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ABSTRACT

This study explores the effect of direct incorporation of different ratios of naphthalene with soil into the concrete
used in Mafraq-Jordan on the thermal conductivity of concrete mixtures. The methodology involved testing 72
concrete cube samples. The basic samples were prepared only from a mixture of water, silica sand, and cement
without additives. The additives of local soil and naphthalene of different ratios: 2.5%, 5%, 7%, 10% and 15%,
were added to the tested samples. The samples were classified into two groups in terms of size and dimensions;
36 cubes with 5x5x5 cm were tested only for thermal conductivity, and 36 cubes with 3x3%3 cm were tested for
compressive strength and thermal conductivity. All samples were tested after 28 days of casting, according to
the concrete standards. The results show that adding naphthalene and soil to the cementitious mixtures substan-
tially decreases the thermal conductivity of concrete elements. A reasonable reduction in thermal conductivity was
achieved compared with the basic case samples. However, the compressive strength of samples remained within
the acceptable values from the stand point of structural engineering. This enhancement in the thermal properties of
concrete can be applied in building systems as concrete blocks used in internal and external walls.
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INTRODUCTION

The local energy production in Jordan is a
little part of energy requirements in 2016; it only
accounts for 5% of the total energy requirements
in the kingdom, as indicated in Figure 1. This is a
burden and negatively affects the growing Jorda-
nian economy (Jordanian Ministry of Energy and
Mineral Resources, 2017).

There are several factors affecting the ener-
gy usage in buildings which can be categorized
into two main groups: First, the optical and
thermal properties of the construction materials;
second, the climatic conditions and the nature
of the built environment (Shariah et al., 1997).
The most important factor is the thermal proper-
ties of building materials. Passive design strat-
egy is one way of minimizing the thermal con-
ductivity and eventually reducing the heat loss
in buildings. This study suggests adding mate-
rial particles with low thermal conductivity, K-
value, to the cementitious building elements.
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These particles are called phase change materi-
als (PCMs) (Alva et al., 2017).

In general, PCMs are classified into three ma-
jor groups; organic compounds, inorganic com-
pounds, and inorganic eutectics (Sharma, 2013),
see Figure 2.

W Local Production

B Imported Requirements

Figure 1. Pie chart of the local production share of
total energy requirements 2016 in Jordan (Jordanian
Ministry of Energy and Mineral Resources, 2017)
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Figure 2. PCMs classification (Zhou, D., Zhao, C.Y. and Tian, Y., 2012)

PCMs can be added to cementitious systems
by different means: (a) immersion into a melted
liquid of PCM; or (b) impregnation by satura-
tion or vacuum saturation with porous aggregates
(Sakulich and Bentz, 2012).

According to Kadri et al., adding naphthalene
sulphonate (NS) into concrete with different types
of Portland cement has a great effect on the hy-
dration peak and the compressive strength. The
results of their study showed the effect of increas-
ing the additives of NS; it accelerates the second
hydration peak and also increases the compres-
sive strength of concrete (Kadri et al., 2009).

MATERIALS AND METHODS

In this study, the mixtures of the samples
were prepared with water/cement ratio of 60%,
and cement/ (silica sand with additives) ratio of
1:3, according to ASTM standards (ASTM C
192/C). The basic case reference specimens were
prepared only from a mixture of water, silica
sand, and cement without additives. Additives of
local soil and naphthalene (Figure 3) of differ-
ent proportions: 2.5%, 5%, 7%, 10%, and 15%,
were added to the tested specimens. Two samples
were tested; the first sample consisted of 36 small
cubes with the dimensions of 3x3x3 c¢m and the
second sample comprised 36 small 5x5%5 cm
cubes. They were tested for thermal conductivity
and compressive strength.

The proportions of the additives in all speci-
mens are shown in Table 1; each prepared sample
was divided into 6 groups of cubes. Each group
had the same percentage of local soil and naph-
thalene (Table 1).

A LAB TEST 200 mixer was used in this
study to mix the following components; silica
sand, cement, soil, and naphthalene (Figure
4). The dry components were put in the mix-
er simultaneously, and remained in the mixer
for three minutes before adding water gradu-
ally for five minutes. Afterwards, the mixture
was blended well to ensure that the mixture is
homogeneous and fulfills the standards. Then,
the mixture was poured into the wooden molds.

Figure 3. Naphthalene powder used in the study

Table 1. The proportions of the additives in the
prepared samples

Sample ID Additives percentages (%)
1-6 0
7-12 2.5
13-18
19-24
25-30 10
31-36 15
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Figure 6. 250 kN Compression Test-
ing Machine type ELE AutoTEST

Figure 5. Molded and unmolded specimens

The used molds were cubes of (5x5%5 cm) and
(3x3%x3 cm). The molds were filled with the
mixture in three layers; each layer was vibrat-
ed 25 times using a wooden stick (3x10 cm).
Then, the excess mixture was taken away, and
the surface of the specimens was leveled with
a steel trowel. The specimens were left for 24
hours before they were demolded and soaked
with water for 28 days. After 28 days, the spec-
imens were picked out of the water to be tested
(Figure 5 and 6).

The samples were tested for thermal conduc-
tivity and compressive strength. The Compres-
sion Testing Machine, type ELE Auto TEST,
was used to measure the compressive strength of
specimens. The thermal conductivity was tested
by Linear Heat Conduction Accessory-HT11C,
Figure 8 and 9.

The compressive strength test was per-
formed on the concrete specimens: 36 cubes
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with dimensions of (5x5x5 cm). Each six spec-
imens have the same ratios of additives (lo-
cal soil and naphthalene): 0%, 2.5%, 5%, 7%,
10%, and 15%. The readings were taken from
the device and the compressive strength was
calculated using equation (1) and recorded in
mega Pascal (MPa) (Ele.com, 2017). Figure 7
shows the failure load values resulting during
the test (Ele.com, 2017).
F =P/A (1

where: F — is the compressive strength of con-

crete (MPa = N/mm?).

P — measured load (N).

A — the surface area of the specimen

(mm?).

The thermal conductivity of the specimens
was measured using the Armfield type: Computer
Controlled Linear Heat Conduction Accessory-
HT11C (Figure 8).
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Failure load for the specimen
(30).

Failure load for the specimen

(3).

Fathure load for the specimen
(32).

Failure load for the specimen
(13).

Figure 7. Failure load values resulting during the test

Figure 8. Armfield Linear Heat Conduc-
tion Accessory: Computer Controlled
Linear Heat Conduction-HT11C

The equipment was set up as follows (Arm

field, 2017):

1.
2.

All tools were connected to power sockets.

The linear heat Conduction Accessory- HT11C
(Figure 8) was connected to the heat transfer
service unit- HT10XC (Figure 9), which was
connected to the computer.

. The faces of the two sections of HT11C were

isolated with thermal paste (Figure 10).

The concrete specimens were placed between
the two sections of the HT11C (Figure 11).

Figure 9. Heat transfer service unit-HT10XC

. At the front of the service unit, the VOLTAGE

CONTROL was adjusted to the minimum
and the selector switch to the MANUAL, the
cold-water flow rate sensor was linked to the
cooling water flow rate socket (Fw), and the
AUXILIARY CONTROL button was adjusted
to the minimum.

. At the back of the service unit, the heater

source from HT11C was linked to OUTPUT
2 socket, the valve of the cold-water flow con-
trol was linked to the AUXILIARY OUTPUT
socket, and the power source from the valve of
the cold-water flow control was linked to the
AUXILIARY POWER socket.
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Figure 10. Thermal paste: heat sink compound

Figure 11. Placing a specimen be-
tween the two sections of the HT11C

The computer software-HT11C Linear Heat
Conduction Application was used for the test; see
Figure (12). The water flow-regulating valve was
turned on manually; the flow control was set to
1.5 liters/min; and the heater voltage was adjust-
ed to give 9 volts in the software mimic diagram.
When the temperatures observed on the diagram
became stable, the record button was pressed, and
then the table window was displayed to save the
following recorded values as an Excel spread-
sheet (Figure 13): T1, T2, T3, T6, T7, T8, V, I, Fw
(Arm field, 2017).

Knowing the amount of heat transfer between
the two sides of the specimen, the k-value was
calculated by using the following equation:

k=QAx/A-AT (W/m*-C°/m) 2).
where: k — is the thermal conductivity, k-value
(W/m?-K/m).
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QO — is the heat flow rate by conduction
(Watt).

Ax — is the thickness of the specimens
(mm).

A — is the cross-sectional area (m?).

AT — is the temperature difference

(T (hot face) — T (cold face)).

The temperatures of the hot face cold face
were calculated using equation (3) and (4),
respectively.

T (hots faces) = T3— [(T2-T3) /2] (C°) (3).
where (Rapidtables, 2017): T2 — is the heated sec-

tion mid-temperature (C°).

T3 —is the heated section low-tempera-

ture (C°).

T (cold face) = T6+ (T6-T7) /2 (C°)  (4).

where: T6 — is the cooled section high-tempera-

ture (C°).

T7 — is the cooled section mid-tempera-

ture (C°).

Equations (5), (6), (7), and (8) were used to
calculate the power, cross-section area, and tem-
perature differences, respectively:

Q = VI (watts) 5).
where: Q — is the heater power (W).

V —is a heater voltage (Volts)
I —is a heater current (Amps)

Cross-sectional area:
A =p(D?¥4) (m?) (6).
where: A — is the cross-sectional area (m?).
D — is the diameter of section D = 0.025 m.
AT =T (hot face) — T (cold face) (K) (7).
where: AT — is the temperature difference (K).

In order to convert the temperature value
from Celsius (°C) to Kelvin (K), the equation (7)
was used (Rapidtables, 2017).

T (K)=T (C°) +273.15 ().
where: T (C°) —is a temperature in Celsius.
T (K) — is a temperature in Kelvin.

Data analyses of the results were done using
Mintab 16 software.

RESULTS AND DISCUSSION

The results of this experiment indicated that
there is a inversely proportional relationship be-
tween the ratio of naphthalene with local soil and



Journal of Ecological Engineering Vol. 20(4), 2019

% HT11C Linear Heat Conduction; Exerc

' File Edit ¥iew Options Tools Sample Fomat Window Help |

DeH & ' e BEDEwx 50| "X & +€ n | 0al& | |o8EDH

Sample Data

1 Sample No.
04:17 Elapsed Time

Attach Note |

-~ Heater Control

» 3

9.0V Heater Yoltage

021 Heater Current

Heater Control

— Computer Contral

2| PowerOn

T watchdog Cold water Flow !U.UD Ifm
& 22V monitor

100 4! Flow Control

o ¥

|33.1 Rl

3520 |02

el T

133.0°C T4

133.0:C| T5:

21.7°C |6

215C 77

|21.E G [|ing

Figure 12. Software mimic diagram window-HT11C Linear Heat Conduction Application

| Fie Edt View Option ook Sople Fomst Window Hep
D#E &0 EEDNE BXG0 K @ e n|0als |08 ETH|
R
Description | Position (lli(k onthe (n[Iumr\ htadl:'slfm defmiﬁor{si Water | dThot | dTimt | dTcold Exivap._|
along Bar Readings Voltage | Current | Power Flowrate Hot Int Cold Hot Temps | Int Temps | Cold Temps | Tempe:
[mm] ra M A M] | Qivesimin] | [C] ra ra [Kim] [Kim] [Kim] ra ra ra 5
[Mermacouple T1 150 | 478 9.0 078 | 150 19 25 | 02 | 64941 | 747097 | 6494 a6 | 4
[Termoacouple T2 00 | 466 %5 | 4
[hermocouple T3 450 | 457 B | d&r | |
Hot Face 525 | 452 452 &
Intermediate 1 600 | 396 3
Intermediatez 750 | 274 %
[Cold Face 825 | 27 %
[Themocouple T6 90.0 27 27 %
lhemocouple 77 1050 | 224 24 | 2
[Mermocouple T8 1200 | 25 25 b

Figure 13. Software sheet window-HT11C Linear Heat Conduction Application

the thermal conductivity of concrete. The average
of k-values of modified concrete specimens (sam-
plel) varied between 0.55 (W/m2.K/m) to 0.49
(W/m2K/m). This result is reduced compared
with the reference case value, which is 0.57 (W/
m?.K/m). This reduction is about (95.79-85.91)%
of the thermal conductivity in the reference speci-
mens which are made from regular concrete.
Additionally, the average k-values of modified
concrete in sample 2 varied between 0.83 (W/
m2.K/m) to 0.73 (W/m2.K/m), compared with
0.86 (W/m2.K/m) of the second reference speci-
mens. This reduction is about (96.35%-84.67%)
of the thermal conductivity in the reference speci-
mens (Table 2).

Statistically, Figure 14 indicates that the ref-
erence specimens have the highest means of K-
value which are 0.57, 0.87 (W/m2.K/m) for sam-
plel and sample2, respectively. Followed by the
specimens incorporated of the ratio 2.5% of addi-
tives, which have the K-value means of 0.55, 0.83
(W/m?2K/m). The means of K-value, for the speci-
mens with additive ratio of 5%, are 0.54, 0.81 (W/
m2.K/m) for samplel and sample2, respectively.
The means of k-value, for the specimens with ad-
ditives of ratio 7%, are 0.52, 0.79 (W/m?.K/m) for
samplel and sample2, respectively. The largest
reduction in heat transfer coefficient was for addi-
tives ratios of 10% and 15%. The means of K-val-
ue, for the specimens of the ratio 10%, are 0.51,
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Table 2. Thermal conductivity of the modified concrete specimens

Additives K-value K-value Average | Reduction of K-value (W/ K-value Average | Reduction of
ID (%) (W/m?2.K/m) (W/m2.K/m) K-value (%) m2.K/m) (W/m?2.K/m) K-value (%)
° Sample 1 Sample 1 Sample 1 Sample 2 Sample 2 Sample 2
1 0 0.57 0.87
2 0 0.57 0.87
3 0 0.57 0.86
0.57 100,0 0.86 100,0
4 0 0.57 0.86
5 0 0.57 0.87
6 0 0.57 0.86
7 25 0.55 0.84
8 25 0.55 0.84
9 25 0.55 0.83
0.55 95.79 0.83 96.35
10 25 0.55 0.83
11 25 0.55 0.83
12 25 0.55 0.83
13 5 0.54 0.82
14 5 0.54 0.82
15 5 0.54 0.81
0.54 93.79 0.81 94.14
16 5 0.54 0.81
17 5 0.54 0.81
18 5 0.53 0.81
19 7 0.53 0.79
20 7 0.53 0.79
21 7 0.52 0.79
0.52 91.22 0.79 90.89
22 7 0.52 0.79
23 7 0.52 0.78
24 7 0.52 0.79
25 10 0.51 0.76
26 10 0.51 0.77
27 10 0.51 0.77
0.51 88.97 0.76 87.98
28 10 0.51 0.76
29 10 0.51 0.75
30 10 0.51 0.76
31 15 0.49 0.74
32 15 0.49 0.73
33 15 0.49 85.91 0.73
0.49 0.73 84.67
34 15 0.49 0.73
35 15 0.49 0.73
36 15 0.49 0.73

0.76 (W/m? K/m) and the means of K-values, for
the specimens incorporated of the ratio 15%, are
0.49, 0.73 (W/m?.K/m) for samplel and sample2,
respectively. It is apparent that the heat loss is in-
versely proportional to the ratios of additives to
the cement. A higher percentage of naphthalene
in the cement mixture definitely means lesser heat
transfer coefficient factor (k-value).
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This reduction in the heat transfer coefficient
(k-value) will significantly reflect the heating or
cooling loads in buildings and eventually will re-
duce the overall energy consumption in buildings.

However, the percentage of additives should
be controlled and a compromise with the com-
pressive stress of concrete should be reached. The
cement cubes in the samples were tested in terms
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of compressive strength. Figure 15 indicates that
the compressive strength and the thermal con-
ductivity are correlated with additives ratios. It is
possible to predict the thermal conductivity and
compressive strength values using the additive
ratio. The smoother lines, in Figure 16, show a
curvilinear relationship between the thermal con-
ductivity and the compressive strength.

In Figure 17, the darker regions indicate high-
er K-values. The highest K-values are located in
the lower left corner on the graph, indicating that
when the thickness and additive ratio decrease,
the thermal conductivity increases. On the other
hand, the light green areas of the graph indicate
that lower K-values occur with a high percentage
of additives and large thickness. The lowest K-
values are located in the upper right corner of the
graph, indicating that when thickness increases

and additive ratio increases, the thermal conduc-
tivity decreases.

The compressive strength data were analyzed
using the famous statistical test (Anderson-Dar-
ling test). Figures 18, 19, and 20 show the normal
probabilities of the thermal conductivity and the
compressive strength values. The compressive
strength and thermal conductivity data deviate
from the fitted line most clearly in distribution
tails. The P-value, for the thermal conductivity,
shows that the data do not keep track of a regular
distribution at levels greater than 0.039 and 0.169
for samplel and sample2, respectively. These
data have a small tendency, at the lower part of a
test line, to be less, and to be more than the regu-
lar distribution, at the upper part of the line.

The p-value, for the compressive strength,
shows that the data do not keep track of the
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Figure 14. Interval plot of thermal conductivity (W/m?-K/m)
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Figure 15. Matrix plot of thermal conductivity and compressive strength (N/mm?) vs. additives ratios (%)
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Figure 16. Matrix plot of thermal conductivity (W/m?.K/m) vs. compressive strength (N/mm?), Sample2
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regular distribution at levels greater than 0.125.
In addition, these data have a small tendency to
be lesser, at the lower part of the test line, and
to be greater than the regular distribution, at the
upper part of the line. Accordingly, the compres-
sive strength of the tested specimens is apparent-
ly reduced and kept within the acceptable range.
Most of the tested cubes show little reduction in
the regular compressive strength; mainly about
98.33% from the reference case (Table 3).

CONCLUSIONS

This study indicates that naphthalene and soil
could be used to enhance the thermal conductiv-
ity of concrete. Apparently, adding naphthalene

to the concrete mixture leads to a great reduction
in heat transfer coefficient which eventually con-
tributes positively to minimizing the energy con-
sumption in buildings. As the ratio of these addi-
tives plays a big role in determining the k-value,
designers should consider the effect of this added
material on the compressive strength. In order
to achieve the optimal ratio of the additives, the
compressive strength was considered in all tests
of the specimens. The optimal ratio of the addi-
tives is the ratio that gives the highest decrease
in the thermal conductivity with a compressive
strength value within the acceptable range.
Incorporation of naphthalene and soil into con-
crete provides a promising method in the passive
design field. Building users will be more comfort-
able with the quality of the indoor environment.
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Table 3. Compressive strength of the modified concrete specimens

D Additives Fc Fc Average | Reduction of D Additives Fc Fc Average | Reduction of
(%) (N/mm2) (N/mm?) Fc (%) (%) (N/mm2) | (N/mm?) Fc (%)

1 0 16.80 19 7 16.64

2 0 16.79 20 7 16.62

3 0 16.81 21 7 16.63 16.63 98.99

4 0 16.83 1080 1000 22 7 16.63

5 0 16.81 23 7 16.63

6 0 16.78 24 7 16.62

7 25 16.74 25 10 16.55

8 25 16.71 26 10 16.56

9 2.5 16.72 1673 99.58 27 10 16.58 16.57 98.63

10 25 16.74 28 10 16.55

1 25 16.75 29 10 16.57

12 25 16.73 30 10 16.58

13 5 16.66 31 15 16.52

14 5 16.68 32 15 16.52

15 5 16.65 16.66 99.17 33 15 16.51

16 5 16.64 34 15 16.52 16:92 9833

17 5 16.68 35 15 16.51

18 5 16.62 36 15 16.52

This enhancement will make the annual heating
costs much lower than the current costs, through
developing a sustainable design to achieve a good
level of energy savings. This study can contribute
to achieving environmental benefits by reducing
the woods and fuel combustion practices for heat-
ing in Jordan. Therefore, this study contributes
positively to enhancing the safety measures for
the population from the pollution footprint and its
negative impact on public health.

This experimental study shows that the com-
pressive strength values of concrete, incorporated
with naphthalene and soil, are lower than the con-
crete without the additives. This is attributed to
the following: (a) the chemical reaction between
the additives and hydration components; (b) the
decrease of the hydration heat, which develops
the earlier strength; and (c) the changes in the
porous structure. Thus, it is necessary to inves-
tigate the incorporation of naphthalene and soil
into concrete by encapsulation technique. In ad-
dition, this study shows that the thickness of con-
crete specimens has a significant role to reduce
the thermal conductivity; thus, the concrete wall
thickness must be modified for greater efficiency.
This enhancement in the thermal properties of
concrete can be applied in the building systems
as concrete block used in curtain walls but not as
structural elements.
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