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The building sector is responsible for the enormo-
us amount of total energy consumption in the 

World. Most of this energy is used for the provision 
of heating and cooling applications. The main objec-
tive of a cooling or heating system is to maintain the 
thermal comfort conditions to the occupants of the 
building that are required for indoor products and 
processes. The heat ratio that must be removed from 
a room to maintain a stable temperature at the com-
fort level is defined as a cooling load [1]. The heat gain 
through the building envelope, which includes roofs 
and walls in most buildings, constitutes a significant 
partition of the overall cooling load of space due to 
its large area [2]. If the structures having appropriate 
thermal properties are selected, also accurate coo-
ling load calculation is performed, and then suitable 
HVAC system components can be selected. Therefo-
re, estimation of the cooling load through the buil-
ding envelope is an essential task in the selection of 
proper components of an HVAC system that influen-
ces the building’s performance. However, an accurate 
calculation of the cooling load is quite complicated 
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and time-consuming due to the thermal storage ef-
fects of a building thermal mass and continuously 
changing outdoor climatic conditions [3]. 

In literature, several methods have been developed 
to calculate the cooling load due to heat gain through 
the envelope such as transfer function method (TFM), 
heat balance method (HB), total equivalent temperature 
difference method (TETD), and cooling load tempera-
ture difference (CLTD) method. TFM, which is widely 
used in HVAC industry [4], uses a set of design types 
with recalculated conduction transfer functions (CTF) 
coefficients tabulated for certain types of walls, ceilings, 
and floors handbook of ASHRAE [5]. The calculation of 
heat gain by the CLTD method is provided by multipl-
ying the UA value of a building envelope with the CLTD 
values obtained by using the HB or TFM technique. It 
is limited by the data for specific constructions used 
in North America with particular external conditions 
[2]. On the other hand, Complex Finite Fourier Trans-
form (CFFT) is a new model and analytically provides a 
transformation of the problem into a form that leads to 

A B S T R A C T

In this study, both experimental and theoretical investigations are performed to obtain new 
concrete types with high thermal insulating characteristics for energy-efficient buildings. 

In this regard, 102 new concrete wall samples were produced using different aggregates at 
different volume fractions, and their thermophysical properties were tested according to EN 
and ASTM standards. The experimental research focused on developing new wall or roof 
types with higher thermal insulation properties in order to reduce the energy consumption 
of buildings due to heating or cooling. In order to specify the thermal performance of de-
veloped lightweight concretes, an analytical solution method is developed by the Complex 
Finite Fourier Transform (CFFT) method to estimate heat gain utilizing measured thermo-
physical properties data of those samples. The results indicated that the reduction in heat 
gain value was obtained as 83.21 % for the PC100 wall corresponding to conventional con-
crete. Consequently, the thermal insulation effect of those samples shows excellent potential 
for development.
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In this study, experimental and theoretical studies are 
performed. The experimental research focused on develo-
ping new wall or roof types with higher thermal insulation 
properties in order to minimize the energy consumption of 
buildings. The calculation method for the cooling load used 
in the study is based on the solution of the periodic heat 
transfer problem in order to obtain the temperature distri-
bution of the multilayer wall or flat roof structures.

MATERIAL AND METHODS
Several materials were used to obtain different lightwe-
ight building wall or roof elements. The materials were 
locally available fine aggregate, coarse aggregate, ordi-
nary Portland cement, mineral admixtures such as silica 
fume, superplasticizers, and lightweight aggregates such 
as rubber aggregate (RA), pumice aggregate (PA) and 
expanded perlite aggregate (EPA). The concrete mixtu-
res were prepared with a constant water-cement ratio of 
0.48 and total cement content of 350 kg/m3. The value of 
0.48 was selected for providing desired consistency in the 
mixtures [19]. Then, aggregates were replaced by RA, EPA, 
and PA at different volume fractions (10%, 20%, 30%, 40%, 
50%, and 100%) of the total aggregate volume. Besides, a 
control mix with no replacement of the light-weight agg-
regate was produced to make a comparative analysis. The 
chemical composition of the materials used in the study 
and mix proportions are detailed in Ref. [20]. During the 
mixing process, the target air content was established at 
2% for the control concrete and 6% for the air-entrained 
concrete. The same series of calculations accomplished 
by the volume to weight conversions for aggregates. The 
actual material quantities were then calculated by using 
the following equations:

a
c s

C wV =1- + +h+k
δ δ
 
 
 

(1)

EW C
C

 = × 
 

(2)

ii a ix xG V P δ= (3)

where Va is total aggregate volume in concrete (m3), C is 
weight of cement (kg), W is weight of water (kg), h is targe-
ted air volume in concrete (m3), k is admixtures volume in 
concrete (m3), E/C is effective water/cement ratio, δ c  and 
δ

i are specific gravity of cement and aggregates (kg/m3), 
respectively. Then, the concrete mixes were prepared in a 
laboratory in the following order:

• Firstly, PA and EPA were pre-wetted for 30 min.
• Secondly, one-third of water and light-weight
aggregate were mixed.

a transient solution. Zainal and Yumrutas [6] used the CFFT 
technique to find the CLTD values numerically for multi-
layered roofs and walls. A one-dimensional solution to the 
transient problem is a new approach to estimate CLTD va-
lues. By the way, CFFT is applicable for any possible building 
structure and ever-changing outdoor climatic conditions, 
and also it does not require the tables.

Concrete is the most widely used construction material 
in the world due to its internal functionality and the presen-
ce of raw materials used in its production [7-8]. It is essen-
tial to improve the thermophysical properties of concrete 
to reduce the heating and cooling energy consumption of 
buildings. The important thermophysical properties for he-
at-transfer processes of a building are density, specific heat, 
thermal conductivity, and thermal diffusivity. Notably, a low 
conductivity is required due to the ability to provide thermal 
insulation, and high specific heat is required due to the abi-
lity to retain heat [8]. Besides, the thermophysical properties 
of concrete depend on moisture content, type, and propor-
tion of aggregate and cement materials [9,10]. Since aggrega-
tes generally comprise about 70-80% of the concrete volume, 
these materials can be expected to have a more significant 
effect than other parameters [11]. Many studies have discus-
sed in literature about the influences of type and proportion 
of aggregate on thermophysical properties of concrete. An 
experimental study [12] was carried out with several types 
of aggregates to investigate the influence of the aggregate 
on the thermal properties of concrete. Results showed that 
concrete containing pieces of calcined clay bricks showed a 
lower thermal conductivity, but a higher specific heat than 
concrete containing stone chips. Besides, the thermal con-
ductivity of produced concretes was directly proportional to 
their thermal diffusivities. Różycka and Pichór [13] studied 
the effect of perlite waste addition on the properties of au-
toclaved aerated concrete. The results showed that due to 
its high insulation properties, expanded perlite waste could 
potentially be used as a replacement in the production of 
autoclaved aerated concrete. Benazzouk et al. [14] were con-
ducted a study about the influence of waste rubber particles 
on the thermal properties of concrete. The results indica-
ted that the addition of rubber particles to concrete reduces 
thermal conductivity and density. Kilincarslan et al. [15] re-
ported that the addition of pumice to foam concrete reduces 
thermal conductivity and bulk density. Besides, many studi-
es have been revealed that thermal insulation characteris-
tics of masonry materials are improved by introducing va-
rious amounts of lightweight and synthetic aggregates and 
also some additives [16–18]. Although many researchers 
have studied the thermal properties of concretes containing 
different types of lightweight aggregates, there has not been 
much in the literature to identify the effects of insulation 
properties for a given climate.
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• Thirdly, cement, mineral admixtures were mi-
xed with remaining water.
• Finally, stirring was continued until a uniform
concrete was produced.

The mixture was first mixed for 5 min in a mixer and 
then placed in the mold, and it was adequately compacted 
for 2 min on a vibration table (Fig. 1). The mixtures were 
produced as expanded perlite concrete (EPC), rubberized 
concrete (RC), pumice concrete (PC), normal concrete (NC), 
air-entrained concrete (AEC) and the numbers as 10, 20, 30, 
40, 50 and 100 show the percentage of replacement. In total, 
102 concrete samples were produced, and their mechani-
cal tests such as the compressive strength (ASTM C39, as 
shown in Fig. 2), bulk density (ASTM C138) and porosity 
tests (ASTM C1202-12) were performed in accordance with 
ASTM standards on air-dry samples aged 28 days (ASTM 
C330-99). The minimum strength requirements for buil-
ding blocks are most commonly set at 2.5 MPa [21]. The-
refore, the produced samples whose compressive strengths 
are under the limit were not included in the study (EPC100 
and RC100 were not cased).

In order to establish thermophysical properties of the 
concretes, thermal conductivity, thermal diffusivity, and 
specific heat tests were performed by transient plane sour-
ce technique (TPS) according to EN 12667. The advantage 
of the TPS method compared to stationary or steady-state 
methods is to determine a full set of thermophysical proper-
ties within a single measurement. The values of the thermal 
property device range for measuring parameters are given 
in Table 1. ISOMET 2104 device was used to measure the 
thermal property of concrete samples based on the transient 
plane source method, as indicated in Fig. 3.

Formulation of Heat Transfer Problem

In order to decide whether any one of the building wall 
or roof elements is the best or not due to heat transfer, it 
is necessary to compare heat gain or loss for these ele-
ments. In this study, at first, the heat gain values through 
the produced wall or roof structures are estimated, and 
then the estimated heat gain values for each element are 
compared with other building elements. Since the mag-
nitude of energy consumption in heating and cooling of 
any space is extremely important for humanity or envi-
ronment protection or pollution, any element or elements 
having the lowest heat gain values are recommended to 
applicants.

Heat gain, qc (W/m2) through indoor space of a buil-
ding from exterior walls or roofs can be calculated using 
the inner wall surface, room temperature, Tr and combined 
convection heat transfer coefficient at the inner surface, hi:

( )1 0,c i rq h T t T=  −   (4)

In the present study, inner surface temperature, T1(0,t) 
is a function of coordinate and time obtained from a gene-
ral solution of transient heat transfer problem. The building 
wall or roof consisting of N layers is shown in Fig. 4.

Formulation of periodic heat transfer from a building 
structure to a room is presented as the following partial 
equations under given boundary conditions:

Figure 2. The compressive strength test (ASTM C39)

Table 1. Values of device range for measuring parameters

Measurement 

property
Measurement range Accuracy

Thermal 

conductivity
0.015–6 W/mK 5 % of reading ±  0.001 W/mK

Specific heat 

capacity
4×104 – 4 ×106 J/m3K 15 % of reading ±  1.103 J/m3K

Thermal 

diffusivity
4×10-5 – 4 ×10-8 m2/s 10 % of reading ±  0.1 ×10-8 m2/s

Operating 

temperature
From -20 – +70 °C 1°C

Figure 1. Vibrating Table

Figure 3. The measurement devices of the thermal property
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where ΔR is the difference between the long-wave radi-
ation incident from the sky and the radiation incident emit-
ted by a blackbody at the ambient air temperature. ASHRAE 
recommends the correction factor, / oR hε∆ to be given a 
value of 4°C and 0°C for horizontal surfaces and vertical sur-
faces, respectively.

The heat transfer problem consists of Eqs. (5)–(10) is 
transformed into dimensionless formulations, and then 
CFFT is applied to obtain the general solution of the 
problem and  is expressed as:

( ) ( ), jM i
n n nj nj M

T z T z e ω ττ
=−

= ∑    2j jω π=            (11)

where T1(0,t) is the inner surface temperature of the roof 
or wall obtained from Eq. (8) at zn=0 and expressed as:

( ) ( ) iù
1 1j0,t 0 jM

j M
T T e τ

=−
= ∑    at 0nZ =    (12)

where T1j(0) is a dimensionless parameter. Its expression 
and calculation procedure are presented in Yumrutaş et 

al. [1,3]. Tn(zn,τ ), given by Eq. (11), is a periodic solution 
of the temperature distribution in a wall and is obtained 
as a function of solar radiation incident on a tilted surface 
and ambient air temperature, Ta(t).  IT(t) is the intensity of 
solar radiation incident falling on the unit area and can 
be defined as a sum of the diffuse, beam, and reflected 
radiation [22].

( ) ( ) ( ) ( )1 cos 1 cos
2 2T b b d gI t I t R I t I tβ βρ+ −   = + +   

   
  (13)

where Id(t) and Ib(t) are diffuse and beam radiation on a 
horizontal surface. ρ g is ground reflectance and taken as 
0.2 in the present study. Geometric factor, Rb can be calcula-
ted for vertical surfaces ( β =90°) as;

cos sin cos cos cos sin sin sin cos cos
cos cos cos sin sinbR δ ϕ γ ω δ γ ω δ ϕ γ

ϕ δ ω ϕ δ
+ −

=
+

(14)

where, φ ,ω , γ and δ are the latitude, hour, azimuth and 
declination angles, respectively [22].

COMPUTATIONAL PROCEDURE
In order to find the best-produced sample in terms of heat 
transfer, heat gain through the samples is estimated by 
utilizing the solution of transient heat transfer problem 
for a wall or roof. In this regard, a computer program in 
MATLAB was prepared by using climatic data, which are 
hourly ambient air temperature and solar radiation on a 
horizontal surface, and thermophysical properties of the 
produced samples. The climatic data were obtained at 
the meteorological stations for Gaziantep province (lati-
tude: 37.04 ˚N, longitude: 37.31˚E) on July 21. By utilizing 
the program, hourly solar radiation incident on a vertical 
surface with different direction is calculated by using Eq. 
(13). The room temperature, the inner and outer surface 
combined heat transfer coefficients are taken as 25ºC, 8.3, 
and 17 W/m2ºC, respectively. Solar absorptivity αs, which 
depends on the external face color of a building envelope, 
is assumed to be 0.8 (dark-colored surface). The

 
hourly 

sol-air temperature and the other constant parameters 
were given as input data. When the program is first exe-
cuted, the hourly sol-air temperature in Eq. (10) is com-
puted, and then the inner surface temperature and heat 
gain through the wall or roof are computed by Eqs. (12) 
and (4), respectively.

RESULTS AND DISCUSSION
Both experimental and theoretical investigations are per-
formed in this study to find the best wall or roof material 

Figure 4. Schematic view of a multilayer wall or flat roof
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from produced samples. In the experimental study, new 
lightweight concrete samples having adequate strength 
and relatively high thermal insulation properties were 
produced for energy efficiency. The experimental test 
results for the thermal diffusivity, compressive strength, 
bulk density, specific heat, and thermal conductivity are 
tabulated in Table 2. The experimental results given in 
Table 2 are obtained based on the average of five tested 
values with ± a tolerance limit (less than 2%) for each 
property test. In the theoretical study, the surface tem-
perature of the samples and heat gain values through the 
structures are calculated by an analytical model utilizing 
a program in MATLAB. The heat gain calculations are 
performed for different building structures, and the sche-
matic view of the configurations used in this study is rep-
resented in Fig. 5.

In order to evaluate possible correlations between me-
asurement values of the thermophysical properties of buil-
ding structures, multivariate regression is performed on the 
dataset of 102 concrete samples (Table 2) using the free sta-
tistical software found in Microsoft Excel. A vital correlati-
on given by Eq. (15) was obtained by using the measurement 
results of thermal conductivity and thermal diffusivity, as 
depicted in Fig. 6. It is observed that there is a nearly linear 
relation between the values of thermal diffusivity and con-
ductivity of produced concrete samples and can be expres-
sed by the equation with R2=0.99:

62 10 0.1845k α= × − (15)

Besides, the results obtained in the present study were 
compared with similar studies in the literature (Fig. 7). 
Thermal conductivity is plotted against the thermal dif-
fusivity for a comprehensive list of building structures 
[23]. It can be concluded that the relations obtained from 
this study have a similar tendency to those relations re-
ported in the literature, and covered all other building 
structures.

In order to estimate temperature distributions on a 
wall or roof surface, sol-air temperature values should be 

Table 2. Mechanical and thermal properties of produced concrete samp-
les.

Types of 

concrete

Compressive 

strength 

σ (MPa)

Bulk density, 

ρ (kg/m3)

Thermal 

conductivity 

k (W/m K)

Specific 

heat

c (J/kg K)

Thermal 

diffusivity

α  (mm2/s)

NC 51.85 2345.09 1.96 709.07 1.18

AEC 48.11 2288.86 1.91 712.14 1.17

EPC10 31.21 2139.09 1.51 725.48 0.97

EPC20 19.02 1885.52 1.22 779.63 0.83

EPC30 10.01 1559.44 0.70 865.69 0.52

EPC40 8.15 1376.56 0.50 922.59 0.40

EPC50 4.88 1168.63 0.36 966.95 0.32

PC10 33.46 2005.34 1.54 772.42 0.99

PC20 23.39 1851.02 1.29 818.52 0.85

PC30 13.07 1559.95 0.76 903.87 0.54

PC40 9.90 1400.72 0.54 949.51 0.41

PC50 9.51 1329.97 0.41 991.80 0.31

PC100 5.24 721.49 0.16 1221.85 0.18

RC10 42.04 2244.30 1.72 721.83 1.06

RC20 30.41 2148.07 1.44 737.70 0.91

RC30 19.04 2033.93 1.22 761.20 0.79

RC40 9.51 1874.62 0.89 808.93 0.58

RC50 4.53 1644.98 0.62 868.16 0.43

Figure 5. Schematic view of a multilayer wall or flat roof configurations 
used in this study

Figure 6. Relationship between the thermal diffusivity and the thermal 
conductivity obtained experimental study

Figure 7. A comprehensive list of building materials: thermal 
conductivity is plotted against thermal diffusivity for room temperature 
[23]
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calculated by using hourly ambient air temperature and so-
lar radiation incident on a horizontal surface. Fig. 8 presents 
the daily variation of sol-air temperatures due to horizon-
tal and vertical surfaces for the city of Gaziantep. The sol-
air temperature values of walls and roofs due to the North, 
East, West, and South directions are calculated from the 
Eq. (10) by using the measurement values. The calculated 
sol-air temperature values for all surfaces behave as quasi-
symmetric; especially, it can be noticeable in the East and 
West directions. Besides, it is depicted that values of diffuse 
radiation for the West are higher than the values for the East. 
Heat gain fractions in the present study are defined as the 
ratio of heat gain value of each wall construction to the heat 
gain value of the reference wall sample.

Fig. 9 shows the variation of heat gain fraction for each 
wall construction (W1) with respect to aggregate content. It 
is seen from the results that 83.21 % reduction in heat gain 
value is obtained using the PC100 wall, corresponding to re-
ference concrete (NC). The lowest value of heat gain results 
for the lowest thermal conductivity of the PC100 wall. It is 
understood from the Fig. 9 that the heat gain values for the 
walls are inversely proportional to the light-weight aggre-
gate ratios. The reduction in heat gain of composites is due 
to the insulating effect of light-weight aggregate particles 
having a lower thermal conductivity compared to normal 
aggregates.

The results of daily heat gain values through the walls 

(W1) due to south direction are shown in Fig. 10. As shown 
in this figure, the highest value of heat gain occurs for the 
NC wall having the highest value of thermal diffusivity and 
conductivity. The results show that thermal diffusivity and 
conductivity of the materials have a profound influence on 
the thermal performance of the structures. Besides, the 
AEC wall also has the highest amplitude of heat gain value 
for the design day, and they are reasonably close to those of 
the NC wall. In these walls, the lowest values of heat gain 
value are provided for PC50 and EPC50 walls, of which the 
values are close to each other. It can be seen that the thermal 
diffusivity of a sample has a profound effect on heat gain 
since the thermal diffusivity values of NC, AEC, PC50, and 
EPC50 are 1.18, 1.17, 0.32, and 0.31 mm2/s, respectively. It is 
evident from Fig. 10 that the utilization of PC50 or EPC50 
as a wall or roof material in a building provides a lower heat 
gain value and maintains a stable temperature at comfort 
level compared to NC and AEC.

Daily variations of heat gain values for the NC and EPC 
walls with different EPA ratios are illustrated in Fig. 11. The 
NC wall has the highest amplitude of the heat gain value, 
and it is followed by EPC10, EPC20, EPC30, EPC40, and 
EPC50, respectively. The highest values of heat gain are esti-
mated for EPC50 and NC walls with values of 16.796 W/m2 
and 45.598 W/m2, respectively.

The daily amplitude of inner and exterior surface tem-

Figure 8. Daily variation of sol-air temperatures due to horizontal and 
four main vertical surfaces

Figure 9. The percentages of max. heat gain fractions for each south-
wall construction (W1) with different aggregate content

Figure 10. Variation of heat gains for south-facing wall constructions 
(W1) at the same light-weight aggregate ratios

Figure 11. Daily variation of heat gain values of dark-colored NC and 
EPC walls (W1) with different EPA ratios due to the south direction
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perature differences ( )ex inT T T∆ = −  for roofs (R1) are shown 
in Fig. 12. The highest differences in temperature occur in 
EPC50 roof construction, and the lowest differences in tem-
perature occur in NC roof construction, having the highest 
value of thermal diffusivity and conductivity. Furthermore, 
it can be seen from the figure that heat transfer takes place 
from the room side to outside air before the hour of 6 and 
after the hour of 19. When solar radiation does not exist or 
is very low, the temperature difference for all constructions 
is dropped below 0°C. The reason is that when solar radiati-
on intensity is low, terrestrial objects surfaces usually have a 
lower temperature than the ambient air; hence, horizontal 
surfaces receive long-wave radiation from the sky only.

Temperature distributions across the NC, EPC50, and 
PC100 walls (W1) due to the south direction at various time 
intervals are shown in Fig. 13 for July 21. After heat fluxes 
across the EPC50 wall, the temperature on the interior plas-
ter is maintained at a constant level of 25-27ºC. In the case 

of the NC wall, variation of the temperature is unsteady at 
the interior plaster, and the temperature is maintained at 26-
30ºC, which is higher than the comfort temperature. When 
the wall constructed with PC100, a constant temperature 
of 25ºC exists throughout the interior plaster at all the time; 
thus, it is possible to maintain a constant, comfortable tem-
perature during all the time in a day and for various weather 
conditions.

Blockbims, brick, briquette, concrete, and autoclaved 
aerated concrete (AAC) are the most common type of buil-
ding material used in building construction. The thermoph-
ysical properties of these materials are tabulated in Table 3.

In Fig. 14, the highest heat gain values of NC, block-
bims, briquette, AAC, brick, and PC100 walls (W1) are 
compared with respect to wall thickness due to the south 
direction. The period of the highest heat gain takes place 
in different hours depending on thermophysical properti-
es and thermal storage capabilities of the building material. 
For all wall material, the heat gain values decrease since the 
wall thickness or heat resistance increases. Fig. 14 depicts as 
to which thickness of NC wall corresponds to the thicknes-
ses of blockbims, briquette, brick, AAC, PC100, or each ot-
her. It is observed that heat gain for the PC100 wall with 10 
cm thickness corresponds to 29.7 cm of briquette, 14.3 cm of 
blockbims, 24.7 cm of brick walls. Besides, the value of heat 
gain for the NC wall with a thickness of 20 cm is equal to the 
value of heat gain for briquette and brick with the thicknes-
ses of 14.2 cm and 11.9 cm, respectively. The results revealed 

Figure 12. Variation of inner and outer surface temperature differences 
for roof constructions (R1) at the same light-weight aggregate ratios

Figure 13. Temperature distributions across the dark-colored walls due 
to south direction: (a) NC and (b) PC100 walls

Table 3. Thermophysical properties of selected wall and roof materials[1]

Building

materials

Thermal 

conductivity

k (W/m K)

Density

ρ  (kg/m3)

Specific 
heat

c (J/kg K)

Thermal 

diffusivity

α  (mm2/s)

Plaster 0.700 2778 840 0.30

EPS 0.038 18 1500 1.40

Briquette 0.920 1600 840 0.68

Brick 0.690 1580 840 0.52

Blockbims 0.230 770 835 0.36

AAC 0.150 400 1047 0.36

Figure 14. Daily variation of the highest heat gains of selected walls 
(W1) with respect to their thicknesses due to south direction
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that using lightweight structures such as PC100, EPC50 in 
the building, thermal comfort conditions can be achieved 
with minimum energy consumption for both winter and 
summer seasons. It is recommended to all users who use 
the light-weight concrete constructions in their buildings.

Fig. 15 shows a comparison of the daily heat gain va-
riations of NC wall (W1), PC100 wall (W1), Brick, and NC 
walls with EPS insulations (W3). Daily total heat gain values 
are calculated as 535.50 W/m2, 152.99 W/m2, 130.77 W/m2, 
and 115.21 W/m2 for NC wall, NC + EPS wall, Brick + EPS 
wall and PC100 wall, respectively.  It is seen that the thermal 
performance of the PC100 wall is better than NC, NC + EPS, 
and Brick + EPS walls. Furthermore, the lowest heat gain 
values are obtained for the PC100 wall at the hours between 
12 and 17 when the ambient temperature is very high. The-
refore, when capacity, initial and operating cost of air condi-
tioner systems is thought, light-weight concrete is a very su-
itable material for both masonry and structural applications.

Fig. 16 is plotted for determining the relation betwe-
en thermal diffusivity and heat gain, where the program is 
performed to estimate the daily heat gain values by using 
Eq. (12) as an input for the wall configuration of W1. As 
thermal diffusivity increases, the heat gain also increases; 
thus, for α=0.3 mm2/s, the lowest amplitude of the heat gain 
appears while for α=1.5 mm2/s, the highest amplitude of the 
heat gain value occurs. Furthermore, increasing the thermal 
diffusivity causes the maximum and the minimum peaks of 

Figure 15. Comparison of the daily heat gain variations of NC wall 
(W1), PC100 wall (W1), Brick and NC walls with EPS insulations (W3)

Figure 16. Thermal diffusivity versus heat gain.

the daily heat gain to appear earlier. For α=0.3 mm2/s, the 
minimum and the maximum peaks of the daily heat gain 
appear at 10 and 21 hrs., respectively. On the other hand, for 
α=1.5 mm2/s, the minimum and the maximum heat gain pe-
aks appear at 8 and 18 hrs., respectively. Hence, for a lower 
value than α=0.3 mm2/s, the minimum peak of the heat gain 
and the maximum peak of the sol-air temperature coinci-
de; moreover, the maximum peak of heat gain occurs when 
solar radiation does not exist and that reduces the cooling 
load efficiently.

Therefore, selecting a material with lower thermal dif-
fusivity and thermal conductivity for a masonry construc-
tion can help to reduce the cooling load of a building and 
capacity of an HVAC system and can maintain comfortable 
conditions at even higher ambient air temperatures. Since 
the energy consumption due to heating or cooling of a buil-
ding system is so enormous, the thermal insulation effect of 
the elements is so attractive and shows promising potential 
for development.

CONCLUSION
In this study, experimental and theoretical investigati-
ons were both performed to find the best building wall 
or roof type with high thermal insulating characteristics. 
The following conclusions can be drawn:

1. Thermal properties of the building materials
have a profound impact on the enhancement the heat
gain and surface temperature values. In particular, ther-
mal diffusivity is a crucial property, and materials with
low thermal diffusivity give the small amplitude of heat
gain value. In all types of roofs and walls, the highest and 
the lowest heat gain value detected for the NC and PC100 
walls, respectively.

2. The result of regression analysis indicates that
a strong positive relationship (R²=0.99) exists between
thermal diffusivity and conductivity values. As thermal
diffusivity increases, the heat gain also increases; thus,
for α=0.3 mm2/s, the lowest amplitude of the heat gain
appears while for α=1.5 mm2/s, the highest amplitude of
the heat gain value occurs.

3. The results indicated that the reductions in
heat gain values were obtained as 63.17 % for the EPC50
wall and 83.21 % for PC100 wall with a commonly used
thickness of 20 cm, respectively, corresponding to con-
ventional concrete (NC).

4. Daily total heat gain values are calculated as
535.50 W/m2, 152.99 W/m2, 130.77 W/m2, and 115.21 W/
m2 for NC wall, NC + EPS wall, Brick + EPS wall and
PC100 wall, respectively. The results show that the ther-
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mal performance of PC100 building material is better 
than the NC + EPS and Brick + EPS wall constructions.

5.	 A material with lower thermal conductivity and 
diffusivity for a masonry construction should be selected 
for reducing heat gain or loss of a building and capacity of 
an HVAC system size, and also can maintain comfortable 
conditions. As a result, cost of the HVAC system and ope-
rating cost will be decreased.

NOMENCLATURE
c	 specific heat (kJ/kg K)
hi	 combined heat transfer coefficient at the inner 

surface (W/m2 K)
ho	 combined heat transfer coefficient at the outer 	

surface (W/m2 K)
i,j complex arguments
IT radiation heat flux on tilted surface (W/m2)
IbT	 beam radiation heat flux on tilted surface (W/	
	 m2)
IdT	 diffuse radiation heat flux on tilted surface 	

(W/	 m2)
IrT	 reflected radiation heat flux on horizontal sur	

face (W/m2)
k	 thermal conductivity (W/m K)
L	 thickness (m)
p	 time period (h)
t	 time (s)
Ta ambient air temperature (°C)
Te sol-air temperature (°C) 
Tr	 design inside air temperature (°C)

Greek symbols

α	 thermal diffusivity (m2/s)
αs	 absorptance of surface

ρ density (kg/m3)

jω complex frequency

δ 	 declination

ε emissivity of a surface
ΔR	 difference between long-wave radiation inci	

dent on the surface from the sky (W/m2)
τ, τn, τnp	 dimensionless time terms

ρ
g ground reflectance

ω hour angle

φ latitude angle

γ surface azimuth angle

Subscripts

AEC	 air-entrained concrete
EPC	 expanded perlite concrete
i	 inside
N	 number of layers
N	 number of the last layer
NC	 normal concrete
o outside
PC	 pumice concrete
RC	 rubberized concrete
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