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Abstract 
 
Cement mortar is the largest amount of material that envelops the maximum parts of any masonry or RC 
structures and therefore, when a structure is subjected to any fire, the first material that comes in contact with is 
cement mortar. The thermal conductivity of cement mortars plays a very important role in the stability of that 
structure. This paper focuses on comparing thermal conductivity of four different types of mortars made with 
four different kinds of locally available fine aggregates like slag fine aggregate, river sand, brick fine aggregate 
and coarse sand. Usually, mortars have good fire resisting properties and are bad conductors of heat. Tests are 
conducted by using “Lees and Chorlton’s Apparatus” to evaluate thermal conductivity of these four types of 
mortars. The comparison of the test results would be beneficial to select suitable mortars to attain desired fire 
resistivity and ensuring stability of structural members.  
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1 Introduction 
 
Fire resistance of any RC or masonry structure depends on many factors. Among them, the two most important 
factors are heat transmission and structural characteristics of the aggregate (Thompson, 1963). Usually, cement 
mortars are poor conductors of heat in nature. However, it is necessary to know especially how much better it is 
through factual information for assessing cement mortars. Thermal conductivity is a function of density and 
aggregate source (Bentz et al., 2011). Thermal conductivity describes the energy efficiency of any structure 
(Bentz, 2009). Thermal conductivity of silicious aggregates are generally higher than that of limestone (Horai, 
1971). Mortars made of river sand are extensively used for aesthetic purposes due to its smooth surface finishing. 
However, performance under fire has become a concerning issue in the recent time. Thermal insulation is one of 
the major concerns in the field of construction and therefore, it is necessary to select suitable material for 
ensuring thermal insulation at the lowest possible cost (Borhan and Janna, 2016). This study provides an 
indication about the thermal property of various types of cement mortars through factual information which will 
be helpful in selecting the right material as mortar for ensuring improved structural fire resistance. 
 
 
2 Methodology 
 
Thermal conductivity of a bad conductor can be determined with the help of “Less and Chorlton’s Apparatus” 
and following the method by Ahmad and Shahabuddin, 2000. 
 
2.1 Description of the Apparatus 
The experimental setup used for determination of thermal conductivity of four types of mortars is shown in 
Figure 1. 
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Figure 1. Schematic diagram of “Less and Chorlton’s Apparatus” (Ahmad and Shahabuddin, 2000). 
 
Brass disc, A of about 10 cm diameter is supported by string. The steam chamber consists of two parts; the top 
part is a hollow cylinder, C and the bottom part is a thick metal plate, B where both B and C have the same 
diameter that of A. Two thermometers T1 and T2 are introduced in the two holes drilled in both B and A 
respectively. The test sample, S is inserted in between B and A. The whole setup is suspended horizontally from 
a stand. 
 
2.2 Test Procedure 
The test was conducted according to the “Less and Chorlton” method. The test procedure is described below: 

i. The mass of the disc A was measured as m (in gram). 
ii. The thickness of the sample was measured as D (in centimeter) and the setup was made as shown in 

Figure 1. 
iii. Steam was passed through the boiler, C and the temperature, ϴ1 and ϴ2 of B and A was measured with 

the help of thermometer T1 and T2 respectively at intervals of 5 minutes until they remain constant that 
is when the data is repeated at least three consecutive times. 

iv. Supply of steam was then stopped and both B and C are removed. The disc A was being heated from 
bottom till its temperature raised about 10o C above the steady temperature, ϴ2. 

v. The Burner was removed and the disc, A was allowed to loss heat having the sample, S on it. 
Temperature was recorded in every 30 second interval with the help of thermometer, T2 till the 
temperature fall about 10o C from the steady temperature, ϴ2. 

vi. A graph with the time of cooling as abscissa and the temperature of A as ordinate was drawn. A tangent 
on the plotted curve on steady temperature, ϴ2 was drawn. And the slope of the tangent which gives the 
rate of cooling dϴ/dt at ϴ2 was measured. 

After obtaining all the values, the thermal conductivity was determined by using Equation (1) 
 
                                      

                                                                    (1) 
 

 
Where, 

K = Thermal conductivity of the specimen (In calories per cm. per sec. per oC) 
m = Mass of disc, A (in gram) 
S = Specific heat of material, A (in Cal.g-1 oC-1) 
d = Thickness of the specimen (in cm) 
α = Area of cross-section of specimen (in sq.cm)  
   = (π/4)*D2  
D = Diameter of the specimen (in cm) 
ϴ1 = Steady temperature of B (in oC) 
ϴ2 = Steady temperature of A (in oC) 
dϴ/dt = Rate of cooling 
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3 Results and Discussions 
 
Thermal conductivity of four types of mortars made with four different types of fine aggregate like induction 
furnace slag fine aggregate (slag fine aggregate), river sand, brick fine aggregate and coarse sand was 
determined. All the fine aggregates were passing number 4 standard sieve size (4.75 mm) and were retained on 
number 200 standard sieve size (0.075 mm). All the mortars were made with an aggregate-cement ratio of 3:1 
and water-cement ratio of 0.5. Details of the test are shown in Figure 2. 

 

 
(a) 

 
(b) 

 
(c) 

 
Figure 2. Details of the test procedure. (a) Lees and Chorlton’s Apparatus, (b) Close view of the setup, (c) Test 

specimens 
 

The graph from which the cooling rate is determined is shown in Figure 3, Figure 4, Figure 5 and Figure 6. A 
tangent drawn on the curve at steady temperature, ϴ2 is presented by dotted line and is shown in the Figures 3 to 
6.  
 

 
Figure 3. Temperature varying with time for mortar of 

slag fine during cooling 

 
Figure 4. Temperature varying with time for mortar of 

coarse sand during cooling. 
 

 
Figure 5. Temperature varying with time for mortar of 

brick fine during cooling. 

 
Figure 6. Temperature varying with time for mortar of 

river sand during cooling 
 

dϴ/dt = 0.9545 dϴ/dt = 1.3333 

dϴ/dt = 1.2222 dϴ/dt = 1.250 
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The value of tangent, dϴ/dt at steady temperature ϴ2 was obtained from Figure 3 to 6. The measured data and the 
value of dϴ/dt obtained from the graphs were used in Equation 1 for determining thermal conductivity. The 
measured data and the results of the tests are summarized in Table 1. 
 

Table 1. Summary of the test results 
 

Type of 
Mortar 

m    
(g) 

s       
d     

(cm) 
D      

(cm) 
α       

(sq. cm) 
θ1 

(oC) 
θ2 

(oC) 

dθ/dt          
(oC min-1)  

(From 
Graph) 

K                                      
(Cal. cm-1 sec-1  

oC-1 ) 

K              
(W m-1 K-1) 

Slag 
Fine 
Mortar 

791.6 0.089 2.317 10.015 78.78 98.5 62.5 0.9545 0.000915577 0.384542 

Coarse 
Sand 
Mortar 

791.6 0.089 2.305 10.153 80.97 97.5 69 1.3333 0.001563834 0.656810 

Brick 
Fine 
Mortar 

791.6 0.089 2.305 10.152 80.94 97.5 63 1.2222 0.001184603 0.497533 

River 
Sand 
Mortar 

791.6 0.089 2.328 10.183 81.45 97.5 68 1.25 0.001422359 0.597391 

 
Thermal conductivity was found 0.385, 0.657, 0.498 and 0.597 Wm-1K-1 for mortars made of slag, coarse sand, 
brick and river sand respectively. 
 
4 Conclusion 
 
From the test result it was found that mortar made of slag fine aggregate has the lowest thermal conductivity and 
mortar made of coarse sand has the highest thermal conductivity. Whereas, mortar made of brick fine aggregate 
has lower thermal conductivity than traditionally used mortar made of river sand. It can be concluded that in 
order to get better thermal insulation, mortar made of slag fine aggregate and mortar made of brick fine 
aggregate instead of traditionally used mortar made of river sand, could provide better fire resistance for RC 
structures. Specially, in case of fire protection of steel structures by concrete encasement, use of mortar made of 
slag fine aggregate which is readily available as industrial waste product instead of fire proofing agents could be 
a cost effective solution for ensuring sustainable construction. Parallel studies using numerical model are being 
conducted to demonstrate how use of mortar with low thermal conductivity could improve the fire rating of RC 
members. 
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