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Abstract- Pavement is the actual travel surface especially
made durable and serviceable to withstand the traffic load
commuting upon it. Road transportation plays a vital role in
the development of the country. India has one of the largest
highway and road networks on the planet, second only to the
road network of the United States. It provides linkages to
other modes of transportation like railways, airways and
shipping, etc., Present work involves the study of thermal
conductivity and thermal expansion of PQC-DLC composite at
different source temperature and compare it with that of plain
PQC and DLC on similar condition. Prismatic specimens are
tested for coefficient of thermal expansion test and cylindrical
specimen are used for determining the thermal conductivity.
These tests were done under different source temperature.
Results were compared and the thermal behavior of both the
types of specimens was studied. In expansion the result gives
that as the PQC increases in the combination the value of
expansion is observed to be higher.

Keywords- Highways, road networks, pavement layer and
thermal expansion.

I. INTRODUCTION

Pavement is the actual travel surface especially made
durable and serviceable to withstand the traffic load
commuting upon it. Pavement grants friction for the vehicles
thus providing comfort to the drivers and transfers the traffic
load from the upper surface to the natural soil. Modern
pavement design is concerned with developing the most
economical combination of pavement layers that will ensure
that the stresses and strains transmitted from the carriageway
do not exceed the supportive capacity of each layer, or the
sub-grade, during the design life of the road. Major variables
affecting the design of a given pavement are therefore the
volume and composition of traffic, the sub-grade environment
and strength, the materials economically available for use
within the pavement layers and the thickness of each layer.
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Il. LITERATURE REVIEW

Armaghani, et al., 2003 carried out study on
"Temperature Response of Concrete Pavements," and describe
that the thermal effects in concrete pavements based on
measurements obtained from instrumented test slabs.
Temperature and horizontal and vertical displacement data
were obtained with thermocouples and linear variable
differential transformers (LVDTSs). The effect of dowel bars
on slab displacement was also investigated. AThis suggests
that doweled joints offer resistance to slab movement, a
condition that can induce stresses in the pavement. The
authors draw several other conclusions on thermal effects in
concrete pavements.

Tang, et al. (2006) discuss the effects of negative
temperature gradients in their article "Analysis of Concave
Curling in Concrete Slabs." Their analytical approach takes
into account that a gap, resulting from curling, may occur
between the bottom of the slab and the base. The authors note
that there is a critical temperature difference between the top
and bottom of the slab, such that when the temperature
difference is greater than the critical value, the gap forms.
Displacement and stress distributions are also presented.

Lakshmi sindhura.A, et al. (2008) proposed to study
the behavior of composite rigid pavement slab. These slabs
were tested for static and dynamic loading with a sand bed
taken as the continuous support. Results obtained from these
tests were taken as the basis for comparison of plain and
composite slabs. In his study, the work done on the composite
pavement slabs having lean cement concrete layer at the
middle of the slab, under monotonous and dynamic loading
conditions, was shown. It was found that use of composite
pavement slabs reduce the cost of construction significantly.

I11. TEST SPECIMEN

Dimension of specimen- For measuring thermal
conductivity cylindrical specimen of Diameter 150 mm and
height 300 mm was adopted and for measuring thermal
expansion Prismatic Specimen of size 150*100*400 mm was
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adopted. The details of number of specimens casted for testing
have been given below in the table 3.10 and 3.11.

Fig.1 Preparation of Test specimen for Thermal conductivity
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Fig 3: Experimental set-up to measure thermal conductivity
IV. RESULTS AND DISCUSSIONS
Thermal conductivity:

Thermal conductivity gives the heat flux transmitted
through a unit area of a material under a unit temperature
gradient. Thermal conductivity of aggregate ranges from 1.9 —
3.5 W/m.K. Basalt has least thermal conductivity where as
quartzite has maximum thermal conductivity The result
obtained in the present study, by two linear parallel probe
method, gives the value of thermal conductivity around 2.28
Wim.K.

Table.1 Thermal conductivity values for source temperature (80°C)

Difference Max Time
Steady i
Types of state n taken To K
SI. No yp i temperature | reach steady | (W/(m°C)
combination temp
oC state temp )
°C (min)

1 PQC 74 6 110 2.28
2 DLC 74 6 96 2.403
3 PQC+DLC+PQC 77 3 82 2.169
4 PQC+PQC+DLC 76 4 108 2.146
5 PQC+DLC+DLC 76 4 142 2.143
6 1/2PQC+ 1/2DLC 75 5 126 2.41
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PQC+DLC+PQC
7 (With polythene 76 4 83 2.148
sheet)
PQC+PQC+DLC
8 (With polythene 75 5 143 2.107
sheet)
PQC+DLC+DLC
9 (with Polythene 75 5 92 2.208
sheet)
% PQC +1/2 DLC
10 (With Polythene 74 6 127 2.310
Sheet)
DLC+PQC+DLC
11 (with polythene 76 4 118 2.398
sheet)
DLC+PQC+DLC
12 (without polythene 75 5 105 2.310
sheet)
Table.2 Thermal conductivity values for source temperature (100°C)
Stead Difference in Max Time
Types of y state | temperature taken To reach K
SI. No combination temp steady state (W/(m°C))
°C °C temp
(min)
1 PQC 92 8 116 2.22
2 DLC 94 6 107 2.395
3 PQC+DLC+PQC 94 6 131 2.153
4 PQC+PQC+DLC 93 7 158 2.132
5 PQC+DLC+DLC 93 7 131 2.112
1/2PQC+
6 1/2DLC) 96 4 134 2.4
PQC+DLC+PQC
7 (With polythene 94 6 150 2.127
sheet)
PQC+PQC+DLC
8 (With polythene 95 5 148 1.993
sheet)
PQC+DLC+DLC
9 (with Polythene 94 6 172 2.184
sheet)
% PQC +1/2 DLC
10 (With Polythene 94 6 107 2.250
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Sheet)

DLC+PQC+DLC
11 (with polythene 95
sheet)

5 146 2.376

DLC+PQC+DLC

12 (with pp sheet)

95

5 120 2.383

Thermal expansion (prismatic specimen)

Thermal expansion is defined as the change in unit
length per degree of temperature. become critical factor for
crack prevention in mass concrete. The coefficient of thermal

expansion of different aggregate from 5 -12 (u) per °C. The
specimen is cooled to 25°C and then is s slowly heated up till
it reaches 95°C. Temperature differential used to study the
strain is 60°C (25-95°C)

Table 3 Coefficient of thermal expansion

Differentia | Strain .
SI. No Types of combination | tfcf:np (x10°%/°C)
H
1 PQC 70 ! 10
9 DLC 70 4 5.7
3 PQC+DLC+PQC 70 6 85
4 PQC+PQC+DLC 70 5 71
5 PQC+DLC+DLC 70 5 1
6 1/2PQC+ 1/2DLC) 70 2 2.8
! (WF;t(E C;:); E/tLhce: :(I: Shcéet) "0 ° 7.1
8 (WF;:EC;ZIF;?r;eD sl,_hiet) "0 ) >
o | npotrenesheey | 0| 4 i
10 (V\;ﬁhpgﬁy;ﬁéieDSLhiet) "0 ’ 2
1 (wlirl;;:; IF;/'[QhCe:rT(lD sl;lget) "0 ’ 2
12 (witlr?olzjct:;z&i:nDeL;eet) "0 ’ >0
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Table 4 Flexural strength
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SI. No Types of combination Modulus of Rupture MPa
PQC
1 (Monolithic) >3
DLC
2 (Monolithic) 231
3 _ PQC+DLC+PQC 4.0
(Without polythene sheet)
4 _ PQC+PQC+DLC 3.97
(Without polythene sheet)
5 _PQC+DLC+DLC 172
(Without polythene sheet)
6 1/2PQC+ 1/2DLC 5
(Without polythene sheet)
. F_’QC+DLC+PQC 4.20
(With polythene sheet)
g F_’QC+PQC+DLC 314
(With polythene sheet)
PQC+DLC+DLC
o (with Polythene sheet) 184
1
10 /2 PQC +1/2 DLC 94
(With Polythene Sheet)
DLC+PQC+DLC
11 . 1.87
(with polythene sheet) 8
12 DLC+PQC+DLC 178

(without polythene sheet)
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Table 5. Compressive Strength:
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. mpressive strength
SI. No Types of combination Compressive streng
MPa
PQC
1 - 47.61
(Monolithic) 0
DLC
2 - 14,
(Monolithic) 93
PQC+DLC+PQC
3 . 25.30
(Without polythene sheet)
PQC+PQC+DLC
4 . 20.1
(Without polythene sheet) 0.13
+ +
5 _PQC DLC+DLC 8.86
(Without polythene sheet)
1/2PQC+ 1/2DLC
6 . 8.45
(Without polythene sheet)
PQC+DLC+PQC
7 . 27.
(With polythene sheet) 30
PQC+PQC+DLC
. 22.4
8 (With polythene sheet) o
+ +
9 F_’QC DLC+DLC 9.86
(with Polythene sheet)
Y% PQC +1/2 DLC
1 . g
0 (With Polythene Sheet) 913
DLC+PQC+DLC
11 . 7.1
(with polythene sheet) 0
DLC+PQC+DLC
12 . 2
(without polythene sheet) 6.25
Thermal conductivity 5 45
The effects of temperature on thermal conductivity 2232 _
measurements of PQC, DLC and PQC-DLC composite were 2 3 | = PQC
examined. It was observed that thermal conductivity decreases 5 2'5 v DLC
a small amount with temperature increases in all the 2 5 | ———r—e
specimens .Concretes were tested 500C to 100 C and results '
plotted between thermal conductivity and temperatures are 0 20 40 60 80 100

shown in figs .
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Fig.4 Thermal Conductivity Vs Temperature for PQC and

DLC

Comparison of effect of temperature on composite Specimen
without polythene sheet
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Fig.5 Thermal Conductivity Vs Temperature for Composite
Specimen
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Fig.6 Thermal Conductivity Vs Temperature for composite
Specimen with Polythene sheet

V. CONCLUSION

From the studies carried out on composite specimens
subjected to different source temperature, the following
conclusions are made,

» Use of composite rigid pavement slab for pavement
construction is practical and economically feasible as
50% of the cement content gets reduced, which
indeed results in the reduction of the cost of
construction.

» The compressive strength is drives us to conclude
that semi tensile stress cause the failure of DLC and
PQC composite. This may be the reason for the
composite to record low failure load in compression
test..

» In flexural strength the difference between the
theoretical and observed value is due to the
inconsistency in the behavior of DLC material. This
inconsistency is due to the honeycomb nature and
low OPC content.

» The Thermal conductivity of composite specimen
decreases as the temperature rises.

» DLC specimen shows more thermal conductivity
value when compared to that of PQC.
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