
 

 

Evaluation of Indoor Thermal and Environmental 

Properties of the Precast Buildings 

DS Munasinghe,  
Human Settlements Planning and Training Division, NBRO 

 
 
 
ABSTRACT: Precast Building Systems (PBS) can reduce the number of operations in building construction 

which will bring down the life cycle cost of a building. The precast building systems will generate more 
advantages to the users and the environment than the conventional building system. Also, precast building 
systems can provide pre-engineered solutions for prevention of disasters.  

A Precast Building System is usually applied without its users knowing comfort conditions and such 
parameters. Therefore, the indoor environment of such building can be bad and result in poor thermal and 
environmental performance.  

Therefore, an evaluation method is required to ascertain the thermal and environmental performance of the 
buildings using available techniques. In this research study, psychometric chart was used to evaluate the thermal 
and environmental properties of the buildings. The few computer models were too developed through thermal 
simulation software. This paper is presents the results and details of model simulation pertaining to precast 
building system.  
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1 INTRODUCTION  

This study is subdivided into three main parts 
after considering its’ subjects namely 1. 
Environmental performance of the building, 2. 
Thermal performance of the building and 3. Precast 
Building System. Each subject will give the 
adequate theoretical background for designing the 
thermal and environmental performance of the 
precast building system. The following sections will 
discuss each subject in detail.  

1.1 Thermal Performance of a building  

The thermal performance of the building is 
linked to thermal physics. Thermal comfort of the 
building means that condition of mind which 
expresses satisfaction with the thermal environment 
and is assessed by subjective evaluation.  

Thermal performance consists of two main 
parameters; personal parameters and environmental 
parameters. Personal parameters mean personal 
choice; activities and clothing pattern. 
Environmental parameters mean building envelope 
and HVAC; air temperature, mean radiant 
temperature, air speed and humidity.  

The thermal physics theories give the design 
background for the particular building. Thermal 
performance was calculated through the computer 
modelling and software programmes due to its 
complexity.  

The aims of the use of the thermal performance 
assessment tool are to 1. Identifying and mitigating 

the environmental impacts of the proposed building 
system and 2. Determination of thermal 
performance of the proposed precast building 
system.   

As for the basic understanding, the basis of 
thermal physics for building design is discussed.  

The thermal performance of the building means; 
 Thermal comfort  
 Psychrometric chart 
 Optimising energy use for thermal comfort  
 Climate 
 Internal loads 
 Building heat transfer 
 Mass (air) transfer 
 Passive strategies 
 Active strategies  
In addition to thermal performance, some 

literature discussed the visual performance of the 
building as well. According to the USAID, INDIA 
ECO III project, visual performance of the building 
characteristics are as follows;  

 Light basics 
 Visual Comfort 
 Optimizing energy use for visual comfort 
 Passive strategies  
 Active strategies  

1.1.1 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 
metabolic activities within an organism, usually 



 

 

expressed in terms of unit area of the total body 
surface 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 
basketball 

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;  

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 Occupancy  

1.1.2 Heat Exchange:  

1.1.2.1 Radiation exchange;  
The heat transfers as the radiant is described as 

follows;  

𝜃 ≈
∑𝜃𝑖𝐴𝑖

∑𝐴
 

Here; 𝜃 is meant the radiant temperature and A 
is Area of the surface.  

1.1.2.2 Air Speed;  
The average speed of the air to which the body 

is exposed will be measured. A certain minimum 
desirable wind speed is needed for achieving 
thermal comfort at different temperatures and 
relative humidity values. The following table 
describes the wind speed (m/s) for achieving the 
thermal comfort condition of the building.  

 

Dry Bulb 
Temperature  

Relative Humidity (Percentage) 

̊C 30 40 50 60 70 80 90 

28 * * * * * * * 

29 * * * * * 0.06 0.19 

30 * * * 0.06 0.24 0.53 0.85 

31 * 0.06 0.24 0.53 1.04 3.04 2.10 

32 0.2 0.46 0.94 1.59 2.26 ** ** 

33 0.77 1.36 2.12 3.00 ** ** ** 

34 1.85 2.72 ** ** ** ** ** 

35 3.2 ** ** ** ** ** ** 

Source: ANSI/ASHRAE standard 55-2004 

1.1.3 Humidity 
It is a measure of the moisture content of the air. 

The humidity is expressed in several variables; 
vapour pressure, dew point temperature, relative 
humidity and humidity ratio.  

1.2 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 
movement are the short term activities, and redesign 
of the building, and landscaping are longer term 
activities 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  
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 
condition of the building; this called a 
psychrometric chart. 

1.2.1 Psychrometric Charts 

The psychrometric charts gives the moisture 

contents of the air with reference to atmospheric 

temperature. The wet bulb temperature and dry bulb 



 

 

temperature are measured to locate the moisture 

content of the air.  

2 ENVIRONMENTAL PERFORMANCE OF 
THE BUILDING  

There are different meanings for environmental 
performance of the building. One argument is the 
buildings should be resilient to hazards. [1]Global 
average sea level has risen since 1960 at an average 
rate of 1.8 mm/y and since 1993 at 3.1 mm/y. 
(IPCC, 2007). Similarly, frequency of hazard and its 
magnitude are increasing with the climate change. 
Therefore, resilience to hazard is one variable for 
assessing the environmental performance of the 
building.  

Life cycle energy is also discussed in the 
environmental performance of the building. 
According to the United Nations Environment 
Programme (2007), the life cycle energy 
consumption in the building can be divided into five 
phases; a) Embodied energy, b) Transport 
construction materials, c) Building construction 
energy, d) Operation and e) Demolition & 
recycling.  

Another report describes that building are the 
largest consumer of energy and greatest contributor 
to climate change in the United States consuming 
approximately 49% of primary energy and 
contributing 47% of greenhouse gases emitted 
annually. (United States Energy Information 
Administration, Annual Energy review, 2011)  

Some studies show that earlier environmental or 
energy assessments, conducted, the greater is the 
potential to effectively influence the life cycle 
performance of the building. (Kohier N. et. al. 2003) 

Therefore, some tools are needed to assess the 
environmental performance of the building. A 
useful method of categorizing green design tools 
was proposed by Gowri; the subsets are; 1) 
knowledge-based methods, 2) Rating schema, and 
3) Performance-based tools (Gowri K. 2004). The 
knowledge-based tools are usually manuals, guild 
lines, or other reference materials such as Energy 
Star or Green Building Advisor. Building rating 
schema is designed checklists, frameworks, and 
calculators used to quantify a building’s 
sustainability profile. These include popular tools 
like leadership in Energy and environmental Design 
(LEED), Building Research Establishment 
Environmental Assessment Method (BREEAM), 
and National Australian Building Environmental 
Rating System (NABERS).  

There are various definitions for the sustainable 
environment. One definition describes that, 
sustainable means balancing of Environmental, 
Economic and Social aspects of the area. However, 

Green building council of Sri Lanka, describes that 
sustainable environment mean balance of built 
environment, natural environment and theoretical 
environment. Built environment means, buildings, 
roads and other physical constructions. Theoretical 
environment means the balance of theories and 
concepts that developed for management of society.  

Performance-based tools include life cycle 
assessment methods and energy simulation tools for 
calculating building energy consumption and 
environmental emission such as SimaPro and GaBi.  

Some research studies (Sanders and Philipson, 
2003; Gorgolewski, 2005; Tam et al, 2006) shown 
that the need of the prefabrication system for the 
environmental performance analysis. Prefabrication 
system believes to have the potential for better 
environmental performance.  

3 PRECAST BUILDING SYSTEMS  

Precast building system relates to industrial 
building systems (IBS). The IBS has characteristics 
of prefabricated system, mass production, design 
using modular coordination, standardized 
components and off-site production. Due to this, it 
has following advantages when comparing 
conventional building systems;  
 Control of human resources and costs; the 

precast building system was developed based 
pre-engineered construction phases and users 
can easily paste the precast building system 
with low human resources.  

 Shorten construction Period and increase the 
quality of building; Prefabrication system 
believes to have the potential for better 
environmental performance (e.g. Sanders and 
Phillipson, 2003; Gorgolewski, 2005; Tam et al, 
2006) 

 Enhance occupational health and safety 
(blismas et al 2005; Luo et al, 2008) 

 Reduce construction waste (Jaillon et al 2009; 
Baldwin et al 2009;Yunus R. & Yang J, 2011); 
It was proved that; Jaillon et al (2009) average 
wastage reduction level through the 
implementation of IBS is about 52% (Yunus R. 
& Yang J, 2011) 

Wu, et al., (2013) describes that by applying the 
lean concept to a production line, 9 to 6.5 people 
(labour waste), 12% space (equipment waste) and 
10% material waste can be reduced. Further 
mentioned about that lean concept may have 
benefits in reducing carbon emissions in precast 
concrete factories by improving site layout design 
and supply chain by adding Non-value adding 
(NVA) activities. 

Through proper planning & Strategies IBS/ 
Precast building system helps to make sustainable 



 

 

built environment. Sustainability in construction 
developments must result in the creation and 
responsible maintenance of a healthy built 
environment, based on ecological principles, and by 
means of an efficient use of resources. (Kibert 
2007); (Yunus R. & Yang J. 2011).  

4 RESULTS AND DISCUSSION  

4.1 Thermal and Environmental Performance 
Model Simulation 

Ecotect Analysis Software was used for 
simulation of the thermal and environmental 
performance of the building. A model was created 
to study the parameters of the building.  

Model details are as follows;  
 Draw a model house which is 10 x 10 m with 

Gabion roof.  
 The house has one door (2x 1.3m) and one 

window (1.3x2m) 
 Wall type: Brick wall  
 Roof: Clay tile  
 Climate: Sri Lanka (Anuradhapura) 
 No shading 

 
Thermal conditions, variations were modelled in 

the building in different time (months). The 
following chart shows the variation of the 
temperature in the building.  

 
Most of the months except November to March, 

it is exceeding the conform temperature of the area 
(28 C – Blue colour).  

Therefore, it is an essential requirement the 
proper building plan for use the precast building 
system.  

4.2 Case STUDY: Psychrometric Charts study 
in Negambo Hospital  

The wet bulb and dry bulb temperature were 
collected in the Negambo site which was designed 
by using precast building system. The data were 
plotted on psychrometric chart and comfort zone 
was define based on following information;  

 Minimum dew point temperature: 22 C 
 Minimum dry-wet bulb temperature: 25 C 
 Maximum dry-wet bulb temperature: 35 C 

 RH = 70~100% 
Based on the information, thermal comfort levels 

were calculated. Only few locations belonged to 
thermal comfort area and rest of the places were not 
in the comfort zone. The places which had higher 
thermal comfort condition were consisted with 
ventilations facilities.  

 

4.3 Instrumentation and equipment calibration  

The psychometric tables, the comfort zone was 
defined based on temperature, humidity, pressure 
and dew-point temperature and wet bulb and dry 
bulb temperature measurements were taken in the 
different zones for draw the psychometric tables.  

A computer based data logger was developed to 
capture the temperature (Wet and Dry) in every 5s 
intervals. The equipment was tested with the K-type 
data logger and accuracy is 0.4 C.  
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