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ABSTRACT: In Sri Lanka, the most common roofing materials use for residential housings are the clay tiles, 
asbestos sheets and cement tiles. In this work efforts have been made to test physical and mechanical properties 
of the existing calicut clay tiles , asbestos corrugated sheets and pressed cement tiles according to SLS 2:1975, 
SLS 9:2001 and SLS 1267:2005 and to find out whether they satisfy the requirements specified in the standard. 
Thermal conductivity has been measured by Lee’s Disk method. According to the test results, the chosen calicut 
clay tile sample satisfied all the requirements except width and mass whereas width and pitch of corrugation 
were not satisfied in asbestos corrugated sheets and thickness was not satisfied in cement tiles. Thermal conduc-
tivity of clay, asbestos and cement tile was 0.7106 W/mK, 0.4733 W/m.K and 0.5619 W/m.K. It cannot be 
predicted that which material offers the best indoor thermal comfort only by considering the thermal conductivity 
value itself of the roofing material.

1 INTRODUCTION 

Roof is one of the vital parts in the house construc-
tion which shelters the dwellers from various cli-
matic adversities. Apart from that, the roof gives an 
aesthetic value to the entire house. Roughly the roof 
accounts 10-15% of the total cost depending on the 
roof structure and other variables.  

In a country like Sri Lanka roofing materials 
should have distinctive attributes to withstand cer-
tain adversities. One such is the high rainfall pre-
vailing in Sri Lanka that necessitates the roofing 
materials to resist moisture movement. The break-
age of the clay tiles or asbestos corrugated sheet 
roofing happens mostly due to the loitering of mon-
keys on the roof. Sometimes the outdoor tempera-
ture of sunny days goes beyond 30o C. Therefore if 
the roofing material inherits good thermal insulation 
properties itself, additional efforts like thermal insu-
lation foils or air conditioning are not required for 
getting indoor thermal comfort. 

Use of clay roofing tiles in Sri Lanka goes even 
back to the historic era. Now in Sri Lanka, approxi-
mately 200-300 clay roofing factories are function-
ing having a market share of 10-15%. Earlier the 
main clay tile profile type was calicut but now pro-
files come in various shapes, sizes and textures. The 
use of clay tiles is still drawing the highest interest 
due to the aesthetic character and good thermal 

comfort it provides. The clay tile making technique 
is the simplest when compared to the asbestos sheet 
and cement tile manufacturing techniques. The 
proper quality controlling and research and devel-
opment are essential to uplift the clay tile industry 
since the tile industry has been deteriorated ever 
since the asbestos took over the market of which the 
market share is 50-60%. Amid the controversies as-
sociated with the health risks of asbestos fibers, still 
people tend to use asbestos sheets because of its 
good strength, high roof covering per square feet 
and low cost. Even though the use of pressed cement 
tiles is still not popular in Sri Lanka, to its manufac-
tures major income comes from the export market. 
The main reasons for pressed cement tiles not being 
popularized in Sri Lanka are the high cost and high 
weight associated with them. 

This work is aimed at checking whether the roof-
ing materials namely the calicut clay tile, asbestos 
corrugated sheet and pressed cement tile (double ro-
man profile) comply with the local standards and in-
vestigation of their thermal conductivity. 
 



 

 

2 METHODOLOGY 

2.1 Sampling of materials 

Samples were collected from one manufacturer per 
each category.15 number of clay tiles, 8 number of 
asbestos sheets and 13 number of cement tiles were 
selected randomly according the sampling method 
described in SLS 2 (SLSI, 1975), SLS 9: Part 2 
(SLSI, 2001)and SLS 1267 (SLSI, 1999).  

2.2 Physical and Mechanical Tests 

As per the clay roofing tiles specification, the fol-
lowing tests were carried out with the clay tile sam-
ple. 

I. Dimension 
Length 
  Width 
II. Mass 
III. Transverse strength 
IV. Water absorption 
V. Water Permeability 
 
The following tests were performed to the asbes-

tos sample as mentioned in the SLS standard. 
I. Geometric characteristics 
Length 
Width 
Thickness 
Pitch 
Height 
II. Breaking load 
III. Density 
IV. Water absorption 
V. Water tightness 
 
For the cement tile sample, relevant testes were 

done. (SLSI, 1999) 
I. Hanging length and squareness 
II. Covered width 
III. Flatness 
IV. Mass 
V. Thickness 
VI. Transverse Strength & Water absorption 
VII. Impermeability 
VIII.Nib support 
IX. Shape of overlapping ends 
X. Pore and crack tests 
XI. Ring test 

2.3 Thermal conductivity test 

Thermal conductivity was measured according to 
Lee’s disk method. The apparatus consisted of two 
metal parts. The bottom plate and the top plate, both 
having the same diameter and thickness. The test 
sample is cut into the shape of the disc and then 
mounted on the bottom plate and the top plate is 

then placed on the test sample. Two thermometers 
are attached to the top and bottom plates to record 
the steady state temperature. The bottom plate is 
heated. To minimize the heat loss from the sides of 
the test sample, sides were covered from heat insu-
lating gel. 

 
When the heat flows from the bottom plate to the 

top plate through the sample for some time, the tem-
perature recorded gradually become steady and re-
main. At this stage; 

 
Steady state temperature of top plate    : T2 
Steady state temperature of the bottom plate: T1 
Specific heat of the metal plate: C 
Mass of the metal plate: m 
Thickness of the test sample: x 
Cross sectional area of the test sample: A (πD2/4) 
Thermal conductivity of the test sample: k 

 
Once the steady state is achieved, the heating of 

the bottom plate is stopped and the top plate is sus-
pended in air allowing both to cool down .Then the 
cooling curve of the bottom plate is recorded 

 Assuming that the heat loss from the lateral of 
test sample is negligible, the steady state heat trans-
fer (H) through the test sample by the con-duction 
can be given by: 

 
H= kA(T1-T2)/x  -----------------1 
 
The cooling law for the rate of heat loss from the 

bottom plate can be given by: 
 
H=mC (dT/dt) ---------------------------2 
 
When the system is in steady state, the rate of 

heat conduction through the bottom plate in-to the 
test sample must be equal to the rate of heat loss due 
to cooling (by air convection) from the top plate. 

From equations (1) & (2) at steady state, 
 
kA (T1-T2)/x = mC(dT/dt) 
          k=mCx (dT/dt)/A (T1-T2) 

3 RESULTS 

3.1 Calicut clay tile 

Test results observed were tabulated in Table 1 and 
Table 2. 
 

 

 

 

 

 



 

 

Table 1: Test results of Dimension, Mass and Water ab-

sorption of clay tiles 

N

o 

Lengt

h  

(mm) 

Width  

(mm) 

Base of nib 

(mm) 

Projection 

of nib 

(mm) 

Mass 

Oven 

dry 

(g) 

Break-

ing 

load 

(kN) Nib 1 Nib 2 Nib 

1 

Nib 

2 

1 401 248 28.0 28.0 9.0 8.0 2759 1.56 

2 402 250 29.0 29.0 9.0 9.0 2724 1.36 

3 403 250 29.0 28.0 8.0 9.0 2827 1.73 

4 405 250 27.0 28.0 8.0 8.0 2863 1.88 

5 402 249 29.0 29.0 9.0 8.0 2808 1.59 

6 405 251 27.0 30.0 9.0 8.0 2852 1.82 

7 404 250 28.0 28.0 9.0 9.0 2763 -- 

8 403 249 28.0 28.0 8.0 10.0 2727 -- 

9 405 250 29.0 29.0 9.0 9.0 2826 -- 

10 403 251 28.0 28.0 9.0 8.0 2860 -- 

11 404 252 29.0 29.0 9.0 9.0 2806 -- 

12 405 253 29.0 28.0 8.0 9.0 2850 -- 

13 401 250 28.0 28.0 8.0 8.0 -- -- 

14 404 250 28.0 29.0 8.0 8.0 -- -- 

15 401 249 28.0 27.0 8.0 9.0 -- -- 

Avg 2805 1.66 

Min 2724 1.36 

 
Table 02: Clay tiles: Summary of test results   
Test Observed Test  

Results 

Specified limits 

as per  
SLS 2:  1975. 

Compliance 

General 
Requirements  

 

1.  Dimensions 
1.1 Individual 

length   

 
 

1.2 Individual 

width    
 

2. Specific 

Requirements  
 

 
2.1  Mass  

 

 
2.2 Transverse 

strength (Breaking 

load) 
 

 

2.3 Water 
Absorption 

 

2.4 Water 
Permeability 

 
 

 

See Table 1 
 

 

 
 

See Table 1 

 
 

 

 
 

 
Avg. 2.8 kg 

 

 
Avg. 1.7 kN 

Min. 1.4kN 

 
 

 

Avg. 18 % 
 

 

There was no 
formation of 

droplets of 

water  

 
 

 

410 ±  10 mm 
 

 

 
 

245 ±  5 mm 

 
 

 

 
 

 
Not  more than 

2.7 kg 

 
Not less than 1.0 

kN 

individual not 
less than 950 N                               

 

Not more than 
18% 

 

Formation of 
droplets of water 

is not permitted.  

 
 

 

15 out of 15 
satisfy the 

specified 

limits. 
 

11 out of 15 

satisfy the 
specified 

limits. 

 
 

 
Fail 

 

 
Pass 

Pass 

 
 

 

Pass 
 

 

Pass 

3.2 Asbestos corrugated sheet 

The available nominal lengths of the sheet are 
1.75m, 2.0m, 2.25m, 2.5m .2, 75m, 3.0m, 3.25m 
and 3.5 m. In this work 1.7m size was selected for 

testing because our apparatus can accommodate 
maximum span of 1.75m.  
 
 
Table 3: Geometrical characteristics of asbestos corru-
gated sheets: Length and Width  

N

o 

Length(mm) Width(mm) 

L1 L2 L3 Avg W1 W2 W3 Avg 

1 1752.

0 

1750.0 1749.0 1750.3 1084.0 1084.0 1085.0 1084.3* 

2 1752.

5 

1752.0 1752.0 1752.2 1085.0 1084.0 1086.0 1085.0 

3 1751.

5 

1751.5 1751.5 1751.5 1087.0 1084.0 1085.0 1085.3 

4 1751.

0 

1751.0 1749.5 1750.5 1086.5 1084.5 1084.5 1085.2 

5 1750.

5 

1751.5 1750.0 1750.8 1085.0 1085.0 1085.0 1085.0 

6 1750.

5 

1751.0 1750.0 1750.5 1084.0 1083.0 1086.0 1084.3* 

7 1750.

5 

1750.0 1750.5 1750.3 1085.5 1085.0 1085.0 1085.2 

8 1749.

0 

1750.0 1750.5 1749.8 1084.0 1086.0 1085.0 1085.0 

 
Table 4: Geometrical characteristics of asbestos corru-

gated sheets: Thickness and Pitch of Corrugation 

 No Thick-

ness 

Avg 

(mm) 

Pitch of corrugation (mm) 

1 6.34 146.0 148.0 144.0 149.0* 147.0 148.0 

2 6.46 147.0 145.5 147.0 150.0* 144.5 148.0 

3 6.52 147.0 147.0 147.5 147.0 146.0 147.0 

4 6.47 148.0 147.0 146.0 147.0 143.0* 150.0

* 

5 6.44 147.0 147.0 146.5 147.5 146.0 149.0

* 

6 6.46 147.5 146.0 147.5 147.5 146.5 146.5 

7 6.42 147.0 148.0 149.0* 147.5 147.0 148.5

* 

8 6.44 147.0 146.0 147.5 148.0 146.5 147.5 

 
Table 5: Geometrical characteristics of asbestos corru-

gated sheets: Height of corrugation 

N

o 

Height of corrugation (mm) 

Corrugation 1 Avg Corrugation 2 Avg Corrugation 3 Avg 

1 48.7 49.3 48.4 48.8 48.0 48.2 48.5 48.2 48.9 48.8 48.9 48.9 

2 48.4 48.8 48.4 48.5 47.5 48.4 48.3 48.1 48.5 48.6 48.6 48.6 

3 47.9 48.5 48.4 48.3 48.1 48.5 48.2 48.2 48.7 48.2 48.6 48.5 

4 48.2 48.1 48.2 48.1 48.4 48.2 48.1 48.2 48.7 48.9 48.5 48.7 

5 48.3 48.2 48.5 48.4 48.2 48.8 48.8 48.6 48.8 49.2 48.1 48.7 

6 49.0 49.1 49.1 49.1 49.0 48.8 49.3 49.0 48.6 48.5 49.0 48.7 

7 48.3 48.5 48.4 48.4 49.0 48.8 48.5 48.8 48.7 49.0 48.6 48.8 

8 48.5 48.3 48.4 48.4 48.6 48.9 48.4 48.6 49.1 49.5 49.3 49.3 

 



 

 

 
 
Table 6: Geometrical characteristics of asbestos corru-

gated sheets: Out of Squareness  

 No Out of Squareness (%) 

Edge 

1 

Edge 

2 

Edge 

3 

Edge 

4 

Avg 

1 0.24 0.27 0.23 0.28 0.25 

2 0.30 0.26 0.28 0.28 0.28 

3 0.05 0.28 0.10 0.18 0.15 

4 0.12 0.25 0.15 0.22 0.9 

5 0.50 0.29 0.35 0.44 0.40 

6 0.42 0.24 0.40 0.26 0.33 

7 0.18 0.22 0.15 0.25 0.20 

8 0.35 0.32 0.40 0.33 0.35 

 
*not within the specified limits 

 
Table 07: Mechanical, physical and chemical character-

istics of asbestos corrugated sheets 

Charac-

teristics 

Ob-

served 

value 

Aver-

age 

(x) 

Range  

(R) 

Criteria 

for con-

formity 

Con-

form-

ance 

Braking 

load 

(kN/m) 

5.44 

6.22 

6.34 

6.00 0.9 x-0.4R 

shall be 

greater 

than or 

equal to 

5kN/m 

 

5.64 

kN/m 

passed 

Density 

(kg/m3) 

1624 

1706 

1748 

1693 124 x-0.4R 

shall be 

greater 

than or 

equal to  

1200 

(kg/m3) 

1643 

kg/m3 

passed 

Water 

absorp-

tion (%) 

22.57 

23.44 

24.44 

23.49 1.87 x-0.4R 

shall be 

less 

than or 

equal to 

28% of 

the dry 

mass 

   

23% 

passed 

Water -

tightness 

no for-

mation 

of 

drop-

lets of 

water 

  The 

two test 

speci-

mens 

shall 

satisfy 

the re-

quire-

ment  

passed 

 

3.3 Cement tiles 

 
The chosen profile type was double roman having a 
nominal length of 333mm×425mm. 

 
I. Hanging length and squarness 
Table 08: Hanging length and squarness of cement tiles 

No 

  

    Length (mm) Squareness 

(mm) L2 L3 Length 

Avg. per 

sheet 

1 402 401 402 1 

2 402 402 402 0 

3 400 400 400 0 

Conformity to standard specification cannot be 
commented since Manufacturer’s declared value 
has not been given for hanging length. 
Three tiles tested satisfied the squareness value 
specified which is not greater than 4 mm. 
 
II. Covered width 
 
Width of 10 tiles       = 3010 mm   
Avg. covered width    = 301.0 mm   
 
Conformity to standard specification cannot be 
commented since Manufacturer’s declared value 
has not been given. 
 
III. Flatness 
There is no gap between the lower front edge of the 
tile and the flat surface. 
 
IV. Mass 
Table 09: Mass of cement tiles 

No Mass (g) 

1 4701 

2 4666 

3 4729 

Conformity to standard specification cannot be 
commented since Manufacturer’s declared value 
has not been given. 
 
IV. Thickness 
Table 10: Thickness of cement tiles 

No Avg.Thickness (mm) 

1 13.0 

2 12.4 

3 13.3 

 
All the three tiles tested do not satisfy the require-
ment specified in SLS 1267 which is not more than 
12 mm. 
V. Transverse strength and water absorption 



 

 

Table 11: Transverse strength and water absorption of ce-

ment tiles 

No 

  

  

Test 

Span 

(mm) 

Dry 

Weight 

 (g) 

Wet 

Weight 

 (g) 

Ob-

served  

Trans-

verse 

Break-

ing 

load 

(N) 

Trans-

verse  

Strength 

 (N/mm) 

Wa-

ter  

Ab-

sorp-

tion 

 (%) 

1 300 4595 4902 1610 5.3 6.7 

2 300 4528 4860 1050 3.5 7.3 

3 300 4591 4944 1460 4.9 7.7 

4 300 -- -- 1350 4.5 -- 

5 300 -- -- 1500 5.0 -- 

                            Average 

                       Minimum 
 4.6  7.2 

3.5   

 

Table 12: Compliance of transverse strength and water 

absorption of cement tiles 

Name of test Observed 

value 

Specified 

value in SLS 

1267 

Comp

liance 

1. Transverse 

strength 

a) Average 

 

 

 

b) Minimum 

 

 

 

2. Water  

  absorption 

 

 

4.6 (N/mm) 

 

 

 

3.5 (N/mm) 

 

 

 

Avg. 7.2 % 

 

 

3.0 (N/mm) 

of covered 

width 

 

2.5 (N/mm) 

of  covered 

width 

 

Not more 

than 10% 

 

 

Pass 

 

 

 

Pass 

 

 

 

 

Pass 

 
Table 13: Compliance of impermeability, nib support, 

shape of overlapping ends, pore and crack test and ring 

test for cement tiles 

Test Observation Compli-

ance 

Impermeability Water droplets were 

not observed under-

side of the  3 tiles 

passed 

Nib support 3 tiles tested were re-

mained in the test po-

sition without fail. 

passed 

Shape of over-

lapping ends 

Maximum deviation 

observed for the tile 

tested was nil for left 

hand, right hand and 

bottom edges. 

passed 

Pore and crack 

test 

No visible cracks or 

pores 

passed 

Ring test Clear ring sound was 

heard for all the five 

tiles tested. 

passed 

 

3.4 Thermal conductivity measures 

Since a flat surface specimen is required for Lee’s 
disk apparatus, Ridge clay tile and Ridge asbestos 
sheet were chosen. 50mm diameter specimens were 
cut from the core drilling machine and they were 
polished in order to get flat surface. Relative density 
was measured according to the buoyancy method. 

 
Table 14: Thermal conductivity and dry density of roof-

ing materials 

Material Thermal con-

ductivity 

(W/m.K) 

Relative density 

on oven dry basis 

Clay tile 0.7106 1.79 

Asbestos sheet 0.4733 1.63 

Cement tile  0.5619 2.16 

4. DISCUSSION 

Only 11 out of 15 clay tiles satisfied the specified 
width and the average mass exceeded the specified 
limit of 2.7 kg. Therefore, in calicut clay tiles di-
mensional properties has to be properly checked and 
made within the limits. It is recommended to im-
prove the quality controlling process in order to 
achieve finished quality products. The reduction of 
mass can be achieved by reducing the thickness 
without deteriorating the strength of the tile. This 
can be achieved by developing the clay mix by us-
ing additives to make it light weight.  

In asbestos corrugated sheets, 6 out of 8 sheets 
satisfied the specified width and only 3 out 8 sheets 
satisfied the pitch of corrugation. 

 The thickness of cement tile shall be less than 
12mm but the measured value exceeded the limiting 
value. Because of the comparably high thickness; 
the tile tends to weigh more, leading the purlin re-
quirement high. Therefore, the improvement of the 
cement mix needs to be experimented to achieve 
low weight. 

The thermal conductivity of roofing materials 
according to the descending order is clay, cement 
and asbestos. Only by the conductivity value itself 
cannot be commented on which materials yields the 
best indoor thermal comfort. 

5. CONCLUSION 

In clay tiles and asbestos sheets certain dimensional 
properties have to be rectified. Weights of the both 
clay and cement tiles have to be reduced.  

It is recommended to measure the solar reflec-

tance of those roofing materials. Roof having 



 

 

high solar reflectance reflects a high fraction of the 

incoming solar energy and the remaining energy is 

either conducted into buildings or convected to air. 

Therefore, use of materials with high solar reflec-

tance may result better indoor thermal com-

fort.(SLSI, 1998). 
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