suggest that 
geographical setting and natural 
topographical barriers etc have a strong 
influence on the ambient air pollutant 
levels, where pollution dispersion effects 
should be given equal priority together with 
emission control in air quality management 
in the two cities and those with similar 
geographical setting.  
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Insurance as a Risk Transfer Method to Disaster 

Management in Sri Lanka 
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ABSTRACT: Sri Lanka, an island located in the middle of the Indian Ocean is susceptible to many natural 
disasters such as Flood, Landslide, Tsunami, Cyclone, etc. After the devastating Tsunami experience in 2004, 
Sri Lanka has taken policy level initiatives on Disaster Risk Reduction (DRR). National Natural Disaster 
Insurance Policy-2016 is one of the major milestones in such DRR initiatives. This policy aims to cover lives 
and properties, specifically all households and small business establishments (any business of which annual 
turnover does not exceed LKR 10 M) covered up to 2.5 million rupees each in respect of damages (per event) 
caused to their property and contents due to Cyclones, Storm, Tempest, Flood, Land slide, Hurricane, 
Earthquake, Tsunami and any other similar natural perils, excluding Drought. Recently Sri Lanka struck by 
major landslides in the Central Hilly Area and flood in the Western Region of the island. National Building 
Research Organisation as one of the research and development institute in disaster mitigation studies 
conducted three damage assessment studies in Aranayake and Yatiyanthota to assess damages caused by 
landslides while Kolonnawa to assess the damages caused by flood. 
 
Keywords: National Natural Disaster, Insurance Policy, Damage Assessment

1 INTRODUCTON 

Sri Lanka being a small island in the Indian 
Ocean at the path of two monsoons is mostly af-
fected by weather related hazards. Floods mostly 
due to monsoonal rain or effects of low pressure 
systems and droughts due to failure of monsoonal 
rain are the most common hazards experienced in 
Sri Lanka. This country is also prone to hazards 
such as landslides, lightning strikes, coastal ero-
sion, epidemics and effects of environmental pollu-
tion. In 2004, almost two-thirds of the Sri Lankan 
coast was affected by the Indian Ocean tsunami 
highlighting the country’s vulnerability to low-
frequency but high impact events. 

 
 
 
 
 
 
 
 
 
 

Fig. 1: People affected by different disasters in Sri 

Lanka (1974-2004) 

 

The figure 01 provides, information available 
on the people affected by natural disasters during 
the period 1974-2004. It clearly identifies Floods, 
Drought, Tsunami, Storm and Landslides as the 
most common natural disasters in the country.  

Sri Lanka experienced different types of disas-
ters in the last few decades and people lost their 
lives & properties in intolerable situation.  Gov-
ernment and stream lined non-government organi-
zations had provided disaster relief, rehabilitation 
and reconstruction activities in to certain level with 
financial support to overcome this situation up to 
certain extent. 

2 RISK TRANSFER PAST PRACTICE 

Disaster Relief, Rehabilitation and Reconstruc-
tion activities will be released directly to the Gov-
ernment Agents/District Secretaries by National 
Disaster Relief Services Centre (NDRSC) of the 
Ministry of Disaster Management, and action will 
be taken to dispatch a copy of same to the relevant 
Divisional Secretaries. Divisional Secretaries 
should obtain provisions allocated to their division 
from District Secretaries. The basic eligibility for 
entitlement to relief under widespread and casual 
disasters is that the monthly income of the family 
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should be less than Rs.3000.00. The family in-
cludes mother, father, and all unmarried sons and 
daughters. If the parents have passed away, unmar-
ried brothers and sisters. If the parents of the moth-
er or the father are living with them, they too 
should be included. The total monthly income of 
the family is the aggregate income derived from all 
sources. 

3 RISK TRANSFER PAST PRACTICE - 
PRACTICAL SITUATION 

In May 2011 floods occurred in Kegalle, Gam-
paha, Colombo, and Galle Districts. As a result, 
8,479 families consisting of 33,201 peoples were 
affected, 5 people dead, 6 injured, and 341 houses 
were affected including 71 fully damaged and 270 
partially damaged. As a proactive approach Minis-
try of Disaster Management released allocation 
based on the information on disaster incidence re-
ported. Rs. 463,738,830.15 have been released to 
the following disaster affected districts and Rs. 
6,513,646.85 expended for the relief materials dis-
tribution for the flood victims during January - 
August 2011. 

Housing subsidy was paid to repair or recon-
struct residential house damaged by the disaster. 
This subsidy was paid only in instances where the 
monthly income of the applicant is Rs. 3,000.00 or 
less. Rs. 50,000.00 for a fully damaged house and 
Rs. 25,000.00 for partially damaged house was 
paid until May 2011, according to NDRSC circular 
No: 2007/10 dated 01/10/2007. 30,569 houses 
were rehabilitated / reconstructed in 2011 until 
May 2011 and Rs 53,045,194.00 have been paid 
for the same. With the implementation of the Na-
tional Budget circular No 152, this activity was 
transferred to the Ministry of Economic Develop-
ment with effect from 14/05/2011. 

4 NEW PROGRAM FOR RISK TRANSFER - 
NATIONAL NATURAL DISASTER 
INSURANCE POLICY 

As a proposal of 2016 Budget, National Natural 
Disaster Insurance Policy Program had been intro-
duced and implemented to provide disaster relief 
and subsidies to people who are affected due to the 
disaster. This program was introduced to improve 
the economy and development of the country. Na-
tional Natural Disaster Insurance Policy is execut-
ed by joined collaboration of Ministry of Disaster 
Management and National Insurance Trust Fund, 
under the supervision of Ministry of Finance. Un-
der this policy program identified Natural Disasters 
like Cyclones, Storm, Tempest, Flood, Landslide, 

Hurricane, Earthquake, Tsunami and any other 
similar natural perils, excluding Drought and man-
made disasters. 

5 NATIONAL DISASTER INSURANCE 
POLICY SCOPE OF COVERAGE 

Under the National Natural Disaster Insurance 
Policy program, its benefits and coverages are as 
follows; 

5.1 Natural Disaster Coverage 

 Covers lives and properties, specifically all 

households and small business establishments 

(any business of which annual turnover does 

not exceed Rs. 10 million) covered up to Rs. 

2.5 million in each respect of damages (per 

event) caused to their property and contents 

due to Cyclones, Storm, Tempest, Flood, 

Landslide, Hurricane, Earthquake, Tsunami 

and any other similar natural perils, excluding 

Drought and man-made disasters. Property 

damage for large businesses and those having 

insured with an insurance company are ex-

cluded. 

 An accidental death cover for all victims of 

natural disasters will be paid Rs. 100,000 each 

under the Personal Accident Insurance Policy.  

5.2 Emergency relief measures for victims of 
natural disasters 

 Annual limit for emergency relief expenses 

will be Rs. 1.5 billion. 

 For different types and scales of occurrences, 

there will be sub limits (Table 1) as follows; 

Table 1: Sub limits for different type & scales disasters 

Tsunami or Earthquake : Rs. 500 Mn 

Major flood/cyclones/similar incident 

affecting > 1000 persons  

: Rs. 100 Mn 

Minor flood/cyclones/similar incident 

affecting < 1000 persons  

: Rs. 50 Mn 

Landslide : Rs. 25 Mn 

5.3 Limits of Coverage 

 Structural Damages to property and content in 

respect of households and small business 

establishments (Structural damages) - Annual 

limit of Rs. 8.5 billion 

 Cost of emergency relief measures -  Annual 

limit of Rs. 1.5 billion 
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 Total limit liability in aggregate for the period 

is Rs. 10 billion 

5.4 National Natural Disaster Insurance Policy 
execution process 

When any Natural Disaster reported in any of 
the district, according to disaster status report 
provided by the National Disaster Relief Services 
Center (NDRSC), Disaster Occurrence Report and 
estimated budget for disaster relief which is under 
recommendation of Divisional Secretariat and 
approval of District Secretariat, has to be reported 
to NDRSC. 

Previously disaster relief services have been 
provided through allocated quota from general 
budget of Sri Lanka. Therefore, lot of difficulties 
face to provide relief services to victims due to 
delayed process and limited budget allocation. 

With introducing this National Natural Disaster 
Insurance Policy Program, District Secretariat can 
apply for estimated budget for disaster relief 
services when disaster struck to their representative 
district, it can be received as an advance under the 
insurance policy of National Insurance Trust Fund 
from NDRSC.  District Secretariat will allocate 
financial allocations among the Divisional 
Secretariats based on the gratitude of the disaster 
situation in each Divisional Secretariat Division. 

6 RECENT DISASTER SITUATION IN SRI 
LANKA 

Floods and landslides caused in last May 2016 
by torrential rains with gale force winds in Sri 
Lanka have left 71 people dead, 127 missing, and 
over 319,000 displaced from homes while over a 
427,000 people are affected by the adverse weath-
er. 

According to the government assessments, 
427,918 people belonging to 105,360 families are 
affected by floods and landslides as of the situation 
report issued by the Emergency Operation Centre 
of DMC as of 20th May 2016. Out of the affected, 
319,507 people from 64,308 families have been 
evacuated to 602 safe locations. About 474 houses 
are reported to be fully damaged and 3,674 houses 
partially damage by floods and landslides. 

7 CASE STUDIES AND NBRO ROLE 

7.1 Landslide Damage Assessment - Aranayake 
& Yatiyantota DS Division 

As a result of the heavy rainfall in May 2016, 
sever landslides were reported in several 
Divisional Secretariat divisions of Kegalle district. 

Under this circumstance as per the request made by 
the District Secretary of Kegalle, National 
Building Research Organization (NBRO) carried 
out the damage assessment with the aim to 
estimate the damages caused to houses and 
properties accommodated in landslide triggered 
areas and flood affected areas. The property 
damages have been assessed as per the improved 
property damage assessment of National Building 
Research Organization. Assessment of the damage 
to housing units and loss value of household goods 
was carried out by the NBRO officials via site 
inspection to individual buildings. 

Damage assessment was carried out in 260 
housing units of the Aranayake Divisional 
Secretariat Division and 175 housing units in 
Yatiyantota Divisional Secretariat Divisions of 
Kegalle District.      

The summary of the damage assessment in 
Aranayaka & Yatiyanthota DS Divisions as 
follows in Table 2; 
Table 2: Summery of Landslide Damage Assessment 

D.S.Division 
Requested 

locations for 
assessment 

NBRO As-
sessed  
locations  

Aranayake 260 134 
Yatiyantota 175 136 
 

7.2 Division Flood Damage Assessment - 
Kolonnawa DS 

As a result of high monsoon rainfall, flash 
floods due to intense rainfall in the upper 
catchments, and cyclonic floods (due to 
development of low-pressure systems in the Bay of 
Bengal). Water levels of the Kelani River, as 
recorded at the Nagalagam Street river gauge, are 
shown in figure. When the water level, at this 
gauge (between 5.0 – 7.0 ft), a minor flood 
situation occurs, whereas when the level exceeds 
7.0 ft a major flood situation takes place. Water 
level exceeding 9.0 ft, at this location is considered 
as a dangerous flood. Kolonnawa DS Division has 
been affected by dangerous floods in three 
occasions within the period from 1965 to 2011. 
According to the historical data the region has been 
affected by a flood in the year 1957 also. 
Kolonnawa DS Division area was stricken by 
another dangerous flood on May 18, 2016. As per 
the records from Kolonnawa Divisional 
Secretariet, 28,657 houses in 40 GN Divisions had 
been fully or partially damaged. 

Based on the experience in the Landslide 
Damage Assessment in Aranayake and 
Yatiyanthota DS Divisions in Kegalle District, 
Ministry of Disaster Management had provided 
provisions to National Building Research 
Organisation to conduct flood damage assessment 
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in Kolonnawa DS Division. Flood Damage 
Assessment in Kolonnawa is under progress. 
Further support to estimate damage on building 
NBRO developed post disaster housing damage 
recovery cost estimation guideline.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Sample Survey Form 

8 CONCLUSION 

As a country, Sri Lanka is expose for most of 
the natural disasters. Establishment of National 
Natural Disaster Insurance Policy is a way forward 
to recovery in economy and development of the 
country. This Insurance policy has to be implement 
with the establishment of monitoring system. Mon-
toring should be done with the support of local 
governance and its benefits will be distributed 
among disaster victims in proper and correct pro-
portion.   

National Natural Disaster Insurance Policy’s 
validity period will be expired in end of the year 
2016. This mechanism is better to continue in the 
country, though it will be increased relief, rehabili-
tation and reconstruction activities after a Disaster 
in proper mechanism.  

Stream line to this National Natural Disaster In-
surance Policy, post disaster construction sand de-
velopment guidelines has to be developed to en-
hance “Built Back Better” development within the 
country. 

 

To evaluate flood damage assessment for each 
affected building, following survey form (Fig 2) 
has been used by the NBRO Technical Officers. 
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ABSTRACT: Landslide is one of the most frequent natural disasters among floods, cyclones, droughts 
earthquakes in Sri Lanka. Kegalle is one of landslide prone district declared by NBRO out of ten districts of 
the country and a catastrophic landslide event has experienced due to torrential and prolongs rainfall during 
14th to 17th of May 2016 in the district.  It caused to loss of lives, properties, infrastructures and the environ-
ment.  As per requested made by district secretariat and divisional secretariats of   Kegalle district, NBRO 
was conducted preliminary geological investigations on the reported landslide incidences. Since 16th of May to 
21st of October 2016, 514 sites have been investigated and still process is ongoing. According to the risk level, 
the buildings and infrastructures of investigated sites have been categorized as high, medium and low risk. The 
event has recorded 51 number of death and 97 number of missing in Kegalle district and Aranayake is the 
mostly affected DSD. According to the field data, 1935 number of buildings and infrastructures (houses, 
schools, roads etc.) are under high risk. Statistical data reveal that, 20 (1%) number of large to medium scale 
landslides has recorded while 1112 (79%) of small scale cutting failure has reported. Four larger scale killer 
landslides are occurred, namely Samasara Kanda, Elangpitiya in Aranayake Divisional Secretariat Division 
(DSD), Kalupahana Estate in Bulathkohupitiya DSD, Panawala in Dehiowita DSD and Densworth Estate in 
Dehiowita DSD.  

Improper land use pattern, surface drainage system, development activities and constructions has caused to 
induce land failures during continuous heavy rainfall. It is recommended to promote to request NBRO recom-
mendations prior to any constructions and development projects within rural areas. Furthermore, community 
based awareness programs and mitigation works within the landslide potential areas should be promoted to re-
duce the risk. It is must to be updated landslide hazard zonation map specially for the issuance of landslide risk 
assessment reports incorporating technical advice as a pre-requisite for giving building permits and project ap-
proval by local government bodies and early warning to evacuate the peoples in future disaster. 

 
Key Words: Landslide, cutting failure, rainfall 
 
1 INTRODUCTION 

Landslides can be considered as one of major and 
frequently faced natural disasters in mountainous 

terrains of Sri Lanka especially during monsoonal 
rainy periods.  Although the area of influence is 
small, extent of damage caused to lives, properties 
and environment by a landslide is immense. The 
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term, landslide is used to denote a wide variety of 
mass movements which cause downslope transport 
of soil and rock material under the influence of 
gravitational force. National Building Research 
Organization (NBRO) has identified ten adminis-
trative districts are prone to landslides, namely 
Badulla, Nuwara Eliya, Rathnapura, Kegalle, Kan-
dy, Matale, Galle, Matara, Hambanthota and Kalu-
tara. In perusing records, Kandy (Sinhapitiya in 
1977; Bahirawakanda in 1993), Matale (Pitakanda 
in 1982, 2012; Watagoda in 2012), NuwaraEliya 
(Katayapatana in 1986; Watawala in 1993), 
Ratnapura (Patulpana in 1983 ; Helauda in 1993) , 
Kegalle (Bulathkohupitiya-
Bambarakanda,Getiyamulla in 1989), Kalutara 
(Agalawatta, Bulathsinhala in 2014) and Badulla 
(Meeriyabadda in 2014) districts of Sri Lanka had 
a large number of landslides.  

In the recent past such kind of catastrophic 
landslide event has experienced in Kegalle district 
due to torrential and prolongs rainfall from 14th to 
17th May 2016. As far as previous landslide rec-
ords in Kegalle district is concerned, large number 
of landslide incidents has reported during this trag-
ic event. It has brought significant economic and 
social impact causing severe damages to life and 
property, the environment, and socio-economic life 
of the society than previous reported cases. Subse-
quently, geological, geomorphological and hydro-
geological factors of affected areas of Kegalle dis-
trict were dramatically altered with the massive 
landslide disaster. Also the landslide hazard zona-
tion map which was prepared by NBRO should be 
incorporated these new landslide records.  

Therefore it is essential to have proper data in-
ventory on occurred landslide during this signifi-
cant event for effective landslide hazard manage-
ment and mitigation. Hence the identification of 
affected areas as well as future vulnerable areas for 
landslide is very essential in determining the land-
slide susceptibility, hazard analysis, risk assess-
ment for mitigation and management of hazard. 
This paper discuss the summery of the recorded 
land failures during this catastrophe, and recom-
mended short and long term mitigation measures 
taken by NBRO with the aim of landslide risk re-
duction.   

  
2 METHODOLOGY 

As per requested made by district secretariat and 
divisional secretariat divisions (DSD) of   
Kegalle, Aranayake, Mawanella, Bulathkohupitiya, 
Daraniyagala, Dehiovita, Yatiyanthota, Galigamu-
wa, Rambukkana and Warakapola , NBRO was 

conducted preliminary geological investigations on 
the reported landslide incidences. There were 514 
sites have been investigated since 16th of May to 
21st of October 2016, and still process is ongoing. 
Based on the decision making criteria such as geo-
logical, hydrological and geomorphological condi-
tions of the investigated sites (Field observations) 
and by using landslide hazard zonation maps 
(LHZM) compiled by NBRO, the risk level of each 
site has been classified as high, medium and low 
risk. According to the cause, size, nature of the 
failures, and influence of man-made activities, the 
investigated sites have been categorized in to six 
land failures, namely large to medium scale land-
slides (LS), potential landslides (PL), cutting fail-
ures (CF), slope failures (SF), rock fall (RF) and 
others.  

Although main causes for above mentioned 
failures to occur are natural and effects created due 
to manmade activities, the decisive triggering fac-
tor is the high intensity rain fall. Therefore to iden-
tify influence of rainfall on initiation of land fail-
ures during this catastrophic event, the rainfall 
intensity data at daily interval from 1st January 
2016 to 31st October 2016 have been downloaded 
from www.rainfall.nbro.gov.lk. For this purpose, 
rain fall data has been collected from rain gauges 
installed in Aranayake, Dedigama, Dehiovita, Da-
raniyagala, Gatiyamulla, Kithulgala and Kegalle 
MV. 

3 RESULT AND DISSCUSSION 

There is 6648 number of buildings and infrastruc-
tures (houses, schools, roads etc) could be ob-
served from 514 investigated sites and field data 
revealed that 1935, 3850 and 863 are under high, 
medium and low risk respectively (Table 1). The 
event has recorded 51 number of death and 97 
number of missing in Kegalle district due to the 
large to medium scale landslide. According to the 
number of buildings and infrastructures under high 
and medium risk, the data is shown that vastly af-
fected DSD is the Aranayaka (30%) and secondly 
and third are Bulathkohupitiya (18%) and Kegalle 
(16%) respectively (Fig 01). The summarized data 
is also  revealed that large to medium scale land-
slide (LS), potential landslide (PL), cutting failures 
(CF), slope failures (SF), rock falls (RF) and other 
are 1% (20) ,6% (79), 79% (1112),6% (89), 3% 
(48) and 5% (68) respectively (Fig 02). The num-
ber of houses and other buildings which are under 
high risk is to be resettled to safer locations is 1935 
(Table 01).
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Table 01: Summarized data for investigated sites 

 
 

Fig. 1: Percentage of risk of each DSD in Kegalle dis-

trict 

 Fig. 2: Percentage of different types of land failure 

3.1 Medium to large scale landslide (LS), Potential 
landslide (PL) and rock fall (RF) 

3.1.1 Large to medium scale landslide (LS) 

There are 20 number of large to medium scale 
landslide have been identified during this incident 
(Fig 02, Table 01). Among them, four larger scale 
killer landslides are occurred, namely Samasara 
Kanda, Elangpitiya in Aranayake DSD, Kalupa-
hana Estate in Bulathkohupitiya DSD, Densworth 

Estate in Dehiowita DSD and Panawala in Dehio-
wita DSD. 

Fig 3: Elagapitiya landslide in Aranayaka DSD 

 

The tragic landslide at Aranayake, Samasara 
Kanda, Elangpitiya resulted in a catastrophic situa-
tion, burying parts of three villages, namely Siripu-
ra, Elangapitiya and Pallebage. It was recorded that 
29 numbers of people has lost their lives, 99 num-
bers of people has missing and 76 number of hous-
es completely destroyed.  Moreover, systematic 
livelihood patterns, cultivation lands, farms, irriga-
tion system, Infrastructures (school, access roads, 
electricity and telephone systems) and   public 
buildings (temple, community centers) were vastly 
damaged by landslide and its debris. That is the 
main reason for Aranayaka is being the mostly af-
fected DSD during this event in Kegalle district. 
According to the history of landslide records in Sri 
Lanka, this tragic slide can be identified as the big-
gest killer landslide. The landslide occurred in Ka-
lupahanawatta, Bulathkohupitiya DSD, Densworth 
Estate in Dehiovita DSD and Panawala in Dehio-
vita DSD, are recorded that 16, 3 and 1 numbers of 
people has lost their lives respectively.  It is also 
shown that, 84 % of recorded landslides are be-
longs to two regions, namely landslides are to be 
expected and most likely to occur in 1:50,000 scale 
LHZM. According to 1:10,000 scale LHZM com-
piled by the NBRO for Aranayaka DSD, the initi-
ated region of landslide in Elagapitiya falls to high 
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hazard zone (Fig 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Landslide hazard zonation map of Aranayaka 

landslide 

Although recorded remaining LS are not caused 
for losing lives but they cause to destroy buildings 
and infrastructures. It is especially observed that 
most of the reported landslides are occurred in cul-
tivated areas with steep slopes particularly in re-
planted rubber and tea. 
 
3.1.2 Potential landslide (PL) 

There are 79 number of potential landslide have 
been identified (Fig 02) and these slides are very 
essential to identify because which are the vulner-
able areas for future landslides. During the field 
investigation, most of the houses had to resettle 
due to potential landslides especially in Aranayaka 
DSD, Bulathkohupitiya DSD, Kegalle DSD and 
Dehiovita DSD. The potential landslide has been 
identified by using symptoms such as appearing of 
tension cracks on the ground and clearly visible 
subsidence along the cracks, cracks on the houses 
which are developed from bottom to top of the 
wall, tilted trees and posts, sudden appearing of 
springs with muddy water, death of trees, dis-
placement of boulders….etc. According to the 
landslide classification, these slides can be identi-
fied as the slow moving landslide or creep. There-
fore monitoring of these slides is very important 
for landslide mitigation and issuing the early warn-

ing. It must to update existing landslide hazard zo-
nation map incorporating these potential slides and 
it should have to give more attention regarding 
these slides for effective landslide hazard man-
agement and mitigation.  

 

Fig. 5: Field observations for potential landslide 

 
3.1.3 Rock fall (RF) 

Throughout the investigated sites, only one rock 
fall event has been identified, namely Podape in 
Aranayaka DSD and it cause to 48 houses to reset-
tle. According to the geological setting, bed rock is 
consisted of two intersecting joint sets forming a 
wedge. It had reduced the strength and interlocking 
nature of the rock blocks. The infiltrated water in 
joints cause to increase the pore pressure which is 
induce the driving force and causing rock blocks to 
fail. Hence the geological setting of the bed rock is 
more favorable for rock fall. The other recorded 
rock falls (3%) are not directly bed rock displace-
ments. They can be identified as displacement, col-
lapsing, sliding, settlement, and rolling of in situ or 
transported boulders with the soil erosion and im-
proper land use practices. 

Fig. 6: Field observations for rock fall 
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3.2 Cutting failures (CF) and slope failures (SF) 
 
Cutting failures (CF) are the failures occur due to 
unstable cut slopes directly involment of manmade 
activities.  Slope failures (SF) are may or may not 
be initiated with the cutting failure but further 
extending along the upper slope so that size of the 
slope failure is greater than the cutting failure and 
less than the landslide.Summarized data reveal that 
most of the recorded incidents are belong to the 
smaller scale cutting failures (79%). Therefore it 
can be concluded that, most of the reported inci-
dents are due to unfavorable human interventions 
than natural factors. It was observed that unsup-
ported vertical soil cut with the height of greater 
than 1m, existing backside of the houses and also 
beside the some of the roads (road cut). During in-
tense rain fall, they have getting failed and deposi-
tion of failure debris cause to most of the houses 
were getting completely or partially damage (Fig 
07). There were some unstable hanging soil mass 
and tension cracks also could be observed near to 
crown area of the cut and they tend to be fail in fu-
ture. It was mostly observed that distance from 
house to existing back cut is not sufficient compare 
to the height of the unsupported cut. Also majority 
of the locations where slope failure occurred, the 
upper slope is having an unplanned intensive culti-
vation with improper surface drainage system.  

It is also observed that, most of the access roads 
have been damaged due to unstable road cuts (Fig 
08). Some of the recorded examples are Dehiovita-
Daraniyagala raod, Dehiovita-Ahaliyagoda road, 
Karawanella-Kithulgala-Hatton road, Ruwanwella-
Weyangoda road, Galigamuwa-Awissawella road 
etc.  

Fig. 7 Partially damaged house due to cutting failure 

 

 

 

 

 

 

Fig. 8 Road cut failure in Ruwanwella-Weyangoda road 

 

3.3 Other 
 
It was observed that 68 numbers of houses have 
been getting cracked due to local failures and 
which are classified under other group. These are 
mainly due to improper construction practices and 
structural failures. For example, some of the hous-
es were constructed on unsuitable lands such as on 
colluvium deposit, filling areas, marshy lands 
hence infiltration of rain water cause to settle the 
land and causing the cracks on the houses. As well 
as some of them are constructed very close to the 
bank of river/stream/natural valley (reservations) 
hence they have getting cracks due to bank ero-
sion. Also some of the houses are constructed by 
obstructing the natural valley hence appearing of 
see pages could be observed. 
 

3.4 Identified causative factors for catastrophic 

landslide event  

 
Natural causes and effects are created due to 
manmade activities are the main courses for land 
failures to occur. Rock type and geological struc-
tures, nature and intensity of joint, degree of 
weathering of rock, slope angle, soil type, their 
properties and thickness, landform and hydrologi-
cal conditions can be identified   as natural caus-
es. But data collected during site investigations re-
vealed that most of the failures are occurred due to 
human interventions such improper land use pat-
tern, surface drainage system, development activi-
ties and constructions.  

As the example: it was observed that large to 
medium scale landslides occurred during this 
event, have initiated in the tea cultivated or re-
planted rubber lands of upper regions in the escarp 
slope with improper surface drainage. These areas 
should be the declared as forest or restricted areas 
in such a way that and no any human activity 
should be tolerated. Some of the affected houses 
were constructed on marshy land, filling areas, col-
luvium deposits, obstructing natural valleys, within 
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the reservation of rivers/streams/valleys, and near 
to unsupported vertical cut which are not suitable 
for any constructions.  

Although all of these natural and manmade fac-
tors satisfy favorable conditions for a landslide oc-
currence, failures are not taken place until the 
threshold limit of main decisive triggering factor is 
achieved. The decisive triggering factor for Sri 
Lankan landslides is the high intensity rain fall. 
Mainly Sri Lanka receives precipitation from two 
monsoonal; North Eastern and South Western and 
two inter-monsoonal rains. But this catastrophic 
landslide event is not triggered by rainfall due to 
South West monsoon and which was caused by 
torrential and prolongs rainfall as a result of the 
low-pressure formation in the atmosphere around 
Sri Lanka, associated with a slow moving tropical 
cyclone in the Indian Ocean. The Fig 09 is con-
firmed the rainfall is the main triggering factor for 
initiation of landslides during mid of May 2016. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Contribution of NBRO   

 
After investigation of the affected sites, vulnerable 
communities have evacuated immediately to safer 
locations. Communities have promoted to be vigi-
lance during that prolongs rainfall, regarding the 
appearance of landslide symptoms around their 
lands and    early warning has been issued in real 
time for effective evacuation. The suitable loca-
tions for temporary shelters (tents) have been se-
lected for those who had to evacuate. Parallel to 
these processes, NBRO has involved in selecting 
resettlement site for people those who are to be re-
settled due to high risk. Also NBRO has intro-
duced two building plans for proposed houses in 

resettlement sites in such a way that one is for flat 
terrain and other for slopped terrain (Fig 10). Apart 
from that, there are two evacuation centers are 
constructing in Aranayaka DSD and Ruwanwella 
DSD. There are 36 number of community based 
awareness programs have being conducting 
throughout the district and some of the mitigation 
projects have been implementing in selected loca-
tions which are vulnerable for future landslide.   
  

Fig 10: Proposed building plan for slopped terrain 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

4 CONCLUSION AND RECOMMENDATION 

Manmade factors such as improper land use pat-
tern, surface drainage system, development activi-
ties and constructions has caused to induce land 
failures during continuous heavy rainfall on mid of 
May 2016 in Kegalle district. Therefore it should 
be further promoted to request NBRO recommen-
dations prior to any constructions and development 
projects especially within the rural areas. Further-
more, community based awareness programs and 
mitigation works within the vulnerable areas for 
landslide should be promoted to reduce the risk. It 
is must to be updated landslide hazard   zonation 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 09: Distribution of rainfall in 2016 at Kegalle district 
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map specially for the issuance of landslide risk as-
sessment reports incorporating technical advice as 
a pre-requisite for giving building permits and pro-
ject approval by local government bodies and early 
warning to evacuate the peoples in future disaster. 
It is essential to update landslide hazard zonation 
map with debris flow path of landslide and the are-
as identified as potential landslides. The regions 
subjected to the landslide and potential landslide 
should be declared as a restricted zone and no hu-
man activity should be tolerated there for any rea-
son.  
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ABSTRACT:In the present context, natural disasters are becoming the main disturbing factor to the 

life style of human beings in Sri Lanka. The effect of climatic change in the world and unplanned 

anthropogenic activities cause the increase in natural disasters such as floods and landslides. 

Therefore, in every year, they cause a number of families around the country homeless. The UN 

estimates that, every year around 700 000 Sri Lankans are impacted by extreme weather, some 

repeatedly. According to the surveys done by different organizations, it was identified that in flood 

and landslide affected areas, approx. 80% of the affected population living in temporary evacuation 

centres. Whereas approximately 5% - 10% of the affected population are hosted by relatives / friends 

expecting to return to their homes within a short time. Due to that, the Government of Sri Lanka has 

prepared evacuation strategies to confirm the safety of the affected families. As an immediate 

solution, the Government of Sri Lanka uses public places such as schools, temples, etc. to evacuate 

the affected people until they are resettled. On the other hand, this arrangement causes to create 

different social issues among the community. As a better solution to this the Government of Sri Lanka 

decided to build permanent evacuation centres in several districts to shelter the affected people in an 

effective manner. 

Keywords: Evacuation centre, Transitional shelter, Building design 

1. Introduction 

1.1 Context of Floods in Sri Lanka 

Sri Lanka is an island with a unique 

aerographic region which acts as the hub for 

the radially flowing river system. There are 

103 drainage basins; 80% of this would not 

have water and go dry every year and river 

basins with over 800 square kilometers are 

considered as resourceful basins. Out of 103 

rivers, it is only 10 rivers such as Mahaweli, 

Kelani, Nilwala, Kalu, Gin, etc. are causing 

floods substantially. At times of heavy rain 

fall, the large volume of water runoff from the 

catchment areas of rivers are the causes of 

much flooding. Human activities such as 

deforestation, improper land use and absence 

of scientific soil conservation methods are 

contributing towards the increase in both 

frequency and impact of floods. Usually, the 

districts of Colombo, Gampaha, Rathnapura, 

Kegalle, Galle and Matara inundate by floods 

during the South-West monsoons, and the 

districts of Ampara, Polonnaruwa, 

Trincomalee, Jaffna and Baticoloa are 

subjected to floods during the North-East 

monsoons. Pre-cyclonic rains too bring 

unexpected precipitation and lead to floods in 

frequently. 

1.2 Context of Landslides in Sri Lanka 

Landslides, which are often triggered by 

intense heavy rains, have caused imminent 

damage to people and development activities 

of the country especially during the last few 

decades. Changes in land use and cropping 

patterns, increased demand for land that 

pushes settlements into unstable areas, 
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alterations in normal drainage flows, and 

improper slope cutting techniques have caused 

the increasing of the landslides in hilly areas 

substantially. It had been identified that eleven 

districts in Central, South-Western, 

Sabaragamuwa and South region covering 

over 12 000 square kilometers of land area of 

the country are highly vulnerable to landslides. 

(Final report for the visiting researcher 

programme-DMC) 

   

2. Research Approach 

 

2.1 Research Question 

What are the design specifications suitable for 

a evacuation centre building. 

2.2 Research Objective 

The objective of this project is to develop 

specifications for the design of an evacuation 

centre, (a single storey building) that will be 

used mainly by evacuees as a temporary 

shelter, and it should reflect the qualities of 

sustainability and safer environment. 

3. Evacuation Centre 

3.1 Evacuation 

Evacuation is the rapid movement of people 

away from the area of immediate threat or 

impact of a disaster to a safer place, a shelter. 

This process is commonly characterized by a 

relatively short time frame, from hours to 

weeks, within which emergency procedures 

need to be enacted in order to save lives and 

minimize the exposure to harm. 

(www.globalcccmcluster.org/system/files/publ

ications/MEND_download.pdf) 

3.2 Evacuees 

There are persons who have been evacuated 

from a hazardous location in response to the 

immediate threat or impact of a disaster, either 

through their own initiative and resources 

(self-evacuated) or through the direction and 

assistance of authorities and/or emergency 

responder forced evacuated. 

(www.globalcccmcluster.org/system/files/publ

ications/MEND_download.pdf) 

 

3.3 Evacuation centre 

An evacuation centre is a designated building, 

specifically selected to provide people with a 

safe shelter option away from the immediate 

or potential effects of an emergency. They are 

for people who leave affected areas and do not 

go somewhere else of their own choosing. 

(www.fire.tas.gov.au) 

3.4 Emergency shelter 

It is a short term shelter that provides life-

saving support, the most basic shelter support 

that can be provided immediately after the 

disaster. 

(www.sheltercasestudies.org/files/tshelter-

8designs/10designs2013/2013-10-28-Post-

disaster-shelter-ten-designs-IFRC-lores.pdf) 

 

3.5 Transitional shelter  

Transitional shelter is any of the range of 

shelter options that help people affected by 

conflict or natural disasters who have lost or 

abandoned their housing until they can return 

to or recover acceptable permanent 

accommodation. The term refers to an 

incremental process rather than a product, in 

which a shelter can be; 

1) Upgraded into part of a permanent 

house. 

2) Reused for another purpose. 

(https://en.wikipedia.org) 

4. Resent Hazard Situation in Sri Lanka 

According to the report produced by OCHA 

Regional Office Asia and the Pacific, in 

collaboration with humanitarian partners, it 

highlights, for the month of May 2016, floods 

and landslides in Sri Lanka have affected 340 

150 people. (According to the information of 

the Government of Sri Lanka Disaster 

Management Centre, 84 people are known to 

have died and 116 people are reported as 

missing.) 

221

http://www.globalcccmcluster.org/system/files/publications/MEND_download.pdf
http://www.globalcccmcluster.org/system/files/publications/MEND_download.pdf
http://www.sheltercasestudies.org/files/tshelter-8designs/10designs2013/2013-10-28-Post-disaster-shelter-ten-designs-IFRC-lores.pdf
http://www.sheltercasestudies.org/files/tshelter-8designs/10designs2013/2013-10-28-Post-disaster-shelter-ten-designs-IFRC-lores.pdf
http://www.sheltercasestudies.org/files/tshelter-8designs/10designs2013/2013-10-28-Post-disaster-shelter-ten-designs-IFRC-lores.pdf
https://en.wikipedia.org/


 

   

As a result of the floods, 237 240 people have 

been displaced from their homes and have 

moved to 376 “safe locations”, including 

camps as well as schools, temples, community 

centres or living with host families or in other 

temporary accommodation. At least 503 

houses are reported to have been destroyed 

with a further 3 793 partially damaged, 

although extent of damage is likely to be 

higher. Further these floods were reportedly 

the worst floods in 25 years. 

(www.unocha.org) 

Fig. 01: Number of people affected by floods and 

landslides in Sri Lanka –May,2016 

In landslide affected areas, usually the 

communities will not be able return to their 

place or origin because of the imminent threat 

from further landslides. There is therefore, a 

need for longer term alternative shelter 

options. 

Sizeable segment of the flood affected 

population are the under-privileged living in 

vulnerable areas prone to frequent flooding. 

Therefore, transitional shelter arrangements 

are often required until suitable land is 

identified for relocation. Further, identifying 

of suitable locations for transitional shelter 

arrangements is challenging in the densely 

populated urban areas such as Colombo, 

Gampaha, etc. 

5. Challenges in Designing of Evacuation 

Centres 

To evacuate the affected people for safer 

places is not an easy task. Therefore, it has to 

be thought on this matter in different 

perspectives. As a solution for this, the 

Government of Sri Lanka decided to build four 

(04) Evacuation Centres for the first time, in 

four selected sites in Sri Lanka. (Wattala, 

Badulla, Aranayaka and Ruwanwella) 

5.1 Building Design and Design Development 

When it comes to the design stage, it became 

the architect’s role to develop the design 

which can be eventually merged with the 

different social and cultural patterns of the 

local community. 

At the beginning of the project, the client 

only needed around a 40’ x 120’ space to 

gather the people in an emergency. But from 

the inception stage of the project, it was 

needed to analyze the project in different 

perspectives such as; physical, social, cultural, 

psychological, economical, structural, 

architectural, etc. 

Through that, it identified the two most 

important facts that should be reflected 

through the evacuation centre. The first thing 

is, it should be a safer shelter for the affected 

people. Because in an evacuation centre, all 

the gathered people are homeless for a short 

term period or for a long term period. The 

second thing is, there should be maintained the 

discipline of the people. Because in a disaster 

situation, different people from different social 

and cultural backgrounds have to stay together 

in a common place for a considerable time 

period. 
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Fig. 02: Conceptual design 

5.2 Design Specifications 

According to the above main aspects, it was 

decided to design a clear space without any 

internal permanent partitions to accommodate 

the people. Therefore, it followed the 

international standards to make the evacuation 

centre as a breathing place for the affected 

people. In other words, it was designed by 

imagining to partition the internal space into 

15’ x 15’ area for a family. In addition to that, 

it considered about the space requirement per 

person, number of wash rooms to be provided, 

etc. Further, it included an office area, first-aid 

facilities, store room, area for food preparation 

and also a child care centre.  

        A                    B                      C 

 

A - Services 

B - Multi-functional area 

C - Administration 

Fig. 03 – Plan of the Proposed Evacuation Centre 

 

In the design phase, the architectural 

perspective should hold hand in hand with the 

psychological perspective as well. It means, 

the evacuation centers should not be an alien 

feature of the physical and social context. 

Therefore, the building form should emerge 

from the features of the surrounding context. 

Through that, it is expected to make their 

shelter (Evacuation Centre) a more familiar 

place for all the living beings. 

For that purpose, the roof form of the building 

inspired from the gable roof form by 

developing the stack effect ventilation system 

other than the cross ventilation system, and it 

promotes vernacular architectural typologies. 

Also, it should maintain the minimum internal 

height as 12’-0” to keep the indoor 

temperature at a preferable comfort level. 

 

Fig. 04 – Section of the Proposed Evacuation 

Centre 

5.3 Privacy, Security and Cultural 

Appropriateness 

When people are staying at one place for a 

considerable time period, it is necessary to 

consider about their privacy as well. 

Therefore, it is designed with individual 

verandahs for each unit without any 

disturbance from the surrounding units. But it 

does not isolate from the surrounding units. 

Because all the front areas of the units 

combined together by physically or visually. 

Not only that, but also it is required to develop 

and design a method to express the feelings of 

the people who are living in this building.  

After a disaster situation, the minds of people 

(especially of the children) can be filled with 

fear, anger, sadness, loneliness, etc. and it is a 

natural phenomena for all the people in every 

social context. But the issue is, if that fear, 

anger, sadness or loneliness do not express in a 

proper way, it will create several social issues 

also. As a solution for that, the feature walls 

designed on both sides of the building act a 

major role. In other words, people can use 
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these walls to draw, write, etc. what they feel 

and make up their minds to face the actual 

situation. 

At the end of this, it is identified that the 

importance of the qualitative aspects as well as 

the quantitative aspects of a social project. 

Because the dwellings are always for living 

beings. Therefore, it should be a breathing 

space and a safer built environment for them. 

6. CONCLUSION 

Developing an effective evacuation centre is a 

huge challenge. Because, naturally it becomes 

as the professional responsibility to understand 

all the tangible requirements such as location, 

design standards, building materials, etc. and 

the intangible requirements such as socio-

cultural aspects, activity pattern, etc. 

If the shelter design is appropriate, it reflects 

the needs, local culture, vulnerability and 

capacities of the affected community and the 

resources available. As every context is 

different, so shelter designs must be adapted to 

each location, response and project. What 

might be a good solution in one location may 

not work in another. However, some shelters 

can be relocated and upgraded, whilst others 

may be designed to be built on permanent 

sites. 
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ABSTRACT: Post disaster reconstruction is a vital phase in disaster management cycle. It aims to 

restore and improve pre-disaster living condition of affected communities. It is an opportunity to lay 

foundation for long-term risk reduction, also to contribute safer and sustainable development. Research 

has shown that permanent re-construction following a natural disaster is often inefficiently managed, 

uncoordinated, and importantly overlooks the long term requirements of the affected community. 

Adopting a long-term approach to re-construction however is required to ensure sustainable housing 

provisions and sustainability of local communities. Following the Tsunami devastation in 2004 in Sri 

Lanka, thousands of houses were damaged and destroyed and were rebuilt. Two approaches; “Donor 

Driven” approach and “Owner Driven” approaches have been employed to rebuild post disaster housing 

reconstruction. Studies revealed smooth flow of this construction process was disturbed by certain gaps 

that occurred throughout the above post disaster reconstruction programme. How these housing 

schemes perform in the long-term is seldom investigated. As the post tsunami housing schemes have 

now been in place for a reasonable period of time, it is timely to investigate how the schemes have 

performed up to now. A key step towards assessing long-term performance is to identify criteria to be 

used for assessment. In light of the above, this paper documents and suggest Key Performance 

Indicators (KPI) to be assessed in order to investigate the long-term performance of post-disaster 

housing reconstruction projects in Sri Lanka. An extensive literature review and expert interviews aided 

this task. Findings of this research will inform the policy-makers and practitioners to outline the KPIs 

to investigate how the post-disaster housing re-construction projects have performed in the long-term.  
 

Keywords: Key Performance Indicators (KPI), Post-disaster housing reconstruction, Long term 

performance 

1. BACKGROUND 

Housing is usually the most valuable asset for 
people. It is one of the worst affected sectors in 
most of disasters. Particularly in rapid-onset 
events, housing is usually the element that is 
most extensively damaged or lost, and often 
represents the greatest share of loss in the total 
impact of a disaster on the national economy 
(Ahmed, 2011). 

Destruction of housing can threaten the 
physical, social, emotional and economic fabric 
of affected households. The vulnerability of 

housing and the built environment constitutes 
the primary risk factor for loss of life and for a 
significant portion of economic loss during any 
major disaster event in low-income and 
developing countries. Likewise, the housing 
sector constitutes the largest financial item in 
post-disaster recovery programmes (ADPC, 
2015). 

Landslides, floods and high winds are the 
hazards frequently occur in Sri Lanka. Such 
threaten human life, cause damage to life and 
properties, health, livelihoods and safety. This 
situation has been aggravated as the result of 
technological and socio-economic condition, 
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urban sprawl, haphazard development in hazard 
prone areas and impact of climate change. 

Recent statistics shows over the past few 
decade disaster losses in Sri Lanka have 
increased substantially. Recently heavy and 
localized rains fell on several districts in Sri 
Lanka including Colombo, Gampaha, and 
Kegalle districts, caused heavy damages to 
properties and life of people. Loss of lives 
exceeded 400 whereas a number of fully-
damaged houses exceeded 500. Disaster 
damages and losses take away the hard earned 
development gains.  Records indicate that over 
the past 20 years, 23 million individuals and 
more than 5 million families were affected due 
to natural disasters. Besides human casualties, 
one of the most visible and striking effects of 
any major disaster is the destruction of houses. 
Construction of houses will be a major activity 
in the reconstruction phase of a disaster 
(www.desinventar.lk).  

Fig. 1 shows the houses destroyed by 
various disasters from 1996 to 2016 in Sri 
Lanka. As illustrated in the diagram, of those 
total number houses destroyed, 46.3% of 
houses destroyed by extreme wind events, 
36.3% of houses destroyed by floods, and 
13.8% was due to Tsunami.  

 

 

 

 

 

 

 

These events necessitates rebuilding of 
houses, and affected communities. 
Accordingly, damaged and/or destroyed houses 
require re-construction. In some instances, 
communities need to be relocated in new 
housing schemes (Ex: New housing scheme for 
Meeriyabedda landslide victims). Housing 
reconstruction needs to adopt a more holistic 
approach, combining the rebuilding of houses 
with that of livelihoods and local markets. 
Under any of these situations, a long term view 

needs to be undertaken in order to safeguard 
performance of such construction initiatives in 
the long term. 

2. LONG TERM PERFORMANCE OF 
POST DISASTER HOUSING 

Post-disaster reconstruction is an area that is 
gaining increased attention by many 
governments, environmental campaigners, 
scientists and various other stakeholders, both 
in the developing and the developed world. 
Along with the loss of life resulting from 
various disasters, loss of housing marks a major 
impact due to the multiple effects of 
psychological, physiological and economic 
damage that it creates.  

Shanmugaratnam (2005) states post-disaster 
situation can be seen as one of new 
opportunities for reconciliation, investment and 
growth, sustainable resource utilization, human 
capital formation, employment generation and 
human development. Therefore proper 
planning should be made in order to obtain 
maximum benefits. 

As Ingirige et al. (2008) argues, post-
disaster reconstruction is a process that is both 
comprehensive and involves cross-disciplinary 
contributions of a wide variety of stakeholders. 
Reconstruction following a natural disaster is a 
complicated concerning social, economic and 
technological aspects. Therefore, rational 
decision-making is the key to accelerating the 
reconstruction process and to improve the 
human settlement environment.  

There is a perceived gap in the 
understanding of the longer-term impacts of 
post disaster reconstruction. It has been 
demonstrated that more research is needed on 
the effectiveness of longer-term development in 
communities where international aid and 
expertise have been provided (Hayles, 2008).   

Sustainability is an integrated approach                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
considering economic, environmental, 
technical, institutional and social concerns at 
each stage of reconstruction to produce long 
term results. Planning and implementation of 
the post-disaster reconstruction projects should 
equally consider the social, economic and 
environmental aspects and many researchers 
have identified these factors as three main 
pillars of sustainability (Shafique, 2016).  

Figure 1: Houses Destroyed by disasters in Sri Lanka 

Source: DesInventar database of DMC 

(www.desinventar.lk) 
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Reconstruction process should be 
considered as development opportunities and 
should open the access of different types of 
innovative solutions. These innovations should 
lead to vulnerability reduction, and should 
enhance human and other activities security in 
long term. Reconstruction programmes often 
fail to take in to account the desires of the 
disaster affected populations. If proper 
attention is not given to the needs of affected 
people there is a possibility that the newly 
constructed facilities become obsolete from the 
day the construction is complete. Proper 
planning is of utmost importance to reduce 
future vulnerabilities and to improve long-term 
sustainability. A good housing reconstruction 
strategy will take into account the social need 
together with long-term disaster mitigation and 
sustainability (Ratnayake & Rameezdeen, 
2007). 

Sri Lanka requires considerable post-
disaster re-construction work on a continuing 
basis. It is essential that these housing re-
construction work live up to their performance 
requirements in the long term, not just 
satisfying immediate settlement objectives. 
Under any of these circumstances, a long term 
view needs to be undertaken in order to 
safeguard performance of construction 
initiatives in the long term. In this background, 
revisiting the post-disaster permanent housing 
schemes that have been occupied by the 
recipients beyond the short to medium-term can 
suggest valuable lessons for future practices. To 
undertake this examination successfully, it is 
vital to determine the right Key Performance 
Indicators to be assessed in order to investigate 
the long-term performance of post-disaster 
housing re-construction projects.  

3. METHOD OF STUDY 

The study methodology comprise of a 
comprehensive literature review and expert 
interviews composed with engineers, urban 
planners, lecturers, sociologists and disaster 
managers, who engage in post disaster housing 
reconstruction projects. These interviews were 
mainly designed to capture and document KPIs 
to be assessed in order to investigate the long-
term performance of post-disaster housing re-
construction projects. 

 

  

3.1 Research Question 

 What are the Key Performance Indicators 
(KPI) to be assessed in order to investigate 
the long-term performance of post-disaster 
housing re-construction projects? 

3.2 Research Objective 

 To find Key Performance Indicators (KPI) 
to be assessed in order to investigate the 
long-term performance of post-disaster 
housing re-construction projects 

4. KEY PERFORMANCE 
INDICATORS 

4.1 Literature Review 

Yilmaz et al. (2013) states, like other phases of 
post-disaster activity, evaluation also requires a 
structure for the conductor to follow. The 
creation of tools to be used during evaluation 
plays a vital role in achieving reliable results. 
Setting the correct indicators and their criteria 
is an essential step in developing evaluation 
tools. The indicators to be measure in a project 
are commonly identified as Key Performance 
Indicators (KPIs), Critical Success Indicators 
(CSFs), and Selected Success Factors (SSFs). 
These terms can be applied in any type of 
project, though they originally come from the 
area of business management.  KPIs are the 
effects of a certain activity and briefly aims to 
find what can be done to increase the success of 
the activity. This section presents KPIs found 
through literature review and expert interviews 
of post disaster housing reconstruction. These 
KPIs to be assessed in order to investigate the 
long-term performance of post-disaster housing 
re-construction projects employed by both 
“Donor Driven” and “Owner Driven” 
approaches.  

Shafique (2016) revealed affected 
community is an important stakeholder and 
consideration of their viewpoint and involving 
them in decision making process, especially in 
planning and implementation phase is very 
important for success and sustainability of post 
disaster reconstruction projects. It is very 
important that stakeholder’s consultation / 
participation should take place as soon as 
possible and they should be involved in 
decision making process from very first day of 
the project. 
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The design and implementation of any post-
disaster housing reconstruction programme 
must find a balance between affordability, 
technical feasibility and quality of life. It must 
also recognise the end users as active 
stakeholders, aware and conscious of their own 
needs and wants, rather than as passive 
recipients, who need to be educated (Vatsa, 
2001) 

Ingirige et al (2008) conducted a user 
satisfaction survey on owner driven and donor 
driven post tsunami housing beneficiaries 
identified indicators; architecture/ aesthetic, 
quality/ strength and durability, functionality, 
space availability, availability to influence 
design and flexibility to future changes. 
Indicators used in previous studies to measure 
the success of the housing reconstruction 
programme is given in Table 01.  

Table 01: Indicators used in measure the success of 
the housing reconstruction programme (Source: 
Authors) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The design and implementation of any post-
disaster housing reconstruction must find a 
balance between affordability, technical 
feasibility and quality of life. It must also 

recognize end users as active stakeholders and 
conscious of their own needs (Hayles, 2008).   

Environmental Science for Social Change 
(2014) revealed a) disaster resilience b) 
participation of disaster affected families c) 
timeliness; d) affordability; e) project 
management and f) sustainability as assessment 
criteria, which were used to review the efficacy 
of post-disaster housing reconstruction in terms 
of the long-term or developmental contribution 
of the modality to the housing community. 
Table 02 shows the assessment Criteria and 
indicators for post-disaster housing 
reconstruction. 

 

Table 02: Criteria and indicators for post-disaster 
housing reconstruction (Source: Authors) 

 

 

 

 

 

 

 

 

 

 

Yilmaz et al. (2013) found indicators for 
social, economic, physical and overall 
evaluation of post-earthquake permanent 
housing projects. The indicator selection is 
based on measuring and evaluating the ‘ability 
of adaptation’ and ‘success of transformation’ 
from the perspective of rural dwellers living in 
the post-earthquake state-built permanent 
houses. Below Table 03 shows the group of 
indicators found.  

Table 03: Group of indicators for social, economic, 
physical and overall evaluation of post disaster 
housing reconstruction (adapted from Yilmaz et al., 
2013) 
 
 

INDICATORS 

Social evaluation 

1. Training attendance 

2. Temporary migration 

3. Decision-making for migration 

4. Knowing neighbours 

5. Relationship with neighbours 

6. Feeling of normalization 

7. Changes and difficulties in post disaster life 

8. Perception and aspiration of former and 

current environment 
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Economic evaluation 

1. Financial help from the state 

2. Completion level of house loan 

3. Worthiness of the house received 

4. Source of livelihood 

5. Loss of animal stock and its recovery 

6. Being unemployed 

7. Comparison of income level (pre-and-post 

disaster) 

8. Affording essential expenses 

9. Increase in expenses 

10. Spending on alterations 

INDICATORS 

Physical evaluation 

1. Size of house and room 

2. Size of private lot 

3. Quality of interior materials 

4. Direction of entrance and terrace 

5. Level of privacy 

6. Easy cleaning 

7. Heating and ventilating during winter 

8. Location of new settlement compared to 

former settlement 

9. Distance to city centre and other services 

10. Design of new settlement and outdoor 

facilities 

11. Infrastructure and public services 

12. Additional units owned 

13. Any alterations done 

14. Type of alterations 

15. Reasons of alterations and anticipated 

alterations in future 

Overall evaluation 

1. Overall satisfaction from the house 

2. Comparison between the old and the new 

houses 

3. Preference of structural system and material 

4. Level of expectations 

5. Anticipated years to live in the same house 

6. Relationship with the officials 

7. Trust in the state 

8. Participation in decision-making 

9. Any issues to complain about 
  

In certain cases, the constructed property 
does not satisfy the local requirements and is 
left abandoned or not utilized, mainly due to 
inappropriate design or lack of consultation 
with the community. It is important to consider 
the needs of all people and promote 
participative approaches in order to make the 
post disaster reconstruction sustainable 
(Thurairajah, 2013). 

Perera et al. (2011) presented autonomy of 
designing own houses, appropriate counseling 
and facilitating the beneficiaries to adapt to new 
environments, proper linkage of socio cultural 

aspects with real estate and economic aspects 
and availability of formal property rights are 
crucial factors for the success of the 
resettlement. Table 04 shows the indicators 
used to ascertain the success and failures of the 
Resettlement Program. 

 

Table 04: Indicators used to ascertain the success 
and failures of the Resettlement Program (adapted 
from Perera et al., 2011) 

CRITERIA  

Improvement of physical environment of the 

resettlement (Real Estate aspects) 

Indicators 

1. Choice of site for resettlement  

2. Provision of services to the new location 

3. Layout of the property 

4. Housing design, construction and privacy 

Common property resources and community/ 

public services provided to affected persons. 

CRITERIA 

Full economic rehabilitation of the affected persons 

(Economic Aspects) 

Indicators 

1. New pattern of employment opportunities and 

motivation for other financial  gain opportunities 

2. Facilities to upgrade their present livelihood 

3. Opportunities for future generation 

4. Access to credit facilities 

5. The capability of the community to develop 

itself. 

CRITERIA 

Full social rehabilitation of the affected person 

(Social Aspects) 

Indicators 

1. Social status and relationships 

2. Commitment for family 

3. Education opportunities and facilities for 

younger generation 

4. Facilitating for religion practices 

5. Political empowerment 

6. Crime rate in the area 

7. Counseling services provided   
 

Bouraoui et al (2010) examines the users’ 
satisfaction based on qualitative analysis of 
several interviews with end users of a post flood 
reconstruction project. Below are the list of the 
indicators found.  

1. The occupancy rate of rebuilt houses. 
2. Beneficiaries’ perception of the location of 

the rebuilt project in comparison with the 
original settlement. 

3. The perception of the quality of the 
reconstructed houses in comparison with 
users’ original dwellings.  
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4. The perception of the quality of the project 
infrastructure in comparison with the 
original settlement. 

5. The perception of preventive measures in 
the project in comparison with those that 
existed in the original settlement. 

6. The perception of community services in 
the project in comparison with the original 
settlement. 

7. The availability of means of transport in 
comparison with the former dwelling area. 

8. Land/house ownership. 
9. Offered/lost jobs impacts of relocation on 

created or lost jobs.  

4.2 Experts’ Perspectives on KPIs  

Apart from indicators found from the 
literature review, following are the key 
performance indicators found with expert 
interviews;  

1. Legal status. 
2. Vulnerability level.  
3. Types of changes victims done and its 

cost. 
4. Short-term and long term livelihood 

opportunities. 
5. Extent of the adaptive capacity 

improvement. 
6. Whether the livelihood is permanent or 

temporary. 
7. Capacity of the Local Authority.  
8. Baseline for housing value. 

5. FINDINGS 

Indicators serve as road signs on the map, to 
guide the programme in assessing whether it is 
in fact achieving the greatest possible impact on 
the situation. Relevance of indicators chosen 
has direct impact on accuracy of the evaluation 
(UN-HABITAT, 2001). 

As per the literature review, in most of the 
previous studies, indicators under physical, 
economic, social criteria have been commonly 
studied but not disaster resilience and overall 
evaluation criteria. However, as stress at the 
expert interviews, it is vital to assess indicators 
under disaster resilience and sustainability 
criteria as well. In light of literature review and 
expert interviews a model has been developed 
consisting physical, economic, social, disaster 
resilience, and overall evaluation. Indicators 
under each of these criteria to be assessed in 

order to measure the long term performance of 
post-disaster housing re-construction projects. 
Below figure 2 shows the model developed 
based on previous studies and through the 
outcome of expert interviews.   

 

 

 

 

 

 

 

Figure 2: Model to measure the long term 
performance of post disaster housing 
reconstruction.  
(Source: Authors) 
 

Indicators for physical evaluation refers to 
quality of interior spaces, psychological needs 
and technical characteristics of the house; plan 
layout, materials from a dwellers perspective. 

Employability and level of income may 
appear as general indicators, but those are the 
basis for economic evaluation. When residence 
have limited sources of livelihood such as; 
fishing, agriculture and animal husbandry they 
lose their entire income source. In such 
scenario, indicators focus on house loans, 
livelihood and expenses. 

Indicators under social evaluation aim to 
examine social relationship and its effect on 
individuals. Interaction between neighbours 
plays a vital role in long-term stay in the 
particular residence. Thus, it is important to 
understand level of relationships to each other.  

Resilience needs to be systematically ‘built 
in’ to the planning and design process of 
housing reconstruction. It is crucial to ensure 
that every house reconstructed following a 
disaster is withstand future potential disasters.  

Over all evaluation is about changes in daily 
life habits due to the layout of new house and 
the location of the settlement. As the residents 
start to compare their old and new 
environments, they may arrive at a conclusion 
to abandon their rebuilt dwelling. Thus, in the 
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development of indicators for investigation a 
separate section entitled ‘overall evaluation’ is 
designed to examine this issue. Table 05 group 
the indicators to be assessed under physical, 
economic, social, disaster resilience and overall 
evaluation. 

 

Table 05: List of indicators to be assessed under 
physical, economic, social, disaster resilience and 
overall evaluation (Source: Authors) 

Physical evaluation 

Indicators 

 Plan layout 

 Size of house and rooms 

 Aesthetics 

 Space availability 

 Quality/ strength/ durability 

 Direction of entrance and terrace 

 Level of privacy  

 Easy cleaning 

 Baseline for housing value 

 Location of new settlement compared to 

former settlement 

 Comparison between the old and the new 

houses 

 Quality of the reconstructed houses in 

comparison with users’ original dwellings 

 Distance to city center and other services 

 Design of new settlement and outdoor 

facilities 

 Infrastructure and public services 

 Additional units owned 

 Any alterations done 

 Type of alterations 

 Reasons of alterations and anticipated 

alterations in future 
 

Economic evaluation 

Indicators 

 Access to basic services 

 Access to employment/livelihood 

 Livelihood is permanent or temporary 

 Being unemployed 

 New pattern of employment opportunities 

 Motivation for other financial  gain 

opportunities 

 Comparison of income level (pre and post 

disaster)  

 Payment terms  

 Opportunities for future generations  

 The capability of the community to develop 

itself  

 Land/housing ownership 

 Financial help from the state  

 Completion level of house loan  

 Duration and amount of house loan  

 Increase in expenses  

 Spending on alterations 

 

Social evaluation 

Indicators 

 Social status & relationships  

 Commitment for family  

 Education opportunities  

 Facilitating for religion practices  

 Political empowerment  

 Crime rate in the area 

 Training attendance  

 Fear of disaster 

 Trust in disaster resistance of the house  

 Temporary migration 

 Decision making for migration  

 Feeling of normalization  

 Duration of disruption  

 Changes and difficulties in post disaster life  

 Perception and aspiration of former and 

current environment  
 

Disaster resilience 

Indicators 

 Decreased exposure to natural hazards 

 Ability of houses to withstand hazards 

 Measures to prevent / mitigate disasters 

 

Overall evaluation 

Indicators 

 Development of local capabilities  

 Use of local resources  

 Adaptation to changing circumstances  

 Occupancy rate of rebuilt houses 

 Overall satisfaction from the house 

 Overall facilities provided 

 Quality of the project infrastructure in 

comparison with the original settlement 

 Flexibility to make changes 

 Anticipated years to live in the same house 

 Relationship with the officials 

 Trust in the state 

 Capacity of the Local Authority 

 Participation in decision-making 

 Any issues to complain about 

 

6. CONCLUSIONS AND 
RECOMMENDATIONS 

The ultimate goal of post disaster 
reconstruction processes shall be to attain a 
standard of living that is even better than what 
existed before the disaster. The prime aim of 
this paper is to document and present Key 
Performance Indicators (KPI) to be assessed in 
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order to investigate how the post-disaster 
housing re-construction projects have 
performed in the long-term. As identified in 
some of the previous studies, research findings 
revealed that some indicators have been more 
commonly studied under different aspect than 
other indicators.  

Ultimately, this paper desire to present 
indicators under social, economic, physical, 
resilience and overall evaluation criteria as a 
starting point to investigate the long term 
performance of post disaster housing 
reconstruction projects. Indicators found in this 
study can be assessed through the viewpoints of 
dwellers. 
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ABSTRACT: Integrating natural resilience systems is an evolving trend in planning new cities. The 
conventional planning processes have largely ignored the importance of the natural resilience of these systems 
and as a consequence, urban water resources have undergone a serious deterioration failing to serve its 
functions as a multi-utility resource vital to maintain a healthy urban living. The paper proposes a conceptual 
model to analyze cities’ structural and functional features in a Natural Ecosystem Metaphor to study the effect 
of urban resilience mechanisms on stream health assuming that natural systems (the metaphor) possess higher 
resilience over conventional urban systems and therefore would sustain healthiest streams.  Analysis of factors 
pertinent to stream health in urban systems reveals that the healthiness of an ecosystem and its water resource 
are governed by regulation of constituent fluxes in various phases under the influence of four main aspects 
namely; 1.)The existence of natural resilient features and the maintained level of naturalness eg: natural 
forests, wetlands, riparian strips and natural streams, 2.) Introduction of new features (structures) or alteration 
of natural systems which impose a negative impact on resilient mechanisms, 3.) Change in fluxes: increased 
influx of matter into the system which increases the magnitude and intensity of existing fluxes or result new 
pathways fluxes in the system, and 4.) The introduction of built resilience features and its resilience 
performance: eg: wastewater treatment systems, sanitary landfills, etc. In this study the respective structural 
and functional attributes of above aspects in a hypothetical conventional urban ecosystem mode were analyzed 
in relation to their influence on urban stream health. Analysis reveals that lost natural resilience, built 
infrastructure with poor resilience, increase in input of fluxes, and under capacity of artificial resilience 
systems to assimilate and moderate fluxes are major causes for urban stream health impairment. Therefore, 
impaired stream waters are a characteristic feature in many conventional urban cities which are planned and 
operated with above deficiencies. The analysis of factors responsible for urban stream health impairment in 
ecosystem metaphor model framework has shown its potential to develop into a decision support system in the 
management of water resources in urban ecosystems. 

Keywords: Ecosystem metaphor, urban ecosystems, stream water quality, Urban stream syndrome, 

ecosystem resilience
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Fig 1: Ecosystem metaphor model: the circles represent numerous functions performed by the system important flux of 
energy and matter 

1. INTRODUCTION 

The continuing urbanization and overall growth of 
the world’s population is projected to add 2.5 
billion people to the urban population by 2050, 
with nearly 90 percent of the increase concentrated 
in Asia and Africa. At the same time, the 
proportion of the world’s population living in 
urban areas is expected to increase, reaching 66 
percent by 2050. With the growing urbanization 
trend, the demand for clean water is becoming high 
in response to population growth, changes in 
lifestyles economic growth and also technology 
advancement. As urbanization is an inevitable 
scenario in the development, search for cost-
effective and sustainable water solutions is vital. 
With the increased trends of urbanization 
extending the level of development to 
megapolices, pollution pressure on water resources 
is increased, and together with other influencing 
factors ensuring healthy water resource has 
become a challenging task.  

The extent that urban streams have deviated 
from the naturalness has put the urban streams to a 
situation called “Urban Stream Syndrome’’, where 
streams are characteristic with flashier 
hydrographs, elevated concentrations of nutrients 
and a wide range of chemical contaminants, 
reduced number of small streams in the network, 
altered channel morphology, increased stream bed 
instability, reduced biotic richness with the 
dominance of more pollution tolerant species and 
etc. (Walsh et al, 2001). Analysis of urban water 
streams for its suitability for vital uses of urban 
living such as drinking, contact recreation, water 
supply, aquatic life, etc. shows that the stream 
water quality is far below the required level for any 
of these uses, and it is often much below the 
requirement to sustain even minimum aesthetic 
quality. 

In contemporary urban planning, significance 
of healthy water resources with high natural 
resilience is considered as an important planning 

feature due to the fact of humans’ innate affection 
towards naturalness. This was proposed as a 
hypothesis called Human bio-philia hypothesis by 
E.O. Wilson in 1984. According to the hypothesis, 
human beings’ liking to live intact with places 
having scenic value is a cognitive behavior 
(Frumkin, 2001). In contemporary urban society, it 
is interpreted as demand for leisure activities, eco-
tourism and as a significant psychological stress 
releaser.  Due to these facts, planning healthy 
urban water resources respecting the norms of 
natural resilience gains higher recognition over 
conventional storm water conveyance approach. 

The proposed model analyses performance of 
urban attributes responsible for urban stream health 
by conceptualizing cities’ structure and function in 
an ecosystem metaphor. The assessment 
recognizes multifaceted development needs 
associated with contemporary urbanization such as 
dense resident population, influx of nonresident 
population, integration of diverse services offered 
by the city, and tremendous influx of material and 
energy, urban metabolism, built resilience systems 
and the resultant pressure on urban water resource 
impairment. 

2. METHODOLOGY 

2.1 Justification of natural ecosystem metaphor 
approach 

The ecosystem metaphor used in the analysis 
assumes that natural systems (the metaphor) have 
the highest ecosystem resilience (Fig 1). They 
include forest systems, natural stream riparian 
strips, and floods plains and stream system itself. 
These natural systems possess a wide range of 
system dynamics with high resilience, and the 
resultant stream water bears finest quality.  

Ecosystem metaphor encompasses change in flux 
dynamics of constituents in three characteristic 
zones:  land, riparian strips and streams in urban 
systems (Fig 2) with respect to their influence on 
stream water health.  Aspects pertinent to stream 
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Fig 2: Resilience functions in three characteristics zones in a natural system 

health in urban systems reveal that the healthiness 
of an ecosystem and its water resource are 
governed by regulation of constituent fluxes in 
various phases under the influence of four main 
factors as described below. 

1) The existence of  natural resilient features and 
the maintained level of  naturalness eg: natural 
forests, wetlands, riparian strips and natural 
streams 

2) Introduction of new features ( population and 
built structures) or alteration of natural systems 
which impose a  negative impact on resilient 
mechanisms 

3) Change in fluxes: increased influx of matter 
into the system  which increase the magnitude 
and intensity existing of fluxes or result in new 
pathways of fluxes in the system 

4) Introduction of  built  resilience features and 
its resilience performance in regulation of 
fluxes: eg: wastewater management systems, 
solid waste management systems 

 

The perspective analysis of factors contributing 
to healthy stream water in natural ecosystems 
reveals their important contribution in regulation of 
flux of Carbon, nutrients, minerals and water. The 
ecosystem metaphor is therefore an appropriate 

model to analyze resilience mechanisms governing 
stream health in urban ecosystems.  

3. RESULTS AND DISCUSSION 

3.1 Application of ecosystem metaphor to 
conceptualize factors interfering urban stream 
health 

 

3.1.1 Shape of natural resilience features in urban 

ecosystems 

The natural resilience features in urban systems 
represent mainly urban forest patches, riparian 
vegetation habitats, the flood plains and stream 
network. The extent as well as the spatial 
distribution of these natural resilience features are 
important to determine the healthiness of urban 
streams. However, the specific resilience function 
of a natural feature differs depending on its 
naturalness and the resilience capacity. For 
example, in an urban watershed if all stream banks 
are kept as reservations with optimal bank width it 
will function as a natural filter, buffer non-point 
source pollution and reduce the load of pollution 
entering the stream; the riparian strips intercepts 
precipitation, absorb nutrients, control stream bank 
erosion, recess over land flow by cutting down 
substantial fraction of runoff and direct excess 
water into groundwater, and absorb fluxes into 
plant biomass, release water to atmosphere by 

evapotranspiration and etc. Similarly, the flood 
plains and wetlands are great resilience features. 
They trap pollutants (Organic, nutrients, ions, 
heavy metals, sediments). In addition to acting as 

sinks for 
pollutants, 
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they, also act as interceptors for rainfall by 
performing a duel role; i.e. moderate peak flows, 
recharge groundwater and maintain a good year-
round flow. The natural stream network is also an 
important natural resilience feature in a watershed. 
Streams collect excess water from the watershed 
through its dense stream network, and hold the 
water in the stream space, transport water and 
constituents downstream, and provide clean water 
to dilute pollutants. 

3.1.2 Built urban features, associated functions, 

alteration of natural systems and interferences on 

resilient mechanisms 

Urban infrastructure is associated with greater 
alteration to natural landscapes, removal of 
vegetation, erection of super structures and 
infrastructure such as housing, buildings, 
transportation systems, service facilities, leisure 
facilities such as hotels, restaurants, parks, open 
spaces, cinemas, theaters, water supply, energy 
installations,  industries, health facilities, facilities 
for cognitive development such as educational 
places, religious ventures, administrative and 
system management facilities, and etc. The 
construction, establishment and operation of these 
result in unprecedented deviation from the 
systems’ original naturalness and resilience. 

The modifications associated result in total 
inversion of flux dynamics including dominance of 
a single species as the ecosystem actor (dominance 
of human in the system). One inherent feature in 
these built structures is extremely poor resilience; 
poor assimilation; transformation capacity and 
incapacity to acts as sinks, retentions and etc. 
Thus, the fluxes generated within these built 
structures directly reflect on the environment 
resulting change in physical, chemical and 
biological health of ecosystems. A great alteration 
that results in the urban ecosystems due to build 
structures is loss of pervious areas.  The loss of 
pervious surface area in the watershed has a 
significant negative impact on water resources 
health in cities. Specially, in tropical wet zone 
regions impervious surfaces increase the peak 
runoff, reduce base flow and facilitate the year 
round flow in the streams along with high intensity 
fluxes of pollutants during storm events. 

 

3.1.3 Increased influx  of material and energy , 

metabolism and generation of waste 

Diversification of material fluxes, metabolism and 
releases 

Diversification of material fluxes is a characteristic 
feature in urban systems. Contemporary urban 
community uses a wide range of materials and for 
which the urban ecosystem depends largely on 
external sources. This result in tremendous influx 
of materials and performers. The major categories 
include consumption materials for urban 
population, construction materials for urban 
infrastructure development, industrial chemicals, 
energy in the form of fossil fuels and electricity, 
potable water, paper, machinery, clothing, 
household items, pharmaceuticals, agrochemicals, 
synthetic detergents, and etc.These fluxes 
influence the system in two ways; a) increase 
magnitude and intensity of existing  fluxes both in 
existing channels in time and space, e.g. the 
consumptive items with high Carbon; the 
consumptive items are easily biodegradable hence 
they occupy and load the existing flux channels 
when released to environment as waste food, b) in 
contrast, urban systems use a wide range of 
synthetic chemicals having complex molecular 
forms with varying decompositions and toxicities. 
This greater variation in chemical compositions 
and their decomposition properties poses a 
significant threat to the environment, because 
natural assimilation systems cannot cope with 
some of these synthetic chemicals. Thus, they 
build up in concentration in the environment, body 
tissues of organisms or magnify in food chains 
through a phenomenon called bio-concentration 
and bio-magnification. Some of the chemicals 
degrade only partially and the byproducts formed 
could be extremely toxic to biota including human. 
Building up in concentration in any of these forms 
could result toxicity to one or more species thus 
complexly paralyze the natural bio-geo-chemical 
cycling, affect the species diversity, cause loss to 
natural systems integrity and ultimately make 
unhealthy streams. Examples are wide range of 
pesticides, petroleum products, industrial 
chemicals, complex organic substances (Poly 
Aromatic Hydro carbons, Poly Chlorinated 
Biphenyls), heavy metals (Cr, Hg, Cd) and etc. 

Urban over consumption and waste 

Another important feature in contemporary urban 
society is the over consumption of resources and 
wastage, meaning that the system receives 
materials more than it needs, the waste byproducts 
and unused materials are typical in urban 
metabolism process, and they are disposed or 
released to environment as waste material or waste 
energy. Certain behavioral patterns and processes 
characteristic to urban society and urbanization 
result generation of extra loads of materials 
considered as waste. For example over 
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consumption of resources and wastage by 
replacing outdated items with new as a part of 
urban regeneration and modernization are common 
in urban development process. Poor material 
recycling/reuse compared to highest internal 
cycling of matter in the natural systems have 
resulted generation of waste material and 
accumulation in amounts beyond the 
systems’assimilation capacity. The worst example 
one would quote is the accumulation of 
unsegregated solid waste in conventional cities. 
Unsegregated solid waste poses a great threat to 
ecosystem health as they contain materials of 
different concentrations, toxicity and 
decomposition potentials. These properties cause 
the chemicals to have varying environmental 
toxicities and accumulation potentials in the 
environment, ultimately resulting a wide range of 
chronic environmental issues jeopardizing stream 
health. 

Influx of blue water and generation of wastewater 

Urban cities depend mostly on external water 
sources to meet the city’s water demand.  Of the 
total water need of a city, a larger fraction of urban 
water demand is met by external inputs due to the 
fact that demand is much higher than the sources 
available within the system, or else quite 
frequently the pollution has made water unsuitable 
for many uses. In conventional unplanned cities 
rainwater is not harvested particularly to meet the 
urban water demand. The potable water is obtained 
externally as piped water. Of which only a fraction 
is consumed and a great amount of water used for 
various other purposes such as for sanitation, 
laundry washing, gardening, cleaning water for 
industries and services, cooling water and etc. is 
released back to the environment as wastewater 
(black water and gray water). The fact is that this 
water act as a carrier medium for a wide range of 
waste materials and contain concentrated fluxes of 
chemicals (pollutants). In densely populated urban 
systems the load of waste constituents in water is 
several folds higher than the natural stream 
assimilation capacity. 

3.1.4 Built urban resilience infrastructure to 

protect urban water resources health 

As most of the natural resilience elements and 
processes have been removed or altered during the 
process of urban development, built resilience 
features should be introduced in order for cities to 
function sustainably. Urban ecosystems have 
number of artificial resilience features important to 
sustain water resources health as elaborated below. 

Storm water management 

With the clearance of natural forest cover the 
rainfall interception feature is lost to a greater 
extent. But, cities have in-built storm water 
collection systems to compensate the loss of 
rainfall interception function. As pervious areas are 
greatly reduced the peak runoff is usually 
conveyed through a storm water network. 
Occasionally some cities have artificial wetlands, 
ponds, canals, and etc. As the conventional storm 
water systems are a network of open or closed 
concrete drains, its resilience capacity is far below 
compared to that of a natural stream network.  

Waste management  

In case of wastewater management there are 
number of regulations such as local government 
building codes, urban development codes of 
practices, national environmental regulations and 
etc. These define specification for assimilation of 
pollutants such as for disposal of sewage (black 
water) which is a waste product from human’s 
consumption of food, industrial wastewater, solid 
waste disposal and control of erosion, etc. Some 
common urban wastewater assimilation utilities 
and regulations are the design codes for septic 
tanks for sewage, soakage pits for kitchen 
effluents, industrial wastewater treatment facilities 
and regulations for pollutants in effluents before 
released to environment, municipal solid waste 
management regulations which include a house-to-
house solid waste collection, transportation and 
regulated ultimate disposal facilities. These 
represent some of the artificial resilience features 
important for the management of extra load of 
fluxes which otherwise would cause serious 
impairment to water resources if released directly 
to the environment. The ability of these built 
resilient features to assimilate a whole range of 
compounds depend largely on the effectiveness of  
performance of  given  system, for an example, a 
good wastewater treatment system with a capacity 
to treat a wide range of pollutants is considered as 
a system with high resilience whereas if the city 
releases its raw wastewater directly to environment  
without  sending through a treatment  facility it is 
considered as a poor resilience system because 
releasing  untreated wastewater poses a serious 
water resources impairment. However, the reality 
is that these built waste management schemes in 
many conventional unplanned city developments 
have failed to compensate the lost natural resilient 
features, or frequently without adequate capacity to 
assimilate fluxes within built system carrying 
capacity. 
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Some of the features in conventional urban 
ecosystems that interfere with resilience 
mechanisms important to water resources health 
are listed in the Table 1 under, a) Lost or impaired 
natural resilience features and b) Built urban 
features /Influxes of material/ built resilience 
systems and fluxes into water resources. The 
contents of the table clearly show that conventional 
urban systems are poor in natural resilience and  
respective built resilient infrastructure and the 
mechanisms are either inadequate or completely 
absent,  and as an obvious result a wide range of 
pollution fluxes from multiple sources as 
wastewater streams enter the water bodies.  
Although, magnitude of the stress imposed on 
water resources in a given city vary depending on 
multitude of factors, streams in many cities which 
have undergone conventional development 
currently suffer from “Urban Stream Syndrome” as 
described by Walsh et al in 2001. 

Table 1 Anthropogenic interferences on urban water 
resources in unplanned cities 
(a) Lost/ impaired natural resilience 

1. Removal of natural terrestrial  vegetation cover, reduced 

internal cycling and metabolism of matter, land 

degradation slope erosion and sediment loading 

2. Loss/degradation to riparian habitats and loss of stream 

edge buffering and filtering capacity to non-point 

pollution 

3. Reclamation/modification of flood plains and loss of 

flood retentions,  pollution assimilation, sediment 

trapping 

4. Reduced stream density, increased overland runoff 

(b) Built urban features /imports/ built resilience and 

loading in to water resources 

1. Development on stream riparian areas, lost riparian 

functions and direct loading of pollutants into streams 

2. High population (resident and commuter) and housing 

density and built structures  

3. Import of wide range of chemicals (food, fuel, 

pesticides, nutrient fertilizer, urban water supplies, 

energy, toxic materials) 

4. High impervious surfaces ratio to total watershed and 

flashier hydrographs 

5. Road network pollution (sediments, mineral oils): 

contaminated road runoff 

6. On-site retention of solid waste, littering into streams 

7. Direct disposal of gray water into storm water canals  

(bathing, showers, kitchen sinks, laundering) 

8. Poor sewage management:(black water) wastewater 

containing feces, urine and flush water from flush toilets 

along with anal cleansing water or toilet paper disposal 

in to poorly designed, under designed septic pits, Direct 

connection of sewage in to storm water network 

9. Waste streams from the urban facilities ( railway station, 

bus station, fuel filling stations, power plants) 

10. Waste streams from hotels and restaurants (without 

treatment): unregulated polluted wastewater 

 

Table 1 Cont’d 

11. Waste streams from service stations, commercial 

laundry facilities, market places(without treatment) : 

unregulated toxic waste streams 

12.  Industrial wastewater discharges (without treatment): 

unregulated polluted wastewater with toxic chemicals 

13. Waste streams from hospitals and medical clinics 

(without treatment) : unregulated toxic waste streams 

14. Waste streams from commercial service facilities 

(without treatment) : unregulated polluted wastewater 

15. Construction waste and construction site runoff (without 

treatment) : sediment laden runoff 

16. Input of air pollutants (SOx, NOx, SPM, VOCs) from 

fossil fuelcombustion: contaminated rainwater 

17. Unprotected slopes and road buffers; erosion and 

sediment loading into streams 

18. Unprotected culverts: erosion and sediment loading into 

streams 

19. Hazardous waste and disposal-on-site: soil and 

groundwater contamination 

20. Open dumps and unregulated landfills: toxic , highly 

polluted leachate generation and pollution of streams 

3.2 Application of ecosystem metaphor model for 
management of urban stream health  

The Sri Lanka’s urban vision is to become a global 
hub between the East and West and become an 
upper middle-income country by 2016. Sri Lanka’s 
urban vision, as defined in the government’s 
development policy framework is to develop a 
system of competitive, environmentally 
sustainable, well-linked cities clustered in five 
metro regions and nine metro cities and to provide 
every family with affordable and adequate urban 
shelter by 2020. This challenging task will result in 
transformation of larger extents lands in urban and 
peri-urban areas into cities with dense 
development, influx of materials, built super 
structures, population conglomeration and release 
of pollutants to environment. One of the resources 
threatened mostly by this is urban water resource. 
Therefore, planned management of water resources 
are crucial to achieve expected outcomes of 
countries urban vision. Following sections 
elaborate application of ecosystem metaphor in 
developing management strategies for water 
resources in urban systems.  

3.2.1 Integration of urban water resources into 

multi sectoral performance  

The water resource management plan should 
consider multiple benefits offered by urban water 
resources and values added to city by integrating 
urban streams into socio-economic, and cultural 
aspects of urban living such as scenic and aesthetic 
valuation, contact recreation (bathing and water 
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sports), establishing cultural and religious links 
with water resources (concept similar to “wewa 
and dagaba”), promotion of urban eco-tourism, 
biodiversity education among communities, etc.  

3.2.2 Maximum integration of the natural 

resilience features by restoration, and preservation  

The importance of maximum use of natural 
resilience mechanisms should not be undermined 
in planning and management of urban systems. 
Locations with the potential to provide high natural 
resilience (forests, stream buffers, and flood plains) 
should be considered to declare as reservations. 
Impaired sites with strategic significance of 
resilience should be brought under restoration 
plans (eg: stream buffers, flood plains) considering 
the important role as receptors, and filters of 
pollutants and retention and slow release of water 
to moderate stream flow, to provide makeup water 
for dilution of contaminants and to sustain healthy 
stream ecology. As lands available to be allocated 
for natural reliance systems is often limited in 
many urban development projects, restoration 
designs integrated with man-made resilient 
features can be used to improve resilience capacity 
significantly. In this context, lost pervious areas 
due to build structures such as roads, parking lots, 
buildings, etc. must be compensated by other 
means such as increased artificial filtration, 
detention areas and vertical developments opposed 
to development horizontally.  

3.2.3 Control of influxes, eco-friendly urban 

metabolism and releases  

Controlling influxes, urban metabolism, and 
minimize over consumption, wastage and 
minimizing environmental releases from various 
urban service sectors can bring about not only 
significant reduction in waste load to be regulated, 
but also saving on urban recurrent expender on raw 
materials, waste management and investments on 
stream restoration. In this context, management of 
toxic, non-degradable materials having long 
environmental persistence with potential for bio-
accumulation and bio-magnification should be 
given special consideration. Precise identification 
of influxes such materials, cut down usage, 
recovery and reuse, use of alternative non 
persistent bio-degradable chemicals materials or 
processes, strict control of environmental releases 
are emphasized.  

 

 

3.2.4 Improve performance of artificial resilience 

systems 

Increased performance of artificial resilience 
systems is new science and technology in 
contemporary urban development. This includes 
waste management technologies which are 
sustainable, energy efficient, resource optimized, 
and environmentally compatible. The technology is 
often multifaceted and may include optimally 
performing waste management systems for mainly  
black water, gray water and industrial effluents, 
cutting down of fuel based energy with renewable 
energy sources such as solar power, green building 
technology for reduction in blue water foot print 
(minimize urban water demand), infrastructure 
designs with rainfall harvesting to store and reuse 
water and to cut down storm water loading in peak 
times, maximize the potential for reuse and 
recovery technology, application of sector specific 
zero waste concept, and advanced treatment for 
waste with specific toxicities such as advanced 
treatment technologies for micro pollutants, 
efficient solid waste management, alternatives 
waste management systems opposed to 
conventional sanitary landfilling, etc. 

3.2.5 Selection of appropriate indicators to 

monitor the performance of urban ecosystem and 

stream water health 

Having an efficient monitoring system with correct 
performance indicators for watershed health is a 
key aspect in planning environmentally sustainable 
cities.  A wide range of indicators including those 
listed in Table 2 are developed in many countries 
and can be used wisely to monitor the city 
watershed and the urban stream water health to 
study whether the system is within the acceptable 
healthy norms,  or the condition is improving. The 
indicators should be linked to achievable goals. In 
this context, indicators to achieve defined 
management goals, with location specific use 
based stream water quality standards oppose to 
common islandwide standards are important. Also, 
it is important that the standards are focused on 
achieving distinct beneficial use of water resource. 

Table 2 gives some important indictors that can 
be used to measure the cities resilience 
performance with respect to water resources.  
These are important indicators to monitor status of 
watershed and stream health impairment in several 
dimensions, and therefore, effective in system 
restoration and management. 
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Table 2 Performance indictors to measure the cities 
resilience performance with respect to water resource 
health  

Impact 

indicator 

City with poor 

resilience 

City with high 

resilience 

1) Stream 

assimilation 

capacity  

Polluted stream water 

and loss of stream 

assimilation capacity 

Stream water 

with high 

pollution 

assimilation 

capacity 

2) Toxic 

contaminants 

level in stream 

sediments 

High Low 

3) Bio-

accumulation/

Bio-

magnification 

of toxic 

substances in 

urban biota 

High, many species 

are affected 
Low 

4) Compliance 

with  multiple 

water use 

standards 

Noncompliance with 

may water use 

standards 

Comply with 

stringent water 

quality 

standards 

5) Gray water 

foot print  
High Low 

6) Blue water foot 

print 
High Low 

7) Carbon foot 

print 
High Low 

8) Green water 

foot print 
Low High 

9) Sustainability 

index 
Low High 

10) City water 

balance  

Impaired water 

balance (increased 

overland runoff, 

decreased infiltration 

& evapotranspiration, 

and increased 

imports) 

 Near optimum 

(decreased 

overland 

runoff, 

increased 

filtration, 

increased 

interception 

and retentions, 

low influxes 

11) Socio-

economic 

interaction 

with water 

bodies 

Decreased socio-

economic interaction 

with water bodies 

High and 

multiple 

interactions 

12) Stream water 

quality index  
Poor Good 

13) Riparian/ 

stream 

biological 

integrity index 

Poor Good 

4. CONCLUSION AND RECOMMENDATION 

Analysis reveals that loss of naturalness, built 
infrastructure with poor resilience, increased input 
of fluxes, and incapacity of artificial resilience 
systems to assimilate and moderate fluxes are 
principal causes for impaired urban stream health 

characteristic of many conventional urban cities. 
The analysis of urban stream health impairment in 
ecosystem metaphor model provide  logical 
framework in identification and estimating factors  
responsible for urban stream health, and hence 
show its strength to develop as a decision support 
tool in the management of water resources in urban 
ecosystems. 
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ABSTRACT: Streams interlink with its watersheds both structurally and functionally. The main spatial zones 
that are important for the stream water health are the drainage land (the terrestrial ecosystem), the riparian 
system (the riverine ecosystem) and the stream ecosystem itself. The ultimate concertation of a constituent 
(flux) in aqueous phase, commonly termed as water quality, is determined by the behavior of fluxes within 
above three zones.  

Influence of anthropogenic factors can result in a significant structural and functional deformations of these 
three spatial zones, thus the flux of constituents (magnitude and intensity) in time and space vary greatly 
depending on the nature and extent of anthropogenic influence. The paper present findings of a study carried 
out to analyze factors influencing water quality degradation of an urbanized watershed in Mahaweli Basin in 
Sri Lanka, called the Meda-ela sub watershed. The analysis considered spatial and functional dimensions of 
attributes responsible for flux of selected constituents, its ultimate fate in the stream water in determining 
stream water quality, and the resultant impairment to ecosystem health including beneficial uses, ability of 
water to support different uses.   

The attributes responsible for stream water health given in categories (1-4) below were ranked and analyzed 
under four categories to study their influence on stream water health, 

1) Existence of natural resilient features and degree of naturalness e.g.: Natural forests, Wetlands, 
riparian strips and natural streams. 

2) Introduction of human species and built urban features or alteration of natural systems which 
impose negative impacts on resilient mechanisms pertinent to stream water health. 

3) Influxes of matter and energy which increase existing fluxes or result in new fluxes in the 
environment. 

4) Introduction of built resilience features and its resilient performance.  

The analysis shows that resilience mechanisms of stream water health in Meda-ela are stressed greatly by the 
built urban facilities and increased influxes. The remaining natural resilience features are as low as 30% 
compared to that of a fully functional natural ecosystem. In contrary, the built resilience features have been 
able to support only 20% of the requirement necessary to sustain the system within carrying capacity. 
Therefore, stream water degradation is an obvious result in Meda-ela watershed. The analysis of water quality 
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parameters for its suitability for beneficial uses important for sustainable urban water resources revealed that 
most of the time, the measured water quality parameters have failed to meet the required norms (including 
minimum quality requirement) to satisfy the respective beneficial uses. The concept and the framework applied 
in the analysis have shown its potential as a knowledge driven decision tool helpful in managing urban water 
resource. 

Key words: Water pollution, Watershed Kandy, Ecosystem resilience, Urbanization  
 

1 INTRODUCTION  

Urbanization is a process involved in migration of 
increasing number of people into cities in search of 
livelihood, comfortable living, facilities, 
entertainment, education and services etc. To 
provide urban facilities natural landscapes are 
transformed to urban infrastructure of different 
forms. This transformation diminishes natural 
ecosystems along with their resiliencies crucial for 
stream water health.  The diminished resilience and 
associated stream health degradation are important 
aspects in sustainable urban development when 
considering its significance on water resources 
health. Apart from satisfying direct water needs of 
urban community such as drinking, and other 
household water needs (cooking, laundering and 
sanitation) etc. the urban water resources are 
greatly valued in contemporary urban planning as 
an environmental, aesthetic and recreational 
resource because, they provide numerous indirect 
benefits to human health and their cognitive 
development, and also to other economic and eco-
system aspects such eco-tourism, and sustenance of 
environmental quality etc. 

In conventional urban planning, the water 
resource has been considered only on quantitative 
terms; storm water management, but, has ignored 
much important quality aspects and a wide range of 
eco-systems values and services related to it. The 
neglect of importance of quality aspect over 
decades has burdened conventional Cities with 
multitude of complex urban environmental issues 
putting extra cost to provide clean water for 
consumptive purposes, investments on stream 
pollution control, health expenses to combat water 
related diseases, and loosing much important 
opportunity cost for eco-friendly economy and 
livelihood as well as yet poorly accounted losses to 
ecosystem services.  

Therefore, turning from management of urban 

water resources by means of routinely accepted 

quantity based storm water management to eco-

system value and service based management, and 

integrating it in to urban economy and urban life is 

a necessity in new urban vision of the country to 

make Cities with sustainable water resources. 

The paper examines the impairment of water 
resources due to urbanization in a hill country 
urban watershed of the Mahaweli basin, Sri Lanka 
named Meda-ela watershed. The watershed is 
15km

2
 in extent, and its main tributary is Meda-ela 

which is about 6km long, a major part of Kandy 
City falls within Meda-ela watershed. The stream 
morphology is greatly altered at its upstream 
section by converting to a historical Kandy Lake, 
and several structural modifications including 
construction of an underground storm water 
system.  

Previous studies have documented that Meda-

ela receives wastewaters from numerous urban 

facilities such as residences, commercial laundries, 

textile dyeing operations, various workshops, 

hospital and clinics, the city’s main 

slaughterhouse, and miscellaneous dischargers 

such as petroleum and other oily waste from motor 

vehicle service workshops, and pollutants from 

side canals along with polluted spill water from 

Kandy Lake (Jinadasa KSBN et al, 2012), and 

relating them to stream water quality impairment. 

Reviewing literature on studies related to water 

pollution in Meda-ela reveals that these studies are 

mostly focused on analyzing just water quality or 

looking at one or two aspects on pollution sectors 

in general terms. Further, the literature reveals a 

strong gap in knowledge in many areas of water 

resources related research including addressing 

water pollution in watershed health dimension.   

  
The research presented in the paper aims at 

analyzing factors in Meda-ela watershed 
responsible for its stream water health in watershed 
unit dimension. The analysis is based on a 
conceptual urban ecosystem model which assumes 
that urbanization process and facilities in the 
watershed   influence the stream water health in 
four major ways, interfering mainly with resilience 
mechanisms responsible for stream health as 
explained below:  

1) Existence of  natural resilience features in the 
system: These include land parcels with natural 
ecosystems left relatively undisturbed due to  
reasons such as conservation purposes, low 
urban productivity, inhabitability, prone to 
natural hazards etc. examples are natural forests, 
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wetlands, Riparian stream strips and natural 
streams. 

2) Human population as a urban actor, and 
built urban features, or alteration of natural 
systems which impose negative impact on 
resilience mechanisms: This considers two sub 
categories of attributes a) the stress imposed by 
human beings by acting as the single dominant 
species who manipulate the system processes, 
and b) the built facilities and structures that 
interfere  with resilience mechanisms mainly by 
sealing the pervious surface areas, consuming 
space in the environment and suppressing 
avenues for natural resiliencies linked to bio-
geo and chemical processes. 

3) Influxes, which increase or alter existing 
fluxes  and/or  create new fluxes in the 
system: 
In Cities tremendous influx and increase of 
fluxes of matter and energy occur. With that 
numerous substances with complex chemical 
forms enter the system. A greater variation 
occurs in the metabolism of these matter 
including internal fluxes and the end products   
in contrast to a natural system. 

4) Adequacy of  built urban resilience  features 
and poor resilience performance:  
For sustainable urban systems the City design 
should include a wide range of built resilience 
features to compensate the lost natural 
resiliencies and to accommodate extra loads of 
fluxes to keep them within the system carrying 
capacity. Presence of corresponding built 
resilience features and their resilience 
performance are important to compensate the 
extra loads of pollution fluxes generated in the 
watershed.  

The study further assumes that ultimate quality 
of stream health is an outcome of interactive 
influence of above factors. Therefore, by 
delineating attributes under above categories and 
ranking them depending on relative influence on 
water resources health it is possible to estimate the 
extent of interferences impose on systems 
determining the water resources health.  The 
analysis and the out puts are important knowledge 
bases for management of water resources.  

2 METHODOLOGY 

The watershed and the stream network of the 
Meda-ela watershed was demarcated using digital 
survey maps. Existing land use pattern was 
approximately demarcated studying Google 

satellite images. Then the watershed attributes of 
above stated four categories were generated by 
gathering data on watershed. The data were 
collected from sources such as Census and 
Statistics of Sri Lanka 2012, survey data, and from 
field investigations. In the field visits the land use 
including the current level of watershed 
degradation were physically inspected. Water 
quality of Meda-ela and that in undisturbed natural 
streams was measured for several water quality 
parameters (pH, Dissolved Oxygen (DO), 
Biochemical Oxygen Demand (BOD), Total 
Suspended Solids (TSS) and Feacal Coliforms 
(FC)). The measurements cover samples collected 
over a period of one year (Dec, 2015 - Sep, 2016) 
from upper, middle and downstream locations of 
Meda-ela and undisturbed streams. 

2.1 Development of rating criteria  

The attributes identified from desk studies and field 
surveys were listed under 4 categories, then 
characterized narratively. Rates were assigned for 
each attribute by considering its influence on the 
resilience performance with respect to water 
resources health. Following rating criteria was 
considered in giving weights to attributes. The 
criteria used rates from 1-10 and both negative and 
positive. Negative form is given to an unfavorable 
attribute and Positivize form is given for favorable 
attributes. Of the 4 categories, 1 and 4 are 
considered positive with favorable contributions to 
stream health while 2 and 3 are considered 
negative with unfavorable contributions to stream 
health. 

1) Existing natural resilience features  
Rating criteria; Positive rating of 1-10: 1=low 
in extent and naturalness, 10 = high in extent 
and naturalness; values were assigned based on 
existence of natural resilience features, spatial 
position, extent, and resilience performance 
and degree of naturalness e.g.: natural forests, 
wetlands, riparian strips and natural streams. 

2) Human population and built urban 
infrastructure 

Population rating criteria: (Negative rating of 
1-10: 1 = lowest interference, 10 = Highest 
interference; values were assigned based on 
dominant role of a single species (human), 
(relatively unidirectional system functions, 
divesting the opportunity of diverse specie’s 
complex interactions and associated ecosystem 
functions.  
 

Built urban infrastructure and service facilities 
Rating criteria: (Negative rating function of 1 -
10: 1 = lowest  interference, 10 = highest 

D 
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interference; values were assigned based on 
replacement of natural systems and space by 
built structures, loss to pervious  areas, and  
interference with natural resilience 
mechanisms linked bio- geo -chemical 
processes). 
 

3) Influxes of matter and energy  
Rating criteria: (Negative rating of 1-10: 1=   
influx intensity, magnitude in the range of 
natural systems and interferences, 10=Highest 
Influx intensity, magnitude and interference; 
values were assigned based on magnitude and 
intensity of fluxes, compatibility with natural 
bio-geo-chemical processes, bio degradability, 
accumulative and bio magnification potentials, 
retentions and sinks, potential to be released to 
aquatic systems and biological toxicity. 

 
4) Urban Resilient infrastructure and 

performance efficiency  
Rating criteria: (Positive rating of 1-10: (1= 
poor performance 10 = best performance); 
values were assigned considering presence of 
the resilience feature, performance efficiency 
in terms of assimilation of fluxes (e.g.: water, 
waste heat, pollution fluxes); Assimilations: 
(e.g.: retentions, storage, sinks), 
transformations (bio degradations to nontoxic 
products, integration into natural bio-geo-
chemical processes, forms of dissipations such 
as dilution, migration in to other phases. 
Ability in moderating fluxes in the stream 
water.   

Rates were obtained from five scientists who are 
acquainted with the watershed. They were given 
the list of attributes along with narrated watershed 
characterization profiles and requested to assign 
rates as per the criteria indicated above. Then the 
attributes of each category were summed and 
computed as a percentage over maximum 
cumulative of each category.  

2.2 Assessment of stream health impairment 

The stream health impairment can be assessed in 
number of ways. They include assessing 
degradation of naturalness of the stream ecosystem, 
the in-stream habitat structures and functions and 
the stream water quality. In this study the stream 
health impairment with respect to stream water 
quality was assessed.  

Stream water quality was measured using 
selected parameters which are indicative of organic 
pollution, Oxygen saturation and Feacal pollution. 
The water quality data were then analyzed to 
estimate the degree of impairment by a) comparing 

the deviation of water quality in Mede-ela with 
natural baseline conditions and b) studying the 
compliance with respect to acceptable norms for 
beneficial uses.  

Accordingly, the stream water quality  at three 
locations  of Meda-ela representing upstream, 
midstream and downstream  was compared with 
that of streams draining undisturbed forested 
catchments in Dunumandalawa and Hantana forest 
reserves,   and the results were evaluated to study 
the impairment of water quality in Meda-ela with 
respect to important beneficial uses such as source 
water to use as drinking water with simple 
treatment, use as drinking water with conventional 
treatment, bathing, aquatic life and minimum 
quality as per the criteria given in Proposed Inland 
Water Quality Standards of Central Environmental 
Authority of Sri Lanka, 2001.  
 
Based on the outcomes of the analysis management 
strategies were proposed.  

3 RESULTS AND DISCUSSION 

Fig 1 shows the Google satellite image of the 
Meda-ela watershed. In the watershed, mainly four 
development zones can be recognized as explained 
below. 

Zone A: Immediate periphery in Meda-ela, the 
Kandy Lake, and lower reaches of lateral steams. 
The zone is under heavy development pressure 
with dense built infrastructure. Approximate width 
is about 100-200m from the stream banks. 

Zone B:  Areas under forest reserves with rich 
forest biomass. 

Zone C: Peripheral lands at higher elevations 
having relatively steep slopes, currently low 
development pressure, but with high habitat 
degradation and prone to erosion. 

Zone D: Other areas; mainly consist of home 
gardens with relatively low building density, and 
healthy vegetation cover. 
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      Fig. 1 Google satellite image of Meda-ela   watershed

One unique feature in the Meda-ela watershed 

is that the spatial distribution of urban 

development and interference with the system 

resiliencies among the zones show a drastic 

variation. The possible cause would be that the 

urban evolution of Meda-ela has been influenced 

by numerous factors such strong influence of   

historical setting, religious, cultural factors, socio-

economic factors due to its locations in the Central 

Province, control by conservative legislations, 

development controls as a World Heritage City, 

and the geographical and geo morphological 

limitation for lateral urban expansion to hill slopes. 

(Fig 1) 

3.1 Analysis of factors influencing the resilience 
mechanisms of stream water health 

The factors influencing the watershed degradation 
and stream health impairment analyzed with 
respect to attributes are given in Tables 1, 2, 3 and 
4. The tables present the narrated characterization 
of each attribute in Meda-ela watershed used to 
assign the rates.

 
Table 1.  Attribute table for existence of natural resilience features and degree of naturalness in Meda-ela watershed 

Attribute  Description 

1. Forested lands 

The forested lands consist of about 20% (approximately 3Km
2;

: land area covering healthy forests:   
The important forest patches are Dunumandalawa, Udawatte kele and Hantana forest reserves, of 
them the first two are strict reserves and  only a part of the latter is a strict reserve and in rest of 
the area housing is allowed. (Fig. 1) 
The degree of naturalness is high in both Udawatte Kele and Dunumandalawa reserves, and in 
Hanthana reserve degradation is observed in some areas. All these reservations exist in peripheral 
land parcels at higher elevation having steep slopes. These reserves are important for water 
resources health in two important ways, a) to provide part of the drinking water (blue water) for 
urban communities and facilities, and secondly b) to intercept rainfall, recharge groundwater, 
moderate the peak discharges, and increase water yield of the lateral streams, feed the main canal 
with clean water to dilute pollutants, increases stream assimilation capacities, cut down sediment 
loading from erosion.   
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Attribute  Description 

2. Natural stream 
riparian buffers 
strips 

In areas where there is development the natural stream riparian vegetation is greatly removed, 
altered and changed mainly in the main canal, Meda-ela. Only a fraction remain in lateral streams 
in their upstream, but, the naturalness and the associated riparian functions are impaired due to 
habitat disturbances.   
Land use composition in stream riparian areas in Zone A, C and D in a riparian width of 50m is as 
follows. Home gardens with vegetation: 37.1%, Disturbed vegetation, 2.8%, Built structures 
34.5%, Open areas with degraded lands 12.8%, Areas with trees 7.2%, Cultivations 0.9% : source: 
NBRO:  analyzed using Google satellite images in 2016. 

3. Flood plains 
The broad flood plains either sides of the main canal and around the confluence area of the lateral 
canals are completely transformed to build urban land uses 

4. Stream 
ecosystem 

Total stream length is about 29km, stream density 2km/km
2
. Source: NBRO analyzed using 

Google satellite images in 2016. In the main ela the stream banks have been encroached greatly by 
the development, and banks on either sides are subjected to severe erosions and bank degradation, 
Also, lower sections of the lateral steams also show similar deterioration, however, the upper parts 
of the lateral streams have some degree of naturalness, receive clean water and low stream load; 
dissolved, suspended and bedload. Nevertheless, the sediment load, stream bank erosion and load 
of pollutants in lower section of the lateral streams are high and as a result, severe impairment to 
stream ecosystem has resulted. Greater modification to morphology has been done in Meda-ela by 
altered by concreted banks, underground conveyance systems and bottom concrete liners, 
encroached developments, and by bank erosion. The assimilation capacity of streams has been 
greatly decreased due to above stated reasons; (loss of dilution, decays, transformations of fluxes). 

Table 2. Attribute table for Introduction of human population and built urban features which have some degree of 

negative impact on resilient mechanisms in Meda Ela Watershed 

Attribute  Description 

Population 

1. Human population: New 
species (urban 
actor):Resident Population  

Total population; 81,318, Population density 5,246Km
2
. 

2. Human population (urban 
actor) Commuter population 

Around 150,000/day to Kandy City. 

Built urban structures/service facilities  

3. Households  
Housing units: 18,018, Housing density: 1,162/Km

2 
(includes regulated and illegal 

settlers). 

4. Services-Commercial 
Market places, Super market complex, slaughter houses, open market, shopping 
areas, banks.  

5. Services-Administrative The government officers, judicial services, schools. 

6. Services- Transport 
Railway and bus station; depots, transportation sector service facilities, filling 
stations, automobile service stations. 

7. Services –Health  Hospital, medical testing laboratories and clinics :generation of clinical waste water 

8. Infrastructure- Road network 
Road network, parking lots, Total road length of 66km and the road density 
4Km/Km

2 
source: NBRO:  analyzed using Google satellite images in 2015. 

9. Services -
social/cultural/religious 

Services associated with religious activities, Kandy procession, Hotels and 
restaurants for local and foreign tourists, churches 

10. Industries  
Commercial laundering in  canal periphery, small scale  textile dying industries,  
industrial parks or high pollution waste water generating  industries  

11. Agricultural crops No commercial market gardens, extensive cultivation of paddy  is low 

12. Plantation crops Limited to small  isolated patches 

13. Barren /degraded lands 
Around 20% of the lands ( specially in hill slopes at higher elevations)  are with 
disturbed vegetation, subjected to moderate level of land  degradation and prone to 
erosion 

Table 1 Cont’d 
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14. Project development sites  
and construction sites 

The watershed is under high regeneration pressure to open up quality residences 
and urban services to cater the urban migration and new economic activities, 
cultural tourism etc. The construction sites have poor on-site environmental 
management during construction phase, especially the waste disposal and sediment 
generation, and regulations to control water related pollution discharges are not 
strictly enforced. 

Table 3.  Attribute table for influx of matter and energy to the system with potential for increased loading to environment 

in Meda-ela watershed 

Attribute  Description 

1. Energy  

Solar energy and heat: This is the main energy source for natural ecosystem functions, 

But, in cities solar energy is trapped to much lesser extent as useful energy compared to a 

natural system due to low vegetation cover, and poor systems to trap solar energy, 

Therefore solar energy is mostly dissipated as heat in a city absorbing in to materials such 

as asphalt, tar roofs, concrete which are primarily of low albedo and have heat storing 

capacity. These materials absorb heat in the day time and releases in the night resulting 

waste heat. 

Electricity: Major source of energy for performing city functions; influx to the system as 

electrical energy; transform mainly to kinetic and potential energy, and release to the 

environment as heat, sound and vibration. 

Fossil fuels: secondary energy source used mostly in transportation and cooking, 

transformations as above; additionally generate material fluxes; CO2, H2O, SO2, NOx, 

Organic C compounds. 

2. Water  

Rainfall (Green water): Average rainfall in the watershed is 1840 mm/year ; Act as an 

assimilator for pollutants by providing dilution , and provide makeup water in the streams, 

recharge groundwater, provide water for animals and plant growth and drive hydrological 

cycle in the watershed.  

Upstream/ trans basin  water inputs:  

No upstream / trans basin  water inputs 

Piped water: Cities potable /service water depend mostly from external water inputs ( Only 

a part of the piped water source is obtained from sources within the watershed from head 

water reservoirs at Dunumandalawa and Hanthana and from ground water (wells))   

3. Over land runoff from 

city area : Storm water 

runoff -contaminated 

60% of land in Zone A is impervious due to roof tops, roads, pavement, parking lots: Hence 

much of the precipitation is removed as overland runoff, storm water discharges resulting 

as intense peak storm water hydrographs, The runoff carry high contaminant loads 

(Floating solids, Suspended solids, Organic pollutants, Nitrogen and Phosphorus, a wide 

range of pathogenic microorganisms and a range of chemical pollutants (toxic and non-bio 

degradable). 

4. Sediment laden 

runoff  from 

erosion  

Generate from erosion and dislodging particles from disturbed slopes during rains, from 

construction sites, degraded lands, unprotected slopes of stream banks, open grounds in 

settlements, road cuts, and agricultural plots. 

5. Sewage - Black 

water   

Generate from households, service facilities, administrative buildings, hotels, restaurants, 

religious and cultural places: (about 20,000m
3
/day is generated as black and gray water 

from Kandy City area: Jinadasa et al, 2012). 

6. Wastewater-Gray 

water 

Generate from households, service facilities, administrative buildings, hotels, restaurants, 

religious and cultural places (refer attribute 5 above). 

7. Food materials and 

waste food  

Generate from households, hotels and restaurants; A substantial quantity of waste food is 

generated within the City core area. 

8. Construction 

materials/waste  

Imports of sand, cement, construction aggregates, paints, plastering chemical agents, 

thinners, varnishes, asbestos, wood, bricks, excavated earth; A fraction is wasted  as waste 

material. 

9.  Solid waste 

generation  

About 120 tons per day is generated within the Kandy city area; about 15% is disposed on 

site.  

10.  Hazardous waste  

Clinical waste: wastewater and solid waste from hospitals and health clinics and 

pharmacies, unused drugs. 

Toxic waste:  from households, office buildings, service buildings, commercial buildings: 

batteries, e-waste, printing waste, toxic cleaning agents, household pesticides and wide 

range of synthetic chemical substances. 

Industrial waste: a range of waste chemicals with varying hazardousness is generated. 

Waste from services: service stations, sludge from waste water treatment plants, waste oil 

from machinery and energy utilities etc. are generated. 
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11.  Non degradable/ 

slow degradable 

waste) 

Mineral oils, service station waste oils, petroleum filling station waste oils, oils spills from 

vehicles from roads, parking lots, service yards, plastic and polythene, polymer materials 

made of petroleum raw materials disposed  from households, industries, service facilities.  

 

Attribute  Description 

12.  Agricultural  Fertilizer (N, P)  and pesticides (toxic) 

13.  Motor traffic  

Regularly a large number of vehicles enter the watershed (25,000 /vehicles daily to Kandy 

City); They emits gaseous emissions as CO2, NOx, SOX, Volatile Hydro Carbon, 

Particulates; Enter into soil and water phase with precipitation. 

Table 4. Attribute table for built resilience features and their performance efficiency in Meda-ela watershed 
Attribute  Description 

1. Urban forests , green spaces The ratio of built green spaces in the developed area is relatively low. 

2. Sewage-Septic tanks or 

wastewater treatment plants 

Only a fraction of houses and facilities have proper septic systems to treat sewage 

effluents. Majority are poorly designed holding pits, those who live on canal banks 

dispose sewage directly to storm water network or to streams; issues of sewage 

management are: septic tank over flowing, ground water contamination and release 

of sewage sludge collected in gully bowsers to environment: loading water bodies 

with high BOD, pathogens poor performance sewage effluent management system 

are issues of concern  

3. Waste water treatments  

systems for gray water 

Local governments recommend soakage pits, but majority discharges gray water 

directly into storm water drains. 

4. Storm water retention 

systems (ponds, wetlands) 

Two upstream reservoirs; Dunumandalawa and Hantana clean water reservoirs, 

intercept the precipitation. These clean water reservoirs serve partly (15%) as a 

drinking water source for City, Kandy Lake acts as the storm water receptor; carry 

polluted urban runoff  from City Core area . These artificial retentions are  in 

adequate to curb and assimilate hydrological and pollution fluxes 

5. Storm water conveyance 

systems 

The current system is a direct collection and conveyance type, but the system 

capacity and conditions are poor, storm water overflowing, storm floods are 

regular. 

6. Water infiltration zones Low due to larger impervious areas: The pervious grounds and parks act as 

filtration zones; Planned infiltration zones are not maintained. 

7. Rainfall harvesting  

(City green water foot print)  

The City green water foot print is low as it is not estimated or regulated as a green 

technology or enforced as a regulation. 

8. City water foot print (blue) High; proper water conservation plans are not resource optimized management 

strategy in city planning and in operation. 

9. City water foot print (Gray) High integrated waste management is not a management strategy in city planning 

and in operation. 

10. On-site solid waste 

management  

Solid waste is collected regularly by the Kandy Municipal Council; however 

subjected to malfunction; unsegregated waste (bio degradable, non-bio degradable, 

toxic, harmful waste, recyclable waste are disposed unsegregated), onsite disposal, 

littering in to streams not stickily controlled. 

11. On-site hazardous waste 

management systems 

Not segregated; but removed with solid waste or with wastewater streams, no 

restriction to disposal as un segregated waste, awareness and strategies to control 

discharge of toxic waste into environment is not strictly practiced or integrated into 

current solid/liquid waste management system. 

12. Waste minimization systems Poorly operated in city scale. 

13.  Waste relying, reuse  Poorly operated in city scale. 

14. Reduction of external 

imports of chemicals 

interfering with system 

resilience 

Some chemicals are harmful to human and to environment: toxic, bio accumulative 

in the environment; The Meda-ela is an environmentally sensitive head water 

watershed in Mahaweli Basin , but, no watershed level restrictions for influx of 

such toxic chemicals other than the island wide restrictions imposed on the 

controlled use and import of  harmful chemicals in to country. 

15. Waste storage sinks 
No specific waste storage sinks operated within the watershed. (e.g.: Sanitary 

landfills)  

Table 3 Cont’d 
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Factor 
Legend for factors 

1.Existence of natural resilient features and degree of 

naturalness 

2.introduction human species and built urban features 

which have some degree of negative impact on resilient 

mechanisms 

3.Imports to the system with potential for increased 

loading to environment  

4.Built urban Resilient infrastructure and performance 

efficiency 

16. On-site hazardous waste 

management and 

Mechanisms to reduce 

environmental releases of 

chemicals 

Regulations are imposed for the management of hazardous waste for polluting 

industries, but not applicable to households and other. Therefore, household, 

commercial and hazardous waste from service facilities are released to environment 

with municipal collection system, storm water and etc.; 

Attribute  Description 

17. Mechanisms to reduce 

pollutants entering into 

water courses 

Measurers to increase natural assimilation capacities by introducing retention 

ponds, sediment traps, screens to remove solids, cutoff drains, stream buffers, 

ground infiltration, land irrigation etc. control of littering, prevent direct waste 

water connections are not integrated into urban planning in this watershed. (the 

historical Kandy Lake to some extent serve this purposes but, the Lake is 

maintained mostly as an aesthetic icon)  

18. Increase to stream 

assimilation capacities 

Practice of eco-resilience features such as to improve naturalness of the streams; 

stream shading, canopy cover, bed particle gradation, slowing down of flow 

currents, ensuring year round flow to provide dilution to pollutants, additional 

upstream reservoirs to hold water to cut down hydraulic/pollution loading into 

streams in wet season and release of clean water to dilute pollutants in low flow are 

not considered as management strategies.  

 

Fig. 2: Summary of percentage of ranks obtained for 

factors influencing the resilience features of stream 

waters health for Mede-ela watershed 

Fig. 2 summarizes the percentage of ranks 
obtained for factors that influence resiliencies of 
stream waters health in Mede-ela. The results 
elaborate following important facts. a) The 
resilience mechanisms of water resources health 
are stressed greatly by the built urban facilities and   
material influxes b) the remaining natural 
resilience features are as low as 30%  compared to 
maximum  naturalness at undisturbed state c) the 
built resilience features have been able to satisfy 
only 20% of the requirement to keep the system 
within carrying capacity. Therefore, stream water 

degradation is an inevitable consequence in Meda-
ela. 

3.2 Stream health impairment in the Meda-ela 
watershed 

Fig 3 shows the comparison of water quality in 
Meda-ela with that of stream waters in two 
undisturbed forested catchments Dunumandalawa 
and Hatana. The results demonstrate two important 
consequences.  

a) The level of pollutants in stream water in Meda-
ela are several folds higher than the natural 
baseline levels. The relevant stressors are high with 
respect to, 

 BOD: indicator for biodegradable organic 
pollution,  

 FC: indicator of the Feacal pollution,  
 TSS: indicator of suspended sediment load 

(land degradation and erosion), and 

The DO results (Fig. 3) emphasize that Meda -
ela is hypoxic at all times. The hypoxic conditions 
impose serious impairment to stream health by 
impairing the water quality and detrimentally 
influencing stream biological integrity. As 
indicated in the Fig 5 the stream has failed to meet 
the DO requirement by 77%. 

b) The greater fluctuation of pollutant levels have 
been reported in Meda-ela in time and space as 
opposed to natural baseline levels.  

The responsible major sources of pollution are 
a) Spill water from Kandy Lake and the head 
waters inputs of the Mede-ela. These stretches 

Table 4 Cont’d 
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drain Cities core area and therefore have a high 
influx of pollutants. As the riparian functions are 
lost in these areas due to dense built structures, the 
polluted wastewater and runoff directly enter 
stream network as both point and non-point source 
pollution putting pressure on stream health. 
However, lateral streams that feed Meda-ela in the 
middle stretches such as streams from 
Dunumandalawa and Hantana forest reserves, and 
those draining watersheds with relatively sparse 
development appear to carry water with a low 
pollution load and that water provides a greater 
dilution to pollutants in Meda-ela.  
 

These findings synchronize with the ranking 
outcome of Fig 2. According, the stream system is 
loaded with high influxes of pollutants especially 
due to unregulated urban waste streams where the 
magnitude and the intensity of pollutant fluxes are 
often subjected to hydraulic loading which is 
influenced by the rainfall hydrograph. Although, 
much of these fluxes could have been moderated 
by a good resilience system, the lost natural 
resilience features and poor performance of built 
resilience systems were in capable of curbing 
pollution fluxes entering to streams. This situation 
is a common feature in any City evolved through 
conventional urbanization.   

3.3 Impairment of water quality with respect to 
beneficial uses 
 
The analysis of water quality parameters for its 
suitability for beneficial uses important for 
sustainable urban water resources (Table 5)  
reveals that the measured water quality parameters 
have failed  to meet the  norms (including 
minimum quality requirement) required to satisfy 
the respective beneficial use most of the time. 
 

Fig. 3 Box plots showing comparison of pH, DO, BOD, 

TSS and FC distribution in stream water in forested 

areas and Meda-ela 

Table 5. Noncompliance Percentage of stream water 

quality with respect to the proposed inland water quality 

standards (CEA 2001)  
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pH 0 0 0 0 0 

DO 100 88 100 77 77 

BOD 100 96 96 96 96 

FC 100 - 100 - - 

 

3.4 Watershed management and stream health 
improvement  

The analysis and outcome of this study give an 
insight to current state of issues bound with water 
resources degradation in Meda-ela, and areas to be 
focused in water resources management. To 
achieve realistic targets the best way is to set goals 
that can be accomplished within practical 
boundaries. Targets can be set mainly on 
improvement of water resources health to sustain 
healthy uses. As for Meda-ela the respective 
targets may be restoration measurers to establish its 
status for intended beneficial uses, or to comply 
with a regulation to achieve incremental minimum 
requirement.  

Deciding practically achievable beneficial use 
could be based on the following aspects.  

The importance: The Mede-ela and Kandy Lake are 
important due to their central role as a tourist City 
and as a sacred religious place, a City with a world 
recognized Archeological Heritage, and also as a 
commercial and administration hub in the Central 
Province. 

Current level of water pollution: at present both 
Meda-ela and Kandy Lake are heavily polluted. 
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Kandy Lake is under the pressure of nutrient 
enrichment with seasonal algal blooms followed by 
low oxygen zones and regular fish kills. As both 
Lake and Meda-ela are in the heart of Kandy city 
in a highly sensitive location water quality and 
resultant impacts are a serious concern for overall 
image of the City.  

Existing water uses: Currently, water in the Meda -
ela is not used for any beneficial purpose. Some of 
the lateral streams have relatively clean water in 
their upstream. The relatively clean water entering 
from these lateral stream dilutes the pollutants in 
Meda-ela.  

The contribution from Meda-ela to overall 
pollution load in Mahaweli river: Significant water 
uses do not present in the immediate downstream 
of Mahaweli River from the confluence. 

Achievable water resources health and practical 
constraints:  The achievable water resource 
healthiness should not only consider the above 
mentioned aspects, but several other factors such as 
future development scenarios, financing on 
restoration, administrative and service 
infrastructure, availability of resources especially 
in terms of space and practically achievable 
restoration measurers with respect to present state 
of pollution and the effectiveness of management 
efforts etc.  

Considering, these facts the achievable 
management targets can be set as follows: 

1. Cut down the pollutants loads in Kandy Lake 
and Meda–ela; eg: responsible for algal 
blooming in the Kandy Lake (Nitrogen and 
Phosphorus). (refer section 3.5)  

2. Maintain the water quality and biological 
integrity at the requirement of aesthetic quality 
in the Kandy Lake and Meda-ela. More 
stringent WQ goals can be considered 
subsequently. 

3. Increase the stream assimilation capacity of 
pollutants by maintaining heathy water quality 
in lateral streams.  

4. Control sediment loading in to stream network 
by erosion control measures. 

5. Improvement to overall healthiness in the 
watershed. 

6. Maintain a healthy water balance. 

7.   Use of technological advancement to improve 

the built resilience 

3.5 Ongoing restoration measures important to 
Meda-ela watershed 

Having realized the significance of Kandy City (a 
part of the City fall within Meda-ela watershed), 

several restoration projects which have direct 
benefits to improvement of water resources health 
in Meda-ela are currently under way. Given below 
in Table 6 are some of the restoration projects at 
design and implementation stage. 

Table 6. On-going environmental improvement projects 

in Meda-ela watershed 

1.  Kandy City Wastewater Management Project 

(KCWMP) is directed towards the solution of the 

Kandy City Wastewater issue 

The Project provides a wastewater collection system to the 

central part of the Kandy City where the population 

density is high. The collected wastewater will be treated at 

a Treatment Plant of capacity 14,000 m3/day at 

Gonnoruwa, the Main Pumping Station at Getambe and 

the Solid Sludge Disposal at Gohagoda, all of which will 

be significant new constructions which have direct 

positive impact on water quality. 

2.  Meda-ela canal storm water management project 

The project supports rehabilitating eco-system by restoring 

the Meda-ela canal, fixing its underground storm water 

drainage tunnel system, and rehabilitating the silt traps 

around the Kandy Lake. 

3.  Reduce non-revenue water consumptions 

The study is on reducing non-revenue water which will 

bring more efficient use of scares resources and yield 

additional revenue for Kandy Municipal Council. 

 
The implementation of 1

st
  and 2

nd
  projects 

components will have a significant impacts on 
cutting down the loads  of pollution entering the 
Kandy Lake and Meda-ela and increase stream 
assimilation capacity while  supporting to  achieve  
water quality norms specially with respect to 
aesthetic requirements. The third project 
component although will have some impact on 
cutting down the Cities blue water foot print, other 
conservation measures to reduce blue water foot 
print and integration of green water foot print 
concept in the water management plan could bring 
a greater over all benefits to have sustainable water 
balance in the City. 

4 CONCLUSION AND RECOMMENDATION  

The paper presents an interim outcome of a 
research study on anthropogenic influences of 
water resources impairment in Polgolla watershed 
with special reference to stream health degradation 
in Meda-ela.  

Methodology applied in analysis of watershed 
attributes has shown its potential to use as a 
knowledge driven decision tool helpful in 
managing urban water resources. 

The restoration projects centered on Kandy Lake 
and Meda-ela can make use many important 
watershed concepts and the information presented 

Table 6 Cont’d 
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in this paper to develop an integrated approach for 
management of water resources much needed for 
Kandy City. 
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ABSTRACT: Alternatives to river sand have been investigated all over the world since river sand is a limited 
resource and high retrieval of river sand from river beds is not permissible due to environmental issues. Crushed 
rock sand is a waste material generated in the production process of crushed rock and also termed as a delete-
rious material affecting the quality of concrete fine aggregate. In this research project, utilization of crushed 
rock sand as a full replacement for river sand for general plastering purposes was studied. Material properties 
namely, grading (size distribution), organic impurities, loose bulk density, particle density and water absorption 
and plastering mortar properties namely, plunger penetration, flow value, bulk density of fresh and hardened 
mortar, flexural and compressive strength of hardened mortar and adhesive strength were studied . River sand 
mortar properties were used for comparison purposes. Mortar properties were studied by keeping the worka-
bility parameter (i.e. flow value) constant by adjusting the water content for both mortar types. It was found that 
flexural and compressive strength (CS IV category in BS EN 998-1:2010) of crushed rock sand mortar showed 
significantly higher strength values compared to river sand plastering mortar for same pre-determined compo-
sitions. Adhesive strength of crushed rock sand mortar showed slightly higher strength values for concrete sub-
strates; whereas for cement block substrates lower strength values were observed. Fines content in crushed rock 
sand was found to be playing a pivotal role in determining strength development as well as workability of the 
plastering mortar. Rest of the mortar properties tested were found to be in compliance with general purpose 
plastering mortar, as per BS EN 998-1:2010. 

1 INTRODUCTON 

Plastering is one of the most important finishing 
techniques used in the construction field. A thin 
layer of cement mortar mixture is applied on the sur-
face of the wall or the substrate to be plastered and 
subsequent finishing activities are performed to get 
the final aesthetic appearance. At present, cement 
based wall plastering is done by using river sand. 
Both exterior as well as interior plastering can be 
done using river sand. With rapidly increasing con-
struction activities, demand for river sand kept in-
creasing. Therefore, high retrieval of river sand 
from river beds continues to be carried out and it is 
constantly creating environmental issues. New rules 
and regulations had been enforced to reduce river 

sand extraction so as to minimize environmental is-
sues. 

Studies have being carried out to identify possi-
ble alternative materials to river sand. Offshore 
sand, dune sand and crushed rock sand have been 
identified as possible alternative materials to be 
used as a fine aggregate to replace river sand. Cur-
rently there are certain issues regarding such alter-
native materials. When considering offshore sand, 
removal of harmful chloride ions is an issue where 
costly washing procedures are to be adopted to ob-
tain chloride free offshore sand. Dune sand obtained 
from coastal areas causes coastal erosion. Crushed 
rock sand is another alternative material for river 
sand, produced from rock crusher plants during pro-
duction of coarse aggregate for construction activi-
ties. Washing needs to be performed to obtain 
crushed rock sand which is costly. 
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1.1 Objective 

Effective utilization of crushed rock sand (with-
out washing) as an alternative material for river sand 
for general plastering works. 

2 METHOD  

The research project was carried out step wise as 
follows: 

I. Literature Survey 
II. Collection of raw materials namely, river 

sand and crushed rock sand 
III. Study of raw material properties with tests 

being performed in the laboratory accord-
ing to relevant standards 

IV. Laboratory study on properties of mortar 
made with crushed rock sand in comparison 
to river sand mortar. 

V. Field trials to evaluate mortars 

2.1 Literature Survey 

Literature survey was carried out to study the pre-
vious work performed regarding this research topic. 
An experimental study was carried out by El-Sayed 
Sedek Abu Seif of Sohag University to study the 
performance of cement mortar made with dune 
sand. (Seif 2013). Another research was carried out 
by Appukutty P. and Murugesan R. of poly technic 
college in india on substitution of quarry dust for 
river sand for brick masonry works. (R. 2009). Re-
search on partial replacement of sand with quarry 
dust in concrete was performed by research group 
in india. It was found that quarry dust can be effec-
tively used as a partial replacement material for 
river sand based on the results obtained in that re-
search. (Chandana Sukesh 2013)   

2.2 Collecting raw materials 

As the initial step, raw materials were collected 
for studying properties of raw materials. Ordinary 
Portland cement (Grade 42.5) conforming to SLS 
standard (SLS 107: part 2 2008) was used for the 
study because it was considered that OPC contains 
sufficient free lime to produce pozzolanic reactions 
with the fines in crushed rock sand. River sand pur-
chased from the market was tested for conformity 
according to SLS standard (SLS 1397 : 2010) to en-
sure its suitability for use in the trials. Samples of 
crushed rock sand were collected from a rock 
crusher plant situated in narammala and sampling 
was done according to relevant standard. (BS EN 
932-1 1996) Samples were labelled and stored un-
der controlled conditions until testing (BS EN 932-
2 1999). 

   
 
 

 
  

2.3 Studying raw materials 

Aggregate properties of river sand and crushed 
rock sand were studied. Aggregate properties 
namely, Grading (size distribution) (BS EN 933-1 
1997), organic impurities (ASTM C40 2004), Loose 
bulk density (BS EN 1097-3 1998), Particle density 
and water absorption (BS EN 1097-6 2000) were 
studied as per standard test methods.  

2.4 Testing of mortar properties 

River sand and crushed rock sand mortar proper-
ties were tested. River sand mortar properties were 
considered as the base and crushed rock sand mortar 
properties were tested and compared with river sand 
mortar properties. Crushed rock sand and river sand 
were sieved using 2.36mm sieve and passing frac-
tions were used for mortar testing. Workability pa-
rameter (flow value) (BS EN 1015-3 1999) was kept 
constant for both mortar types and other mortar 
properties namely, plunger penetration (BS EN 
1015-4 1999), fresh mortar bulk density (BS EN 
1015-6 1999), dry mortar bulk density (BS EN 
1015-10 1999), flexural strength, compressive 
strength (BS EN 1015-11 1999) and adhesive 
strength (BS EN 1015-12 2000) were studied. Three 
mortar mix proportions (volume based) namely 1:4, 
1:5 and 1:6 were tested. The corresponding mass 
proportions were determined and used in propor-
tioning the mixes for the tests. For adhesive strength 
testing 1:5 mix proportion was considered based on 
the results obtained from other tests.  

2.5 Field trials 

Field trials were performed using crushed rock 
sand mortar mixture in order to observe the behavior 
of mortar in practical applications in wall plastering. 

Figure 1: Piled up crushed rock sand at crusher 

plant 
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3 RESULTS AND OBSERVATIONS 

3.1 Grading analysis 

Grading analysis results of respective materials 
are summarized in Table 1.  
 
Table 1. Grading analysis results of materials 

 
 

Sieve 

size(mm) 

Passing % - 

river sand 

 

 

Passing % - 

Crushed rock 

sand 

Specified 

limits of me-

dium graded 

(0/4mm size) 

fine aggre-

gate 

8.00 100 100 100 

5.60 100 99.32 95-100 

4.00 98.99 93.7 85-99 

2.80 99.23 82.62  

2.00 98.11 74.64  

1.40 96.48 67.92  

1.00 92.63 61.56  

0.50 62.91 49.74 30-70 

0.25 18.9 35.78  

0.125 3.28 21.85  

0.063 0.84 12.67  

Pan - -  

 
 

 
 

 
 
 
Sieve analysis results of 2.36mm passing frac-

tions of raw materials were summarized in Table 2. 
 

Table 2. Grading analysis results of 2.36mm passing 

fractions of materials 

 

Sieve 

size(mm) 

passing % - 

River sand 

 

passing % - 

Crushed 

rock sand 

Specified lim-

its of medium 

graded 

(0/2mm size) 

fine aggregate 

4.00 100 100 100 

2.80 100 100 95-100 

2.36 100 100  

2.00 98.55 97.65 85-99 

1.40 90.63 86.06  

1.00 78.96 76.08  

0.50 46.5 57.95 30-70 

0.25 11.83 40.83  

0.125 2.61 24.05  

0.063 1.2 14.15  

Pan - -  

 
 

 

 

3.2 Loose bulk densities of raw materials 

 Bulk density of river sand – 1507kg/m3 
 Bulk density of crushed rock sand- 

1724kg/m3 
 

Crushed rock sand loose bulk density was com-
paratively higher than river sand loose bulk den-
sity. 
 
 

Figure 2: grading curves of raw materials 

Figure 3: Grading curves of 2.36mm passing fractions 

of materials 
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3.3 Organic impurity content  

 River sand – Gardner color standard no.05 
 Crushed rock sand – Gardner color standard 

no.08 

It was observed that river sand and crushed rock 
sand organic impurity contents were below the 
specified harmful organic impurity level. How-
ever, river sand organic impurity content was 
higher than quarry dust organic impurity con-
tent. 

3.4 Particle density and water absorption 

Table 3 presents particle density and water ab-
sorption of materials 

Table 3. Particle density & water absorption of materials 

 
 

Material 

Particle 

Density (on 

oven-dried 

basis) 

Particle 

Density 

(on S.S.D. 

basis) 

Water 

absorp-

tion 

(%) 
River sand 2.68 2.69 0.3 

Crushed rock sand 2.78 2.79 0.4 

 
Crushed rock sand displayed high particle density 
values as well as water absorption compared with 
river sand. Both materials were resistant against 
freeze-thaw due to water absorption values of re-
spective materials were less than 1%. (BS EN 12620 
2002+A1 : 2008) 

3.5 Flow table test 

The water content was adjusted so that the same 
flow value was obtained for each mix proportion of 
river sand and crushed rock sand mortar.  

Table 4 presents flow values of different mix 
proportions of mortar mixes 

Table 4. Flow table results of mortar mix proportions 

 
 

Mix  

Proportion 

(Cement: Agg.) 

 

W/C ratio 

Flow value River 

sand 

Crushed 

rock 

sand 

1:4 0.82 0.96 172 

1:5 1.07 1.18 168 

1:6 1.25 1.45 180 

 

3.6 Plunger Penetration test 

Table 5 presents penetration test results of two 
mortar types 

 
Table 5. Plunger penetration test results at constant 

workability 

 

Mix  

Proportion 

(Cement:Agg.) 

W/C ratio Avg. Penetration 

River 

sand  

Crushe

d rock 

sand 

River 

sand  

Crushed 

rock 

sand 

1:4 0.82 0.96 22 22 

1:5 1.07 1.18 20 22 

1:6 1.25 1.45 19 24 

 
Plunger penetration values were comparatively 
higher for crushed rock sand mortar mixes com-
pared with river sand mortar except for 1:4 mix. 

3.7 Fresh mortar bulk density 

Table 6 gives fresh mortar bulk density results 
of mortar types. 

Table 6. Fresh mortar bulk density results 

 

Mix  

Proportion 

(Cement:Agg.) 

   W/C ratio Avg. fresh mortar 

bulk density (kg/m3) 

River 

sand 

Crushe

d rock 

sand 

River 

Sand 

Crushed 

rock sand 

1:4 0.82 0.96 1856 2091 

1:5 1.07 1.18 1823 2048 

1:6 1.25 1.45 1772 2145 

 
High fresh mortar bulk density values were ob-
served for crushed rock sand mortar when compared 
with river sand mortar 

3.8 Dry mortar bulk density 

Dry mortar bulk density results of mortar mixes 
are given in Table 7 
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Table 7. Dry mortar bulk density results 

 

 

Mix  

Proportion 

(Cement:Agg.) 

 

W/C ratio 

Avg. dry mortar 

bulk density 

(kg/m3) 

River 

Sand 

Crushe

d rock 

sand 

River 

Sand 

Crushe

d rock 

sand 

1:4 0.82 0.96 2039 2112 

1:5 1.07 1.18 2010 2030 

1:6 1.25 1.45 1972 1994 

 
Dry mortar bulk density values were also higher in 
crushed rock sand mortar compared with river sand 
mortar. 

3.9 Flexural strength results of mortar mixes 

Table 8 presents flexural strength results of 
mortar mixes 

 
Table 8. Flexural strength results 

 

 
 
Figures 4 and 5 illustrate graphical representation of 
flexural strength variation of mortar mixes 

 

 

 

Figure 4: 7-day flexural strength of mortar mixes 

 

 
Figure 5: 28-day flexural strength variation of mortar 

mixes  

 
3.10 Compressive strength results of mortar mixes 
 

Table 9 presents compressive strength results of 
mortar mixes 

Table 9. Compressive strength results 

Trial/I.D 

W/C ratio 

Avg. Flexural 

strength 

(N/mm2) (07 

days) 

Avg. Flexural 

strength 

(N/mm2) (28 

days) 

River 

Sand 

Crushed 

rock 

sand 

River 

Sand 

Crushed 

rock 

sand 

River 

Sand 

Crushed 

rock 

sand 

01 

1:4mix 

propor-

tion 

0.82 0.96 2.8 4.4 4.2 5.1 

02 

1:5mix 

propor-

tion 

1.07 1.18 1.9 3.7 2.5 4.0 

03 

1:6mix 

propor-

tion 

1.25 1.45 2.0 2.5 2.1 3.1 
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Graphical representations of compressive 
strength of mortar mixes are illustrated in Figures 6 
and 7 

 
 

Figure 6: 7-day compressive strength of mortar 

mixes 

 
 

Figure 7: 28-day compressive strength of mortar 

mixes 

 
3.11 Adhesive strength results of mortar mixes 

(1:5 proportioned) 
 
 

Tables 10 and 11 present 2-day adhesive 
strength results and summary of results of 
mortar mixes respectively. 

 
 
 
 
 
 

 
 

Table 10. 2-day adhesive strength results of mortar 

mixes  

 

 
 
 

Table 11. Summary of 2-day adhesive strength results 

 
 

 
 

Table 12 and13 present 7-day adhesive 
strength results and summary of results of 
mortar mixes respectively. 

 
 
 
 
 
 
 
 
 
 

River Sand Crushed rock sand 

Specimen 

I.D.’s of river 

sand mortars 

Adhesive 

Strength 

(N/mm2) 

Specimen 

I.D.’s of 

crushed rock 

sand mortars 

Adhesive 

Strength 

(N/mm2) 

RAS01 0.20 QAS01 0.35 

RAS02 0.25 QAS02 0.40 

RAS03 0.20 QAS03 0.60 

RAS04 0.25 QAS04 0.45 

RAS05 0.10 QAS05 0.40 

RAS06 0.05 QAS06 0.30 

RAS07 0.20 QAS07 0.10 

RAS08 0.05 QAS08 0.10 

RAS09 0.10 QAS09 0.30 

RAS10 0.10 QAS10 0.15 

RAS11 0.25 QAS11 0.25 

RAS12 0.45 QAS12 0.20 

RAS13 0.05 QAS13 0.25 

RAS14 0.10 QAS14 0.15 

RAS15 0.35 QAS15 0.15 

Mortar 

type  

Minimum 

strength 

(N/mm2) 

Maximum 

strength 

(N/mm2) 

Avg. 

Strength 

(N/mm2) 

Std.  

Deviation 

R.S 0.05   0.45 0.18 0.11 

C.R.S. 0.10 0.60 0.28 0.14 

260



 

 
 

Table 12. 7-day adhesive strength results of mortar 

mixes 

 

 
 
 

Table 13. Summary of 7-day adhesive strength results 

  

 

 

 

Table 14 and15 present 28-day adhesive 
strength results and summary of results of 
mortar mixes respectively. 

 

 
 
 
 
 
 
 
 

 
Table 14. 28-day adhesive strength results of mor-

tar mixes 

 

 
 

Table 15. Summary of 28-day adhesive strength   

results 

 
 

 
 
 

Graphical representation of adhesive strength 
(avg. values) of mortar mixes with time is illustrated 
in figure 8. 

 
 
 
 
 
 
 
 
 

River Sand Quarry Dust 

Specimen 

I.D.’s of river 

sand mortars 

Adhesive 

Strength 

(N/mm2) 

Specimen 

I.D.’s of 

quarry dust 

mortars 

Adhesive 

Strength 

(N/mm2) 

RAS16 0.30 QAS16 0.30 

RAS17 0.45 QAS17 0.25 

RAS18 0.40 QAS18 0.30 

RAS19 0.35 QAS19 0.30 

RAS20 0.40 QAS20 0.40 

RAS21 0.40 QAS21 0.40 

RAS22 0.30 QAS22 0.35 

RAS23 0.30 QAS23 0.35 

RAS24 0.30 QAS24 0.40 

RAS25 0.30 QAS25 0.35 

RAS26 0.30 QAS26 0.40 

RAS27 0.35 QAS27 0.35 

RAS28 0.35 QAS28 0.40 

RAS29 0.40 QAS29 0.45 

RAS30 0.30 QAS30 0.40 

Mortar 

type  

Minimum 

strength 

(N/mm2) 

Maximum 

strength 

(N/mm2) 

Avg. 

Strength 

(N/mm2) 

Std.  

Deviation 

R.S. 0.30 0.45 0.35 0.05 

C.R.S. 0.25 0.45 0.36 0.05 

River Sand Crushed rock sand 

Specimen 

I.D.’s of 

river sand 

mortars 

Adhesive 

Strength 

(N/mm2) 

Specimen 

I.D.’s of 

crushed 

rock sand 

mortars 

Adhesive 

Strength 

(N/mm2) 

RAS31 0.40 QAS31 0.60 

RAS32 0.45 QAS32 0.40 

RAS33 0.30 QAS33 0.45 

RAS34 0.40 QAS34 0.45 

RAS35 0.60 QAS35 0.40 

RAS36 0.40 QAS36 0.50 

RAS37 0.60 QAS37 0.35 

RAS38 0.35 QAS38 0.35 

RAS39 0.40 QAS39 0.50 

RAS40 0.50 QAS40 0.40 

RAS41 0.65 QAS41 0.55 

RAS42 0.40 QAS42 0.55 

RAS43 0.35 QAS43 0.55 

RAS44 0.40 QAS44 0.60 

RAS45 0.40 QAS45 0.50 

Mortar 

type  

Minimum 

strength 

(N/mm2) 

Maximum 

strength 

(N/mm2) 

Avg. 

Strength 

(N/mm2) 

Std.  

Deviation 

R.S. 0.30 0.65 0.44 0.10 

C.R.S. 0.35 0.60 0.48 0.08 
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Figure 8: Variation of adhesive strength of mortar 

mixes with time 

 
 

28-day adhesive strength results of 1:5 mix pro-
portioned mortar on cement block substrates are 
given in Table 13 

 
 

Table 13. 28-day adhesive strength results of mortar 

mixes on cement block substrates.  

  
 

 

4 DISCUSSION 

According to grading curves obtained, both mate-
rials fall in to medium graded fine aggregate 
(0/4mm size). However, crushed rock sand con-
tained high fines content compared to river sand. 
Grading curves obtained for 2.36 mm passing frac-
tion of materials fall in to medium graded fine ag-
gregate (0/2mm size) and crushed rock sand fines 
content was significantly higher than river sand 
fines content. According to SLS 1397, maximum al-
lowable fines content for plastering was 5%. How-
ever, crushed rock sand contained approximately 
14% of fines content. But when it comes to strength 
parameters, crushed rock sand displayed high 

strength values. And also washing was not carried 
out to remove excessive fines from crushed rock 
sand due to cost. 2.36mm passing fraction was used 
for all the testing. Therefore waste crushed rock dust 
was effectively used for plastering without any 
waste. Flexural and compressive strength (CS IV 
category in BS EN 998-1:2010) results showed sig-
nificantly high strength values for crushed rock sand 
mortar mixes for every mix proportion. With the in-
creasing cement content, improved strength values 
were observed. Based on the strength and cost of the 
mortar mixes, it was decided to test adhesive 
strength of mortar using 1:5 mix. When it comes to 
cost and performance, 1:5 mix was the most suitable 
mix from the three mix proportions used in this re-
search project. 

5 CONCLUSION 

It was found when analyzing raw material and 
mortar properties that when it comes to weight of 
the mortar mixture, crushed rock sand mortar mix-
ture is comparatively heavy compared with river 
sand mortar. This will affect the efficiency of plas-
tering. And also water demand is comparatively 
higher for crushed rock sand mortar. It is suggested 
to in cooperate chemical ad-mixture(s) to improve 
workability, reduce water demand as well as to im-
prove the efficiency of plastering. When it comes to 
strength parameter, crushed rock sand mortar 
showed high strength values compared with river 
sand. Crushed rock sand mortar displayed good ad-
hesive to substrates when compared with river sand 
mortar. Therefore it can be concluded that crushed 
rock sand can be effectively used as a full replace-
ment for river sand for general plastering purposes 
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ABSTRACT: The stream water pollution has become a serious concern over the last few decades, due to 
various anthropogenic activities which result in generation of multiple pollution sources and contamination of 
stream water. This paper presents the stream water quality status of Polgolla watershed (largest watershed in 
the Mahaweli River, Sri Lanka) interpreted using Canadian Council of Ministers of the Environment Water 
Quality Index (CCMEWQI). The CCMEWQI is developed based on three most significant factors on deciding 
the water quality status; a) the number of water quality parameters whose standard limits are not met (F1), b) 
the frequency with which the water quality standard limits are not met (F2), and c) the amount by which the 
standard limits are not met (F3). CCME WQI classifies water quality status into five categories; excellent, 
good, fair, marginal and poor. In this study, CCMEWQI was calculated for two important water uses namely, 
drinking water with simple treatment and fish and aquatic life. Water samples were collected for the period of 
10 months from 12 sampling locations representing different land uses; three locations from undisturbed forest 
reserve, six locations from sub watersheds representing different anthropogenic stressors and three different 
locations along the Mahaweli river from upstream to downstream in the head waters at  Nawalapitiya, Atabage 
and Polgolla respectively. Ten water quality parameters were analyzed for each location. Three factors (F1, F2 
and F3) and CCME WQI were calculated for each location. The distribution of three factors (F1, F2 and F3) 
show that water quality of both Meda ela and Pinga Oya is a serious pollution concern. The results show a 
variation of CCME WQI among stream water of different sub watersheds, with greater water quality 
impairment in streams of lower sub watersheds which are more vulnerable to anthropogenic pollution 
compared to upper sub watersheds; CCME WQI varied from “Fair” to “Poor” in Kothmala Oya, Nilambe Oya, 
Atabage Oya, Nanu Oya, Meda ela and Pinga Oya, respectively. The paper shows CCME WQIs‟ multifaceted 
utility in water quality management. Although the final result is interpreted by a single value, the approach 
provides autonomy to access any layer of the computation process to identify the critical points of concern 
important to stream water quality.  By this, CCME WQI has shown a greater potential as a decision tool in 
stream water quality management. The approach therefore is versatile and can link multiple stakeholders from 
different expertise and capacities in the decision process.   

Key words: Polgolla watershed, Water Quality, Water quality index, CCME WQI
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1 INTRODUCTION 

Stream water pollution has become a major 
concern in water resources management due to 
increased anthropogenic pressure on stream water 
quality. The river waters‟ in Sri Lanka too are 
threatened with relatively uncontrolled pollution 
depleting the river water quality at a rate much 
higher than expected, putting multiple beneficial 
uses at an alarming risk.  Polgolla watershed, 
which is the largest sub watershed (738 km

2
) of 

River Mahaweli has been under pressure of 
pollution from multiple sources over past decades.  
The runoff carrying agrochemicals & sediments 
from tea plantations and commercial agricultural 
lands, black and gray water from urban land uses 
and settlements, runoff of degraded lands prone to 
erosion & road network, and effluents from 
industries contaminate streams with a wide range 
of pollutants.  Previous water quality studies on 
streams water quality in Polgolla watershed report 
notable impairment to water quality compared to 
natural baseline levels, and frequent exceedance of 
water quality norms of many beneficial uses 
(Jinadasa, KBSN, 2012). At present, serious 
attention to environmental quality protection and 
water resources management has been drawn 
emphasizing managing pollution focusing on 
cutting down the pollution load entering streams. 
In support of this, water resource management 
inclusive of profound set of indicators with 
versatile monitoring capability is a key concern. 
Use of well thought set of indicators helps 
estimating accurately and interpreting water 
quality precisely, and disseminating it to a wide 
range of stakeholders in the water sector.  

Among several candidate indicators used in 
water resource management, Water Quality Indices 
(WQI) are recognized over single water quality 
variable indicators due to their capability to 
integrate several water quality parameters in to one 
single quantifiable value that can be easily 
communicated to a wide range of water sector 
stakeholders.  Therefore, many stream water 
management projects use WQI as a key 
performance indicator to monitor progress of 
stream water quality status. Over the past decades, 
attributes and computation of WQI have been 
evolved to improve accuracy and precession of 
estimation, and as result a wide range of water 
quality indices are used today in stream health 
restoration programs. 

This paper presents the research outcome of 
stream health assessment carried out for Polgolla 
watershed where the stream water quality has been 

estimated using a Water Quality Index, named 
Canadian Council of Ministers of the Environment 
Water Quality Index (CCMEWQI) for two critical 
water uses; drinking water with simple treatment 
and fish and aquatic life. 

CCME WQI is developed  based on three 
important elements namely; a) the number of water 
quality parameters not meeting water quality 
standard limit, b) the number of times the standard 
limits are not met and c) the extent to which the 
standard limits are not met. Also it facilitates the 
incorporation of local water quality conditions and 
dynamics. CCME WQI is a tool for generating 
meaningful summaries of water quality data that 
are useful to technical and policy individuals, as 
well as the general public interested in water 
quality results. 

2 METHODOLOGY 

2.1 Study Area 

Polgolla watershed was delineated in to fourteen 
sub watersheds using digital survey data. Six sets 
of water samples from 12 locations representing 
different land uses were collected from December, 
2015 to September, 2016 once in two months.  Of 
them three locations were selected from 
Dudumadalawa and Hantana forest reserves which 
represent the natural baseline water quality. Of the 
other six locations were selected to represent sub 
watershed with different land uses and 
characteristics and the other three locations were 
selected along the Mahaweli River (Refer Table 1 
for detail description).  

Table 1. Detail description of sampling location 

Location Stressors 

Hanathana, L1 
Undisturbed natural systems and    
anthropogenic activities are 
minimum 

Dunumadalawa, 
L2 

Rosneath, L3 

Pinga Oya, L4 
 
 

Watershed area covers 114km
2
. 

Population density is 2003/km
2
. 

Upper part of the sub watershed is 
mid populated and main land use 
types are homesteads, tea and 
paddy. Middle and the lower parts 
of the sub watershed are highly 
populated and most of settlements 
are along the stream.  

Meda Ela,L5 
 

Watershed area covers 16km
2
. 

Population density is 5246/km
2
. 

Watershed is densely populated 
and urbanized. Unplanned 
development along the river bank. 
Anthropogenic stressors are high.  
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Location Stressors 

Nanu Oya, 
L6 
 

Watershed area covers 66km
2
. 

Population density is 2081/km
2
. 

Watershed is highly populated, most 
settlements are along the road. Main 
land use types are homesteads, tea 
and paddy. 

Nillambe Oya 
,L7 
 
 

Watershed area covers 67km
2
. 

Population density is 727/km
2
, low 

population density main land uses 
are tea and paddy. 

Atabage Oya, 
L8 
 

Watershed area covers 74km
2
. 

Population density is 887/km
2
, low 

population density main land uses 
are tea and paddy. 

Kothmala 
Oya, L9 
 

Watershed area covers 23km
2
. 

Population density is 1389/km
2
, low 

population density main land uses 
are tea and paddy. 

Nawalapitiya, 
L10 

Represents water quality in upper 
most watersheds. 

Atabage,  
L11 
 

Represents water quality in middle 
part of the Mahaweli river in 
Polgolla watershed. 

Polgolla 
Bridge, L12 

Represents the water quality in main 
river after all streams drain to river.  

 

Fig. 1 Sampling locations of Polgolla watershed 

2.2 Water Quality analysis 

The samples were analyzed for ten water quality 
parameters; pH, Dissolved Oxygen (DO), 
Biochemical Oxygen Demand (BOD), Turbidity, 
Chloride, Total Hardness (TH), Nitrate, Total 
Phosphorous (TP), Faecal Coliform (FC) and Total 
Coliform (TC). 

2.2.1 Justification of water quality parameters in 
WQI 

In estimating the water quality index careful 
selection of parameters are important to arrive at a 
meaning value. Given below are justification of 
important water quality parameters used in the 
computation of WQI. 

pH of water determines the H ion concentration in 
water which is important for solubility  and 
biological availability of  a wide range of chemical 
constituents such as minerals, Carbonates, 
nutrients (Phosphorus, Nitrogen, and Carbon) and 
heavy metals and etc. 

Total Hardness measures the biological 
availability of Calcium and Magnesium ions in 
water which is important for aquatic life. The 
solubility of the both ions depend on Carbonate 
and Bicarbonate ion concertation in water and 
complexations with metals.  

Dissolved Oxygen (DO) is the most important 
water quality parameter as it indicates the amount 
of dissolved oxygen available for biological 
respiration of organisms. The level of oxygen 
dissolved is limited by Oxygen saturation, 
presence of organic wastes, stream recuperation, 
photosynthesis and respiration of aquatic 
organisms, demand of oxygen by suspended and 
bottom sediments, and a wide range of biological 
phenomena associated with nutrients in the water 
which affect the availability of dissolved oxygen. 

Biochemical Oxygen Demand (BOD) is a 
measurement of the amount of dissolved oxygen 
(DO) that is used by aerobic microorganisms when 
decomposing organic matter in water. BOD is an 
important water quality parameter because it 
provides ingress of organic pollution load in water. 

Turbidity is a measure of water clarity. And it 
infers with the transparency of water, Turbidity is 
caused by suspended particles in the water column 
and dissolved solids such as colored dissolved 
organic material present in the water. 

Table 1 Cont‟d 
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Nitrogen and Phosphorus are major nutrients for 
aquatic life and is therefore essential with regard to 
its effects on the environment. They are used in 
much low concertation compared to other such as 
Carbon. Hence, they act as limiting nutrients for 
aquatic growth, especially algae.   Among 
Nitrogen containing compounds, nitrate is the most 
common form in water. All other dissolved forms 
of Nitrogen (nitrite, ammonia and organic 
nitrogen) get oxidized to nitrate over time. Sources 
such as agrochemicals municipal sewage 
contribute to Nitrogen and Phosphorus pollution in 
aquatic environment. 

Coliform (Feacal and Total) indicate the presence 
of sewage contamination of a waterway and the 
possible presence of other pathogenic organisms. 

2.3 Justification of Canadian Council of Ministers 
of the Environment Water Quality Index (CCME 
WQI) 

The impact of water quality in stream water health 
depends on number important aspects. Among 
them, number of water quality variable exceeding 
the respective quality norms, magnitude of 
exceedance and frequency of exceedance are key 
factors. The   CCMEWQI is developed based on 
combination of these three factors as elaborated 
below,  

1. Scope: the number of variables whose objectives 
(water quality standards) are not met. 
2. Frequency: the frequency with which the 
objectives (water quality standards) are not met. 
3. Amplitude: the amount by which the objectives 
(water quality standards) are not met. 
 

Apart from above important features, CCME 
water Quality Index can have several other 
profound features such as flexibility in applying to 
different environmental settings since the specific 
variables, objectives and time period used in the 
index are not specified and, indeed, could vary 
from region to region, depending on local 
conditions and issues.  

The mathematical computation of the CCME 
WQI, as described in the Canadian Water Quality 
Index 1.0 – Technical Report 

(2)
, is as follows: 

F1 (Scope) represents the percentage of variables 
that do not meet their standard limits at least once 
during the time period under consideration (“failed 
variables”), relative to the total number of 
variables measured: 
 

   [
                          

                         
]                            

 

F2 (Frequency) represents the percentage of 
individual tests that do not meet standard limits 
(“failed tests”): 
 

   [
                      

                     
]                                    

 
F3 (Amplitude) represents the amount by which 
failed test values do not meet their standard limits:  
 
F3 is calculated in three steps. 
 
i) The number of times by which an 
individual concentration is greater than (or less 
than, when the guideline is a minimum) the guide 
line value is termed an „„excursion‟‟ and is 
expressed as follows.  
 
For the cases in which the test value must not 
exceed the objective: 
 

           [
                  

                

]                               

 
For the cases in which the test value must not fall 
below the objective: 

 

           [
                

                  

]                               

 

ii) The collective amount by which individual 

tests are out of compliance is calculated by 

summing the excursions of individual tests from 

their objectives and dividing by the total number of 

tests (both those meeting objectives and those not 

meeting objectives). This variable, referred to as 

the normalized sum of excursions, or “nse”, is 

calculated as: 
 

     
∑           

 
    

               
                                                       

 

iii.) F3 is then calculated by an asymptotic function 

that scales the normalized sum of the excursions 

from objectives (nse); 

 

   
   

               
                                                   

 

The CCME WQI is then calculated as: 
 

             
√  

    
    

 

     
                              

 

The divisor 1.732 normalizes the resultant 

values to a range between 0 and 100, where 0 

represents the “worst” water quality and 100 
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represents the “best” water quality. Once the 

CCME WQI value has been determined, water 

quality is ranked by categorizing it to one of the 

following categories: 
 

Excellent: (CCME WQI Value 95-100)  

Water quality is protected with a virtual 

absence of threat or impairment; 

conditions very close to natural or 

pristine levels. These index values can 

only be obtained if all measurements 

are within objectives virtually all of the 

time. 

 
Good: (CCME WQI Value 80-94)  

Water quality is protected with only a 

minor degree of threat or impairment; 

conditions rarely depart from natural or 

desirable levels. 

 
Fair: (CCME WQI Value 65-79)  

Water quality is usually protected but 

occasionally threatened or impaired; 

conditions sometimes depart from 

natural or desirable levels. 

 
Marginal: (CCME WQI Value 45-64)  

Water quality is frequently threatened 

or impaired; conditions often depart 

from natural or desirable levels. 

 
Poor: (CCME WQI Value 0-44)  

Water quality is almost always 

threatened or impaired; conditions 

usually depart from natural or desirable 

levels. 

2.4 Calculations of CCME WQI  

The CCME WQI was calculated in MS Excel for 
two critical water uses; drinking water with simple 
treatment and fish and aquatic life based on 
Proposed Ambient Water Quality Standards for 
Inland Waters - Sri Lanka (2001) 

(3)
 (refer Table 3. 

Standard values for drinking water with simple 
treatment and Fish and aquatic life). The two water 
quality standards represent the most common 
beneficial uses of stream water in the watershed 
and the downstream. The CCME WQI was 
calculated for twelve sampling locations using ten 
water quality parameters. 
 
 
 
 
 
 
 
 

Table 2. CEA Proposed Ambient Water Quality 

Standards for Inland Water (2001)  

Parameter 

Type 
of 

limit 

Drinking 
water with 

simple 
treatment 

Fish 
and 

aquatic 
life 

pH  6.0-8.5 6.0-8.5 

Turbidity (NTU) Max 5 - 

Chloride (mg/L) Max 200 - 

DO (mg/L) Min 6 3 

BOD (mg/L) Max 3 4 

Nitrate (mg/L) Max 5 5 

Total P as P (mg/L) Max 0.7 0.4 

Total Hardness 
(mg/L) 

Max 250 - 

Faecal Coliform 
(/100mL) 

Max 250 - 

Total Coliform 
(/100mL) 

Max 5,000 20,000 

3 RESULTS AND DISCUSSION  

Fig. 3, 4 and 5 present the three factors calculated 
for CCME WQI.  

Fig.2 Spatial variation of F1 (Scope factor) 

Fig.3 Spatial variation of F2 (Frequency factor) 
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Fig.4 Spatial variation of F3 (Amplitude) 

3.1 Factor based water quality impairment  

Figure 3 shows the variation with respect to 
scope factor (F1) which interpret mainly the 
percentage of water quality parameters failed to 
meet the respective standard levels. The data 
shows that Meda-ela and Pinga Oya have shown a 
notable deviation of scope factor with respect to 
drinking water with simple treatment standard 
compared to other streams, and the respective 
deviation for fish and aquaculture requirement is 
much large in all streams compared to values 
obtained for streams at undisturbed state. 

Figure 4 shows the distribution frequency factor 
(F2) in streams water of Polgolla watershed and F2 
presents the frequency of individual tests that do 
not meet the standard limits. The results show that 
Meda-ela, Pinga Oya and Nanu Oya have shown 
some deviation of this factors with respect to 
Drinking water with simple treatment standard 
compared to other streams empathizing that the 
water quality variables in these two streams have 
failed to meet the standards frequently compared to 
others. However, in general all streams have 
maintained percentage frequencies less than 50%.  

Fig 5 shows the magnitude of deviation of water 
quality variable compared to respective water 
quality standard. Both Meda-ela and Pinga Oya 
have shown a significant deviation for Drinking 
water with simple treatment standard compared to 
other streams with a deviation more than 70%.  

The comparison of three factors in stream water 
at different locations shows that both Meda-ela and 
Pinga Oya water quality are a serious pollution 
concerns when considering their water quality with 
respect to two water quality standards.  

3.2 Application of CCME WQI 

CCME WQI values and overall water quality 
status for two categories, Drinking water with 

treatment and Fish and aquatic life are presented in 
Table 4.   

Table 3. CCME WQI and categories in the locations 

Location 

Drinking 
water with 

simple 
treatment 

Fish and 
Aquatic life 

Dunumandalawa 77 Fair 91 Good 

Hanthana 81 Good 100 Excellent  

Rosneath 67 Fair 91 Good 

Meda Ela 37 Poor 58 Marginal 

Pinga Oya 36 Poor 70 Fair 

Nanu Oya  58 Marginal 100 Excellent  

Nillambe Oya 66 Fair 79 Fair 

Atabage Oya 62 Marginal 91 Good 

Kothmala Oya 78 Fair 91 Good 

Mahaweli river 
at Nawalapitiya 

66 Fair 83 Good 

Mahaweli river 
at Atabage 

68 Fair 91 Good 

Mahaweli river 
at Polgolla 
Bridge 

65 Marginal 90 Good 

3.2.1 CCME WQI in Reference locations 

Among the three reference sampling locations, 
water quality status of Hanthana location falls 
under “Good” category for the purpose of drinking 
water with sample treatment, however Turbidity, 
Fecal and Total coliform parameters have 
exceeded the standard limits in this location. Other 
two reference locations; Dunumadalawa and 
Rosneath fall under the “Fair” category for the 
purpose of drinking water with sample treatment 
and in these two locations pH, Turbidity, Fecal and 
Total coliform parameters have exceeded the 
standard limits.  
 

With respect to water quality status for fish and 
aquatic life standards, among the three reference 
locations, Hanthana falls under “Excellent” 
category and other two locations fall under “Good” 
category. One or two measurements have exceeded 
the standard limit of pH.  Frequency, which the 
standard limits are not met (F2) and amplitude by 
which the standard limits are not met (F3), are very 
low in reference locations compared to the other 
locations. 

3.2.2 CCME WQI in Sub watersheds 

The results showed great variation of CCME WQI 
among stream water of six sub watersheds. Water 
quality status of Kothmala Oya and Nillambe oya, 
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fall under “Fair” category for the purpose of 
drinking water with simple treatment. In these two 
locations few measurements exceed the limits of 
pH, Turbidity, Fecal and Total Coliforms.  

Water quality status of Kothmala Oya and 
Nilambe Oya fall under “Good” and “Fair” 
categories respectively for fish and aquatic life. pH 
and Total coliform values exceed the limits in few 
occasions. Water quality is usually protected in 
these two sub watersheds because the 
anthropogenic stressors are low.  Most of land area 
covered by tea and paddy and river bank 
settlements are very low in these two sub 
watersheds.  Also population densities and housing 
densities are low compared to the other sub 
watersheds. In these two also frequency (F1) and 
amplitude (F3) factors are low. 
 

Water quality status of Atabage oya and Nanu 
oya fall under “Marginal” category for the purpose 
of drinking water with simple treatment. Turbidity, 
Dissolved Oxygen, Biochemical Oxygen Demand, 
Feacal Coliform and Total Coliforms exceed the 
standard limits at Nanu Oya location. pH, 
Turbidity, Dissolved Oxygen, Biochemical 
Oxygen Demand, Feacal Coliform and  Total 
Coliforms also exceed the standard limits  at 
Atabage Oya to give a low WQI rank. For fish and 
aquatic life, water quality status of Atabage Oya 
falls under “Good” category, where pH is the 
critical parameter. Nanu Oya falls under 
“Excellent” category by meeting required 
conditions most of the time.  
 

Water quality status of Pinga Oya and Meda 
Ela fall under “Poor” category for the purpose of 
drinking water with simple treatment. In Meda Ela 
Dissolved oxygen, Biochemical oxygen demand, 
Total Phosphates, Turbidity, Feacal and Total 
Coliform have failed to meet the standard limits.  
In Pinga Oya, Biochemical oxygen demand, Total 
Phosphates, Turbidity, pH, Feacal and Total 
coliforms have failed to meet the standard limits.  
For fish and aquatic life, water quality of Pinga 
Oya falls under “Fair” category and Meda Ela falls 
under “Marginal” category. Total Phosphates, 
Total coliforms and pH are critical parameters to 
result a low index rank.  
 

In both these locations frequency which the 
standard limits are not met (F2) and amplitude by 
which the standard limits are not met (F3), are very 
high compared to the other locations. These two 
sub watersheds have densely populated urban 
centers, and predominant land use type is 
homesteads. Both these streams runs through town 
areas and settlements along the river banks 

discharging waste water directly to streams are 
common; Laundries, fuel stations, mechanical 
workshops and small scale industries release their 
untreated wastewater to the stream.  Improper solid 
waste disposal, untreated waste water and sewage 
discharges, polluted storm water are the major 
source of pollutant for water quality degradation in 
these streams.  

3.2.3 CCME WQI in Mahaweli River 

Among three locations along the Mahaweli River, 
water quality status of Mahaweli river at 
Nawalapitiya and Atabage fall under “Fair” 
category and Polgolla bridge falls under 
“Marginal” category for the purpose of drinking 
water with simple treatment. Dissolved oxygen, 
Biochemical oxygen demand, Total Phosphates, 
Turbidity, Feacal and Total coliform values exceed 
the standard limits at Nawalapitiya.  Dissolved 
oxygen, Biochemical oxygen demand, Total 
Phosphates, Turbidity and Feacal Coliform failed 
to meet the standard limits in Atabage and Polgolla 
Bridge. For fish and aquatic life, water quality 
status fall under “Good” category in all three 
locations. pH and Total coliform values exceed the 
standard limits in Nawalapitiya and pH  values 
exceed the standard limits in Atabage and Polgolla 
Bridge.  The distribution of CCME WQI from up 
stream to downs stream shows that the upstream 
locations of Mahaweli River usually bears clean 
water compared to its downstream locations.   

4 CONCLUSION 

Based on the CCME WQI, lower sub watersheds; 
Meda Ela and Pinga Oya, showed marked water 
quality impairment. These two watersheds are 
among the heavily populated watersheds with 
unplanned urban features in the study area. Hence 
load of pollution in to streams are high to result 
poor stream water quality.  Among other stream 
segments, those at upper watersheds; Kothmala 
oya, Nilambe oya, Mahaweli river at Nawalapitiya, 
and that at Atabage, show relatively good water 
quality due to low pollution load. Other, stream 
segments showed a marginal water qualities. The 
results show clear relation to human pressure in the 
watershed and the stream assimilation capacity. 

Also, according to equation 7 the three factors 
contribute equally to CCME WQI. Therefore, 
selection of indicators parameters are crucial as the 
overall index may weaken the criticality of 
impairment level. Hence, when use CCME WQI as 
a indicator in stream water quality restoration the 
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indicator parameters should be qualified through a 
thorough assessment.   

The paper shows CCME WQI is multifaceted 
utility as a key performance indicator in water 
quality management. The previous studies on 
CCME WQI have underutilized the tremendous 
potentials of this WQI as a decision tool.  The 
approach follow a continuous logical decision 
process which start from multiple water quality 

variables to a single quantitative water 
quality index.  

Fig. 

6 Multi-layered 

results in CCME 

WQI 

Figure 6 shows the linkage between 
multifaceted result layers in CCME WQI. 
Although the final result is interpreted by a single 
value, the approach provide autonomy to access 
any layer of the computation process to identify the 
critical points of concern important to stream water 
quality.  By this, CCME WQI has shown its 
potential as a decision tool that can used in stream 
water quality management. The approach therefore 
is versatile and has the ability to link multiple 
stakeholders from different expertise and 
capacities in the decision process. Due to its 
flexibility the CCME WQI approach can be used to 
water bodies globally in different geographical and 
climatic conditions.   
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ABSTRACT: With the threatened status as one of the most endangered ecosystems due to the ever increasing 
anthropogenic disturbances, evaluation of the health of freshwater ecosystems has become one of the priority 
tasks in water resource management. In this context, biotic indices when used as diagnostic tools for determin-
ing and monitoring stream health have proven to capture an integrative view on the conditions of the water 
bodies. Among several biological indicators macro-invertebrates have a greater potential to capture long-term 
pollution trends and low magnitude long duration pollution pulses, hence they are used worldwide as an indi-
cator taxa for biotic indices. With continuous unprecedented change in the land use mosaic coupled with other 
anthropogenic stressors, stream health of populated and urbanized watersheds such as Polgolla watershed is 
highly susceptible to degradation. Hence, biotic index values of 14 stream stretches with a gradient of anthro-
pogenic stresses (agriculture, plantation, urban/rural home gardens and heavily populated urban settlements) 
from five major tributaries of Polgolla watershed were estimated and compared with three local reference (for-
ested) stream stretches with no detected anthropogenic stress. According to the cumulative results, Meda Ela 
having a watershed heavily populated urban settlements, showed poorest stream health throughout while Nanu 
Oya, mostly having peri-urban home gardens in its watershed recorded relatively better stream health. Stream 
health varied along Atabage Oya, Nillambe Oya and Pinga Oya where a blend of different land uses (planta-
tion, urban/rural home gardens, etc.) were observed with a notable impairment of stream health at middle 
stream area of Atabage Oya and upstream area of Pinga Oya. 

Key words: Macro invertebrate, Biotic indices, Bio indicator taxa, Stream Health 

1 INTRODUCTION 

With the increasing recognition of the pivotal role 
played by the fresh water ecosystems in providing 
valuable direct human uses and ecological ser-
vices, global concerns have escalated in terms of 
protection and conservation of proper functionality 

and ecological integrity of the freshwater ecosys-
tems. However, in order to assure the continuous 
availability of these direct uses and other services 
it is necessary to maintain these ecosystems 
healthy (EPA, 2012). Health of an aquatic ecosys-
tem is a relative measure of the deviation from the 
natural or undisturbed condition, therefore depend 
upon the natural condition and variability. Condi-

272



 

  
  

 

tion of health also varies in a range of stages rather 
than a dichotomous categorization of good or bad 
stages. However, systems which are maintained 
healthy, within the natural range of variation, have 
the recovering capacity even if a sudden disturb-
ance occur within the system which may exceed its 
natural range of variability (EPA, 2011).  

Streams, rivers and watersheds as one of the 
significant component of the freshwater ecosys-
tems, are among the highly threatened habitats 
since they have been subjected to anthropogenic 
impacts from the beginning of the civilization 
(Stevens, 2005). Hence, it is necessary to effective-
ly determine the status of health and functionality 
of streams, and by identifying the status of health 
and healthy components of a watershed at water-
shed level or sub watershed level, for making sci-
entifically informed management decisions for 
protection and restoration of watersheds (EPA, 
2012). However, scientific data and knowledge 
gaps exists in the assessment and monitoring of 
stream and watershed health in countries like Sri 
Lanka which hinders reaching the maximum 
productivity in sustainable use of water resources.  

1.1 Use of bio indicators in evaluation of stream 
health 

For accurate measurement of the stream health, 
various assessment protocols ranging from moni-
toring chemical water quality to physical condi-
tions of streams are used around the world. How-
ever, holistic and integrated approaches in 
assessing stream health using biological assem-
blages of the aquatic ecosystems as a key element 
in deciding their healthiness has been recognized 
globally in water quality management. As a result, 
various bio indices have been emerged and modi-
fied (Barbour et al, 1999; EPA, 2011). About fifty 
number of bio indices are in existence ranging 
from simple calculations to complex multivariate 
analyses and they can be categorized into three 
broad categories according to the prime focus of 
the measurement, namely; species richness fo-
cused, composition focused and sensitivi-
ty/Tolerance focused indices (Barbour et al, 1999; 
Mandaville, 2002; USGS, 2002). 

1.2 Significance of macro invertebrates as a bio 
indicator 

Since it is difficult to sample and assess population 
characteristics of the all the biological assemblag-
es, bio assessment programs utilize indicator taxa 
as surrogates of measurements. In aquatic bio as-
sessments several taxa such as periphyton, fish, 
macro invertebrate, etc. are considered as indicator 
taxa. However, macro invertebrate taxa are consid-

ered as the most suitable indicator which provides 
the best means of determining health impairment 
of aquatic systems (Barbour et al, 1999; Manda-
ville, 2002). Macro invertebrates (invertebrates 
larger than 0.5mm) are used as an indicator taxa in 
biological assessments due to several compelling 
reasons. Macro invertebrates are in a range of habi-
tats which allow use of them to evaluate the per-
turbation of many habitats and niches. And since 
the macro invertebrates are one of the most diverse 
taxa and they produce range of responses to differ-
ent biotic and abiotic environmental factors. Also 
with the limited mobility coupled with the integra-
tion of long term anthropogenic stresses as they 
usually live for about one year time period in the 
water bodies, macro invertebrates are considered 
as the most suitable indicator taxa specially for de-
termining localized impacts (Barbour et al, 1999; 
Mandaville, 2002; Santos et al., 2010). 

1.3 Referential Approach in stream health 
assessment 

The use of Referential Approach which compares 
the current condition of the stream reach against a 
predetermined reference condition is often prac-
ticed in convenient interpretation of biological in-
dex data to more ecologically meaningful interpre-
tation by incorporating the natural dynamics. Least 
altered stream reaches are considered as insintrical-
ly healthy and serve as reference sites for water-
sheds that share similar climate, watershed con-
trols, and species pools (AWR, 2005; Barbour et 
al, 1999; Davies, 2001; EPA, 2011; Karr, 1999; 
Mandaville, 2002). 

This study describes the use of macro inverte-
brates and ecological taxa to determine the stream 
health in five major tributaries of Polgolla water-
shed, Sri Lanka. 

2 METHODOLOGY 

2.1 Study Area  

 
Polgolla watershed having a spatial extent of ap-
proximately 738 km2 belongs to the largest river 
basin of the Sri Lanka, Mahaweli basin. It com-
prises of tributaries draining different land use 
types (natural vegetation, rural home gardens, agri-
cultural lands, plantations, peri-urban and urban 
home gardens, commercial and residential build-
ings, etc.) and combinations with a ranging anthro-
pogenic stressors from upstream to downstream.  

In this study, total of 14 of 10m stream stretch-
es were randomly selected  representing up-
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stream, middle and downstream sections of the ma-
jor four tributaries; Pinga Oya, Atabage Oya, Nil-
lambe Oya, and Nanu Oya. Only two sampling lo-
cations were selected representing upstream and 
downstream areas of the Meda Ela since it is only 
6 km in length (Fig 1). Detailed description of the 
sampling locations are given in the Table 1. In or-
der to represent local pristine water quality condi-
tions, three reference sites with minimum anthro-
pogenic disturbances were included in the 
sampling program. These reference sites; Hantha-
na, Rosneith Lake inlet, Dunumadala Ela, were lo-
cated inside Hanthana and Dunumadalawa forest 
reserves. 

Table 1: Detailed description of the sampling locations 

Location  Land use types 
Stream bed 

substrate 

R
ef

er
en

ce
 S

it
es

 

Dunumadala Ela  1 Forest Reserve Pebble, Gravel 

Hanthana 2 Forest Reserve Pebble, Gravel 

Rosnieth Lake inlet  3 Forest Reserve Gravel, Sand  

P
in

g
a 

O
y

a 

Upstream (US) 4 

Rural Home 

Gardens, 

Paddy 

Gravel, Sand 

Middle stream (MS) 5 
Rural Home 

Gardens 

Pebble, 

Gravel 

Downstream (DS) 6 

Urban Home 

Gardens, 

Commercial 

Buildings 

Gravel, Sand 

N
an

u
 O

y
a Upstream (US) 7 

Per-urban 

Home Gardens 
Gravel, Sand 

Middle stream (MS) 8 
Per-urban 

Home Gardens 
Boulder, Pebble 

Downstream (DS) 9 
Per-urban 

Home Gardens 
Boulder, Pebble 

M
ed

a 
E

la
 Upstream (US) 10 

Urban Home 

Gardens, 

Commercial 

Buildings 

Sand 

Downstream (DS) 11 

Urban Home 

Gardens, 

Commercial 

Buildings 

Sand 

N
il

la
m

b
e 

O
y

a 

Upstream (US) 12 
Rural Home 

Gardens 
Pebble, 

Gravel 

Middle stream (MS) 13 
Rural Home 

Gardens 
Pebble, 

Gravel 

Downstream (DS) 14 Scrub lands Boulder,Pebble 

A
ta

b
ag

e 
O

y
a 

Upstream (US) 15 
Rural Home 

Gardens 

Pebble, 

Gravel 

Middle stream (MS) 16 

Peri-urban 

Home Gardens, 

Commercial 

Buildings 

Gravel, Sand 

Downstream (DS) 17 Scrub lands Boulder,Pebble 

Fig 1 Location Map of the Sampling Sites 

2.2 Macro invertebrate sampling and data 
analysis 

 
The sampling was conducted from February, 2016 
to November 2016. Macro invertebrates at each 
sampling site were sampled using a standard hand 
held D Net (500 µm mesh size).Ten time fixed ef-
forts (one-minute) were employed to sample the 
macro invertebrate taxa at each selected 10m 
stream stretch. Samples collected from all ten ef-
forts were composited into a one sample and all the 
individuals were live picked and sorted at site. The 
sorted individuals were identified to the taxonomic 
level of Order using standard identification guides 
(Bouchard, 2004). For each site, three bio indices 
namely, Shannon Weiner species richness index 
(Magurran, 1988), EPT taxa percentage and SIG-
NAL (Stream Invertebrate Grade Average Levels) 
scores (Chessmann, 2003a; Chessmann, 2003b), 
was calculated. 

Shannon Wiener index (H), Evenness (E) and 
EPT taxa percentage were calculated using the Eq 
(1), Eq (2), and Eq (3) equations respectively. 

Shannon Wiener index (H) = - ∑ pi log (pi)    (1) 
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Where, Pi = proportion of individuals represented 
by each taxon. 

Evenness (E) = H / log S                   (2) 

Where, H = Shannon Wiener index and S – Total 
number of taxa. 

EPT % = Number of EPT individuals     (3)      
Total number of individuals  

 

SIGNAL method gives a unique sensitivity 
grade, ranging from 0 (extreme pollution tolerant) 
to 10 (extreme pollution sensitive), to each macro 
invertebrate taxa (Chessmann, 2003b). It also have 
a weighting system based on the observed abun-
dance of individuals belonging to each taxa 
(Chessmann, 2003b). With the use of the sensitivi-
ty grades and weight factors, SIGNAL scores were 
calculated from the following equation (Eq 4).  

SIGNAL = ∑ (Sensitivity grade of each taxa      
x Weight factor for abundance)   (4)      
∑ Weight factor  

3 RESULTS AND DISCUSSION  

In this study total of 1208 number of individuals 
belonging to 11 Orders were identified. Highest 
number of taxa; 9 was observed from one of the 
reference sites; Hanthana, while the least number 
of taxa; 2 was detected at both Meda Ela upstream 
and downstream sampling sites. 

3.1  Spatial variation of Shannon Wiener Index 
(H) and Evenness (E) 

Shannon Wiener Index (H) coupled with the Even-
ness (E) is a commonly used to calculate terrestrial 
and aquatic biodiversity. In this study, Shannon 
Weiner Index ranged from 0.04 to 1.94 among the 
streams (Fig 2). Highest index value; 1.94 was cal-
culated from samples obtained at two reference 
sites; Hanthana and Dunumadala Ela. Lowest two 
calculated Shannon Wiener Index values; 0.04 and 
0.17 were recorded from Meda Ela upstream and 
downstream areas. With the increase of number 
and distribution of taxa, the Shannon Weiner index 
value increases indicating a more diverse and 
healthy habitat. However, Shannon Wiener diversi-
ty index value is often interpreted in combination 
of Evenness, measure of the abundance of the 
similar taxa in a community. Evenness calculated 
from the data gathered ranges from 6% to 95% 
(Fig. 2) and more or less followed the same spatial 

variation pattern of the Shannon Weiner index. 
Lowest Evenness values were observed at Meda 
Ela upstream and downstream areas, however, the 
highest value was recorded at Pinga Oya middle 
stream area. According to the Shannon Weiner in-
dex and Evenness values, both upstream and 
downstream areas of Meda Ela were having poor 
health compared to the reference sites. 

 

Fig 2 Spatial variation of Shannon Wiener Index and 

Evenness 

Shannon Weiner index and Evenness are spe-
cies richness focused indices hence they reflect the 
diversity of the ecological assemblage. The ex-
pected response of these types of indices to the in-
crease of perturbation is the decrease of index val-
ues, as increase of diversity corresponds to the 
increase of health and reflects adequate availability 
of habitat and food sources to support the survival 
and reproduction of the species. These indices give 
only an overall measure regarding the variety of 
species present in the system without any special 
indication of any sensitive taxa. Even though, 
elimination of taxa from natural diverse system can 
be detected up to a certain level it is not fair to 
come into a conclusion only based on the values of 
Shannon Weiner index and Evenness, without fur-
ther assessing the community structure of the sys-
tem (Barbour et al, 1999; Mandaville, 2002; 
USGS, 2002). 
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3.2 Spatial variation of EPT percentage 

EPT is the three most pollution sensitive macro in-
vertebrate orders; Ephemeroptera (Mayflies), 
Plecoptera (Stoneflies), and Trichoptera (Cad-
disflies). Hence, due to their sensitivity towards 
water pollution, they are mostly present in clean 
waters. EPT percentage is the proportion of indi-
viduals belonging to the EPT macro invertebrate 
taxa from the total number of individuals observed. 
It is a composition focused bio index as it gives the 
relative abundance of EPT taxa. As it provides data 
on relative contribution of the targeted taxa (EPT 
taxa) to the total fauna in the system, it is a more 
informative index than the richness indices. Usual-
ly, healthy systems contain relatively proportional 
representation of all taxa and in circumstances 
where dominance of extreme pollution tolerant 
taxa such as Oligochaeta may indicate possible 
perturbation or poor health. (Barbour et al, 1999; 
Mandaville, 2002; USGS, 2002; Zhang et al, 
2014). 

 

Fig 3 Spatial variation of SIGNAL Score and EPT per-
centage 

EPT percentage values varied from 0% to 89% 
among the sampled sites (Fig 3). None of the or-
ganisms belongs to pollution sensitive EPT taxa 
were recorded from Meda Ela upstream and down-
stream sites. Pinga Oya upstream site and middle 
stream site of the Atabage Oya also showed nota-
bly low EPT %. This is plausible as the upstream 
area of Pinga Oya consists largely of agricultural 
lands even though it is mildly populated and an 
open municipal waste dump is also located in the 

upper stream area (Mahees et al., 2011). Hence the 
water draining these areas may get contaminated 
with agrochemicals, organic constituents, sedi-
ments, and other contaminants. The number of pol-
lution sensitive EPT macro invertebrate taxa gen-
erally decline with the degradation of water quality 
and stream health associated with heavy metal pol-
lution, increased water temperature, decreased dis-
charges and Dissolved Oxygen levels (Hickey and 
Clements, 1998; Pastuchova´, 2006; Weber, 1973; 
Wright et al, 2007). 

Even though EPT % values of the reference 
samples were 44%, 39% and 33%, highest EPT%, 
89% was recorded at upstream site of the Nanu 
Oya. Also it is noteworthy that all the sampling 
sites of Nanu Oya, middle stream site of Nillambe 
Oya and upstream site of Atabage Oya recorded 
higher EPT %. This increase of EPT % may be as-
sociated with the availability of habitats such as 
rocky cobble bottom substrates, snags, etc. in these 
sites as the presence of large woody debris, higher 
cobble % in the bottom substrate and presence of 
stream bank vegetation are known as the favoura-
ble habitat types of the EPT taxa (Barbour et al., 
2006; Davies, 2001). Also it was observed that the 
riverine vegetation along the Nanu Oya is still in-
tact at most areas and the dominating land use is 
peri urban home gardens. 

It was also noted that the EPT% showed a simi-
lar spatial variation pattern compared to SIGNAL 
score values with a significant positive correlation 
of 0.92 at 95% confidence level. This may be due 
the fact that both of these indices consider the sen-
sitivity of the macro invertebrates. 

3.3 Spatial variation of SIGNAL score values 

SIGNAL score index is one of the sensitivity or 
tolerance focused indices which incorporate infor-
mation on the pollution sensitivity factor to a cal-
culated value. Pollution sensitivity used in these 
indices can be non-specific or specific to different 
stressor types such as organic pollution, sedimenta-
tion, etc. and usually may entail specific interpreta-
tion methods such as bi-plots, pre-defined classifi-
cations, etc.  (Barbour et al, 1999; Mandaville, 
2002; USGS, 2002). Calculated SIGNAL scores 
were between 2.17 and 7.78 and SIGNAL scores 
recorded at reference sites were 5.44, 5.41 and 
5.16. 
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To interpret calculated SIGNAL scores, the 
number of observed taxa and corresponding SIG-
NAL scores were recorded in a biplot which con-
sists of four quadrants. Boundaries of dividing the 
biplot differs according to the natural dynamics of 
each geographic regions (Chessmann, 2003b). Ac-
cordingly, the bench marks for dividing the bi-plot 
area were defined by the minimum values of the 
SIGNAL score; 5.16 and number of macro inver-
tebrate orders; 7 observed among the reference 
sites.  

Fig 4 Interpretation of the SIGNAL Score values 

As per the quadrant diagram (Fig. 4), only up-
stream area of Atabage Oya sampling site belongs 
to the Quadrant 1 which represent healthy habitats 
with low pollution levels. Two sampling sites from 
upstream area of Nillambe Oya and middle stream 
area of Pinga Oya were categorized into the Quad-
rant 2. According to the Chessmann, 2003b Quad-
rant 2 represent sites with fair to good habitats and 
it was noted that both of the sites were immediate-
ly beneath the minimum SIGNAL score mark. To-
tal of six sites were in the Quadrant 3 which were 
upstream, middle stream and downstream sites of 
Nanu Oya, middle stream and downstream sites of 
Nillambe Oya. It was interesting to note that all the 
three sites of the Nanu Oya were belong to the 
Quadrant 3 where harsh and/ or poor habitats were 
clustered. Upstream and downstream sites of Meda 
Ela and Pinga Oya upstream and downstream sites 
and Atabage Oya middle stream site were in the 
Quadrant 4 where urban, agricultural or industrial 
pollution is evident. 

3.4 Spatial variation of cumulative values of the 
three biotic indices 

All the three biotic index values of upstream site of 
Pinga Oya, middle stream site of Atabage Oya 
along with the up and downstream sites of the 
Medal Ela were below the corresponding minimum 
values recorded among reference sites (Fig 5). Al-
so all these sites were in the Quadrant 4 of the 
SIGNAL Quadrant diagram. Even though Pinga 
Oya downstream site and Nillambe Oya upstream 
site failed to surpass the corresponding minimum 
values of reference sites for SIGNAL score and 
EPT%, the indices which consider pollution sensi-
tivity of the macro invertebrates, both sites had 
higher Shannon Weiner Index value and Evenness 
than the minimum reference site value. All the 
sites of the Nanu Oya, middle and downstream 
sites of the Nillambe Oya and downstream site of 
the Atabage Oya were able to record higher values 
for SIGNAL score and EPT% than the relevant 
minimum values recorded at reference sites. How-
ever, they failed to surpass the minimum value for 
Shannon wiener Index and Evenness recorded at 
reference sites.  

Fig 5 Failure to surpass corresponding minimum values 
of reference sites 

In order to get the overall stream health of each 
site with respect to the local reference conditions, 
cumulative deviance of biotic indices was utilized. 
The lowest value recorded among the three refer-
ence sites for each biotic index was used as a 
benchmark for calculating the deviation, assuming 
that healthy stream reaches should have at least the 
lowest value observed among the reference sites. 
The corresponding lowest value observed for each 
biotic index is given in the Table 2.  

Table 2: Minimum values observed among the reference 

sites for biotic indices  

Signal Score H E EPT % 

5.16 1.46 0.75 0.33 
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 The cumulative deviation of the three biotic 
indices of the five tributaries with respect to the 
reference sites is presented in Fig 6. Accordingly, 
two sites of the Meda Ela had the highest negative 
deviation. The poorest stream health condition of 
the Meda Ela may be associated with the high or-
ganic load it receives from the surrounding area. 

 

Fig 6 Cumulative deviation of the biotic index values 
from the corresponding minimum values of reference 
sites 

Atabage Oya middle stream site and Pinga Oya 

upstream site also have a considerable cumulative 

negative deviation from the minimum values of 

reference sites (Fig 6).  A total of eight sites 

showed positive cumulative deviation from the rel-

evant minimum biotic index values of the refer-

ence sites. However, cumulative positive deviation 

of all sites of Nanu Oya, middle stream site of Nil-

lambe Oya, upstream and downstream sites of 

Atabage Oya sites were noteworthy. 

Strong spatial variations were recorded at cer-

tain sites even within the same stream. Eg: Ata-

bage Oya. However in certain other streams, rela-

tively similar results were observed.eg; Nanu Oya. 

This shows that macro invertebrate populations re-

sponds more to the pollution gradient in the imme-

diate sites rather than responding to the environ-

mental gradient existing from the headwaters 

towards the downstream. This finding is compati-

ble with other studies conducted in different re-

gions of the world (Pastuchova´, 2006; Zhang et al, 

2014) where the environmental natural gradients 

coupled with the organic pollution gradient com-

pliments each other’s influence the macro inverte-

brate populations. 

4 CONCLUSION AND RECOMMENDATION 

The values of the biotic indices indicated that 
Meda Ela was having the least healthy stream habi-
tats compared to the reference sites. In contrast, 
Nanu Oya recorded relatively better stream health 
from upstream to downstream. Stream health var-
ied along Atabage Oya, Nillambe Oya and Pinga 
Oya with a notable impairment of stream health at 
middle stream of Atabage Oya and upstream area 
of Pinga Oya. This results are compatible with the 
local land use patterns and stream conditions such 
as stream bed substrate, etc.   

Findings of this study suggest that macro inver-
tebrate taxa is an effective bio indicator for deter-
mining the stream health, not only due to its ability 
to reflect even the minute long term pollution puls-
es with an integral picture of the watershed, but al-
so its capability to be carried out less frequently 
than chemical and physical water quality monitor-
ing programs. Further, these assessments only re-
quire a simple set of equipment and a skilled per-
sons who could accurately identify the macro 
invertebrates. 

This study also highlights the great sensitivity 
of biotic indices to reflect the multiple aspects 
which influence the watershed health such as 
riaparian conditions, water quality, stream bottom 
substrate, ecological gradient, etc. which are cru-
cial for watershed management. However, many 
watershed monitoring programs only consider wa-
ter quality variables and neglect other ecological 
aspects. As decision maker are unaware of these 
aspects, they are usually not integrated in the deci-
sion making process of the watershed manage-
ment.  

The countries which have gained considerable 
success in watershed management and restoration, 
not only use biotic indices extensively, they also 
encourage meaningful involvement of local com-
munity groups at various levels of watershed man-
agement. Collecting bio indicator data is one such 
shared responsibility. With the availability of ro-
bust protocols, resources and training, local com-
munity groups are capable of filling the existing 
gaps of data collection and also identification of 
important ecological trends which provides an ear-
ly detection of watershed impairments. 
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ABSTRACT: Ultrasonic Pulse Velocity (UPV) testing is non-destructive testing method that is widely applied 

in civil engineering applications. This test facilitates the evaluation of the properties of a material, component 

or system without causing damage. During construction, if any damage has occurred due to unsupervised con-

struction or an uncontrolled situation the location, type and extent of defect should be clearly identified in or-

der to take corrective actions. In such situation destructive testing may not be suitable. In a location where the 

actual strength or condition of a structure is to be determined without disturbing the existing structure, the 

findings of this case study can be applied. This study was based on case studies done on the development of a 

correlation between Ultrasonic Pulse Velocity (UPV) and the strength of an existing concrete structure. Times 

taken for an Ultrasonic Pulse to travel through selected existing structural elements were measured in locations 

where the compressive strength values were known. UPV thus calculated was correlated to the compressive 

strength of concrete and a correlation was developed as Fc = aebV (Fc= Compressive Strength, V=UPV, a & b 

are constant) for the given concrete. Then a similar test was performed at a location where strength was un-

known, and the co-relation developed was used to estimate the strength of concrete at that location. 

 

1 INTRODUCTON 

In the last few decades, the application of Non De-
structive Testing (NDT) in civil engineering has 
been a subject of interest in various countries. It 
can be used as an important tool in the quality con-
trol of new buildings. 

Ultra sonic pulse velocity is the determination 
of the velocity of propagation of pulses of ultrason-
ic longitudinal waves in hardened concrete. This 
technique may be used for a number of applica-
tions. It was first introduced by Long, Kurtz and 
Sandenaw (1945) to introduce a non-destructive 
method of testing the quality of concrete (Mahure 
N. V. 2011).  

2. OBJECTIVE  

The overall objective of the study was to develop a 
correlation between UPV and strength of the re-
taining structural concrete in order to estimate the 

strength of a concrete element, using a similar con-
crete of known strength as reference. 

3. CRITICAL FACTORS  

In order to provide a measurement of pulse ve-
locity which is reproducible and which de-
pends essentially on the properties of the con-
crete under test, it is necessary to consider the 
various factors which can influence the pulse 
velocity and its correlation with the compres-
sive strength of a given concrete. 

a. Moisture content (MC): UPV is affected 

by the water entrapped within the pores of 

concrete. When developing correlations 

for the estimation of concrete strength 

these effects are to be controlled carefully 

b. Effect of the age of concrete and strength 

development arising from; 

-Curing of the concrete and 

-Hydration of cement paste  
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c. Carbonation in concrete  

d. Temperature of the concrete does not sig-

nificantly affect the UPV as the concrete 

temperature varies mostly in the range of 

10 0C to 30 0C. If the temperature lies out 

of that range it should be systematically 

examined to see the effect on correlation 

of strength and UPV. 

Therefore, UPV analysis should be carried out 
by avoiding variations in such factors in order to 
develop a reliable relationship between UPV and 
strength of concrete. A correlation derived in such 
manner can be used to analyze the strength of 
structures which are made with the same materials 
source under similar conditions  

4. PROCEDURE  

4.1 Equipment  

UPV was determined using Pundit Lab+ aperture 
(Brand: Proceq) and Transducers with a natural 
pulse frequency of 54 kHz, 50 mm diameter which 
complies with standard EN 12504-4. The method 
of obtaining UPV values based on BS EN 12504-
4:2004 Testing concrete, Part 4: Determination of 
ultrasonic pulse velocity (BS EN 12504-4: 2004). 

 

Figure 1; Pundit Lab+ aperture 

4.2 Fundamental Principle  

 A pulse of longitudinal vibrations is produced 
by an electro-acoustical transducer held in contact 
with one surface of the concrete under test. After 
travelling a known path length in the concrete, the 
pulse of vibrations is converted into an electrical 
signal by a second transducer and electronic timing 
circuits enable the transit time of the pulse to be 
measured. 

The measurement of pulse velocity can be used 
for the determination of the uniformity of concrete, 
the presence of cracks or voids, changes in proper-
ties with time and in the determination of dynamic 
physical properties. 

4.3 Measurements 

 

4.3.1 UPV 
 
For the purpose of this study all the reading were 
taken in the mode of direct transmission as it gives 
the maximum sensitivity since the maximum ener-
gy of the pulse is being directed at the receiving 
transducer.  

Velocity of direct transmissions of pulse should 
be calculated from the formula: 

V =
L

T
   (1) 

 
Where; V=ultra-sonic pulse velocity, in km/s; 

L=path length, in mm; T=time taken by the pulse 

to transverse the length, in μs. 

 

 
Figure 2; Transducer arrangement for direct transmis-

sions 

4.3.2 Compressive Strength 
 
Method of obtaining Compressive strength of con-
crete cubes was based on SLS 1144 Part 2: 1996; 
Specification for ready mixed concrete, Part 2: 
Test Method. Compressive strength of cast con-
crete cubes were determined using compressive 
strength testing machine by applying continuously 
increasing load at the nominal rate of 0.3 ± 0.1 
MPa per second. Compressive strength can be cal-
culated from the formula;  
 

f𝑐 =
F

A
  (2)   

Where; fc= Compressive strength, in MPa ; F= 
Maximum load applied, in N; A= cross sectional 
area, in mm2. (SLS 1996) 

4.4 Case 01 study 

Eight number of structural elements (Concrete col-
umns) were selected which were cast with same 
mix proportions (Grade 80) under same conditions. 
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Four out of eight elements were considered as ac-
ceptable elements where respective compressive 
strength at 28 days of cast concrete cubes deter-
mined as per SLS 1144 Part 2: 1996; (Specification 
for ready mixed concrete, Part 2: Test Method) 
were known and the values were within the ac-
ceptable limit defined. The strength of other four 
elements was doubtful because the strength of 
fresh concrete had not been determined. 

For each column three different levels were se-
lected based on the height from ground level as 
shown in Figure 03. For each such level nine read-
ings of ultra-sonic pulse velocity were obtained by 
taking the width of the columns as the path length 
and measuring the respective times taken by the 
pulse to traverse that length.  

 

Figure 3: Selection of test location on a column 

Acceptable locations were named as ACC-01, 
ACC-02, ACC-03, and ACC-04. Doubtful lacta-
tions were named as DUT-01, DUT-02, DUT-03, 
and DUT-04. 

4.2 Case 02 study 

 
Eight numbers of concrete cubes were cast in the 
laboratory with same grade (Grade 30), with same 
mix proportions using similar materials and cured 
under similar conditions. Their compressive 
strength at 28 days was determined as per SLS 
1144 Part 2: 1996. Before carrying out the 28day 
compressive strength of concrete, the UPV was de-
termined as per BS EN 12504-4:2004. 

5. RESULTS 

 
5.1 Case 01 RESULT 
 
Obtained UPV (V) values of concrete columns as 
per BS EN BS EN 12504-4:2004 and respective 
compressive strength (fc) values determined as per 

SLS 1144 Part 2: 1996 are shown in table 01 be-
low; 

Table 1: UPV and respective compressive strength 

values of acceptable location 

Location 

UPV 

(km/s) 

[V] 

Comp. Strength (MPa) 

[fc] 

ACC-01 A 5.006 106.8 

ACC-01 B 4.979 99.7 

ACC-01 C 5.040 109.4 

ACC-02 B 5.004 106.1 

ACC-02 A 4.920 94.4 

ACC-02 C 4.849 86.1 

ACC-03 A 4.947 97.5 

ACC-03 B 5.019 109.0 

ACC-03 C 4.862 87.9 

ACC-04 A 4.899 88.6 

ACC-04 B 4.918 91.0 

ACC-04 C 4.982 105.3 

 
Prior to development of a correlation between 

obtained UPV values and compressive strength 
values, those values were checked to examine 
whether there was a strong relationship between 
those two parameters or not. Correlation coeffi-
cient (r) statistically shows the degree of relation 
between two variables. 

 

𝑟 =
n(Ʃxy) − (Ʃx)(Ʃy)

√[nƩx2 − (Ʃx)2][nƩy2 − (Ʃy)2]
                (3) 

 

Where; x= variable 1(UPV); y= variable 2 (Com-
pressive Strength); n= number of data. 

According to Correlation coefficient (r) 
integrity of two set of data set can be classified as 
follows (Deborah 2009); 

(a) r = 0     ; No Correlation 

(b) 0 ˂ ǀ r ǀ < 0.5   ; Weak Correlation 

(c) 0.5 ≤ ǀ r ǀ < 0.7  ; Moderated Correlation 

(d) 0.7 ≤ ǀ r ǀ < 1   ; Strong Correlation 

(e) ǀ r ǀ  = 1     ; Perfect Correlation  

Correlation coefficient for UPV (V) and com-
pressive strength (fc) was calculated forms the val-
ues given in Table 01.  

282



 

  
  

 

 Since it was found that r = 0.98, 

It may be inferred that a strong correction exist-
ed between UPV and Compressive strength of 
concrete in terms of cube strength.  

The correlation can be developed as follows 
and expressed as; 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Above correlation can be used to estimate re-
spective compressive strength of doubtful locations 
as follows, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Estimated compressive strength of doubtful lo-
cation given in Table 01 below; 

Table 2 : Estimated compressive strength values of 

doubtful locations 

Location UPV 

(km/s) 

Estimated Compressive 

Strength (MPa) 

DUT-01 4.906 91.8 

DUT-02 4.880 88.6 

DUT-03 4.880 88.6 

DUT-04 4.866 86.9 

 
5.2. Case 02 Result 
 
Table 3 : Cube compressive strength and UPV value for 

Case 02 

Cube No 
UPV 

(km/s) 

Compressive  Strength 

(MPa) 

1 4.298 27.5 

2 4.373 31.5 

3 4.425 32.0 

4 4.451 36.0 

5 4.464 37.0 

6 4.491 39.0 

7 4.505 39.5 

8 4.545 41.0 

As per equation 01 in clause 5.1 correlation co-
efficient of UPV and compressive strength of same 
cubes was 0.98, which mean that there was a 
strong correlation between those two parameters  

 Then correlation equation can be developed as 
follows, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 : Development of correlation between com-

pressive strength and UPV; case 01 

Figure 5 : Estimation of compressive strength using 

developed correlation 
Figure 6 : Development of correlation between compres-

sive strength and UPV; case 02 
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6 CONCLUSION 

According to case 01; The developed correlation 
between UPV of structural element and standard 
cube compressive strength of the particular con-
crete structure is fc = 0.0971e1.3969V ( fc; Compres-
sive strength, V; UPV). This is applicable only for 
a structural element cast under same condition with 
same mix proportion. 

According to case 02; The developed correla-
tion between UPV of Standard cubes and compres-
sive strength of same cubes is fc = 0.0174e1.712V ( 
fc; Compressive strength, V; UPV). This is appli-
cable only for the concrete cast under same condi-
tion with same mix proportions. 

As per the studies done it can be concluded that 
the compressive strength of a structural element or    
of standard test cubes has a correlation with the 
corresponding UPV values. Correlation gets is in 
the form of fc = a×e b×V; where fc is compressive 
strength and a,b are constant values for the particu-
lar concrete. 

Further studies are to be carried out for differ-
ent grades of concrete to ensure the reliability of 
the correlation pattern. It is proposed to carry out 
studies with different structural elements as well as 
with the concrete cube cast at laboratory.     
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ABSTRACT: Coal Fly Ash (CFA) collected from electrostatic precipitator in Norochcholai power station was 
used in making fibre reinforced cement roofing tiles. The CFA particles less than 75 µm and 45µm in size 
were separated through dry sieving. The Scanning Electron Microscopic (SEM) images showed the spheres in 
the finer grains is higher than that in coarser ones. CFA was added into the mix for casting corrugated roofing 
tiles in the dimensions of 490×250×10 mm using a vibrating table. CFA was used in three different forms; 
CFA unprocessed, CFA below 75µm and CFA below 45 µm particle size. They were used to replace Portland 
cement partially by weight and Alkali resistant glass fibres were added 2% by weight. Physical and mechani-
cal were performed after 28 days of aging. The tiles were tested in accordance with SLS 1189. Highest trans-
verse strength was observed in the CFA unprocessed sample and the lowest from CFA below 45µm particle 
size sample. However, all the samples satisfy the strength requirement as specified. High water absorption was 
observed in all the samples which is around 20% whereas the limiting value is 10%. The average dry density 
of the tiles was 1.65g/cm3 which is in comparable with the dry density of asbestos cement sheets and the aver-
age transverse strength (1.4-1.7kN) is in comparable with Calicut clay tiles. Therefore, CFA is promising to 
use in cement roofing tiles in both processed and unprocessed way but it is essential to reduce the water ab-
sorption by applying a waterproofing paint or using suitable additives to mixture. The durability properties of 
them have to be rigorously proved by experimentation.

1 INTRODUCTION 

With the decision taken by the President of Sri 
Lanka in 2015 to ban the importation of asbestos 
roofing sheets by 2018 (Steps to ban import of 
asbestos roofing sheets by 2018 2015), many gov-
ernment and private institutions have taken steps to 
research and development in manufacturing non-
asbestos roofing sheets/tiles. Currently, clay tiles, 
aluminium sheets and pressed cement tiles are be-
ing used by the locals besides asbestos sheets. 
Therefore, it is very much essential in seeking 
ways to introduce new roofing materials by using 
locally available raw materials in order to fill the 
gap with depletion of asbestos roofing sheets from 
the market.    

Lakvijaya thermal power plant, Norochcholai, 
which is the only thermal power plant in Sri Lanka 
produces 25 tons of bottom ash and 250 tons of 

Coal Fly Ash (CFA) in the process of generating 
300MW. Presently, majority of CFA is taken by 
cement manufactures. But CFA get rejected by 
them when the Loss on Ignition (LOI) is greater 
than 6% which is the limiting value for the usage 
in concrete as specified in ASTM C 618 (ASTM C 
618 2003). Further, CFA is being taken by ceramic 
and roofing tile manufactures. But there is still a 
huge amount of CFA is dumped in the open yard 
without any use leading to ground water pollution 
and other imbalances in ecological cycles due to its 
heavy metal constituents and low density particles.   

Fly ash consists of solid spheres, hollow 
spheres (cenospheres), and irregularly shaped un-
burned carbon (Blissett R.S 2012). Fly ash mor-
phology and physical properties vividly vary de-
pending on the amount of those components and 
the type of coal source. 

The use of fly ash in the replacement of cement 
has been a prominent practice due its pozzolanic 
activity. The pozzolanic property of fly ash is due 
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to its siliceous and aluminous material which can 
form cementitous material in the presence of water 
and calcium hydroxide (Malhotra V.M 1994). 

Particle size can influence strength develop-
ment in two ways. First, particles > 45µm appear 
to influence water requirement in an adverse way. 
Secondly, surface area of particles must play a 
considerable role in determining the kinetics of 
cementing activity. But the results of studies of the 
influence of particle size on strength development 
are contradictory. Cabrera et al (Cabrera J.G 
1986) in their study of the properties of 18 fly ash-
es produced from bituminous coals by power sta-
tions in the United Kingdom, showed that there 
was no relationship between the 45µm sieve reten-
tion values and the 28 d cube strengths of fly ash 
concretes. Wesche and vom Berg (Wesche K 
1981) from more than 340 tests on fly ashes from 
14 sources, also found no correlation between 
fineness and compressive strength of mortars at 7 
or 28 d, but they did find a minor correlation at 90 
d (Malhotra V.M 1994). 

In some respects, these results are predictable 
when samples from a large number of sources are 
examined in experiments designed to determine 
only one factor. Many fly-ash-related variables 
may influence strength development; a poor corre-
lation with particle size only indicates that particle 
size is not the dominant variable in fly ash reactivi-
ty. To establish a relationship with particle size, it 
is necessary either to limit all other variables to a 
minimum number or to perform a multi-variable 
experiment (Malhotra V.M 1994). 

However, this research is focused on manufac-
turing cement based corrugated roofing tiles by 
partially replacing cement from CFA unprocessed, 
CFA below 75μm and CFA below 45 μm with the 
addition of 2% of Alkali Resistant (AR) glass fi-
bres as the reinforcing agent .  

Alkaline degradation has been known to occur 
in glass fibres and natural fibres. Exposure of the 
E-glass fibres to an alkaline environment leads to a 
rapid deterioration process which involves strength 
and weight losses, and reduction in the filament di-
ameter. This process can be attributed to breaking 
of the Si−O−Si bonds in the glass network, by the 
OH− ions which are highly concentrated in the al-
kaline pore solution (Arnon Bentur 1990).  

The mechanisms by which the modified com-
position, and in particular the presence of ZrO2, 
impart alkali resistivity. The Zr−O bonds, in con-
trast to Si−O bonds, are only slightly attacked by 
the OH− ions, and thus the incorporation of ZrO2 
as part of the network imparts stability to the glass 
structure in the alkaline environment, that is, con-
siderably reduces the network breakdown. This can 
be either the result of an overall improvement in 
the stability of the glass network when ZrO2 is pre-

sent, or the formation of a ZrO2-rich protective sur-
face layer as some SiO2 is broken down and ex-
tracted. The undissolved ZrO2 rich layer thus 
formed remains on the glass and may serve as a 
diffusion barrier to reduce the rate of further attack 
(Arnon Bentur 1990). 

2 EXPERIMENTAL 

2.1 Materials and processing 

2.1.1 Alkali resistant (AR) glass fibre 
 

Commercially available AR glass fibres were used 

  2.1.2 CFA derivatives 
 

CFA was sieved using 75μm sieve and the frac-
tion passed through it was collected. Similarly, an-
other sample of CFA was sieved from 45μm size 
and the passed fraction was obtained. The physical 
properties of CFA such as Particle density, Fine-
ness and Loss on Ignition (LOI) were measured 
according to BSEN 450-1 (BS EN 450-1 2012) and 
they are given in Table 1. The Scanning Electron 
Microscopy Images (SEM) of CFA unprocessed, 
CFA below 75 μm, and CFA below 45µm are 
shown in Figure . 

 2.1.3 Matrix 
 

Class F CFA was used and the matrix was de-

signed using Portland cement Type 1 which was 

replaced by CFA fractions.AR glass fibres were 

premixed 2% by weight (≈ 2% by volume). How-

ever, because the fibres reduce the workability, on-

ly up to about 2% fibres by volume can be intro-

duced in the mix by premix method (Arnon Bentur 

1990). Mix IDs are denoted in the following way. 

BF2-CFA unprocessed    :2% fibre 

CF2-CFA below 75μm    :2% fibre 

DF2-CFA below 45μm   :2% fibre 

2.1.4 Processing 
 

The matrix was produced using a hand drill 
mortar mixer. First, the fibres were dry mixed with 
CFA for homogenization. Then the mix was dilut-
ed in water and cement was added into the running 
mixture. The remaining water was poured into the 
slurry until a uniform consistency was obtained. 
The total mixing time was 3 mins starting from ad-
dition of initial water. After removing the lumps 
adhering around the container, it was mixed again. 

For the production of corrugated tiles, a plastic 
sheet was placed on the vibrating table having a 
frequency of 60Hz and the mix was spread on it 
followed by vibration. The green mix was carefully 
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moved on a mould so that it takes the corrugat-
shape of the mould (See Figure 1). Then the mould 
was stacked for 24 hours. Thereafter, the tile was 
removed from the mould and stacked vertically in 
the water. Curing was done continuously for 21 
days prior performing the tests. 

The finished corrugated tile has dimensions of 
490×250×10 mm. 

 
 

 

 
 
 
 
 
 
 
 
 
 

(a) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
(b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(c) 

 

2.2 Test Methods 

2.2.1 Mechanical and Physical tests 
Tests were performed in accordance to SLS1189: 
Part 2:1999 (SLS 1189 Part 2 1999). Apparent 
density was measured according to ASTM C948-
81 (ASTM C 948 2009) 

3 RESULTS AND DISCUSSION 

3.1 CFA characterization 

The morphology of different CFA fractions is 
shown in the images of Figure . CFA samples con-
sist of solid spheres, hollow spheres (cenospheres), 
and irregular unburned carbon. According to litera-
ture, cenospheres, magnetic particles, and fine ash 
are primarily spherical in nature; in contrast carbon 
has a larger porous structure exhibiting a more ir-
regular shape (Blissett R.S 2012). 
According to the SEM images it can be seen that, 
the decrease of sieve size decreased the irregular 
particles and increased the spherical particles con-
centration. 
Table 1: Physical properties of CFA derivatives 

Property CFA un-
processed 

CFA 
below 
75μm  

CFA 
below 
45μm 

Particle density 
(kg/m3) 

2295 2272 2257 

Fineness(m2/kg) 357 371 381 
Loss on ignition 
(w/w %) 

2.67 1.52 0.44 

 
The particle density decreases with decreasing 
sieve size because the removal of irregular porous 
particles has aided hollow spherical particles to be 
accumulated together thereby reducing the density. 
Obviously, the particles become finer when the de-
creasing sieve size. Therefore, the finest particles 
come from CFA below 45μm fraction. Sieving has 
reduced the unburnt carbon to a great extent where 
the CFA unprocessed form has 2.67% of unburnt 
carbon and the lowest from CFA below 45μm size. 
The reduction of unburnt carbon helps to increase 
the CFA quality thereby the quality of composite 
consequently.  
 
 
 
 
 
 
 
 
 
 

Figure 1: Process of making the fibre reinforced fly 

ash- cement roofing tile 

Figure 2: Upper side of fibre reinforced fly ash-

cement roofing tiles 
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(a) CFA unprocessed (700X) 

 
 
 
 
 
 
 
 
 
 
 
 
 

(b) CFA below 75µm (700X) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 Mechanical, physical and thermal properties 
of the fibre reinforced fly ash-cement roofing tiles 

The tiles have a nominal length and width of 
490ⅹ250 mm.  

Table 2: Mechanical and physical properties of fibre re-

inforced fly ash-cement roofing tiles 

Property 
Observed 

value 

Specified 

value in 

SLS 1189 

Compli-

ance 

Average 

mass (kg) 
2.30-2.35 1.93-2.37 Pass 

Water ab-

sorption (%) 
20-22 

Shall not 

be more 

than 10% 

Not satis-

fied 

Average 

thickness 

(mm) 

7-9 6-9 Pass 

Transverse 

strength (N) 

Avg 
1470-

1650 
230 Pass 

Min 1350 230 Pass 

Impermiabil-

ity 

No drops of 

water under-

side.  

No drops 

of water 

underside. 

Pass 

Pore and 

crack test 

No visible 

cracks or 

pores ex-

cessing the 

limits. 

No surface 

pores and 

cracks. 

Pass 

Ring test 

Clear ring 

sound was 

heard. 

A clear 

ring sound 

shall pro-

duce. 

Pass 

 

 

 

 
 
 
 
 
 

 

 

1650

1580

1470

1350

1400

1450

1500

1550

1600

1650

1700

BF2 CF2 DF2Tr
an

sv
e

rs
e

 s
tr

e
n

gt
h

 (
N

)

Mix ID

Transverse Strength

Figure 4: SEM images of CFA fractions 

Figure 5: Transverse strength of fibre reinforced fly ash-

cement roof tiles 

(c) CFA below 45µm (300X) 

Figure 3: Roof appearance once it laid up with cement 

roofing tiles 
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Table 3: Comparison of typical values for dry density 

and transverse strength of different roofing materials. 

(Ariyadasa G.L.M 2015) 

Roofing material Average dry 
density on oven 
dry basis 
(g/cm3) 

Average 
transverse 
strength 

Calicut clay tile 1.79 1.0-2.0 
(kN) 

Asbestos sheet 1.63 5.0-6.5 
(kN/m) 

Pressed cement 
tile 

2.16 3.0-5.0 
(N/mm) 

Fibre reinforced 
fly ash-cement 
roofing tile 
(This research) 

1.65-1.70 1.4-1.7 
(kN) 

4. CONCLUSION 

 The three tile samples comply the trans-
verse strength requirements specified. 
Highest value is observed in CFA unpro-
cessed sample and the lowest from CFA 
below 45µm sample. This could be due to 
the increase of low density hollow spheres 
in the CFA fraction with sieving.  

 High water absorption is adverse for a 

roofing material. Therefore, applying a 

waterproofing paint on the upper side of 

tile or usage of suitable additives in the 

mix is required. 

 The density of tile is comparable with as-

betos sheet and the transverse strength lies 

within the range of average transvers 

strength of Calicut clay tile which are 

promising for a roofing material. 

 Dimensional stability of the green product 

is not uniform since the corrugated areas 

tend thinning more than the perimeter. 

 Only up to 2% of fibre (by volume) can be 

mixed in the premixing process. It has 

some inherent difficulties: uniform disper-

sion of the fibres is difficult to achieve, 

and usually a higher w/c ratio is required. 

Increasing the intensity of the mixing to 

overcome such difficulties lead to other 

adverse effects, such as fibre damage and 

separation of the strand into smaller units 

thus reducing the workability of the fresh 

mix. These limitations usually lead to the 

composite of lower quality. Therefore, 

when going for higher fibre content, spray-

up process or special mixers or mixing 

procedures have to be adopted (Arnon 

Bentur 1990). 

 This technology doesn’t need skill labour 

hence this is environmentally friendly 

small scale production. 

 The thickness of the tile can be further re-

duced and there are several alternatives to 

obtain appropriate compositions of the 

cementitious mixes for corrugated tiles. 

 To determine which mix offers the best 

thermal comfort, other evaluation like so-

lar reflectance has to be measured. 

 The producers must be responsible for the 

introduction of their products to the market 

only when the management and the dura-

bility properties of them have been rigor-

ously proved by experimentation. 
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ABSTRACT: Alternative fine aggregates are used in construction work in the production of cement blocks 
and precast items due to shortage of fine aggregate. Research was conducted to investigate the suitability of 
using bottom ash to produce cement blocks and it was revealed that bottom ash can be used for partial re-
placement of fine aggregate in the production of cement blocks. Bottom ash is available in Nuraicholai thermal 
power plant and it is presently regarded as a troublesome waste material. Microsilica, which is produced by 
burning rice husks is used to develop the properties of cement blocks to comply with the current standard, SLS 
855. For casting of bottom ash blocks, a mix design was optimized by producing trial samples with different 
mix designs using bottom ash, fly ash, cement and microsilica. Physical and mechanical properties of bottom 
ash blocks cast according to the optimized mix were tested and all the desirable parameters were found to be 
within the limits specified in SLS 855. The produced bottom ash blocks were light in weight (dry weight is 
10kg per block), have low thermal conductivity (0.3W/m.K) and found to be cost effective (Production cost is 
Rs.28 per block) when compared with conventional cement blocks. 

 

1 INTRODUCTON 

Generally, river sand, quarry dust and chips are 
used as raw material in the manufacture of cement 
blocks. As a result of rapidly increasing construc-
tion activities, demand for fine aggregate is in-
creasing. High retrieval of sand from river beds is 
not possible due to environmental pollution.  

The Lakvijaya thermal power station (also 
known as Thermal power plant at Nuraicholai) has 
three power generation units each generating 
300MW of electricity while producing 25MT of 
bottom ash and 250MT of fly ash per day as waste 
products. 

Although fly ash is gainfully utilized in cement 
manufacturing, bottom ash is presently regarded as 
a troublesome waste material as when bottom ash 
particles are airborne they settle on vegetation 
causing problems to the neighboring farmer culti-
vations. Therefore the disposal of this waste prod-
uct requires careful handling to minimize environ-
mental effects. At present it is stored as piles in a 
large dumping area close to the plant and adjacent 
to the sea.  

 

Bottom ash is composed of valuable industrial 
minerals such as alumina, silica (>95%), lime and 
iron oxide but to a lesser concentration when com-
pared with fly ash. Bottom ash is composed of 
larger pieces with a coarse granular composition 
with high porous structure that are collected from 
grates beneath the furnace. 

Building blocks have been designed for easy 
handling. Light weight blocks will be useful for 
masonry construction because it will increase the 
labour efficiency in construction activities. 

Literature survey showed that bottom ash can 
be used for partial replacement of fine aggregate in 
the production of cement blocks while using quar-
ry dust or crush rock aggregates (chips) 
(Rathnayake 2015). 

Effective utilization of bottom ash to produce 
light weight cement blocks as a full replacement 
for conventional aggregate was considered in this 
research project. Objectives of this project are; 

 Waste utilization 
 Minimize environmental pollution 
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 Use of bottom ash as full replacement for 
conventional aggregate in manufacturing of 
cement blocks. 

2 METHODOLOGY 

2.1 Sampling of materials 

Bottom ash and fly ash samples were obtained 
from discharging point at Lakvijaya thermal power 
station. Newly discharged bottom ash and fly ash 
were collected and bottom ash sampling was done 
according to the sampling method described in BS 
EN 932-1 (EN 932-1 1996). 

2.2 Material properties 

Material properties were tested prior to casting test 
cement blocks. Loss on ignition(SLS 107-2 2008), 
leaching properties (APHA 3111A 2012), sieve 
analysis(BSEN 933-1 1997), particle density and 
water absorption(BSEN 1097-6 2000), loose bulk 
density (BSEN 1097-3 1998) were tested for 
bottom ash as material properties according to 
relevant standards. 

2.3 Block properties 

Cement (PLC), bottom ash (passing from 10mm 
sieve), fly ash, chip and admixture were mixed 
with water according to different 17 mix designs 
and blocks were cast using cement block making 
machine. Compressive strength, water absorption 
and dry density of blocks were tested as main 
parameters according to SLS 855 (SLS 855-2 
1989) 

One mix design was selected by considering 
tested parameters which has volume proportion of 
cement: bottom ash as 1:9 and selected mix design 
was optimized using fly ash and microsilica 
(Remya Raju 2014). 

Water content was altered to get the required 
consistency of mix. If the water content is insuffi-
cient then the compaction was difficult and if 
greater than the required value, then the water 
leaked out from the mould. 

Bottom ash blocks were cast according to opti-
mized mix and crushing strength, water absorption, 
moisture content, drying shrinkage and wetting ex-
pansion were tested. 

Thermal conductivity of bottom ash block sam-
ples were measured according to Lee’s disk meth-
od by            

thod by cutting the test sample into the shape of 
disk having diameter equal to plate diameter of 
measuring apparatus. 

Two walls were constructed using bottom ash 
blocks to identify practical difficulties in construc-
tion work. 

3 RESULTS AND DISCUSSION 

3.1 Loss on Ignition of bottom ash 

Values observed varied from 2-5% for bottom ash 
and 2-4% for fly ash. 

3.2 Leaching properties 

Amount of heavy metals leached to water from 
bottom ash were given in Table 1. 

Table 1: Leaching test results for bottom ash 

 

 

Parameter 

 

 

Observed 

value 

Specified max. 

limit for waste 

water (National 

Environmental 

Act No:47) 

Cadmium, mg/L 0.03 0.1 

Chromium, mg/L 0.12 0.5 

Lead, mg/L 0.05 0.1 

Copper, mg/L 0.08 3 

Iron, mg/L 0.02 3 

 
Test results showed that there was no hazardous 

amount of heavy metals leached to water. 

3.3 Radiation effect 

According to the research carried out at NBRO 
to investigate the possibility of utilize bottom ash 
to produce light weight blocks for building con-
struction, bottom ash can be used for building ma-
terial making without any fear of radiation effect, 

3.4 Particle Density and Water Absorption 

Bottom ash had particle density of 1200-
1500kg/m3 (oven dry condition) and water absorp-
tion in the range of 15-25% by dry mass. Particle 
density of river sand is in the range of 2600-2750 
kg/m3 and water absorption of 0.4-1.0%. Low par-
ticle density of bottom ash is useful to produce 
light weight blocks but higher water absorption 
may be a problem in block manufacturing. Use of 
admixture is very important to overcome this issue. 
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3.5 Sieve Analysis 

Test results of particle size distribution of bottom 
ash sample comply with the grading limits speci-
fied for medium graded fine aggregate (See Table 

2) in BS EN 12620 (BSEN 12620:2002+A1 2008).  

Table 2: Sieve analysis test results for bottom ash 

Sieve size Cumulative mass 

passed 

Specified limits 

8 100 100 

5.6 97 95-100 

4 94 85-99 

2 69  

1 48  

0.500 37 30-70 

0.250 28  

0.125 9  

0.063 2.4 0-3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

3.6 Loose Bulk Density 

Average loose bulk density of bottom ash was 650 
kg/m3 at oven dried condition, while that of river 
sand was 1450 kg/m3. 

3.7 Properties of Bottom Ash Blocks 

Bottom ash blocks were cast according to 17 dif-
ferent mix proportions and compressive strength 
test was performed at 28 days. Water absorption 
and dry density values for blocks were measured 
after 28 days. Production cost per block was calcu-
lated according to the mix design. 

For each mix design compressive strength, wa-
ter absorption and dry density test results and pro-
duction cost per block are summarized in Table 3.  

According to the results obtained mix propor-
tion no.15 shows highest compressive strength of 

blocks, low dry density and considerably low cost 
per block, but water absorption value became a 
problem. Then, mix proportion no.15 was modified 
using microsilica to improve the strength and re-
duce the water absorption to comply with SLS 855 
(SLS 855-1 1989) requirements. 

Table 3: Test results for blocks and cost per block 

Trial Compres-

sive 

strength 

(N/mm2) 

Water 

absorp-

tion 

(kg/m3 ) 

Dry den-

sity 

(kg/m3 ) 

 

Produc-

tion cost 

per block 

(Rs) 

1 2.19 229 1649 43.36 

2 2.17 285 1494 37.39 

3 1.01 302 1342 29.90 

4 0.95 297 1393 22.46 

5 1.14 283 1384 17.86 

6 1.38 277 1447 27.92 

7 1.16 280 1422 28.29 

8 1.20 283 1418 28.34 

9 0.96 308 1310 27.59 

10 1.44 276 1472 29.12 

11 1.28 278 1409 29.12 

12 1.10 274 1401 27.59 

13 0.91 297 1365 22.95 

14 1.14 337 1104 30.71 

15 2.50 309 1300 25.45 

16 0.95 333 1170 23.79 

17 0.88 587 1124 23.83 

 
Table 4: Test results for modified mix designs 

 

Type of mix 

14 days 

strength 

N/mm2 

28 days 

strength 

N/mm2 

Water ab-

sorption 

kg/m3 

BA/U 1.42 1.68 294 

BA/H 1.79 2.40 287 

BA/H/Si-6 2.17 3.14 236 

BA/H/Si-8 2.28 3.48 223 

BA/H/Si-10 3.01 3.47 216 

BA/H/QD 2.13 3.10 245 

BA/H/Si-8/QD 2.02 2.96 250 

 
Compressive strength and water absorption re-

sults obtained for modified mix designs are given 
in Table 4. According to the results obtained 
BA/H/Si-8 mixture shows a high compressive 
strength and a water absorption value below the 
maximum limit specified in SLS 855 (SLS 855-1 
1989). 

Complete test for bottom ash blocks was per-
formed and results were compared with test results 
of                                 of nor-

Figure 1: Graph for sieve analysis of bottom ash 

293



 
 

  
  . 

 

mal cement blocks and recommended values in 
SLS 855 (SLS 855-1 1989). The analysis is pre-
sented by Table 5. 

Table 5: Test results comparison for blocks 

 

Property 

SLS    

requirement 

Bottom 

ash 

block 

Normal 

cement 

block 

Compressive 

strength 

≥1.2N/mm2 3.48 

N/mm2 

3.5 

N/mm2 
Water   absorp-

tion 

<240 kg/m3 223 

kg/m3 

174 

kg/m3 

Moisture content <40% 32% 30% 

Block   density 2000kg/m3 1256 

kg/m3 

1996 

kg/m3 

Drying shrinkage ≤0.06% 0.04% 0.04% 

Wetting  expan-

sion 

≤0.03% 0.03% 0.03% 

 

Other than that bottom ash blocks are lighter in 
weight by 35% when compared with normal ce-
ment blocks. Thermal conductivity of bottom ash 
block sample from optimized mix was 0.3W/m.K, 
and that value of normal cement block sample was 
1.2W/m.K. It can be seen that, bottom ash blocks 
have better thermal insulation properties when 
compared with good quality cement blocks in the 
market. 

In the optimized mix production cost per bot-
tom ash block was 28 rupees. 

As per the results given in Table 5, all the test 
parameters for bottom ash blocks were found to 
comply with the limits specified for cement blocks 
in SLS 855: 1989 (SLS 855-1 1989). 

According to the optimized mix bottom ash 
blocks were manufactured as a trial production to 
identify practical difficulties during large scale 
production. In addition, as a field trial two walls 
were constructed from bottom ash blocks using 1:5 
and 1:6 mortar mixtures and those walls were plas-
tered with 1:5 and 1:6 plastering mixtures. These 
imply that bottom ash blocks can be used for con-
struction work without any practical difficulties. 
Therefore part of model house was constructed us-
ing bottom ash blocks and it is under observation. 

4 CONCLUSION 

Bottom ash blocks can be introduced to the con-
struction industry as a substitute for commercially 
available cement blocks. Bottom ash blocks found 

to comply with all the requirements specified for 
cement blocks by Sri Lanka Standards Institution. 
This is a cost effective method of production due 
to usage of waste bottom ash and small amount of 
fly ash on behalf of conventional aggregates. Bot-
tom ash block production provides a solution for 
waste utilization from thermal power plant at Nu-
raicholai. 
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ABSTRACT: Resettlement is a multidisciplinary approach addressing different aspects such as physical, legal, 
economic, social, cultural, psychological, environmental, political-administrative, and territorial which com-
bines into a complex process. This multi-dimensional nature of resettlement calls for participation of different 
institutions (both governmental and non-governmental) in sectors such as housing, education, health, public 
services, and social assistance. 
The recent disaster situation in the Kegalle district of Sri Lanka, has resulted in displacement of 168 families. 
1930 families have been evacuated to safer locations due to prevailing high landslide risk. Around 2000 families 
are to be resettled as per the government decision to treat the prevailing risk and given a permanent shelter option 
to the displaced families. 
This paper presents the process that is being undertaken in the resettlement of affected and at-risk families. 
Further, presents the lessons learnt from the resettlement programme, to be used in similar endeavors.

1 INTRODUCTON 

Inclement weather condition that hit the island in 
mid of May 2016, resulted in colossal human trag-
edy. Unprecedented ferocity of the weather created 
flood and landslides around the island which lead to 
the worst ever natural disasters to hit Sri Lanka after 
the Tsunami. As a result, two major landslides trig-
gered in Kegalle district on the same day. This sheer 
magnitude act of the nature buried many lives and 
houses while making many humans destitute in-
stantly. 

This tragedy in the Kegalle district of Sri Lanka, 
has affected 36121 people from 9983 families and 
has caused 168 fully damages and 1631 partially 
damages to the district housing stock. The situation 
resulted in displacement of nearly 2000 families, 
who have been evacuated to safer locations due to 
prevailing high landslide risk and newly created un-
stable areas. These displaced and at-risk families are 
to be resettled as per the Government of Sri Lanka’s 
(GOSL) decision to treat the prevailing risk and give 
a permanent shelter option to the displaced families. 
In the process of resettlement, GOSL initiated the 
process in two main phases as 1. Temporary reset-
tlement and 2. Permanently resettlement of families. 
In these two phases, several government and non-
governmental organizations were involved in 

providing various services for affected families. 
This paper discusses the different stages of resettle-
ment process and lessons learnt. 

 
Table 1: Kegalle District Disaster Situation 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Disaster Management Center – Kagalle 

district (2016.10.03) 

2 TEMPORARY RESETTLEMENT 

Within a typical disaster cycle, resettlement can 
go through different stages. Just after a disaster, a 
temporary resettlement may take place to move the 
affected communities away from the danger zone. 
Initially, all the affected and at-risk families in the 
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district were temporarily resettled in identified pub-
lic places (Schools, Temples, and Public Grounds) 
until the completion of land identification process. 
There were two emergency evacuation centers 
which accommodated 65 landslide affected fami-
lies. Around 860 families were temporarily resettled 
in temporary shelters (Tents). International Organi-
zation for Migration (IOM) and Shelter Box were 
involved to provide transitional shelters in selected 
lands. 

3 THE RESETTLEMENT PROCESS 

Post-disaster reconstruction is a complex pro-
cess. It requires multi-sector involvement, a signifi-
cant number of resources and a wide range of skills. 
Planning, Designing and Construction are the three 
main catergories that has to be followed cautiously 
in the whole resettlement process. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Resettlement Process adopted for 

Kegalle Resettlement 

3.1 Planning 

3.1.1 Governance 
Decision on resettlement approach and methods 

of assistance were decided by the Ministry of Dis-
aster Management with the support of the district 
coordinating committee (DCC) of the Kegalle dis-
trict. DCC which consisted of political authority of 
the district, district secretary, divisional secretaries 
and representatives from all other relevant govern-
ment institutions gathered monthly to discuss the 
matters of the resettlement process and its progress. 
A district housing committee and a disaster commit-
tee was established to discuss the matters relating to 
the provision of housing and disaster prevention. 
Methods and procedures were established to imple-
ment the programme and responsibilities were as-
signed among the stakeholders. 

3.1.2 Assessments 
Assessment of damage and loss of houses and 

belongings was conducted by the district secretary 
with the support of NBRO. This assessment was 
used to formulate claims for each damaged housing 
unit from the government insurance scheme for nat-
ural disasters.  

Landslide risk assessments were conducted by 
NBRO to assess the existing risk of each house lo-
cated in landslide prone areas. This assessment was 
directly used to identify the beneficiaries of the dis-
trict resettlement programme. 

3.1.3 Funding 
Funding for implementation of the resettlement 

programme was provided by the GOSL and other 
donor agencies. The estimated cost of one housing 
unit was 1.2 Million LKR. Local and international 
donor agencies were involved in proving funds to 
deliver different services in the resettlement process 
(Ex. Road improvements, construction of transi-
tional shelters, construction of houses, etc.).  

3.1.4 Beneficiary Selection 
Beneficiary selection criteria for the resettlement 

programme was based on impact from the disaster 
and level of landslide risk. All the affected families 
from the landslide disaster was considered for the 
resettlement programme. Families who have been 
living in high risk areas and all vulnerable families 
were also included in the programme based on the 
NBRO recommendation. 

3.1.5 Method of Assistance 
Although, “Permanent shelter option” was the 

main method of assistance, there were many differ-
ent ways in which the shelter option was supported. 
Two emergency evacuation centers were estab-
lished in the district, while 860 temporary shelters 
were provided in the form of tents. In contrast, 
“Transitional shelter” was identified as a priority in 
the early stages of resettlement process and there-
fore were provided for the affected communities in 
the priority basis by the donor agencies. 
 
Transitional Shelters 

As the permanent shelter option takes a consid-
erable time frame for implementation, transitional 
shelters were built on selected lands with assistance 
of several NGOs. Families who have been tempo-
rarily resettled on tents and evacuation centers were 
next resettled on these transitional shelters. Most of 
the lands selected for resettlement throughout the 
district was with multiple terrain features (Varied 
from 10 – 300). Therefore, unprecedented land mod-
ification was needed for construction of predesigned 
transitional shelters which were provided by NGOs. 
These land modifications that has been taken place 
at the time of construction of transitional shelters, 
has created unnecessary cut and fills in most of the 
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resettlement sites where it has caused instability is-
sues in new lands. Ensuring the stability of new 
lands was another challenge faced by the govern-
ment after the construction of transitional shelters. 
In this case, government had to incur a considerable 
amount of additional money for stability improve-
ment (construction of retaining walls, drainage im-
provements etc.) at resettlement sites where transi-
tional shelters are built. 

Livelihood assistance was organized by the im-
plementing agency (District Secretariat) with the 
support of government and non-governmental insti-
tutions.  

Several donors were engaged in providing tech-
nical expertise, materials and funding for recon-
struction of houses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Transitional Shelter by IOM  
 

3.1.6 Partnerships 
It is highly unlikely that a single agency will be 

able to deliver all aspects of the resettlement pro-
gramme themselves. Therefore, government had 
created several partnerships with local and global 
humanitarian organisations in providing shelter as-
sistance. Although, it is essential that the responsi-
bility of each partner in contributing to the common 
goal of reconstruction is clearly defined and com-
municated, in some cases shared understanding be-
tween parties should be managed. 

3.2 Designing 

3.2.1 Land Selection 
Land selection process was undertaken by Dis-

trict secretariat with the support of other related in-
stitutions such as National Building Research Or-
ganization (NBRO), Land Use Policy Planning 
Department (LUPPD), and Department of Surveyor 
General. Initially the lands were identified from the 
estate owned leased land of the GOSL by the re-
spective Divisional Secretariat Divisions. The iden-
tified lands were jointly inspected by the NBRO, 
LUPPD, and other related officers to evaluate the 

suitability for new settlements in terms of disaster 
risk, accessibility for physical and social infrastruc-
ture, environmental compatibility, accessibility to 
livelihood opportunities and distance to former set-
tlements. Once the initial approval was granted from 
the land selection team, land acquisition process 
was undertaken by the respective Divisional Secre-
tariats. In some Divisional Secretariat Divisions, 
privately owned lands were acquired, where estate 
owned government leased lands were not available 
for acquisition, based on its suitability. Private lands 
were valued by the Department of Valuation based 
on the market price of the areas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Land Selection Process adopted for 

Kegalle Resettlement  
 

3.2.2 Land Development 
With completion of land selection phase, Depart-

ment of Survey was assigned to design the blocking 
out plans for each resettlement site. The minimum 
block size of 10 perch was decided and in most of 
the cases, the block size was 15 perch to 20 perch 
each. NBRO approval was needed for each of these 
blocks out plans before proceeding with the reset-
tlement programme. An inspection was made by an 
expert team of NBRO to evaluate applicability of 
the block out plans in terms of land subdivision reg-
ulations, storm water management and NBRO reg-
ulation on subdivisions in hilly areas. Land prepara-
tions (clearing of land, laying of road and drainage 
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network, etc.) were taken place with the NBRO rec-
ommendations. 

3.2.3 House Designing 
Planning and designing of house plans for reset-

tlement programme, was undertaken by NBRO with 
the concept of “Disaster Resilient Housing Con-
struction”. Three type plans were designed by 
NBRO to meet relevant national and international 
standards, be culturally and climatically appropri-
ate, durable and easy to maintain, allow for future 
adaptation and be developed in partnership with the 
intended occupants. These plans were specially de-
signed by incorporating disaster resilient features to 
resist major disasters that occur in Sri Lanka such as 
landslides, high wind and flood.  

Structural designs of the given plans were de-
signed by the NBRO, to ensure structural stability 
of the houses and increase resiliency of them. Since, 
terrain features are not unique in each resettlement 
site, NBRO issued a construction guide to be fol-
lowed with the given type plans. However, NBRO 
involved in each resettlement site to monitor and as-
sist the construction continuously.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As a method of assistance, some donor agencies 

were willing to build houses in the resettlement pro-
gramme according to their own plan. As the govern-
ment, has taken a decision to obtain NBRO consent 

for all donor funded house plans, NBRO guided do-
nors to integrate resilient features in their plans as 
well. In addition, as government was promoting the 
owner driven method of housing construction, the 
beneficiaries were allowed to use their own house 
designs with the NBRO approval.   

 

3.2.4 Disaster Risk Reduction 
Vulnerability to natural hazards can be signifi-

cantly mitigated, and even prevented, through selec-
tion of appropriate site location, design and con-
struction. As discussed above, disaster risk 
reduction measures were included for the whole re-
settlement programme, from site selection to the 
housing construction. However, these expected out-
comes were unable to achieve, with lack of coordi-
nation among several stakeholders.  

3.2.5 Environment 
It is essential that environmental degradation is 

avoided in the resettlement phase. Therefore, mini-
mum impact to the environment was considered in 
each step of the resettlement process. Areas with 
springs, valleys and forests were eliminated from-  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-the land selection. Required buffer zones were 
maintained where a resettlement site is located close 
to a river, forest or valley. Possible soil erosions 
were minimized by proposing effective drainage 

Fig. 4: Proposed Type Plan for Sloped Terrain 
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plans and guidance given to construct road net-
works.  

However, adverse environmental issues have 
caused in several resettlement sites due to lack of 
required professionals in the initial stage land selec-
tion team. 

3.3 Construction 

3.3.1 Method of implementation 
As the Kegalle district resettlement programme 

is not a single site housing programme, different 
methods of implementation had to be taken. At the 
initial stage of the programme, government decided 
to use “Donor driven method for housing construc-
tion” whereas houses will be constructed by the 
government with support of the Defense Ministry 
for labour supply. In that procedure, it was decided 
to use SL-Army, Navy, Air-Force and Civil defense 
to support with their labour and government to pro-
vide 1.2 Million LKR for material and land. 

In addition, government decided to promote the 
“Owner driven housing construction method” as 
well. Beneficiary was instructed to find a land by 
themselves with the cost of 0.4 Million LKR. Hous-
ing construction cost of 1.2 Million LKR is to be 
provided in installments to construct the house by 
themselves subject to continuous monitoring and 
approval process by the government. 

Apart from these two methods, several donors 
were involved in constructing houses using “Donor 
driven method”. Ex. 20 houses by Rhino Roofing 
Pvt. Ltd. and 30 houses by “Senehe Siyapatha” 
Fund including Dialog Axiata Pvt Ltd. in Ara-
nayaka, 38 houses by Habitat for Humanity in Yati-
yantota. However, in this approach donors tended to 
obtain paid labor from beneficiaries and minor 
changes were made to houses with the beneficiary 
request. 

3.3.2 Construction Management 
Effective construction management is critical to 

the timely delivery of good quality housing while 
ensuring available funds are spent efficiently and ef-
fectively. District secretary and divisional secretar-
ies has the responsibility of managing funds and 
construction of the sites parallelly. Management of 
quality of construction and supervision of construc-
tion has been assigned to NBRO. Therefore, NBRO 
continuously supervise the construction of houses 
and infrastructure by providing necessary consulta-
tion ensuring its sustainability. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Permanent House Construction by Rhino 

Roofing Pvt. Ltd. at Wasanthagama, Aranayaka 
DSD 

 
 

3.3.3 Workmanship 
Good quality workmanship plays a key role in 

ensuring the structural integrity of buildings, and 
providing the ability to withstand extreme events in-
cluding landslides, floods, and cyclones. In order to 
build the skills of labor in the district, a series of 
training programmes on “Disaster resilient housing 
construction methodologies” were conducted by 
NBRO targeting the masons’ community in the 
Kegalle district.  
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Fig. 5: Monitoring of Construction Using Drone 

Technology by NBRO at Wasanthagama, Ara-
nayaka DSD 

4 LESSONS LEARNT 

Five months after the worst ever natural disasters 
to hit Sri Lanka after the Tsunami, reconstruction 
work is being conducted by Kegalle District secre-
tariat with other ten divisional secretariats with 
many challenges. National Building Research Or-
ganisation, being a major stakeholder in the resettle-
ment/ reconstruction process, following key points 
are presented to be considered in future reconstruc-
tion activities.  

Coordination among stakeholders is essential in 
providing different services throughout the resettle-
ment process. However, due to lack of coordination 
among coordinating, consultation and construction 
parties, critical issues have arisen in the resettlement 
programme.  

As per the participation of different institutions 
in the resettlement process, several NGOs involved 
in performing different functions, such as providing 
food, temporary and permanent shelters. However, 
this NGO involvement created serious issues in 
housing construction due to several limitations in 

their involvement. Predesigned temporary and per-
manent houses, time limitations in service provi-
sion, and lack of coordination between governmen-
tal and non-governmental institutions are identified 
as their prominent limitations. These limitations 
have resulted in significant adverse impacts to the 
resettlement program such as high mitigation cost 
incurred due to land modification for shelters, in-
crease in housing construction cost due to unneces-
sary cuts and fills etc. Therefore, it is recognized 
that NGOs’ involvement should be adoptable/flexi-
ble and decisions should be collaborative to support 
concerns of other institutions involved in the reset-
tlement process. 

A special attention also needs to be paid in con-
struction of settlements in hilly areas. Therefore, 
NBRO at the initiation of the resettlement pro-
gramme issued series of guidelines to be followed 
from land selection to construction of houses. How-
ever, in some cases these guidelines have not been 
followed and issues have been arisen on due cause. 
Ex. NBRO instructed not to go for land modifica-
tion which creates unnecessary cut and fills. How-
ever, one resettlement site has modified the land 
with several unnecessary cuts and fills which lead 
to instability of the entire land. Due to this, around 
20 Million LKR has been incurred to stabilize the 
resettlement land. 

Land selection is one of the crucial phases of re-
settlement process. As different aspect in land selec-
tion needs to be considered, a multidisciplinary 
team of professionals should be included in the land 
selection process. However, at the initiation stage of 
the resettlement programme, only few professionals 
were involved in process. Therefore, only the exist-
ing landslide risk of the lands were considered. This 
has led to clearance of environmentally sensitive 
lands for resettlement. Hence, multidisciplinary ap-
proach should be taken to minimize the negative im-
pact of the process.  

5 CONCLUSION 

Resettlement of landslide disaster victims and at-
risk families of Kegalle district in this scale is a new 
experience for the disaster management sector. The 
resettlement programme is continuing with numer-
ous challenges in the process and overcoming issues 
which are arising in the process. The Government 
of Sri Lanka with various governmental and non-
governmental institutions are trying achieve the ex-
pected outcome of resettlement of nearly 2000 fam-
ilies in a resilient manner. 
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ABSTRACT: Housing is the most valuable property for mankind. But at times of disaster, housing 

faces severe devastation. Damage to housing often accounts for largest shares in total reported 

damage following a disaster. Therefore, there is a need for resilient housing to safeguard people from 

such disaster impacts. Generally the need for disaster-resilient housing is a significant requirement 

aftermath of a disaster. Most of the time guidelines and initiatives for safer housing begin after a 

disaster. Post disaster resettlement is an opportunity to restore and improve pre-disaster living 

conditions of affected communities. It lays foundation for long-term risk reduction, also to contribute 

to safer and sustainable development. Invest in resilient post disaster resettlement build with 

avoidance of future risk in mind will prove more resilient and sustainable. The challenging task facing 

in resettlement is finding a suitable land as it is a scarce resource and it should be a location where the 

risks of natural disasters are minimized. In recent times threat of landslides show an increasing trend 

which claimed hundreds of lives and destroyed properties. Landslide occurred in Meeriyabedda area 

of Badulla district in October 2014, claimed number of lives and destroyed buildings including 

housing units. Soon after this tragedy, housing construction for resettlement of landslide victims was 

initiated. This paper presents resilient measures incorporated in post disaster resettlement of 

Meeriyabedda landslide victims and lessons learned for future post disaster resettlement projects.  

Keywords: Resettlement, Housing construction, Land selection, Project execution, Resilience 

 

1. INTRODUCTION 

1.1 Background 

Landslide has become a frequently occurring 

natural disaster in Sri Lanka. In recent times 

the threat of landslide shows an increasing 

trend and affected on hundreds of lives, 

destroyed properties and caused considerable 

impacts to the economy. Landslide threat has 

aggravated due to unplanned intensive 

cultivation, non-engineered constructions, 

deforestation and ever increasing human 

intervention. Many of the natural hill slopes 

that are considered safe in the past are now 

recording landslides due to human 

interventions in hill slopes (DMC, 2012). 

Figure 1 shows number of houses damaged 

between 1996 and 2016 due to landslides.  

 

 

 

 

 

 

 

 

 

 
Figure 1: Number of houses damaged due to 

landslides: 1996 – 2016 Source: DMC 

      Landslide occurred in Meeriyabedda in 

2014 is a timely reminder of the deadly and 

destructive nature of landslide hazard. As a 
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result of these disasters, livelihoods of people 

and property have become more vulnerable. 

Hence, it is important to move away from 

disaster prone areas or to build disaster 

resilient constructions to save human lives. 

     A massive landslide was triggered in 

Koslanda, Meeriyabedda estate in Badulla 

district on October 2014 victimizing 37 lives 

and buried around 70 line-houses, leaving over 

275 people homeless.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Meeriyabedda after the landslide 

Source: NBRO 
 

      Government of Sri Lanka initiated a 

resettlement project for the victimized families 

to construct 75 housing units. The project was 

implemented by the District Secretariat of 

Badulla in collaboration with Urban 

Development Authority (UDA), Sri Lanka 

Army, Ministry of Disaster Management, and 

National Building Research Organisation 

(NBRO).  NBRO was responsible to assist in 

site selection, guide on land development and 

resilient construction, supervision and 

monitoring of land development, housing 

construction and construction of drainages and 

retaining structures. 

 

1.2 Objectives 

The objectives of this paper are; 

 To present the resilient measures 

incorporated in post disaster 

resettlement of Meeriyabedda 

landslide victims. 

 

 To explore the lessons learned for 

future post disaster resettlement 

projects. 

 

 

2. INVEST IN DISASTER RESILIENCE 

Resilience is the ability of a system and its 

component parts to anticipate, absorb, 

accommodate or recover from the effects of a 

hazardous event in a timely and efficient 

manner, including through ensuring the 

preservation, restoration or improvement of its 

essential basic structures and functions 

(UNISDR, 2009). 

Renschler et al.  (2010) define resilience as 

the ability of systems to rebound after severe 

disturbances, disasters, or other forms of 

extreme events. Disaster resilience can be 

achieved by enhancing the ability of a 

community’s infrastructure (e.g., lifelines, 

structures) to perform during and after a severe 

disturbance. 

Urban resilience can be break down into 

four components, infrastructural, institutional, 

economic, and social, underlying issues can be 

addressed and capacity can be deepened.  

Infrastructural resilience refers to a reduction 

in the vulnerability of built structures, such as 

buildings and transportation systems. It also 

refers to sheltering capacity, health care 

facilities, the vulnerability of buildings to 

hazards, critical infrastructure, and the 

availability of roads for evacuations and post-

disaster supply lines. Redundancy planning 

and designing for failure during the early 

stages of development of an urban region is 

ideal but can be difficult to achieve in practice. 

Resilience measures can be perceived as 

reducing the efficiency of urban systems and 

increasing costs (World Bank, 2013). 

Precise concepts of resilience vary among 

disciplines but typically encompass a number 

of common characteristics. These include 

several or more of the following: high 

diversity in the range of functional groups 

within a system; effective institutions and 

institutional structures; the ability to accept 

uncertainty and change and work effectively in 

such environments; community involvement 

and inclusion of local knowledge; 

preparedness, planning, and readiness; equity; 

social values structures as a basis for building 

resilient systems; non equilibrium system 

dynamics, moving to new steady states after a 

disturbance; learning from experience; and 

adoption of a cross-scalar perspective. Efforts 

to strengthen resilience are particularly crucial 

in the context of five development themes and 
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sectors: livelihoods, land use, transport, education, and 

housing. Households are driven into hazard-

prone areas by poverty, lack of access to 

affordable land and dwellings, and lack of 

awareness of natural hazard risks. Weak 

enforcement of land use planning and building 

regulations, the use of substandard housing 

materials in construction, poor maintenance of 

completed housing structures, and inadequate 

preparedness for hazard events exacerbates 

their vulnerability. If houses are not located, 

designed, and constructed to take account of 

local hazards, they are unsafe. Increasing the 

resilience of housing requires attention not 

only to the construction of new homes but also 

to retrofitting the existing stock of vulnerable 

dwellings. Measures to improve the resilience 

of new dwellings required relatively little 

additional expenditure (Asian Development 

Bank, 2013).  
 

3. RESILIENT SETTLEMET PLANNING 

 

3.1 Identification of suitable land 

 

Selection of a suitable and a safer land is one 

of the most important aspect in resilient 

housing construction. In selection of a land, it 

is important to study the physical plans 

relevant to the land to identify the permitted 

land uses and to study hazard zonation maps 

whether the land susceptible to hazard. Other 

important factors to be considered are the 

slope angle of the area, subsoil conditions, 

distance from water bodies and accessibility to 

the land. 

      Selection of land for resettlement is a 

responsibility of the Divisional Secretary of 

the respective Divisional Secretariat area. In 

selecting the land, clearance should be 

obtained from relevant agencies. Ownership of 

the land should belongs to Divisional 

secretary.  

In resettlement of Meeriyabedda landslide 

victims, initially land selected to commence 

the construction of houses at Malwarn 

Division of Ampitikanda estate was rejected 

by the landslide victims. Subsequently, a 

second site for the housing construction was 

selected at Macaldeniya Division, Maskeliya 

Plantation (Figure 3). Landslide clearance was 

awarded by NBRO with recommendations for 

land development. As the selected land is 

located adjoining an elephant corridor, some 

extra safety measures were incorporated in the 

resettlement.  
 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Land selected for Resettlement  

Source: NBRO 
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Figure 4: Stakeholders involved in the Project

3.2 Site planning ad designing 

 

Land sub division was carried out considering 

the house construction, services (Roads, 

drainage system, etc) and livelihoods of 

people. And it should consider the natural 

slope of the land and should not disturb the 

natural hydrological system. Land sub division 

plan and housing designs for Meeriyabedda 

landslide victims were prepared by UDA and 

NBRO issued guidelines to follow in land 

development including cuttings and fillings 

and drainage system development. Guidelines 

were issued to ensure minimum requirements 

for a resilient house. It was recommended by 

NBRO to subdivide land with minimum of 15 

perches for sloping terrain to minimize unsafe 

cut slopes.   

 

3.3 Layout plan 

 

Land was sub divided to seventy five (75) land 

parcels of seven (07) perch. The settlement 

consists with a community center, a 

playground, retail shops, a water plant and 

landscaping areas. A live fence was proposed 

at the Eastern boundary of the settlement to 

ensure the safety of people as it adjoining an 

elephant corridor. Below figure 5 shows the 

layout plan of the selected land with land 

plots, roads, drains and other proposed retail 

shops, community centers, etc. 
 

3.4 Drainage plan 

 

A proper drainage plan should be proposed in 

hilly areas to reduce the water pressure on soil 

which will reduce the probability to occur a 

landslide in future. So a comprehensive 

drainage plan was proposed to collect water 

flowing through the settlement. A crown drain 

was proposed at the upper boundary of the 

settlement to avoid water flowing through the 

settlement. Two step drains were connected to 

the crown drain which going through the 

settlement connecting to the road side drain at 

the main road. Road side drains were proposed 

within the settlement to collect rain water 

collected within the land plots.  

 

3.5 House plan 

 

In the house plan, orientation and shape of the 

house should be planned minimizing 

disturbances to existing slopes due to 

excavation and cutting required for land 

preparation and foundations and minimizing 

the volume of earthworks. The layout and 

internal spaces should be planned as far as 

possible to fit into a simple structural system. 

Houses founded on a single platform should 

preferably be planned to have their longer 

sides running parallel to the natural contour 

lines. This can avoid encountering large 
differences in sub soil conditions and reduce 

cutting and filling work.
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  Figure 5: Layout Plan of the Selected Land 
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The house should be located at a 

sufficiently safe distance away from the toe of 

steep slopes, protected or unprotected natural 

or manmade slopes. Additional land space 

needed for the provision of access roads, 

garage and other facilities, such as for sewage 

disposal and the space required for cut and fill 

slopes, beams, retaining structures etc., shall 

be taken into due consideration at the planning 

stage. The proposed house plan of 

Meeriyabedda has a rectangular shape consists 

of 550 sq.ft of floor area per house including 

two bed rooms, living area, kitchen and a 

toilet. 

 

4. RESILIENT CONSTRUCTION 

 

4.1 Site preparation 

 

When preparing the ground in a hilly area it is 

important to prepare the land in a terraced 

formation cascading parallel to the natural 

contours of the slope. Unless essential, should 

not remove vegetation and large trees which 

provide stability and protection to the slopes. 

It is important to limit clearing and stripping to 

the minimal area required for construction. If 

filling is required, all vegetative and other 

unsuitable matter such as loose/soft top soil, 

debris should be removed before placing any 

fill material. Land preparation in 

Meeriyabedda included cuttings, fillings and 

leveling of land. Construction of houses was 

carried out initiating construction from plots of 

land where land preparation is over. 

Construction of drainage system and retaining 

walls carried out to stabilize cut slopes which 

were vital considering potential failure of the 

site with heavy rain. 

4.2 Housing construction 

 

Simple and symmetrical shapes such as square 

or rectangular shapes are preferable for the 

houses to minimize adverse effects from 

possible ground movements or ground 

disturbances. Figure 6 shows the houses 

constructed with resilient features. Resilient 

features included in housing construction to 

minimize risk of potential disasters are; 

- Use of permanent building materials for the 

construction 

- Maximum length to width ratio of a house 

was 3:1. 

- Houses were constructed as reinforced 

concrete framed structures with masonry 

walls between columns. The reinforced 

concrete frames shall be of reinforced 

concrete columns provided at each corner of 

the house at minimum ties with reinforced 

concrete beams (tie/ plinth beam, roof beam, 

lintel and still beam) at required levels. 

- Special attention was given for the roof 

construction due to the high wind condition 

at the location.  

- Roofs were constructed as pitched roofs with 

corrugated sheets. Adequate slope was 

provided in order to minimize uplift forces 

acting on the roof structure and to provide 

proper drainage of rain water.  

 

 

 

 

 

 
 

Figure 6: Houses constructed with resilient features 

 

4.3 Construction of drainage and retaining 

walls 

 

Drains were constructed according to the 

drainage plan previously explained under the 

section; resilient settlement planning.  

      Retaining wall structures were constructed 

for each level of houses in the land as the 

slope angle of the resettlement site area varies 

between 0
0
 to 30

0 
degrees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Step Drain 
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Figure 8: Retaining walls 

 
4.4 Infrastructure provision 

 

Basic physical infrastructures; electricity, 

water and roads were provided by responsible 

agencies; Ceylon Electricity Board, Water 

Board and Road Development Authority 

respectively.  Erection of elephant fence was 

discussed with Department of Wild Life and 

funding for the same has been allocated by the 

Ministry of Estate Infrastructure Development. 

When selecting a suitable location for the 

resettlement of landslide victims, main 

consideration was given for the accessibility 

for social infrastructure. Site is located where 

people have access for market or retail shops, 
play areas, religious places, pre-school, 

medical centers and educational services.  

 

 

 

 

 
 

Figure 9: Provisions of infrastructure 

5. IMPLEMENTATION CHALLENGES 

During the first half of the programme it was 

observed that there was no agency to take the 

overall responsibility of the project rather than 

key agencies were just focusing on specific 

work under their scope. This situation 

impacted on overall progress of the project 

adversely. For instance, construction of drains 

and retaining walls was delayed as there is no 

agency to coordinate agencies responsible for 

construction work and the funding agency. 

However it was observed that the overall 

progress monitoring and solutions generated to 

encounter issues took place at the beginning of 

second half of the programme, where Ministry 

of Disaster Management was assigned to 

supervise and monitor the programme in 

coordination with the Ministry of Plantation 

Infrastructure Development and the District 

Secretary. During this stage District Disaster 

Management Coordinating Unit, Badulla made 

necessary coordination with all the technical 

agencies and assisted the Ministry of Disaster 

Management and District Secretariat, Badulla. 

As well as, NBRO located its officer at the site 

to conduct site progress monitoring and 

assisted smooth flow of construction making 

necessary coordination with District 

Secretariat, Badulla, DMC and NBRO.  

 

6. CONCLUSIONS AND 

RECOMMENDATIONS 

Considering the overall process and the 

progress of the resettlement programme of 

Meeriyabedda landslide victims, it could be 

concluded that for long term sustainability 

post disaster housing it is important to;  

1. Set up institutional framework to 

undertake resettlements housing projects 

with clear cut responsibilities.  

2. Ensure community consultation in 

planning and development of post 

disaster housing. 

3. Establish overall planning and 

development approach in resettlements 

/post disaster housing reconstruction. 
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ABSTRACT: Along the coastal belt of Sri Lanka, many beach rocks (sandstone) are exposed as reef-like 
patches and extended reefs, especially along the Western and North-Western beaches of Sri Lanka. These 
beach rocks are generally very important as natural barriers against the severe coastal erosion caused by 
dynamic waves and sea waves.  
The rate of coastal erosion is low within the beach rock boundary. But the beach rocks facing the ocean are 
being subject to severe erosion and deterioration and consequently, the rate of coastal erosion is also showing 
an increasing trend. Therefore, Coast Conservation Department has fully engaged themselves to control the 
current situation by evaluating possible short term and long term options. 
The sub-surface soil investigation revealed that the approximate thickness of the sandstone bed is limited to 
about 4.0m, which is underlain by a dense sand bed that extends down to about 4.0 m to 8.0 m depth level and 
a thin organic clay layer is also observed within the depth range of 8.0m to 9.0m. Further observations 
revealed that those geologically weak formations have been drastically exposed to the sea and as a result, 
continuous erosion have triggered their removal. Therefore, it was clearly identified that the sandstone beam is 
damaged. Generally, the sea bed fluctuated seasonally, but due to extensive sea sand mining activities, there is 
a significant impact on lowering of sea bed level, which accelerates low lying erosion process, undercutting 
the weak geological formation underneath the sandstone reef. In addition, there may be several other negative 
environmental impacts that exist, which still need to be properly assessed in detail to come up with adequate 
solutions.   

1. INTRODUCTION 

The subjected sandstone ledge is along the coastal 
stretch of Uswatakeyyawa in west   coast, which is 
situated northwards of Colombo and between the 
Kelani river outfall to Negambo lagoon.  

The project area of western coast is composed 
of so called Quaternary Deposits. These are the 
younger group of the quaternary system 
(<1.6milion years in age) in Sri Lanka, which 
consist of Alluvium, agonal and estuarine deposits, 
unconsolidated sands of beaches and dunes and 
beach rock. The beach rock is probably the 
sandstone that form discontinuous. reefs fringing 
the western coast at many places. These sandstone 
formations are generally exposed between high and 
low water in tide variations (approx 0.60m). It is 
sometimes below MSL which will indicate an 
earlier shoreline, such as at Dikkowita in Hendala.  

In Uswetakeyyawa area the sandstone is 
typically identified as beach rock, which is along 
the seaward side of the sand spit and run in to the 
sea as a wide platform at the end of the spit (Figure 
03). 

Generally, the outcrops of the sandstone 
formation along the beach show well defined near 
flat lying bedding and these beds are being 
subjected to rapid and severe erosion / 
deterioration while breaking in to blocks forming 
cracks and holes on the surface of sandstone reef, 
which has increased the coastal erosion by the sea 
waves coming through the collapsed sections 
acting as a corridor.   

The typical stratigraphy of this type of coastal 
environment consists of near flat lying sandstone 
beds followed by sand mixed with calcareous 
materials, which are resting on residual soils of 
gneissic parent rock.  

Stability and Present Impacts on Natural Barrier Beach 
Rock in North-Western Coast of Sri Lanka 
(Special Reference to the Coastal Stretch at Uswatakeyyawa) 
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2. OBJECTIVES OF THE STUDY 

To understand the major causative factors, which 
are directly or indirectly affecting on physical and 
chemical weathering towards rapid deterioration of 
sandstone barrier beach rock in Western and 
North-Western coast of Sri Lanka.  

3. METHODOLOGY 

3.1 Demarcation of Borehole Locations 

Three numbers of boreholes were demarcated 
within 3 km coastal stretch at Uswatakeyyawa. 
And located about 2.5 m away from the edge of 
sandstone reef from the sea side (Figure 1)  

This area was identified as having severe.   

 

 

 

 

 

 

 

3.2 Field Investigations 

The field investigation consisted of drilling of 
three boreholes denoted as BH-01, BH-02 and BH-
03 along with suitable in-situ testing and soil 
sampling. Each boring was advanced down to the 
depth of -10m MSL. For the drilling of boreholes, 
rotary hydraulic drilling method was used and BS 
1377 and BS 5930 test methods were followed for 
the field and laboratory tests. The first 1.50 m of 
the sandstone profile was drilled using NX size 
casing bits to recover 76.2 mm diameter cores and 
thereafter NXM double tube core barbells were 
used to recover 54 mm diameter rock cores. In all 
underlain soil formations, Standard Penetration 
Tests (SPT) were conducted at an interval of every 
1.0 m. The test was carried out by driving a 50 mm 

diameter Standard Split Tube Sampler into the soil 
to a depth of 30 cm using a 63.5 Kg hammer 
falling freely through 760 mm. 

The visual classification of each soil strata was 
done as per the BS 5930. For such classification, 
soil samples recovered by split tube sampler during 
SPT tests were used.  

3.3 Laboratory Testing 

Index property tests, i.e., Particle Size Distribution, 
Atterberg Limits, Natural Moisture Content and 
Specific Gravity tests were performed for the 
selected disturbed soil and sandstone core samples. 
Carbonate analysis test was done for the sandstone 
core samples selected from deferent depths. 

4. RESULTS AND DISCUSSIONS 

Borings were spaced nearly one kilometre distance 
approximately within a 3.0 km envelope. However, 
each boring encountered similar formation down to 
the drilled depth of 10 m. In general, subsurface 
stratigraphy of each boring location is about 4.0m 
thick sandstone layer followed by dense medium to 
coarse sand formation extending down to about 8.0 
m depth. Intrusion of peaty organic clay layer of 
thickness raining from 0.30 m to 0.95 m is 
observed within the depth range from 8.0 m to 9.0 
m. A water filled cavity was recorded from 4.05 m 
to 4.25 m depth at BH-02 location (Figure 2).  

Most probably these types of cavities or 
underground water flow paths have been formed 
due to undercutting of underlain sandy stratum or 
erosion of sandstone rock at bottom by wave 
action. This is a prominent feature along the 
sandstone reef and it can also be seen visually in 
some locations. 

The surface of the sandstone reef has drastically 
cracked whilst some sections have broken and 
settled unevenly (Figure 3).  

 

 

 

 

 

Figure 1 Borehole locations on sandstone reef at  
Uswatakeyyawa. 
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This is a result by the underground erosion as well 
as due to differential settlement of peaty organic 
clay stratum.  

 

 

 

 

 

 

 

 

   

 

 

It can be clearly seen that waves are the major 
cause of the degradation of out crops of the 
sandstone. While the underlain sand beds are 
eroded by wave action, the bottom layers of the 
sandstone formation are also detaching due to 
weathering of weak cementation. 
 

The top most layer of the sandstone formation 
down to about 1.50 m show high durability and 
resistance against degrading while those of rest of 
the formation decreases with the depth. This was 
noted during coring of the sandstone formation 
using diamond bits, where top most layer exhibited 
high resistance to diamond coring while it is 
decreasing with the depth.  This proves that 
cementation is dense with very little friability at 
surface layers.  

The cementing agent is probably the calcium 
carbonate (CaCO3) as indicated by high 
effervescence with dilute HCl. The strength 
characteristics of sandstone profile down to 4.0m 
depth against weathering can be analyzed by 

correlating the CaCO3 content of sandstone core 
samples (Table 1).  

Table 1 Laboratory test results of Sandstone samples 
 

Location 

Depth 
from 

Surface 
(m) 

Carbonate 
content % 

Specific 
Gravity 

Bulk 
Density 

BH-01 3.00 10.736 2.607 2.189 

BH-02 0.50 13.552 2.411 2.51 

BH-03 2.00 11.088 2.614 2.27 

 

In additions to the above, exposed beds have 
been cracked by thermal heating and cooling of 
rocks causing expansion and contraction. 
  

 

 

 

 

 

 

At some segments, the sandstone has been 
weathered into a honeycomb texture. This is 
characteristic of sandstones with calcareous 
cement, which dissolves in acid rain.  
 

5. OTHER CAUSES   

Removal of sand dunes and sea sand dredging 
appear to have increased in the past decades, with 
the increasing economic demand on sea sand for 
the construction of highways, airports, and many 
other land reclamation activities in Sri Lanka, 
which has indirectly or directly affected on 
lowering the sea bed level beyond the natural 
threshold limit. This can increase, the undercutting 
and erosion process under the sandstone reef 
significantly. 

Figure 2 Soil Profile at each borehole location at Uswatakeyyawa. 

Figure 3 The present situation of sandstone reef at 
Uswatakeyyawa area. 

Figure 4 Chemical weathering in sandstone reef. 
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The erosion and accretion are resultant of 
natural coastal processes, which take place over the 
time scale. This natural process can be influenced 
by reducing the rate of accretion with the recent 
development activities on the coast such as 
Development of Colombo harbour advancing the 
breakwater, reclaiming the beach area in order to 
develop port city, development of Dikkowita 
fishery harbour etc.  

6. POSSIBLE REMEDIAL MEASURES 

RECOMMENDED 

Grouting may be the one of the potential 
preventive measures from a geotechnical point of 
view. Considering the causes and mechanics of 
degradation grouting can be used effectively to 
solidify the underlying sand beds to prevent 
undercutting in addition to the filling joints within 
the sandstone formation.  Cement grouting is 
feasible in medium sand and it can be used to 
backfill the existing undercuts and scouring to 
support the overlaying layers preventing further 
collapse. 

 
However, its implementation is limited as well 

as difficult in the beach area where waves are 
strong and an investigation should be undertaken 
into its application & feasibility.  
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1. Japan International Cooperation Agency (JICA)                         

 

Japan International Cooperation Agency (JICA) - Sri Lanka partnership runs back to 1982, and over  good two 

and half  decades JICA has been assisting our country to strengthen its development needs and economic policy 

framework. One of JICA’s priority areas is ‘Disaster Risk Reduction’ and with its collaborations National 

Building Research Organization (NBRO) has been able to reach to greater heights in its quest for a safer Sri 

Lanka. 

As JICA considers Disaster Risk Reduction as one of the high priority areas in their cooperation strategy the 

Government of Sri Lanka requested the Government of Japan to implement technical cooperation to enhance 

the capacity of NBRO staff through on-the–job training, preparation of the technical guidelines and manuals, 

and construction of mitigation measures. Responding to above request, and after a series of discussions on the 

detailed design of the Project among relevant authorities including NBRO, JICA commenced “Technical 

Cooperation for Landslide Mitigation Project (TCLMP)” on March 2014.  

TCLMP is a fruitful outcome of NBRO’s constant attempts to elevate its standards and capacity building of the 

staff. An earlier collaboration with JICA, titled Disaster Management Capacity Enhancement Project adaptable 

to Climate Change (DiMCEP) put forth in March, 2010, was a similar effort, one of the  expected outputs of 

which was enhancing the analyzing and monitoring capacity of NBRO.  The objective of TCLMP is to further 

improve the landslide management capacity of NBRO through application of appropriate mitigation measures 

in the pilot project sites. 

To achieve the above objective, the project sets five (5) outputs for structural and non-structural measures as 

shown below. 

1. To strengthen the capacity of investigation, planning and evaluation for sediment disaster (landslide) 

mitigation measures.  

2. To strengthen the capacity of designing, construction supervision, and monitoring for landslide 

mitigation measure. 

3. To strengthen the capacity of designing for slope failure mitigation measures. 

4. To strengthen the capacity of designing, construction supervision, and monitoring for rock fall 

mitigation measures. 

5.  Improve the knowledge and know-how for landslide mitigation measures. 

 

Landslide is a complex phenomenon that requires extensive information on its behavior, mostly for prolonged 

periods, so as to characterize and accurately identify its dynamics. For the predictions and conclusions drawn 

out of this information to bear any significance, they have to be reliable and consistent as well, necessitating the 

use of sound landslide investigation methods. Bearing this in mind, NBRO, the national entity responsible for 

landslide risk reduction in Sri Lanka, has been incorporating Japanese technology into its existing investigation 

and monitoring methods. Especially, the new tips and tricks gathered through TCLMP have enabled them to 

explore new avenues in landslide investigation and monitoring techniques.  

For accurate assessment and controlling of stability conditions of slope and to predict its future movement, 

subsurface investigations and landslide monitoring programs are powerful tools for landslide specialists. While 

indirect investigation methods like geophysical explorations could prove to be quite valuable in subsurface 

profiling, NBRO predominantly concentrate on direct in-situ and laboratory testing methods as the latter 

provides both quantitative and qualitative information important for mitigation design purposes.  
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As the main focus at NBRO is their use related to landslides, the sampling technique should necessarily be able 

to give them specific information, including subsurface geological formations, soil type, stratification and most 

importantly geotechnical parameters of the slip surface(s). Therefore, basically, the core samples extracted have 

to be continuous and should extend beyond the slip surface to provide any useful information. The customary 

core-drilling techniques put into practice at NBRO did not produce continuous samples until it was incorporated 

into existing techniques with the assistance of JICA. This has resulted in improved performance and enabled 

NBRO to come up with far better design decisions. 

Moreover, JICA has had a huge part in current instrumentation and monitoring practices in Sri Lanka. Up until 

year 2007, the monitoring of landslides were carried out manually, and with the technological involvement of 

JICA, NBRO introduced two monitoring instruments – strain gauges and extensometers - into its system at 

Mahawewa and Nildandahinna landslide sites, the first of their kind in Sri Lanka. This enabled NBRO to verify 

actual slip surface of a landslide together with sampling techniques. No later than 2012, automated water level 

gauges were added to the list, again with the expert guidance of JICA. Over the last few years, together with a 

relevant improvement of traditional and experience- based forecasting methods, the new approaches to landslide 

monitoring based on extensometers, inclinometers, pipe strain gauges and water level meters were introduced 

to some selected landslide locations in Sri Lanka. The technical consultancies and expert assistance for the 

project was provided by JICA consultants. 

With the combined effect of strain gauges, extensometers, inclinometers and water level gauges NBRO was 

able to have a comprehensive idea of ground movement rate, slip surface(s) depth with respect to ground water 

levels. At the moment, with the help of the Japanese technology NBRO is equipped with an automated data 

recording system that gives real-time monitoring data. 

Though none of these innovations are of a glaring contrast to the conventional practices at NBRO, they certainly 

do have their benefits. With the very same investigation and monitoring techniques NBRO has been able to 

increase its design capacity owing to the enhanced and boosted performance achieved through JICA 

involvement. Naturally, National Building Research Organization eagerly awaits to reap the benefits out of this 

novel standpoint and has high expectations towards a sustainable future and ultimately, a safer Sri Lanka.   
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2. University of Huddersfield                                  

           

CADRE (Collaborative Action towards Disaster Resilience Education) 

Background 

Among many communities in the EU and beyond, disasters pose significant concerns and challenges. With 

growing population and infrastructures, the world’s exposure to hazards is increasing. A major contributory 

factor to disaster risk is capacity. This capacity needs to be deployed before and after the hazard visits a 

community. Effective mitigation and preparedness can greatly reduce the threat posed by hazards of all types, 

while the post-disaster response can impact the loss of life, and timely reconstruction can minimise the broader 

economic and social damage. The importance of tackling disaster risk is highlighted in all three of the major 

global agreements that were finalised in 2015: Sendai Framework for Disaster Risk Reduction 2015 - 2030, 

Climate Change (COP21), and the Sustainable Development Goals. 

The Sendai framework for disaster risk reduction 2015–2030i, endorsed by 187 UN states in 2015, recognises 

that disaster risk reduction practices need to be multi-hazard and multisectoral, inclusive and accessible in order 

to be efficient and effective. The Framework also identifies: 

 A need for the private sector, including the construction industry, to work more closely with other 

stakeholders and to create opportunities for collaboration, and for businesses to integrate disaster risk 

into their management practices 

 A need to promote the incorporation of disaster risk knowledge, including disaster prevention, 

mitigation, preparedness, response, recovery and rehabilitation, in formal and professional education 

and training 

There has been growing recognition that the construction industry and associated built environment professions 

are a vital component of this capacity. The scale, size and impact of the built environment cannot be ignored. 

In the UK for example, construction is one of the largest sectors of the economy. It contributes almost £90 

billion to the UK economy (or 6.7%) in value added, comprises over 280,000 businesses covering some 2.93 

million jobs, which is equivalent to about 10% of total UK employmentii. It generates about 9% of gross 

domestic product (GDP) in the European Union and provides 18 million direct jobs. The European Union’s 

internal market offers international partners access to more than 500 million people and approximately EUR 13 

trillion in GDPiii. As a major consumer of services and intermediate products such as raw materials, chemicals 

or electrical equipment, construction impacts many other economic sectors.  

The vital role of the built environment in serving human endeavours means that when elements of it are damaged 

or destroyed, the ability of society to function – economically and socially – is severely disrupted. The protective 

characteristics of the built environment offer an important means by which humanity can reduce the risk posed 

by hazards, thereby preventing a disaster. Conversely, post-disaster, the loss of critical buildings and 

infrastructure can greatly increase a community’s vulnerability to hazards in the future. Finally, the individual 

and local nature of the built environment, shaped by context, restricts our ability to apply generic solutions. The 

consequences outlined above serve to underline and support the growing recognition that those responsible for 

the built environment have a vital role to play in developing societal resilience to disasters. Supporting this 

view, one of the construction sector’s professional bodies, the Royal Institute of Chartered Surveyorsiv, recently 

identified the need for, “…a massive rethink around how we build up skills across our sector to meet the 

challenges we’re facing and how we ensure economic viability for land and real estate firms while delivering 

on social needs and managing finite resources.” 

In recognition of these challenges, a EU funded project entitled CADRE (Collaborative Action towards Disaster 

Resilience Education), which was launched in 2013, will identify mechanisms to mainstream disaster resilience 
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in the construction process. In doing so, the project is directly contributing to the goals of the Sendai framework 

for disaster risk reduction 2015–2030, including three of the agreed seven global targets: 

 Reduce direct disaster economic loss in relation to global gross domestic product (GDP) by 2030 

 Substantially reduce disaster damage to critical infrastructure and disruption of basic services, among 

them health and educational facilities, including through developing their resilience by 2030 

 Substantially increase the number of countries with national and local disaster risk reduction strategies 

by 2020 

The research team have already conducted a detailed study to capture labour market requirements for disaster 

resilience and its interface with the construction industry and its professionals. The initial investigation aimed 

at capturing the needs of 5 stakeholder groups (local and national government, the community, NGOs, INGOs 

and other international agencies, academia and research organisations, and the private sector) involved in 

disaster resilience and management, and current and emerging skills for built environment professionals that 

could contribute to enhancing societal resilience to disasters across the property cycle. All needs and skills are 

categorised into five dimensions of resilience (Social, Economic, Institutional, Environmental, Technological). 

CADRE is also developing an innovative professional doctoral programme (DProf) that integrates professional 

and academic knowledge in the construction industry to develop societal resilience to disasters. In doing so, the 

project is seeking to improve the quality and relevance of higher education through active cooperation between 

Higher Education Institutes and partners from outside academia, including construction professional bodies, 

local/national/international bodies and social partners. Through the development of an innovative and timely 

curricular and learning materials, the project seeks to update the knowledge and skills of construction 

professionals.  

Aim and objectives 

CADRE aims to address current and emerging labour market demands in the construction industry to increase 

societal resilience to disasters. It seeks to identify mechanisms that can mainstream disaster resilience into the 

construction process. This will be achieved by:  

 Capturing labour market requirements for disaster resilience and its interface with the construction 

industry.  

 Identifying stakeholder requirements that can help to mainstream disaster resilience within the 

construction process.  

 Refining and validating the needs and skills, and identify key themes that need further investigations. 

 Identifying and defining dimensions of disaster resilience: economic; environmental; institutional; 

social; and technological. 

 Mapping requirements and disaster resilience dimensions across stages of the property lifecycle. 

 Developing and testing an innovative professional doctoral programme that integrates professional and 

academic knowledge in the construction industry to develop societal resilience to disasters, and creating 

world-class curricula and modules to support the programme and address current and emerging capacity 

gaps in the development of societal resilience to disasters. 

 Exploiting ICT to enable cross-border cooperation in the sharing and delivery of educational resources.  

Methodology  

CADRE is addressing these objectives by: Managing partners to deliver outputs and achieve intended outcomes 

(WP1&2); Identifying market needs across a range of stakeholders (WP3); Developing a professional doctorate 

programme based on a clear demand and involvement from industry and communities (WP3); Testing and 

validating the professional doctorate programme within the framework of lifelong learning and Practice, 

Community and University (PCU) interaction (WP4); Developing industry and community informed Open 

Educational Resources (OERs) for disaster resilience education (WP5); Planning to deliver the programme and 

sustain its impact beyond its initial funding (WP6); and, Raising awareness and promoting a common 

understanding among stakeholders of the importance of disaster resilience education and the essential role of 

European HEIs in improving society’s ability to withstand the threat posed by hazards (WP7). 
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Preliminary research findings 

87 semi-structured interviews were conducted with: national and local government organisations; community 

representatives; NGOs, INGOs and other international agencies; academia and research organisations; and the 

private sector. In parallel, an extensive policy analysis was conducted to capture the emerging policy level 

needs. Together, these have been used to identify the needs of various stakeholder groups in relation to current 

and emerging skills in the construction sector. The primary and secondary data generated a long list of needs 

and skills. Finally, the identified needs and skills were combined ‘like-for-like’ to produce broader stakeholder 

requirements and/or knowledge gaps. Some of the key area identified are: Governance, legal frameworks and 

compliance; Business continuity management; Disaster response; Contracts and procurement; Resilience 

technologies, engineering and infrastructure; Knowledge management; Social and cultural awareness; 

Sustainability and resilience; Ethics and human rights; Innovative financing mechanisms; Multi stakeholder 

approach, inclusion and empowerment; Post disaster project management; and Multi hazard risk assessment. 

These will also form the basis for the initial programme specification for the proposed DProf. Based on these a 

structured doctoral programme will be developed in order to reflect how the construction sector and its 

professionals can contribute to achieving resilience in the case of increasing threats from natural and human 

induced hazards. 

CADRE Consortium 

The CADRE consortium is composed of 7 partners from 5 different countries, representing organisations 

involved in research and development of improving the resilience of society to catastrophic natural hazards. The 

team will work together to pool their results, build inter-disciplinary explanations, discuss findings at 

conferences, write and publish papers, and inform policy development.  

1. University of Huddersfield, UK  (CADRE lead)  

2. Vilnius Gediminas Technical University, Lithuania 

3. Tallinn University of Technology, Estonia 

4. Northumbria University, UK 

5. United Nations International Strategy for Disaster Reduction, Switzerland 

6. University of Moratuwa, Sri Lanka 

7. Federation of Sri Lankan Local Government Authorities, Sri Lanka 

 

Further information 

For further information, please contact:  

Prof. Dilanthi Amaratunga & Prof. Richard Haigh  

Global Disaster Resilience Centre,  

School of Art, Design and Architecture   
University of Huddersfield | Queensgate | Huddersfield | HD1 3DH, UK 

T : +44 (0)845 155 6666 

E:  d.amaratunga@hud.ac.uk  / r.haigh@hud.ac.uk  

 

Website: http://www.disaster-resilience.net/cadre/ 

i United Nations International Strategy for Disaster Reduction (2015). Sendai framework for disaster risk reduction 2015–2030. 

Geneva: UNISDR. 
ii Department for Business Innovation & Skills (2013) UK Construction: An economic analysis of the sector, July 2013.  
iii Internal Market, Industry, Entrepreneurship and SMEs Directorate (2016) The European construction sector: a global partner, 
European Union. 
iv RICS (2015) Our changing world: let’s be ready, RICS. 
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Espresso (Enhancing Synergies for disaster Prevention in the European Union) 

  
 

 

ESPREssO is focused on the development of innovative strategies for a comprehensive risk management 

approach that considers the dynamic processes characterizing both the natural hazards and the social system. 

ESPREssO will pursue its objectives by performing in-depth analyses of the different legal, policy and 

scientific approaches to natural hazards, risks management and reduction, and climate change adaptation 

throughout the European Union.  

  

The project adopts a multi-disciplinary approach to face the challenge to make compatible and complementary 

some topics that are traditionally dealt with contrasting approaches. The challenge will address three sets of 

topics,   

 

- Climate Change Adaptation (CCA) vs Disaster Risk Reduction (DRR) 

- Science vs Legal/policy issues in DRR 

- National regulations to prepare for trans-boundary crises  

 

The existing boundary between CCA vs DRR is a gap created by their continuous and almost independent 

development. The dynamic character of climate, natural hazards, and social vulnerability requires an 

integration and harmonization of CCA and DRR approaches. The boundary represented by the Science vs 

Legal/policy issues in DRR arises because of the now crucial relationship between knowledge production and 

institutional responses required for disaster management. 

Finally, the existing national regulations are often conflicting and do not allow a harmonized approach to 

manage crises occurring between countries. This conflict is complicated also by the increasing number of 

actors involved in disaster response, as well as the increasing scale of operations responding to disasters. 

Existing mechanisms may require strengthening in order to provide effective support and achieve better 

implementation. 

 

The Three Challenges  

 

1. CCA vs DRR 

 

The links between Climate Change Adaptation (CCA) and Disaster Risk Reduction (DRR) have become 

increasingly clear as climate change has enhanced the occurrence of damaging extreme weather events. The 

number of weather related disasters has increased in recent decades of the concomitant increase of social 

vulnerability. The latter is due to rapidly altering socio-economic, demographic and technological conditions, 

unplanned and rapid urbanisation (often still in high risk areas) and environmental degradation. In the context 

of climate change and extreme events, adaptation is the key countermeasure, whereas DRR often remains a 

peripheral topic (Birkmann & Teichman 2010:173). Thus, the gap between CCA and DRR efforts remains 

wide open institutionally, conceptually and in terms of research organisation and the external politics of EU. 

 

2. Science vs Legal/policy issues in DRR 

 

Scientific capabilities and institutional capacities to approach disaster management have not proceeded at the 

same speed up to now. Science has developed innovative concepts and tools that institutional capacities can 
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hardly use under the current legislative framework. Typical examples are the resistance to widespread use of 

early warning and multi-risk methods. The relation between knowledge production and institutional responses 

is crucial to manage modern, increasingly complex disasters. The definition of the role, tasks and 

responsibility allocation and distribution between scientists and practitioners is a topic that deserves more 

attention. In their role as advisers, scientists have emerged as a form of the fifth branch of government. But 

even though the growing dependence of regulatory agencies on scientific and technical information has 

granted scientists a greater influence on public policy, opinions differ as to how those contributions should be 

balanced against other policy concerns.  

 

3. National regulations for the preparation to trans-boundary crises 

 

Frequently disasters have cross-boundary impacts. Recent European cases include the Central Europe flood, 

affecting Eastern Germany and Hungary, the extreme drought and heat wave that hit several countries in 

Europe in 2003 and caused the destruction of large areas by fires, and the earthquake that hit the borders 

between Italy and France in 1995. Experience shows that although there is a general tendency to cooperate, as 

the number of stakeholders increases so does the competition among them, while different regulations can 

hinder the organisation of an effective response. In fact, the large and increasing number of public and private 

actors is one of the major complexities in disaster response and risk management. The increase in the number 

of stakeholders and the change in stakeholder backgrounds arguably have important repercussions on efficient 

actions in disaster settings. 

 

Accordingly, in order to address these three challenges ESPREssO has set up its aims and objectives.    

 

Aims and Objectives  

 

ESPREssO aims at contributing to a new strategic vision to approach natural risk reduction and climate 

change adaptation, thereby opening new frontiers for research and policy making. The specific objectives of 

ESPREssO are as follows:  

 

1. To propose ways to create more coherent national and European approaches on Disaster Risk 

Reduction, Climate Change Adaptation and resilience strengthening; 

 

2. To enhance risk management capabilities by bridging the gap between science and             

legal/policy issues at local and national levels in six European countries; 

 

3. To address the issue of efficient management of trans-boundary crises.  

 

ESPREssO Overall Approach   

 

ESPREssO is structured around five work-packages dealing with:  

 

1) Stakeholder engagement and needs’ analysis;  

2) Synthesis of existing legal, policy and science knowledge;  

3) Development of hazard- specific scenarios as a basis for a Risk Management Simulation tool  

4) Evaluation of the proposed strategies  

5) Guidelines, dissemination and Vision Paper. 

 

Accordingly, ESPREssO has three main project phases during its 30 months’ project period, namely, 

Preparatory phase (M1-M12), Analysis phase (M13-M24), Final integrating phase (M25-M30).  Currently, 

ESPREssO is at the end of its 06th Month.     

 

319



 

 

                                                                                                                                                                                                   
 

ESPREssO Consortium  

 

The ESPREssO consortium consists of 7 partners from 6 EU nations. Different project partners are leading 

different work packages and use their expertise knowledge to come out with innovative solutions for the 

identified challenges. The Global Disaster Resilience Centre, University of Huddersfield is leading the work 

package 2. The project partners are as follows:   

 

Department Institution  Country  

Resilience of urban, territorial and 

environmental systems 

ANALISI E MONITORAGGIO DEL 

RISCHIO AMBIENTALE SCARL 

(AMRA) 

Italy  

Centre for Early Warning Systems HELMHOLTZ ZENTRUM POTSDAM 

DEUTSCHES 

GEOFORSCHUNGSZENTRUM (GFZ) 

Germany  

Risk and Prevention BUREAU DE RECHERCHES 

GEOLOGIQUES ET MINIERES (BRGM) 

France  

Department of Environmental Systems 

Science 

EIDGENOESSISCHE TECHNISCHE 

HOCHSCHULE ZUERICH (ETHZ) 

Switzerland 

German Committee for Disaster Reduction DEUTSCHES KOMITEE 

KATASTROPHENVORSORGE e.V. 

(DKKV) 

Germany  

Global Disaster Resilience Centre UNIVERSITY OF HUDDERSFIELD 

(HUD) 

UK 

Center for International Law and Justice KOBENHAVNS UNIVERSITET (UCPH) Denmark   

 

 

   

For further information, please contact:  

 

Professor Dilanthi Amaratunga,   

Principal Investigator, University of Huddersfield  

Global Disaster Resilience Centre, University of Huddersfield, 

Huddersfield 

HD1 3DH, UK      

E: d.amaratunga@hud .ac.uk  

W: www.espressoproject.eu 
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Advancing Skill Creation to Enhance Transformation 

ASCENT 

   

ASCENT (Advancing Skill Creation to ENhance Transformation), is a project co-funded by an EU 
Erasmus+ programme grant. The project will run for three years and is led by the University of 
Huddersfield’s Global Disaster Resilience Centre, based in the UK. They are joined by a consortium of 
13 European and Asian higher education institutions from the Bangladesh, Estonia, Lithuania, Sri 
Lanka, Sweden, Thailand and the UK. 

The project was inspired by the Sendai Framework for Action 2015-2030, signed by 187 UN member 
states in March 2015, as a 15-year, voluntary, non-binding agreement which recognises that the State 
has the primary role to reduce disaster risk but that responsibility should be shared with other 
stakeholders including local government, the private sector and other stakeholders. The Framework 
identifies that international, regional, sub-regional and trans-boundary cooperation remains pivotal 
in supporting the efforts of States, their national and local authorities, as well as communities and 
businesses, to reduce disaster risk.  

Over three years, the project will support training, skills, leadership development, international 
collaboration and university-industry partnerships. It will strengthen the ability of higher education to 
respond to research needs in disaster resilience. It will also empower individuals and organisations 
with the skills, competencies and credentials needed to continue to pursue research, and to lead 
research at institutions, aimed at reducing the impact of disasters. 

Aim and Objectives 

ASCENT aims to address R&I capacity strengthening for the development of societal resilience to 
disasters - supporting training, skills, leadership development, international collaboration and 
university-industry partnerships. It will strengthen the ability of partner HEIs to respond to their 
research needs in disaster resilience.  

ASCENT will achieve this aim by: 1) identifing research and innovative capacity needs across partner 
country HEIs to tackle the development of societal resilience to disasters; 2) developing research 
infrastructure to support implementation of the project and provide sustainable capacity 
development within the partner HEIs ; 3) preparing researchers in the identified Asian countries to 
undertake advanced, world-class and innovative, multi- and inter-disciplinary research that will 
contribute to increased societal resilience to disasters; 4) Increasing international cooperation by 
partners HEIs on research programmes that tackle ways to increase societal resilience to disasters; 5) 
exploring, promoting and initiating opportunities for fruitful university / industry partnerships to 
increase societal resilience to disasters; and 6) publicising the project progress, successes and 
outcomes as far as possible, and raising awareness across the field of HE about capacity building for 
disaster resilience research. 

Methodology 

The ASCENT work plan is designed to meet the aim and objectives of the project, and based on the 
explicit interests and expertise of the partners involved. The project’s deliverables are spread across 
9 Work Packages which aim at achieving an appropriate balance between management, quality, 
preparation, development/implementation, and dissemination/exploitation.  
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Work Package 2 (project management) will manage ASCENT partners, coordinate the delivery of 
project outputs, ensure achievement of anticipated outcomes, and develop and manage project 
infrastructure. Work Package 3 (quality) will be implemented alongside Work Package 2 to ensure 
systematic monitoring and evaluation of the project’s activities to maximize the probability that the 
project will deliver its planned outputs and achieve its intended outcomes. The preparatory activity in 
Work Package 1 will inform the five major development/implementation work packages (Work 
Packages 4, 5, 6, 7 and 8 – which focus on capacity development). Work Package 1 will identify the 
baseline capacity and detailed gaps in research and innovative capacities in Asia for the development 
of disaster resilience. The Work Package will result in a detailed capacity development framework for 
the identified countries (Bangladesh, Sri Lanka and Thailand) in target region 6 (Asia). A second survey 
of capacity will be conducted towards the end of the project to evaluate progress towards the project’s 
capacity building objectives (Work Package 3). 

Based on the needs and current capacities identified in Work Package 1, Work Package 4 will develop 
research infrastructure to support implementation of the project and provide sustainable capacity 
development within the partner institutions. Work Packages 5 and 6 will prepare researchers in the 
identified Asian countries to undertake advanced, world-class and innovative, multi- and inter-
disciplinary research that will contribute to increased societal resilience to disasters. This will be 
achieved through the development and delivery of an advanced research methods (Work Package 5) 
and non-scientific supplementary research skills (Work Package 6) training programmes.  In a similar 
vein and based on the gaps identified in Work Package 1, Work Package 7 will focus on increasing 
international cooperation in research across the target region, and between higher education 
institutes in Europe and the identified countries in Asia. The final development Work Package (8) will 
explore, promote and initiate opportunities for fruitful university / industry partnerships to increase 
societal resilience to disasters. Collectively, Work Packages 4-8 will seek to address the research and 
innovative capacity gaps identified in Work Package 1. Work Package 9 will publicise the project 
progress, successes and outcomes as far as possible, raise awareness across the field of Higher 
Education about capacity building for disaster resilience research via various, innovative avenues, and 
extend the impact of project results beyond the project duration.  

The consortium 

Programme Countries (Europe) 

 University of Huddersfield, United Kingdom 
(Lead Partner) 

 University of Central Lancashire, United 
Kingdom 

 Lund University, Sweden 

 Mid-Sweden University, Sweden 

 Vilnius Gediminas Technical University, 
Lithuania 

 Tallinn University of Technology, Estonia 

Partner Countries (Asia) 

 University of Moratuwa, Sri Lanka 

 University of Colombo, Sri Lanka 

 University of Ruhuna, Sri Lanka 

 Naresuan University, Thailand 

 Chiang Mai University, Thailand 

 University of Dhaka, Bangladesh 

 BRAC University, Bangladesh 

 Patuakhali Science and Technology 
University, Bangladesh

For further information on the ASCENT project, contact Professor Dilanthi Amaratunga 
(d.amaratunga@hud.ac.uk) and Professor Richard Haigh (r.haigh@hud.ac.uk) or visit the website 
at www.disaster-resilience.net/ascent.  

The ASCENT project consortium receives financial assistance from the European Union. The European 
Commission support for the project and its associated activities and outputs does not constitute an 
endorsement of the contents which reflects the views only of the authors, and the Commission cannot 
be held responsible for any use which may be made of the information contained therein. 
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The development of a wire mesh made from high-tensile steel wire of a tensile strength of the individual wire of 
at least 1770 N/mm2 offers new possibilities for an efficient and economical stabilization of slopes. Taking the 
statics of soil and rock into account serves to dimension the proposed stabilization. 
 
2.  HIGH-TENSILE STEEL WIRE MESH FOR ACTIV SLOPE STABILIZAITON 
 
A high-tensile steel wire mesh made out of a steel with a tensile strength of 1770 N/mm2 at least has been 
developed which is available on the market under the name TECCO®. In standard layout, it is made from a steel 
wire of 3 mm diameter which has an aluminium-zinc coating for protection against corrosion. The diamond-
shaped mesh measuring 83 mm x 143 mm is produced by single twisting. The steel wire mesh provides a tensile 
strength of 150 kN/m. This value represents a minimum guaranteed load or bearing capacity. As a result of its 
three-dimensional structure, the mesh clings to the soil and serves to secure sprayed-on greening. Substantially 
higher forces can be absorbed by this mesh in comparison with the wire mesh traditionally available and offering 
a tensile strength in longitudinal direction of approximately 45–50 kN/m at comparable mesh size and similar 
wire diameter.  
 
Special diamond-shaped system spike plates matching the mesh serve to fix the mesh to soil or rock nails. By 
tensioning the nail and if possible slightly impressing the spike plates into the ground to be stabilized, the mesh 
follows the surface contour and is tensioned in the best possible manner.  
 
With the slope stabilization system the rows of nails are offset to each other by half a horizontal nail distance. 
This means that the maximum possible local body liable to break out between the individual nails is limited to a 
width “a” and a length of “2 x b” (see Figure 2). The staggered layout is shown in Figure 3 for a project in 
Polymilou, Greece. The dimensioning concept RUVOLUM® has been specially developed for dimensioning of 
flexible slope stabilization systems against superficial instabilities. Basic requirement thereby is that the 
stabilization system consists of a flexible mesh cover with the possibility of variable nail arrangement. 

 
Fig. 2 – General profile with nail arrangement Fig. 3 – Staggered pattern of nail installation – Z-Morh Tunnel, 

J&K, India 
 
3. DIMENSIONING CONCEPT FOR SOIL AND DECOMPOSED ROCK SLOPES 

                            
Fig. 4 – The dimensioning concept is based on the investigation of superficial slope-parallel instabilities 
(typically less than 2m) (on the left) and on the investigation of the local instabilities between single nails (on the 
right) 
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The RUVOLUM® dimensioning concept serves to dimension surface slope stabilization systems which consist 
of a mesh cover in combination with nailing against superficial instabilities up to a depth of max. 2.0 m in soil 
and superficially weathered, decomposed rock slopes. It is generally valid and also applicable to other surface 
stabilization systems which are comparable in a system technical manner. Thereby, the bearing resistances of the 
system as well as the system elements have to be known or determined by corresponding tests, respectively.  
 
The dimensioning concept includes the investigation of superficial slope-parallel instabilities as well as the 
investigation of local instabilities between the individual nails. The influence of excess hydrostatic pressure, 
flow pressure and seismic forces are also considered. 
 
4.  INVESTIGATION OF THE GLOBAL STABILITY  
 
In addition to the investigations of instability near the surface using the RUVOLUM® concept, the investigation 
of the overall stability with deep sliding surfaces must also be investigated depending on the prevailing subsoil 
and stability circumstances. The relevant calculations are carried out according to conventional methods of 
stability investigation, for example with curved sliding surfaces in soil or decomposed rock (Figure 5), 
respectively, or according to the sliding-block method where sliding surfaces marked by stratification, fissures 
are concerned (Figure 6). 
 
For the investigation of the overall stability, the nails can be introduced as tension elements or as effective 
cohesion. By checking the internal bearing resistance (steel cross-sections and yield point under tensile load of 
the nails) and the external bearing resistance (friction forces that can be mobilized, pretension forces V or 
maximum head force Vmax that can be mobilized), the soil or rock’s resistance to sliding η and the utilization 
factor 1/f of the existing shear and system resistances are determined.  

 
Fig. 5 – Investigation of the overall stability, Fig. 6 – Sliding-block method and Fig. 7 – Load distribution over 
the nail length in shear 
 
5. TESTS TO DETERMINE THE BEARING RESISTANCES OF THE SYSTEM 
 

  
Fig. 8 – Test setup to determine the bearing resistance 
of the mesh against selective tensile stress parallel to 
the slope 

 

Fig. 9 – Test setup to determine the bearing resistance 
of the mesh against puncturing in nail direction 

The following load carrying capacity or bearing resistances of the mesh must be known or established to use the 
above equations for design of support for soil and superficially highly weathered and loosened rock slopes: 
 

 ZR: Bearing resistance of the mesh against selective tensile stress parallel to the slope 
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 DR: Bearing resistance of the mesh against puncturing in nail direction 

 PR: Bearing resistance of the mesh against shearing-off at the edge of the spike plate due to a body 
sliding out of the slope 

 
The bearing resistances of the high-tensile steel wire mesh have been determined under the supervision of the 
Landesgewerbeanstalt (LGA) Nürnberg, Germany (Brändlein, 2004) with the aid of the testing devices shown in 
Figure 8 and Figure 9. These devices have been developed by Rüegger and Flum AG (Rüegger, et al (2006)) in 
cooperation with Geobrugg AG. 
 
6. REVEGETATION / EROSION PROTECTION WITH EROSION CONTROL MAT 
 
In steep slopes featuring fine-grained, non-cohesive loose rock or severely weathered rock there is a danger of 
erosion. Such fine material can be washed through the high tensile mesh and flushed away underneath it resulting 
in channels and hollows under the mesh.  
 
The cause is groundwater emerging from the hillside, layer or fissures, or in otherwise dry slopes surface water 
from heavy rainfalls. Groundwater depressurisation must generally be captured and drained. Permanent water 
outflows will always lead to problems and must be coped with before the slope stabilization measure is started, 
since corrective action is hardly possible afterwards. Particular care must also be taken that no larger quantities of 
surface water from above flow over the slopes. If appropriate, drain channels must be provided above the edge of 
the slope so that the water is drained to the side in a controlled manner. 
 
What remains is the rainwater falling directly onto the protected slope. In case of a high intensity and long 
duration rainfall this can also lead to erosion problems. The impact of the rain drops and the draining of the 
surface water may lead to soil movements, degradation and general erosion. The problem can often be coped with 
by means of a full-surface vegetation face. The roots stabilize the surface layer and a substantial quantity of water 
is stored in the vegetation layer before it starts to flow off.  
 
However, it takes time for an effective vegetation to form and for stable subsoil circumstances to result. No 
vegetation can develop in a slope subject to movements and erosion. Immediate spraying of erosion-resistant 
vegetation material and seeding are not always possible directly after laying of the mesh. It is often necessary, 
therefore, to provide an erosion protection together with the mesh so that erosion and washing-out are prevented 
for the time being and optimal prerequisites achieved for successful greening later on.  

    
Fig. 10 – High-tensile steel wire mesh and erosion 
control mat 

Fig. 11 – Erosion control mat 

 
Regrettably it is not always possible to achieve the goal with the known erosion protection mats of natural fibres 
(jute, coir) because the often irregular surfaces prevent an uninterrupted ground contact of the mats. The mats in 
question are normally too tight for spraying-through of vegetation material and seeds. The results are undesirable 
and in the long run critical bare patches which expose the free surfaces to erosion again as soon as the mats have 
rotted away.  
 
What was sought, therefore, was a flexible mat of a three-dimensional open structure which provides a 
comparatively good protection against erosion despite relatively large openings. The mat must also be suitable as 
an adhesion and stabilization layer for the vegetation for as long as the latter is unable to perform this function. 
Of importance is also that the mat is optically inconspicuous, i.e. adapted in its colour to the substrate. 
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After various suitability tests with different products, with dry and wet greening also in extreme locations , a 3-
dimensional mat of a loop structure, a so-called random-laid nonwoven fabric of polypropylene was eventually 
found which meets the partly opposing requirements of erosion protection and vegetation face in an optimum 
manner. The erosion protection mat, developed especially for use in combination with the TECCO® stabilization 
system and available under the trade name of TECMAT® is shown in Figure 11. 
 
7. HIGH-TENSILE STEEL WIRE ROPE NET FOR ROCK FACE PROTECTION 
 
Depending on continuously increasing project specific requirements, high-tensile spiral rope nets in combination 
with rock bolting have been developed for securing rock slopes, spurs, overhangs or individual sections of loose 
rock. Thanks to the mesh width of 230 mm (diagonal openings 292 x 500 mm) and its construction (spiral rope 
of 1 x 3 wires, wire diameter of 4 mm), this rock protection system is especially suited to rock slopes with 
irregular surfaces and defined sliding mechanisms, with little susceptibility for weathering.  
 
The flexible SPIDER® rock protection system consists of the high tensile spiral rope net with a tensile strength 
of 220 kN/m which has an aluminium-zinc coating for corrosion protection and the associated system spike 
plates. The ends of the spiral cables are tied to one another to permit the full transmission of force to the 
adjoining panels. The basic dimensions of the net rolls are 3.5 x 20 m; one roll weighs approx. 190 kg. The nails 
consist of commercial products (e.g. GEWI, DYWIDAG, TITAN, etc.). Type, diameter, bearing resistances as 
well as the lengths depend on the project-specific requirements.  
 
Force-locked shackles are used to connect the net panels to one another. The net panels are mounted above, 
laterally and below on border ropes, which should be fastened laterally onto spiral rope anchors. Depending on 
project requirements, local conditions and the hazard potential for the problem area, a fine-meshed secondary 
mesh can be installed optionally under the spiral rope net to hold back stones and smaller blocks. The 
RUVOLUM® ROCK concept specially serves for dimensioning of such flexible rock protection systems in 
jointed and layered rock. 
 
Ordinary cable nets have often been used for this task so far. The sides of the square or rectangular panels were 
typically 3 to 4 meters long. A fixed nail pattern was the result. Moreover, the resistance to local force 
transmission and to corrosion was limited. With the development of the spiral rope net, the transmission of force 
and the protection from corrosion have been significantly improved. It is also possible now to arrange the nails 
independently of the netting size, so that project-specific requirements can be perfectly met. The design of the 
innovative rock protection system is based on the results of field tests, model experiments, on standard tensile 
tests, and on tests to determine the local force transmission. 
 
8. EXAMPLES OF IMPLEMENTED PROJECTS 
 
The following projects present some examples of how the spiral rope net rock protection system has been used 
as active measure.  

   
Fig. 12 – Taubenloch Canyon near Biel, Switzerland, Fig. 13 – Slope Stabilization at Kiratpur-NerChowk 
rock protection of overhang above a hiking trail with  Expressway, Himachal Pradesh  
secondary mesh 
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Fig. 14 – Rock protection project in Imin Tanout, Fig. 15 – Ajdovscina, Slovenia, protection of road and 
Morocco residences from unstable rocks or boulders. 
 
9. ADVANTAGES OF THE WIRE ROPE NETS COMPARED TO ORDINARY CABLE NETS 
 
The advancement of ordinary and customary cable nets to spiral rope net application has yielded several 
advantages for the client, project manager and the contractor. Compared to ordinary cable net systems, which 
works with individual 3.3 x 3.3 m panels, the spiral rope net is delivered in 3.5 x 20 m rolls. Rather than 
spending the time sewing together the individual panels, two shackles per meter are used to connect the panels in 
a force-locked manner which takes very little time. The reduced number and the optimized quality of joints 
allow for an efficient installation of the spiral rope net. 
 
In terms of static loads, one of the decisive advantages lies in the fact that the arrangement of nails no longer 
depends on the size of the individual cable net panels, but can be perfectly adapted to match the project-specific 
requirements. The advanced system of spike plates ensures that the system is braced against the ground as 
securely as possible. 

   
Fig. 16 – Ordinary cable net system with cross-clip Fig. 17 – Spiral rope net corrosion protection compared 
 to ordinary cable net system 

  
Fig. 18 – Ordinary galvanized cable net near the coast  
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The corrosion protection was further enhanced by no longer needing cross-clips and by using the significantly 
larger wire diameter of 4 mm, compared to the 0.9 mm diameter of twisted wire, in conjunction with an 
aluminum/zinc coating (see Figure 16 - 18). 
 
10. MODEL EXPERIMENTS 
 
10.1 Objectives 
 
The model experiments for the protection of a boulder with the SPIDER® system were conducted on a scale of 
1:3.5. Objectives included the implementation of the theoretical basic considerations described in the previous 
chapter, the comparison under real-life conditions, and the determination of the distribution of forces in a three-
dimensional system. 
 
10.2 Test setup 
 
The test setup basically consisted of a blue steel frame to which the rope and the model net were fastened and a 
slide face red colored in between. The frame was 1.5 m wide and 2.5 m long. The angle between the slide face 
and the frame was kept constant at 36°. Strain gauges were used to measure the forces acting on the rope, net and 
directly on the sliding body. A potentiometer was used to measure the displacement of the block-shaped boulder. 
A wooden block that weighed 58 kg was used as a sliding body. 

  
Fig. 19 – Test setup, force measurement arrangement and test results with an inclination of the sliding plane of 
45 degrees to horizontal 
 
10.3 Findings from model experiments 
 
The forces calculated by means of the two-dimensional model were in general congruent with those measured as 
a result of the experiments. For the purpose of practical application this means that the two-dimensional model 
can be applied with satisfactory accuracy to determine the forces in the main direction. The opening angle ( ) 
from the directions of the restraint in longitudinal direction exerts the decisive influence on the forces. The 
influence of friction between the net and the block is small in comparison. The influence of the lateral restraints 
on the retention force depends on the position of the restraint and the forces themselves depend on the angle (δ) 
from the directions of the lateral restraints to horizontal. Based on the model experiments, the factors  = Zu / Zo 
and  = S / Zo can be determined. 
 
11. LARGE SCALE FIELD TESTS 
 
11.1 Objectives 
 
The aims of these large scale field experiments were as follows: the investigation of the load bearing behavior of 
the total rock protection system, the load transfer over the net to the anchorage points in scale 1:1, forces acting in 
the boundary ropes as well as the confirmation of its practicability. Moreover, the corresponding design concept 
was to be validated, based on the results from the experiments and the rock protection system optimized. 
 
11.2 Test setup 
 
The test side in Felsberg (Grisons, Switzerland) was at a 55° inclined rock slope with a downwards opened break-
out niche. For fixation of the spiral rope net were several nails and rope anchors installed to allow test 
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arrangements with different geometries. Strain gauges were used to measure the forces acting on the boundary 
rope, net and directly on the sliding body. A potentiometer was used to measure the displacement of the boulder. 
As a sliding body was a 1160 kg heavy rock boulder used.  
 
11.3 Findings from large scale field tests 
 
The measured static forces from the field tests correspond with those determined based on the theoretical model 
considering a static equilibrium. As shown from the tests, the forces from the dynamic influence exceed the 
statically determined forces by a factor of 1.5 – 2.5 or more. In principle the forces are more likely to be 
transferred upwards. The size of the relationship of the upward forces to the downward forces depends on the 
nature of the meshing of the boulder with the rope net and whether boundary ropes are installed. The large scale 
field tests have shown that when using a large mesh net for securing individual boulders, boundary ropes are to be 
fitted to the top and bottom and where possible also at the sides. This can essentially improve the supporting 
behavior of the system. The dimensioning of flexible rock protection systems can be carried out using a simple 
model based on the equilibrium consideration. It is obligatory for the individual relationship factors and above all 
the dynamic effects to be adapted to the local and project specific circumstances. 

   
Fig. 20 – Overall view of the test system before the test (left) and at the end of the test (right)  
 
12. CONCLUSIONS 
 
The TECCO® slope stabilization system and spiral rope nets for rock protection SPIDER® can be adapted to the 
site specific and static conditions in an optimal manner. It offers the possibility to arrange the nails in an 
economical way due to the capability of absorbing and transferring of high loads. Unlike stabilization with 
concrete solutions, with the high tensile steel wire mesh stabilized slopes regain a natural green appearance, 
which is well appreciated and more pleasant to the eye. Based on the RUVOLUM® concept, the system can be 
dimensioned against superficial instabilities. 
 
Spiral rope nets, fabricated like mesh cover, provide new possibilities for securing unstable boulders prone to 
come loose on steep slopes due to their high longitudinal and transverse tensile strength and their high knot 
strength, which is important if the anchorage is subjected to a point force. 
 
TECCO® and SPIDER® are flexible systems, where each part is optimized in their specific function to the others 
so that they are working as a real system together. Quick mobilization and installation time which means just a 
small influence to the traffic going on and low maintenance costs are the additional key factors for economical 
solutions. 
 
References 
 
Brändlein P, LGA Nuremberg, Germany, Monitoring and supervision of laboratory testing of the TECCO® slope 

stabilization system, Test report BPI 0400046/1, 2004. 
Rüegger, R.; Flum, D.: Anforderungen an flexible Böschungsstabilisierungssysteme bei der Anwendung in 

Boden und Fels. Technische Akademie Esslingen, Beitrag für 4. Kolloquium „Bauen in Boden und Fels“, 
January 2006 

Rüegger, R.; Flum, D.; Haller, B.: Hochfeste Geflechte aus Stahldraht für die Oberflächensicherung in 
Kombination mit Vernagelungen und Verankerungen. Technische Akademie Esslingen, Beitrag für 2. 
Kolloquium „Bauen in Boden und Fels“, Januar 2002 

330



 

 
 
Christophe Balg graduated in Geography, Geology and Meteorology from the University of Freiburg, Germany 
and obtained his Master of Science (MSc) in 2007. His research focused on the effects of global climate change 
on morphological structures in the Swiss Alps. Until 2008 he worked for Meteomedia AG and developed a flood 
warning system. Now at GEOBRUGG AG he is a Regional Manager and in charge of Project management and 
Business development in India, The Middle East and Africa. 
 
Ms.Lopamudra Dutta is currently working as a Technical Manager with Geobrugg India Pvt. Ltd. and based out 
of Gurgaon. She has done her Bachelor in Civil Engineering from RTM University, Nagpur in the year 2009. 
She completed her Masters of Science (MS) in Civil Engineering from Michigan State University, USA in the 
year May 2014. She worked as a Research Assistant at the Asphalt Characterization Lab at Michigan State 
University in 2012 -13.  She started her career with Soma Enterprises Ltd. in 2009 as a Design Engineer. She 
was involved in design and construction of tunnel stations for Phase II of Delhi Metro (BC 16). She also worked 
with Habitat for humanity after returning from USA before joining Geobrugg India Pvt. Ltd. She has worked on 
various slope stabilization projects using software’s like Slope/W, Rocscience Slide etc. 
 

331




	front
	Sumpoisum Inner
	Inner Page
	Symposium organizing committe
	DG's  Foreword-02.12.2016
	KeyNote
	Content
	papers_back
	ResearchPapers
	Papers1
	Technical Session 1
	Tech1
	1
	2
	3
	4

	Technical Session 2
	Tech2
	5
	6
	7
	48

	Technical Session 3
	Tech3
	8
	9
	10
	11
	12
	13
	14
	49

	Technical Session 4
	Binder5
	15
	16
	17
	18

	Technical Session 5
	Tech5
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	Technical Session 6
	Tech6
	29
	30
	31
	32
	33
	34
	35
	36

	Technical Session 7
	Tech7
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47


	Partner OrganisationInfo
	section 2 final


	back

