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Abstract— In this study, an experimental work and thermal 

analysis were performed to determine the temperature distribution 

and thermal gradients in hot weather through the sections of the 

mass concrete units of dimensions (400*200*200) mm with 

thermal power distribution apparatus which is locally 

manufactured. Mass concrete mix was designed by the absolute 

volume method (ACI). Three mixes (reference mix, polystyrene 

mix 30% and perlite mix 30%) and tests (density, compressive 

strength, and thermal conductivity and temperature distribution) 

were done. A 3D thermal analysis by ANSYS (version 11) with 20 

node 90 elements was utilized. Experimental results showed a 

clear decrease in the density of (16, 10) %, compressive strength of 

(49, 19) % and thermal conductivity of (39, 27) % By using 

polystyrene beads and perlite respectively. The thermal analysis 

results of temperature distribution show good agreement with the 

experimental measurements. 

 
Index Terms—Temperature Distribution, Thermal Gradient, 

Compressive Strength, Mass Concrete, Expanded Polystyrene, 

Perlite. 

I. INTRODUCTION 

Concrete is a stone like material obtained by permitting a 

carefully proportioned mixture of cement, sand and gravel or 

other aggregate, and water to harden in forms of the shape and 

dimensions of the desired structure. The bulk of the material 

consists of fine and coarse aggregate. Cement and water 

interact chemically to bind the aggregate particles into a solid 

mass [1]. Mass concrete can be defined as “any volume of 

concrete with dimensions large enough to require that 

measures be taken to cope with the generation of heat from the 

hydration of the cement and attendant volume change to 

minimize cracking”. Thermal properties of concrete are 

significant in connection with keeping differential volume 

change at a minimum in mass concrete, extracting excess heat 

from the concrete, and dealing with similar operations 

involving heat transfer. These properties are specific heat, 

conductivity, and diffusivity [2]. At a construction site of a 

dam or a large-scale concrete structure like an electric power 

plant, concrete would be placed in large quantities. However, 

such concrete in large quantities placed at the same time, 

causes the temperature of the concrete to rise. It often reaches 

about 40-70°C because of the hydration heat of the cement. 

And also such temperature rises thermal stress that can be 

generated. These kinds of structures should be constructed 

paying attention to the generation of cracks due to thermal 

stress to make sure of its safety and serviceability [3]. Husain 

et al. (2010) studied the temperature distribution in hot 

weather through the section of the high performance 

lightweight concrete sandwich panels. In the experimental 

work thermal conductivity of unreinforced mortar, reinforced 

mortar and polystyrene concrete were investigated, then the 

thermal conductivity of eight series of 1000mm length and 

200mm width concrete sandwich panels with two reinforced 

mortar faces of 20 mm in thickness and core of 30 and 50mm 

in thickness from polystyrene concrete were calculated. A 

nonlinear one – dimensional finite element analysis has been 

used to conduct an analytical investigation on the temperature 

distribution through the section of concrete sandwich panels. 

The experimental results show that thermal conductivity of 

the concrete sandwich panels is low with average value of 

0.446 W/m.K and the thermal conductivity of the panels with 

similar type and volume content of reinforcement decreases 

by about 17% when the core thickness increases from 30 to 50 

mm [4]. Bilgen and Richard (2002) studied the heat transfer 

by natural convection, conduction and radiation on a concrete 

slab system. The system was a 0.78 m long, 0.40 m wide and 

0.10 m thick concrete slab. A heat source was used to impose 

a constant heat flux which could be varied from about 200 to 

700 W/m. Temperatures at various points and heat flux by 

natural convection at the horizontal surface were measured. 

The results showed that the incident energy on the concrete 

slab was not a parameter affecting strongly the absorbed heat 

by the slab, the radiation heat losses made about 60% while 

those by natural convection 40%, and the major energy 

storage–restitution was took place during the first 3 to 4 

hr.[5]. Rova (2009) studied the effect of adding thermal 

insulating grains to concrete on thermal conductivity and 

compressive strength, the work was carried out in two stages, 

at first stage five concrete blocks were molded containing 

grains of corks, the second stage associated with the addition 

of asbestos grains to concrete. The values of the thermal 

conductivity of the blocks that contains cork ranged between 

(0.22-0.65)W/m.˚C, those values were less than the others, 

which contain same percentage volume of asbestos under the 

Same test conditions, which ranged between 

(0.44-0.9)W/m.˚C, these values are less than thermal 

conductivity of normal concrete ranging from (1.13)W/m.˚C 

to (1.4) W/m.˚C for high-density concrete. The results of 

compressive strength of the concrete that contain cork ranged 

between (12-32) N/mm², which are less in values than those of 

the equivalent specimens which contain asbestos in which the 
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values ranged between (25-40) N/mm²[6]. 

II. METHODOLOGY 

A. Materials: 

1. Cement: 

Sulphate resisting cement (SRC) produced by Hamam 

Al-Aleel cement factory, which satisfy to the Iraqi 

Specifications was used [7]. 

2. Fine Aggregate: 

Rough natural sand in accordance with Iraqi standard 

specifications (45:1984) [8] was used. It has a specific gravity 

2.63 and F.M.= 3. Its particle size shown in Table (1). 

Table (1) Sieve Analysis of Sand 

Sieve Size 
Weight (%) 

Passing 

Total Limits 

(%) Passing 

ASTM (in.) 
ASTM (in.) B.S. (mm) 

No. 4 4.75 89.2 89 – 100 

No. 8 2.36 67.1 60 – 100 

No. 16 1.18 57.4 30 – 100 

No. 30 600µ 42.1 15 – 100 

No. 50 300µ 10.6 5 – 70 

No. 100 150µ 1.6 0 – 15 

3. Coarse Aggregate: 

River gravel round shape was used; it has nominal 

maximum aggregate size of 37.5mm and specific gravity 2.7, 

sieve analysis was performed  and Table (2) shows the results 

of the sieve analysis; it is found compatible to the Iraqi 

standard specifications (45:1984)[8]. 

Table (2) Sieve Analysis of Gravel 

Sieve Size 
Weight (%) 

Passing 

Total Limits 

(%) Passing 

ASTM (in.) ASTM (in.) B.S. (mm) 

2.0 50 100 100 

1 ½ 37.5 94 90 – 100 

3/4 19 65 35 – 70 

1/2 12.5 50 25 – 55 

3/8 9.51 32 10 – 40 

No. 4 4.75 3 0 – 5 

4. Water: 

Tap water which has good drink water properties was used 

in all mixes. 

5. Super plasticizer: 

Retarder type super plasticizer (Glenium 27) was used in 

compatible to the ASTM standards (C 494)[9]. It is 

Polycarboxylic ether (PCE) based, High range water reducing 

admixture for the ready-mix concrete industry where slump 

retention, high strength and durability are required. Table (3) 

is listed technical data of this type [10]. 

 

Table (3) Technical Data of Glenium 27[10] 

Property Description 

Structure Polycarboxylic Ether Based 

Color Brown 

Density 1.023-1.063 kg/liter 

Chlorine Content % < 0.1 

Alkaline Content % < 3 

6. Expanded polystyrene: 

Polystyrene beads Spherical shape was used. Its diameter 

(2-5) mm, density (20 - 50) Kg/m³ and thermal conductivity 

(0.031 - 0.047) W/m.k used as volumetric ratio added to the 

total volume of mix [11]. 

7. Expanded Perlite: 

Expanded perlite, honey-comb like or bubble-like, white 

or grayish-white granules, is made by calcining the natural 

perlite. It is a high-efficient heat insulating material, and has 

the advantages of light weight, good performance in low 

temperature, better hygroscopicity, better chemical stability, 

incombustibility, corrosion resistance, and easy application, 

etc. In construction, expanded perlite is widely utilized in 

exterior protected construction, low- temperature insulation 

equipments, thermal equipments, and also sound-absorbing 

products and having (0.06-0.17) W/m.k thermal conductivity 

at high temperature. Table (4 and 5) shows the chemical 

composition and sieve analysis respectively, and having 

density (60 – 150) Kg/m3[11]. 

Table (4): The Chemical Composition of Perlite [12] 

Typical Elemental Analysis 

SiO2 33.8 

Al2O3 7.2 

K2O 3.5 

Na2O 3.4 

Fe2O3 0.6 

Ca2O3 0.6 

MgO 0.2 

Trace 0.2 

O2 (by difference) 47.5 

Net Total 97.0 

Bound water 3.0 

Table (5) : Sieve Analysis of Perlite[12] 

Sieve Size (mm) Weight % Passing 

No. 4 4.75 100 

No. 8 2.36 85 – 100 

No. 16 1.18 40 – 85 

No. 30 600µ 20 – 60 

No. 50 300µ 5 – 25 

No. 100 150µ 0 – 10 
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B. Methods 

1. Mix Proportion, Mixing and Curing 

Mix design with (ACI 211.1- 91)[13] was performed 

depending upon the compressive strength, workability and 

nominal maximum aggregate size and the proportions were 

listed in Table (6). The reference mixture compared with 

mixes containing polystyrene beads and perlite materials, the 

expanded polystyrene beads were added to the mixture as 

volumetric ratio to the total volume of the reference mixture 

with proportion (30)% for both polystyrene and perlite and 

forming three mixes with the reference mix see Table (7). The 

dry cement, aggregate and polystyrene beads or perlite were 

mixed without water till it became homogeneous; then water 

was mixed with homogeneous dry mixes and casting in steel 

molds (150) cubic mm for compressive strength and 

(400*200*200) mm for thermal test (Temperature 

Distribution) see Figure (1). In this study, three mixes were 

casted. After 24 hours, samples were removed from molds 

and cured in normal water (23 °C) temperature for (7 & 28) 

days. 

Table (6): Mix Proportion of Concrete Constituents 

Constituents  Water Cement Sand Gravel 

Weights 

(kg/m³) 

175 437.5 617.24 1190.25 

Percentages 

(%) 

0.4 1 1.41 2.72 

Table (7) Compositions of Mixes 

Materials Mix(1) Mix(2) Mix(3) 

SRC km/m³ 437.5 437.5 437.5 

Sand km/m³ 617.25 617.25 617.25 

Gravel km/m³ 1190.25 1190.25 1190.25 

Polystyrene Beads 

(%) 

--- 30 --- 

Expanded Perlite 

(%) 

--- --- 30 

Super plasticizer 

km/m³ 

4.375 4.375 4.375 

Water km/m³ 131.25 131.25 131.25 

 
Fig (1) Mold of Testing Sample 

2. Manufacturing of Thermal Power Distribution 

Apparatus 

To study the heat transfer in the concrete with various 

thicknesses within concrete cross section in laboratory, the 

need arises to manufacture an electric-thermal local apparatus 

measure temperatures distribution in steady–state heat 

transfer case. This apparatus is designed to measure the 

thermal action and temperature distribution for concrete units 

(400*200*200) mm through specific thicknesses. Figure (2) 

shown the thermal power distribution apparatus in testing 

case. This apparatus works to apply heat by heat source 

directed at the concrete surface. The heat transferred from 

heat source to concrete surface by natural convection 

according to Newton’s law and through concrete constituents 

by natural conduction according to Fourier’s law of heat 

conduction [14]. This apparatus is very accurate and its 

accuracy based on the thermocouple type (K)[15] see Figure 

(3). This apparatus was calibrated before the test. 

 
Fig (2) Temperatures Distribution Apparatus 

 
Fig (3) Thermocouple Type K Error Limits [15] 

3. Thermal Analysis 

A three dimensional (3D) steady-state thermal analysis 

was performed with computer program (ANSYS V11) to 

determine the temperature distribution in concrete units with 

the same dimension for the actual units [16]. The material 

properties (thermal conductivity and density) was specified 

and 20node 90 was used and the load (Temperature) was 

applied from one direction (50 ºC). When a temperature 

gradient exists in a medium, conduction heat transfer occurs 

and the energy is transported from the high temperature 

region to the low temperature region by molecular activities. 

The temperatures were distributed at all nodes in a three 

dimensional heat transfer through sections of units and the 
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counter nodal temperatures were represented in 3D unit. 

4. Testing Program 

4.1. Density according to (ASTM C138/C 138M-01a) 

[17]. 

4.2. Compressive strength for (7 & 28) days, according 

to (BS. 1881:part 116)[18]. 

4.3. Thermal conductivity depending upon the 

oven-dry density of concrete according to (ACI 

122R – 02)[19]. 

4.4. Temperature distribution by thermal power 

distribution apparatus. Twelve readings taken at 

once every 15 minutes to 5 hours of continuity. 

Each 3 readings represent a specific thickness 

and there are four thicknesses for each concrete 

unit (40, 80, 120 and 160) mm. 

III. RESULTS AND DISCUSSIONS 

A. Density (Unit Weight): 

The densities of the concrete with and without insulation 

materials (polystyrene beads & perlite) are shown in Table (8) 

and represent in Figure (4). From results, the density of 

concrete containing polystyrene beads is less than the density 

of concrete with perlite because the density of polystyrene is 

less than the density of perlite as mentioned in material 

properties. 

 

Fig (4) Densities of Mixes 

B. Compressive Strength: 

The compressive strengths of concrete with and without 

insulation materials are shown in Table (8) and represented in 

Figure (5). From results it is shown that the compressive 

strength reduced with addition of insulation materials 

(polystyrene beads & perlite), but the compressive strengths 

reduced by using polystyrene beads are larger than the 

reduction that is caused by using perlite because the perlite is 

stronger than the polystyrene beads in interlocking among 

concrete constituents. 

 

Fig (5) Compressive Strengths of Mixes 

C. Thermal Conductivity: 

Depending upon the density of concrete, thermal 

conductivity was calculated by an exponential equation 

according to (ACI 122R – 02) [19]. Where the thermal 

conductivity coefficient (kc) is dependent on types of 

aggregate used in concrete mixture. By using insulation 

materials (expanded polystyrene & construction perlite) with 

30% addition, the oven-dry density of concrete reduced by 

adding insulation materials. Thermal conductivity (kc)  is 

calculated by equation (1) : 

............................................(1) 

 Where kc = Thermal conductivity coefficient in (S.I. 

units), and d = oven-dry density in (kg/m³). 

Thermal conductivities of the concrete are shown in Table 

(8) and represented in Figure (6). The results showed that the 

thermal conductivity is reduced about 39 % and 27 % when 

added 30% of polystyrene beads and perlite to the total 

volume of mix respectively. 

 

Fig (6) Thermal Conductivities Values of Mixes 

Table (8) Density, Compressive Strength and Thermal 

Conductivity Tests 

Density (Unit Weight), (kg/m3) 

Mix No. Fresh Density Oven-Dry Density 

Mix (1) 2516 2469 

Mix (2) 2106 2080 

Mix (3) 2295 2221 

Compressive Strength, MPa 

Mix No. 7-Days 28-Days 
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Mix (1) 44 57 

Mix (2) 20 29 

Mix (3) 38 46 

Thermal Conductivity (K), W/m.k 

Mix No. K 

Mix (1) 1.576427 

Mix (2) 0.969389 

Mix (3) 1.156226 

D. Temperature Distribution by Test: 

In this test, the maximum temperature on the surface (50) 

ºC was identified and the laboratory (Ambient) temperature 

(25) ºC. The opposite surface has laid the thermocouples 

according to the depths specified and the other sides of unit 

were isolated using an insulating material (wood). At the end 

of test, results were recorded and described in Table (9) and 

represented in Figures (7, 8, 9 and 10). Experimental results 

showed that the heat transmission rate was decreased by using 

polystyrene beads and perlite significantly and also showed 

that the polystyrene beads were more efficient than the perlite 

in resisting heat transfer. All mixes of samples (reference, 

polystyrene and perlite mixes) were tested at the same time 

and under the same circumstances. 

 

Fig (7) Temperature Distribution across Units Sections of 

160mm Thickness 

 

Fig (8) Temperature Distribution across Units Sections of 

120mm Thickness 

 

Fig (9) Temperature Distribution across Units Sections of 80mm 

Thickness 

 
Fig (10) Temperature Distribution across Units Sections of 

40mm Thickness 

E. Temperature Distribution by Computer Analysis: 

The thermal gradients and temperature distribution results 

by ANSYS program were showed a noticeable compatibility 

with the experimental test through the sections of the concrete 

units. Figure (11) described the modeling, meshing and 

loading and Figure (12, 13 and 14) showed the temperature 

distribution results for mixes (1, 2 & 3) from a computer 

thermal analysis by ANSYS program 

 

(a) Modeling 
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(b) Meshing 

 

(c) Loading 

Fig (11) Modeling, Meshing and Loading of Concrete Sample 

 

 
 

 
Fig (12) Thermal Analysis of Mix (1) 

 
 

 
Fig (13) Thermal Analysis of Mix (2) 

 
 

 
FIG (14) THERMAL ANALYSIS OF MIX (3) 

IV. CONCLUSION 

From results of tests, it was concluded that : 

 It can be seen that the addition of insulation 

materials (Polystyrene & Perlite) Reduces the effect 

of hydration temperature of cement and limits 

thermal cracks which shows due to high tensile 

stresses because the thermal conductivity is very low 

for polystyrene and perlite, high thermal insulation 

and Homogeneity of the material with concrete 

components that lead to the absorption of heat 

generated and prevent an aggravation of dangers. 
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 The density (unit weight) of concrete was decreased 

16% and 10% by using 30% of polystyrene and 

perlite addition respectively. 

 The compressive strength of concrete was reduced 

49% and 19% by using 30% of polystyrene and 

perlite addition respectively. 

 The thermal conductivity (k) of concrete was 

decreased 39% and 27% by using 30% of 

polystyrene and perlite addition respectively. This 

means that there is an improvement in the thermal 

insulation of concrete. 

 Temperature distribution test was proved that the 

heat transfer decreases significantly when using 

polystyrene beads and perlite as a result of lower 

thermal conductivity for concrete. As the heat 

transfer for the concrete containing polystyrene was 

less than the transition in concrete containing perlite.  

 The thermal analysis results by ANSYS 11.0 

program in case of steady-state heat transfer  were 

compared with the results of the thermal testing 

(Temperature Distribution) and it  showed a 

noticeable convergence between the experimental 

results and the program results (ANSYS) in the same 

case with the same size of the unit In terms of the 

temperature distribution in the concrete units as well 

as the efficiency of the insulation material 

(polystyrene and perlite) in resisting heat transfer, 

reflecting radiation  and thermal insulation 

efficiency. 
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Table (9) Temperature Distribution for Mixes 

Time 

Temperatures (˚C) Max. Temp. = 50 ˚C 

Distance from The Heat Source 

Mix A Mix B Mix C 

Min.  
40   

mm 

80  

mm 

120 

mm 

160 

mm 

40   

mm 

80   

mm 

120 

mm 

160 

mm 

40   

mm 

80   

mm 

120 

mm 

160 

mm 

0 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

15 37.66 36.66 36 36 37 36 35 35 38 37 36.66 35.66 

30 41 39 38 37.66 38.66 37.33 36 35 40 38.33 38.33 36.66 

45 42.33 40.66 39 38 40.33 38.33 36.66 36 41.33 39.33 38.33 37.33 

60 43.33 41.33 39.66 39 40.66 39.33 37 36 42 39.66 38.66 37.66 

75 44 42 40 39 41 40.33 37.66 36.66 42.33 40 39 38 

90 44.66 42.33 40.66 40 41.66 40.33 37.66 37 42.66 41 39 38 

105 45 42.33 41 40 41.66 40.33 37.66 37 42.66 41 39.33 38 

120 45 42.33 41 40 41.66 40.33 37.66 37 42.66 41 39.33 38 

135 45 42.66 41 40 41.66 40.33 37.66 37 42.66 41 39.33 38 

150 45 43 41 40 41.66 40.33 37.66 37 42.66 41 39.33 38 

165 45 43 41 40 42 40.33 38.33 37 42.66 41 39.33 38 

180 45.66 43.33 41.33 40.33 42.66 41 38.66 37 43 41 39.66 38 

195 45.66 43.66 42 41 42.66 41 39.33 37.33 43.33 41 40 38.33 

210 46 44 42 41 42.66 41 39.66 37.33 43.33 41.33 40.33 38.33 

225 46 44 42.33 41 42.66 41 39.66 38 43.66 42 40.33 38.66 

240 46.33 44.33 43 41.66 43.33 41.33 39.66 38.33 43.66 42 40.33 39.33 

255 46.33 44.33 43 41.66 43.33 41.33 39.66 38.66 43.66 42 40.66 39.33 

270 47 45 43 42 43.66 41.33 40.33 38.66 44 42 41.33 39.66 

285 47 45.33 43 42.33 43.66 42.33 41 39.33 44.33 42.33 41.33 39.66 

300 47 45.33 44 43 44.33 43 41.33 40 45 43 42 40.66 

  


