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Study of Thermal Gradient in Concrete Slabs 
through Experimental Approach

Mr. Dhananjay M α & Mr. Abhilash K σ

Abstract- Millions of tons of cement is used every year that 
adversely affects environment. Cement is also an important 
building material for infrastructure development. Cement can 
be suitably replaced with low cost and so called waste 
materials like fly ash, marble powder, silica fumes etc... 
Favoring environment and saving cement. Large length of 
roads is required to be built in near future over the globe in 
general and in India in particular. The present technology of 
making flexible pavements is increasingly becoming 
unsustainable because of rising life cycle costs and could be 
suitably replaced with high volume fly ash and high volume 
marble powder based concrete roads.

The daily and seasonal variation in temperature is an 
important factor influencing cement concrete pavements. The 
temperature differential depends on the thickness of slab and 
the grade of concrete. In this study an effort is made to 
determine realistic temperature differential and temperature 
stresses in pavement quality concrete, high volume fly-ash 
concrete slab and high volume marble powder concrete slab 
of different thickness. The Concrete slabs of size 500X500 mm 
of different thickness are instrumented with thermocouples to 
record the temperature differential between top to bottom of 
the slabs. Also an attempt is made to Design a Controlled 
concrete mix and High Volume Fly Ash Concrete and High 
Volume Marble powder Concrete by replacing 50% of cement 
by fly ash and 50% of cement by Marble powder respectively, 
also to find Compressive strength and Static Flexural strength 
at different periods of curing.

The temperature is recorded every hour for a period 
of two days. It was observed that the temperature is more 
predominate at the top of the slab during day time when 
compared to bottom of concrete slabs and also observed that 
the temperature is more at the bottom of the slab during night 
time when compared to top of concrete slabs. The 
temperature gradient in concrete slabs achieves equilibrium 
two times a day i.e. during morning hours and also during 
evening hours and also actual temperature stresses are 
calculated.

From these studies, it is observed that the 
compressive strength in Controlled concrete is higher at 3, 7 
and 28 days of curing. Fly-ash admixed concrete has lower 
compressive strength at 3, 7, 28 days of curing when 
compares to Controlled concrete, but at 56days the 
compressive strength of High Volume fly Ash Concrete is more 
than that of Controlled concrete. Similarly the static flexural 
strength of fly ash admixed concrete mix is higher than 
Controlled concrete at 56 days of curing.

Author α: Assistant Professor, Dept. of Civil Engineering, 
Channabasaveshwara Institute of Technology, Gubbi, Karnataka –
India. e-mail: dhananjay.m@cittumkur.org
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e-mail: abhilash.cv001@gmail.com

Keywords: pavement quality concrete, high volume fly 
ash concrete, high volume marble powder concrete, 
thermocouples, temperature gradient, compressive
strength and flexural strength.

I. INTRODUCTION

oncrete pavements by far have the best long-
term value because of their longer life 
expectations, durability and minimum 

maintenance requirements. The rigidity of concrete 
pavements allows them to keep the riding surface in 
good condition. Concrete pavements can be designed 
to last for more than 25 years. Concrete pavements 
frequently outlast both their designed life expectancy 
and traffic loads. The durability of concrete minimizes 
the need for extensive repairs or annual maintenance. 
When repairs are necessary, they are typically smaller in 
scope than the asphalt pavements. Concrete’s rigid 
surface makes it easier for wheels to roll, thus reduces 
operation cost of vehicles.

Pavements are generally subjected to axle 
loads varying from 30kN to 250kN. While designing the 
pavements the cumulative damage factor is taken into 
account in order to incorporate all categories of axle 
loads applications. Loads of different magnitudes cause 
different amount of damage to the pavement. Fatigue 
and fracture has become an important consideration in 
the design of structures subjected to repeat or cyclic 
loading conditions. The fatigue performance generally 
depends on material characteristics, geometry, stress –
strain history and environment among other factors 
which occur at random during the intended life of the 
structure as a result high performance concrete (HPC) is 
essential for rigid pavements.

High Performance Concretes produced today 
contain materials in addition to Portland cement to 
achieve higher compressive strength and durability. The 
materials include fly ash, silica fume, ground-granulated 
blast furnace slag etc. used separately or in 
combination. At the same time, chemical admixtures 
such as high-range water-reducers are needed to 
ensure that the concrete is easy to transport, place and 
finish. For high-strength concretes, a combination of 
mineral and chemical admixtures is nearly always 
essential to ensure achievement of the required 
strength. The structural deteriorations in cement 
concrete pavements are noticed in the form of cracks 
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Study of Thermal Gradient in Concrete Slabs through Experimental Approach

stress at critical regions.
The stresses developed in rigid pavement 

include load stress, shrinkage/expansion stress and 
temperature stress. Temperature stresses develop due 
to the change in temperature from top to the bottom 
region of the concrete slab. Temperature along depth of 
the slab is to be recorded to determine thermal stresses. 
Thermocouples are used to record the temperature.

Thermocouples are the most popular 
temperature sensors. 

They are cheap, interchangeable, have 
standard connectors and can measure a wide range of 
temperatures. Thermocouples are available in different 
combinations of metals or calibrations. Because 
thermocouples measure in wide temperature ranges 
and can be relatively rugged, they are very often used in 
industry.

a) Need for the study
High Volume Fly ash Concrete (HVFAC) is 

being used for rigid pavements in recent times, the 
strength and durability properties of HVFAC and High 
Volume Marble Powder Concrete (HVMPC) are not the 
same as conventional Pavement Quality Concrete 
(PQC). The stresses induced due to temperature may 
very when compared to PQC. Hence there is a need to 
analyze the stresses induced due to temperature in 
HVFAC and HVMPC pavement.

b) Objective of the study
The main objectives of this study are to analyze 

the temperature stresses induced in CC slabs. 
Specific objectives are:
• To design a Controlled concrete mix and High 

Volume Fly Ash and High Volume Marble powder 
Concrete mix by replacing 50% of cement by fly ash 
and marble powder. 

• To study the Temperature gradient along the depth 
of the concrete slabs, i.e. for Pavement Quality 
Concrete, High Volume Fly ash Concrete and High 
Volume Marble powder concrete slabs of different 
thickness. 

• To check whether maximum recommended 
temperature differentials within the concrete roads 
are as per IRC 58-2002, is within the limits for 
different slab thickness. 

• Comparison of stresses in High Volume Fly ash 
Cement Concrete Pavement, High Volume Marble 
Powder Concrete and Pavement Quality Concrete.

II. Present Investigation

High Volume Fly Ash Concrete, High Volume 
Marble Powder Concrete and Conventional Pavement 
Quality Concrete are used in this study to determine the 
effect of temperature in Concrete pavement slabs. 
Conventional Pavement Quality Concrete is designed as 

per IS 10262:2009. Fifty per-cent cement is replaced 
with by Fly Ash and Marble Powder to get High Volume 
Fly Ash Concrete and High Volume Marble powder 
concrete.

Table 1 : Physical properties of materials used                            
in the study

Sl.No Material Property Value

1 Cement
Normal 

Consistency
Initial setting time
Specific Gravity

34%
45min
3.045

2 Fly-ash Specific Gravity
Fineness Modulus

2.10
3.325%

3 Granite 
powder

Specific Gravity
Fineness Modulus

2.27
0%

4
Fine 

aggregate
Specific Gravity

Fineness Modulus
Water absorption

2.606
3.23%
0.45%

5
Coarse 

aggregate
Specific Gravity

Fineness Modulus
Loss Angeles 

Abrasion Value
Aggregate Impact 

Value
Aggregate 

Crushing value
Water absorption

2.86
1.63%
34.96%
17.32%
26.82%
1.4%

a) Casting of Concrete Slabs
Slabs of size 500mmx500mm and thickness 

150, 200, and 250mm are cast at the selected site. 
Marine ply wood moulds are prepared to cast the slabs. 
Figure 1.

Figure 1 : Moulds for Casting

The location for casting the slab is identified 
such that it is exposed to sun light. The slab is directly 
cast on earth surface. The surface is prepared before 
casting. Thermocouples are fixed to wooden beads of 
size 10x10mm at 3 levels that is 25mm from top 25mm 
from bot-tom and at the center of the bead as shown in 
Figure 2.

due to combined effects of load stress and warping 
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Figure 2 : Fixing of Thermocouple on wooden beads

The wooden bead is placed in the mould, 
Concrete is poured into the mould first around the 
thermocouple bead and then in three layers and 
compacted as shown in Figure 3.

Figure 4 : Compaction of Concrete in Moulds

Then all the 9 slabs are cast in a similar way. 
The slabs are cured for a period of 28 & 56 days by 
membrane curing by gunny bags.

b) Temperature Recording
Temperatures are recorded after 56 days of 

casting by using a digital temperature indicator. As 
shown in figure 5.

Figure 5 : Temperature recording at the site 

The temperature indicator has two leads which 
are connected to the two leads of the thermo-couple. 
When temperature indicator is activated it displays the 
temperature directly in degree centigrade. The 
temperature is recorded every hour for a period of                   
2-days.

Table 2 : Temperature (°C) Readings in Middle of                 
PQC Slabs

Hours
25 cm Thick 20 cm Thick 15 cm Thick 
T M B T M B T M B

7:00 AM 27.2 27.4 27.6 26.1 26.3 26.5 23.5 24.4 23.8
8:00 AM 27.5 27.4 27.4 26.2 26.2 26.2 25.6 25.2 25.5

9:00 AM 29.6 28.2 27.4 28.2 26.1 25.9 28.2 27.2 26.4
10:00AM 31.6 28.5 27.3 32 29.2 27.8 31.2 28.3 27.1
11:00AM 33.2 27.9 26.5 35.3 31.2 28.1 34.5 32.2 28.2
12:00 PM 36 31.2 27.3 36.1 32 28.6 36.7 28.3 29.2
1:00PM 39.9 32.4 28.5 39.2 33.1 30.3 40.2 34.5 31.2
2:00 PM 43.9 38.6 30.7 43.1 36.8 30.7 44.8 37.2 32.9
3:00 PM 42.5 36.2 32.9 42.7 36.8 34.3 43.5 39.3 35.1
4:00 PM 41.1 38.2 33.1 40.2 36.7 32.8 43.8 40.2 37.2
5:00 PM 39.5 36.8 33.9 39.8 37.1 34.5 42.5 39.7 37.7
6:00 PM 36.2 34.2 33.9 36.1 34.2 33.9 39.3 38.1 37.2
7:00 PM 33.9 33.9 33.9 33.4 33.3 33.4 36.2 36.2 36.3
8:00 PM 32 32.5 32.8 32 32.5 32.7 32.9 33.3 33.5
9:00 PM 31 31.9 32.7 31.2 31.9 32.6 30.3 31.2 31.9
10:00PM 29.8 31.2 32.6 29.3 30.8 31.8 28.5 29.9 30.8
11:00PM 28.8 30.8 32.3 28.3 30.2 31.4 27.2 29.2 30.1
12:00AM 28.3 29.3 31.4 27.8 28.8 30.6 26.3 28.2 28.8
1:00 AM 27.3 28.3 30.1 27.4 28.3 29.9 26.2 27.9 28.5
2:00 AM 27.1 28.2 29.6 27.2 28.3 29.3 25.8 27.2 27.8
3:00 AM 26.9 27.3 29.1 26.9 27.2 28.9 25.6 26.8 27.7

4:00 AM 26.3 26.9 27.8 26.5 27 28 25.5 26.4 26.9
5:00 AM 26.1 26.8 27.1 26.2 26.9 27.1 25.2 25.6 26.1
6:00 AM 25.6 36.1 26.3 25.9 26.2 26.5 24.8 25.1 25.3

Time of Day in Hours

Figure 6 : Actual Temperature Differential at middle of 
PQC Slabs
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Table 3 : Temperature (°C) Readings in Middle of HVFAC Slabs

Hours
25 cm Thick slab 20 cm Thick slab 15 cm Thick slab
T M B T M B T M B

7:00 AM 25.7 25.9 26.1 25.8 25.9 26.1 25.7 25.8 26
8:00 AM 25.9 25.8 26 26.9 26.9 26.9 26.4 26.3 26.3
9:00 AM 29.6 28.2 27.5 28.9 27.8 27.2 27.9 26.9 26.1
10:00AM 34.2 31.3 29.7 33.2 30.5 28.5 31.9 29.1 27.8
11:00AM 36.5 31.8 29.6 36.2 32.9 29.7 34.2 31.1 28
12:00 PM 41.2 35.4 31 41.2 35.2 32.1 37.6 33.9 30
1:00PM 41.1 35.2 30.2 41.7 36.2 31.6 38.9 35.2 30.2
2:00 PM 46.3 39 34.2 48.1 42.2 37.4 46.3 42.2 37.1
3:00 PM 45.5 37.2 33.3 45.8 40.4 35.5 43.7 39.3 37
4:00 PM 43.2 40.2 35.5 43.9 40.8 36.3 42.3 39.3 37.1
5:00 PM 41.6 38 35.1 41.6 39.1 36.2 40.4 38 36.8
6:00 PM 39.2 37.2 35.5 38.3 36.8 35.9 36.3 35.8 34.9
7:00 PM 35.3 35.4 35.4 35.4 35.4 35.4 32.8 33 32.9
8:00 PM 35.1 35.4 35.8 33.6 33 34.2 32.2 32.5 32.8
9:00 PM 33.8 33.9 35.2 32.6 33.4 33.9 31.5 32.1 32.8
10:00PM 32.5 34.2 34.8 31.3 32.8 33.2 30.4 31.9 32.1
11:00PM 31.2 33.2 34.1 31.1 32.8 33.9 29.6 30.8 31.8
12:00AM 30.9 32.3 33.4 30.7 31.2 33 28.9 30.1 31.2
1:00 AM 30.4 31.8 32.6 29.2 30.2 31.2 28.2 29.3 30.2
2:00 AM 29.8 30.8 31.7 28.8 29.6 30.5 27.9 28.9 29.5
3:00 AM 28.5 29.2 30.2 28.2 28.9 29.7 27.7 28.3 29
4:00 AM 28.3 29.3 29.5 27.9 28.5 28.9 27.2 27.2 28.2
5:00 AM 28.1 28.2 29.1 27.1 27.6 28.1 26.9 27.5 27.6
6:00 AM 27.7 27.9 28.3 26.9 27.2 27.4 26.4 26.6 26.9

Time of Day in Hours

Figure 7 : Actual Temperature Differential at middle of HVFAC Slabs

Table 4 : Temperature (°C) Readings in Middle of HVMPC Slabs

Hours
25 cm Thick slab 20 cm Thick slab 15 cm Thick slab

T M B T M B T M B
7:00 AM 26.2 26.3 26.5 25.3 25.4 25.6 26.2 26.5 26.8
8:00 AM 26.5 26.5 26.5 28.1 28 28 27.9 27.8 27.8
9:00 AM 29 27.9 26.7 30.1 28.4 28.2 28 26.9 26.4
10:00AM 33.8 30.5 29.3 35.2 30.9 30.5 33.2 31.2 28.7
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11:00AM 38.2 35.1 31.2 37.8 36.9 31.7 37.9 34.1 32.4
12:00 PM 38.8 34.3 30.1 38.8 34.3 31.2 40 36 32.3
1:00PM 41.9 37.5 32 39.9 34 31.3 44.5 38.2 35.8
2:00 PM 46.4 38.4 34.2 46.8 42.2 36.2 49.5 43 39.9
3:00 PM 45.1 39.1 35.2 44.9 41.1 36.7 46.2 41.6 38.4
4:00 PM 43.3 39.9 35.8 43.8 40.4 37.2 44.4 41.4 39.3
5:00 PM 43 40.5 36.9 42.3 40.8 37.4 42.8 41.2 39.1
6:00 PM 38.9 37.5 36.8 38.7 37.6 36.9 39.8 36.9 37.9
7:00 PM 37.5 37.5 37.5 36.3 36.3 36.4 34.3 34.3 34.2
8:00 PM 36.5 36.7 37.4 34.2 34.5 34.8 31.4 31.7 32
9:00 PM 33.8 34.8 35.3 32.7 33.2 34 30.2 30.8 31.2
10:00PM 31.9 33.2 34.3 30.1 31.2 32.3 28.5 30.3 30.4
11:00PM 30.3 32.3 33.2 28.8 30.3 31.5 27.5 29.3 29.9
12:00AM 30.3 31.3 32.8 28.5 29.3 30.7 27.5 28.9 29.4
1:00 AM 29.5 30.3 31.6 27.5 28.8 29.3 27.2 28.2 29
2:00 AM 29.2 30.1 31 27.4 27.9 28.8 26.5 27.3 28
3:00 AM 28.8 29 30.2 26.9 27.6 28.2 26.2 27.2 27.3
4:00 AM 28 28.4 29 26.5 27.1 27.4 26.2 26.8 27
5:00 AM 27.2 27.6 28 26.2 26.5 26.9 25.9 26.1 26.5
6:00 AM 26.9 27.1 27.5 26.1 26.4 26.5 25.5 25.9 26.2

Time of Day in Hours

Figure 8 : Actual Temperature Differential at middle of HVMPC Slabs

Table 5 : Temperature (°C) Readings in Edge of PQC Slabs

Hours
25 cm Thick 20 cm Thick 15 cm Thick 

T B T B T B
7:00 AM 25.9 26.2 25.3 25.5 24.1 24.2
8:00 AM 27.2 27.2 26.6 26.7 25.8 25.9
9:00 AM 30.2 28.4 29.3 27.5 30.8 29.1
10:00AM 36.6 30.9 34.4 29.2 33.8 29.1
11:00AM 37.7 29.8 38.4 31.8 36.4 30.9
12:00 PM 40.1 32.7 40.9 33.8 38.2 31.2
1:00PM 40.9 33 42.9 35.2 39.2 32
2:00 PM 48.3 36.9 47.8 37.6 43.5 33.2
3:00 PM 44.3 35.9 44.3 36.5 41.9 34.8
4:00 PM 41.5 35.2 41.8 35.4 41.4 35.2
5:00 PM 39.3 35.2 39.4 35.3 39.7 35.8
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6:00 PM 37.3 35.2 36.7 34.9 37.3 35.8
7:00 PM 34.1 34.2 33.4 33.3 33.7 33.7
8:00 PM 31.2 31.9 30.2 30.8 31.4 31.9
9:00 PM 29.8 31.5 29.3 30.8 29.6 31
10:00PM 29 31.3 28.9 30.7 28.3 30.1
11:00PM 28.5 31.5 28 30.4 27.2 29.5
12:00AM 28.2 30.7 27.8 29.7 26.4 28.4
1:00 AM 27.9 30.1 27.5 29.2 26.5 28.2
2:00 AM 27.5 29.2 27.2 28.9 26.3 27.9
3:00 AM 27.3 28.6 26.9 28.1 25.9 27
4:00 AM 26.9 27.9 26.5 27.4 25.5 26.4
5:00 AM 26.5 27.3 26.4 27.1 25.4 26
6:00 AM 26.4 27 26.1 26.6 24.9 25.4

Time of Day in Hours
Figure 9 : Actual Temperature Differential at edge of PQC Slabs

Table 6 : Temperature (°C) Readings in Edge of HVFAC Slabs

Hours
25 cm Thick 20 cm Thick 15 cm Thick 

T B T B T B
7:00 AM 27.4 27.8 27.1 27.5 25.1 25.4
8:00 AM 27 27.1 27.1 27 26.3 26.3
9:00 AM 28.8 26.8 28.9 27.2 28.4 26.8
10:00AM 33.9 29.2 33.8 29.7 34.1 29.9
11:00AM 37.7 30.8 37.6 31.5 35.6 30.2
12:00 PM 42.3 33.1 42.1 33.3 38.7 30.9
1:00PM 42.5 31.9 42.4 32.4 42.2 33.1
2:00 PM 45.1 33.9 47.3 37.5 42.9 34.2
3:00 PM 44.1 34.3 45.6 36.9 43.4 35.2
4:00 PM 42.1 34.5 43.2 36.2 41.9 35.1
5:00 PM 39.1 34.1 39.7 35.1 39.4 34.6
6:00 PM 35.9 33.2 36.5 34.2 36.2 34.2
7:00 PM 33.4 33.5 33.2 33.2 33.4 33.4
8:00 PM 32.7 33.4 32.9 33.6 31.2 31.8
9:00 PM 31.3 32.8 31.4 32.8 30.2 31.3
10:00PM 30.8 32.5 30.6 31.9 29.7 30.3
11:00PM 30.2 32.7 29.2 31.4 28.7 30.8
12:00AM 29.6 31.6 28.9 30.7 28.3 29.9
1:00 AM 29.3 31.2 28.2 30 28.1 29.6
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Figure VIII : Actual Temperature Differential at edge of PQC Slabs

Table VI : Temperature (°C) Readings In Edge Of HVFAC Slabs

Hours
25 cm Thick slab 20 cm Thick slab 15 cm Thick slab

Top Bottom Top Bottom Top Bottom
7:00 AM 27.4 27.8 27.1 27.5 25.1 25.4
8:00 AM 27 27.1 27.1 27 26.3 26.3
9:00 AM 28.8 26.8 28.9 27.2 28.4 26.8
10:00AM 33.9 29.2 33.8 29.7 34.1 29.9
11:00AM 37.7 30.8 37.6 31.5 35.6 30.2
12:00 PM 42.3 33.1 42.1 33.3 38.7 30.9
1:00PM 42.5 31.9 42.4 32.4 42.2 33.1
2:00 PM 45.1 33.9 47.3 37.5 42.9 34.2
3:00 PM 44.1 34.3 45.6 36.9 43.4 35.2
4:00 PM 42.1 34.5 43.2 36.2 41.9 35.1
5:00 PM 39.1 34.1 39.7 35.1 39.4 34.6
6:00 PM 35.9 33.2 36.5 34.2 36.2 34.2
7:00 PM 33.4 33.5 33.2 33.2 33.4 33.4
8:00 PM 32.7 33.4 32.9 33.6 31.2 31.8
9:00 PM 31.3 32.8 31.4 32.8 30.2 31.3
10:00PM 30.8 32.5 30.6 31.9 29.7 30.3
11:00PM 30.2 32.7 29.2 31.4 28.7 30.8
12:00AM 29.6 31.6 28.9 30.7 28.3 29.9
1:00 AM 29.3 31.2 28.2 30 28.1 29.6
2:00 AM 28.2 29.8 27.3 28.8 27.3 28.6
3:00 AM 27.8 29.1 27 28.2 26.9 28
4:00 AM 27.2 28.3 26.4 27.3 26.4 27.3
5:00 AM 26.3 27.2 26.1 26.9 26.3 27
6:00 AM 25.9 26.6 25.9 26.5 26.2 26.7
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Figure 11 : Actual Temperature Differential at edge of HVMPC Slabs

Table 8 : Temperature (°C) Readings in Corner of PQC Slabs

Hours
25 cm Thick 20 cm Thick 15 cm Thick 

T B T B T B
7:00 AM 25.9 26.2 25.3 25.5 24.1 24.2
8:00 AM 27.2 27.2 26.6 26.7 25.8 25.9
9:00 AM 30.2 28.4 29.3 27.5 30.8 29.1
10:00AM 36.6 30.9 34.4 29.2 33.8 29.1
11:00AM 37.7 29.8 38.4 31.8 36.4 30.9
12:00 PM 40.1 32.7 40.9 33.8 38.2 31.2
1:00PM 40.9 33 42.9 35.2 39.2 32
2:00 PM 47.3 36.9 46.8 37.6 42.5 33.2
3:00 PM 44.3 35.9 44.3 36.5 41.9 34.8
4:00 PM 41.5 35.2 41.8 35.4 41.4 35.2
5:00 PM 39.3 35.2 39.4 35.3 39.7 35.8
6:00 PM 37.3 35.2 36.7 34.9 37.3 35.8
7:00 PM 34.1 34.2 33.4 33.3 33.7 33.7
8:00 PM 31.2 31.9 30.2 30.8 31.4 31.9
9:00 PM 29.8 31.5 29.3 30.8 29.6 31
10:00PM 29 31.3 28.9 30.7 28.3 30.1
11:00PM 28.5 31.5 28 30.4 27.2 29.5
12:00AM 28.2 30.7 27.8 29.7 26.4 28.4
1:00 AM 27.9 30.1 27.5 29.2 26.5 28.2
2:00 AM 27.5 29.2 27.2 28.9 26.3 27.9
3:00 AM 27.3 28.6 26.9 28.1 25.9 27
4:00 AM 26.9 27.9 26.5 27.4 25.5 26.4
5:00 AM 26.5 27.3 26.4 27.1 25.4 26
6:00 AM 26.4 27 26.1 26.6 24.9 25.4
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Figure 12 : Actual Temperature Differential at corner of  PQC Slabs

Table 9 : Temperature (°C) Readings in Corner of HVFAC Slabs

Hours
25 cm Thick 20 cm Thick 15 cm Thick 

T B T B T B
7:00 AM 26.9 27.2 26.2 26.5 24.2 24.4
8:00 AM 27.1 27 26.5 26.6 26.3 26.4
9:00 AM 29.2 27.1 29.2 27.2 28.7 26.9
10:00AM 35.8 31.3 34.9 30.2 34.6 30.5
11:00AM 38.4 31.9 37.6 31.2 37.1 30.9
12:00 PM 40.1 32.4 41.9 33.7 41.9 34.5
1:00PM 42.8 33.9 42.8 34.3 43.2 35.1
2:00 PM 47.4 37.1 46.8 37.8 47.7 38.8
3:00 PM 44.6 35.9 45.5 37.4 46.1 37.8
4:00 PM 41.8 35.3 43.5 37.2 43.4 36.5
5:00 PM 39.2 35 39.2 35.3 39.9 36.4
6:00 PM 37.1 34.8 36.8 34.8 37.9 36.1
7:00 PM 34.3 34.3 34.2 34.2 34.8 34.7
8:00 PM 32.4 33.4 31.2 32 29.8 30.5
9:00 PM 29.6 31.1 30.4 31.8 28.7 30
10:00PM 28.9 31.1 29.2 31.2 27.8 29.7
11:00PM 28.2 30.8 28.9 30.9 27.6 29.6
12:00AM 28.2 30.4 28.4 30.1 27.3 28.9
1:00 AM 27.3 29.3 28.1 29.8 27.1 28.6
2:00 AM 26.9 28.7 27.8 29.3 26.9 28.9
3:00 AM 26.7 28.3 27.5 28.8 26.8 27.9
4:00 AM 26.2 27.5 26.9 28 26.3 27.1
5:00 AM 25.8 26.9 26.2 27.1 25.8 26.6
6:00 AM 25.4 26.2 25.9 26.6 25.7 26.3
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Figure 13 : Actual Temperature Differential at corner of HVFAC Slabs

Table 10 : Temperature (°C) Readings In Corner of HVMPC Slabs

Hours
25 cm Thick 20 cm Thick 15 cm Thick 

T B T B T B

7:00 AM 26.2 26.5 25.2 25.5 25.4 25.6
8:00 AM 27.7 27.7 28.4 28.3 27.4 27.3
9:00 AM 29.2 26.8 30.3 28.2 31.1 29.1
10:00AM 32.2 28.3 35.3 31.5 35.6 31.5
11:00AM 35.2 29.8 38.9 33 37.1 32.3
12:00 PM 39.8 32.3 41.2 34.1 40.9 34.1
1:00PM 43.9 35.3 44.3 35.2 42.3 34.2
2:00 PM 47.4 37.2 47.2 37.6 47.5 38.3
3:00 PM 45.8 37.1 46.9 38.3 46.2 38
4:00 PM 41.7 35.7 43 36.5 45.5 38.1
5:00 PM 39.6 35.5 40.2 36.2 41.9 37.8
6:00 PM 37.2 34.9 37.9 35.8 38.1 36
7:00 PM 34.3 34.3 35.2 35.1 35.2 35.1
8:00 PM 32.5 33.3 31.5 32.2 31.9 32.4
9:00 PM 31.3 32.9 29.8 31.3 29.9 31.2
10:00PM 30.3 32.3 29 30.9 29.3 30.8
11:00PM 29.3 31.7 28.1 30.3 28.5 30.5
12:00AM 28.2 30.3 27.8 29.7 28.1 29.9
1:00 AM 27.9 29.7 27.2 28.8 27.6 29.1
2:00 AM 27.3 28.8 26.8 27.9 27.2 28.8
3:00 AM 26.7 28 26.5 27.8 26.9 28.4
4:00 AM 26.4 27.6 26.1 27.2 26.8 27.8
5:00 AM 26.1 27 25.7 26.5 26.3 27
6:00 AM 25.8 26.4 25.3 25.9 26.5 26.8
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Figure 14 : Actual Temperature Differential at corner of  HVMPC Slabs

III. Results and Discussion

The results obtained from the present 
investigation conducted on HPC slabs and discussions 
are presented in this chapter.

a) Cube Compressive Strength
The cube specimen of PQC, HVFAC & HVMPC 

mixes is tested for compressive strength at 3, 7, 28 and 
56 days of curing. The cube compressive test results for 
all mixes are shown in Table. It observed that there is an 
increase in cube compressive strength with increase in 
number of days of curing. PQC gain early compressive 
strength compared to HVFAC. From test results it is 
observed that the compressive strength of HVMPC is 
lesser than that of PQC & HVFAC at 56 days of curing.

Cube Compressive Strength Test Results of 
Concrete slabs.

Sl.
No

Number 
of days 

of Curing

Conventional 
PQC Mix 
(N/mm²)

Fly Ash 
Admixed 
concrete 

Mix 
(N/mm²)

Marble Powder 
Admixed 

Concrete  mix 
(N/mm²)

1 3 27.48 22.07 11.70

2 7 39.11 28.74 24.37

3 28 47.41 42.96 32.59

4 56 52.00 55.70 40.44

Comparison of Compressive Strength of PQC, 
HVFAC and HVMPC Mixes.

Days of curing

Cube Compressive Strength Test Results of 
Concrete slab.

b) Static Flexural Strength
The static flexural strength of PQC and HVFAC 

beam specimens were determined using two point 
loading method and the test results are shown in Table.

Static Flexural Strength Test Results of Concrete slabs

Sl.No Number of 
days of 
curing

PQC – Beams HVFAC - Beams HVMPC – Beams
Load
KN

Fcr
N/mm2

Load
KN

Fcr
N/mm2

Load
KN

Fcr
N/mm2

1 3 11.25 0.5 10.5 0.47 6 0.27
2 7 15.25 0.68 13 0.57 10.75 0.48
3 28 18.25 0.81 16.75 0.74 14.25 0.63
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Comparison of Flexural Strength of PQC, 
HVFAC and HVMPC Mixes.

Days of curing

Static Flexural Strength Test Results of Concrete slabs

c) Obtained Temperature Differentials in Concrete 
slabs

The temperature is recorded for a period of two 
day in all the slabs. The maximum positive & negative 
temperature differential occurred during a day in each 
slab is shown in tables below.

Positive Temperature Differential in different 
types of concrete Slabs.

1. At Centre

Maximum positive Temperature differential 
    in oCThickness 

(mm)
PQC HVFAC HVMPC

150 11.9 9.2 9.6

200 12.4 10.7 10.6

250 13.2 12.2 12.2

2. At Edge

Maximum positive Temperature differential 

                   

in oC
Thickness 

(mm) PQC HVFAC HVMPC

150 10.3 9.1 8.6

200 10.2 10.0 9.3

250 11.4 11.2 11.3

3. At  Corner

Maximum positive Temperature differential 
in oCThickness 

(mm) PQC HVFAC HVMPC

150 9.3 8.9 9.2

200 9.2 9.0 9.6

250 10.4 10.3 10.2

Negative Temperature Differential in different 
types of concrete Slabs

1. At Centre

Maximum negative Temperature differential 
in oCThickness 

(mm) PQC HVFAC HVMPC

150 -2.9 -2.3 -2.4

200 -3.1 -2.8 -2.7

250 -3.5 -2.9 -2.9

2.   At  Edge

Maximum negative Temperature differential 
in oCThickness 

(mm)

PQC HVFAC HVMPC

150 -2.3 -2.1
-2.2

200 -2.4 -2.2
-2.6

250 -3.0 -2.5
-2.6

3. At  Corner

Maximum negative Temperature differential 
in oC

0

0.2

0.4

0.6

0.8

1

Day 3 Day 7 Day 28 Day 56

PQC

HVFAC

HVMPC

Thickness 
(mm)

PQC HVFAC HVMPC

150 -2.3 -2.0 -2.0

200 -2.4 -2.0 -2.2

250 -3.0 -2.6 -2.4

Study of Thermal Gradient in Concrete Slabs through Experimental Approach
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d) Maximum positive temperature differential for 
different thickness of CC slabs

Thickness
(mm)

Type of concrete As per 
IRC:58-2002PQC HVFAC HVMPC

150 11.9 9.2 9.6 17.3

200 12.4 10.7 10.6 19
250 13.2 12.2 12.2 20.3

e) Obtained temperature stresses in concrete slabs 
Positive temperature stresses in different types of 
concrete slabs

1. At Centre

Maximum positive Temperature stresses 

                   

in N/mm2

Thickness 
(mm) PQC HVFAC HVMPC

150 0.225 0.174 0.182

200 0.234 0.202 0.200

250 0.250 0.231 0.231

2.   At  Edge

Maximum positive Temperature stresses in 
N/mm2Thickness 

(mm)
PQC HVFAC HVMPC

150 0.166 0.146 0.138

200 0.164 0.161 0.150

250 0.184 0.180 0.182

3.   At  Corner

Maximum positive Temperature stresses in 
N/mm2

Thickness 
(mm) PQC HVFAC HVMPC

Negative Temperature stresses in different 
types of concrete Slabs.

1. At Centre

Maximum negative Temperature stresses in 
N/mm2Thickness 

(mm)
PQC HVFAC HVMPC

150 -0.055 -0.0435 -0.045

200 -0.059 -0.0530 -0.0151

250 -0.066 -0.055 -0.055

2.   At  Edge

Maximum negative Temperature stresses in 
N/mm2Thickness 

(mm)
PQC HVFAC HVMPC

150 -0.037 -0.033 -0.035

200 -0.038 -0.035 -0.042

250 -0.048 -0.040 -0.042

3.   At  Corner

Maximum negative Temperature stresses in 
N/mm2

Thickness 
(mm)

PQC HVFAC HVMPC

150 -0.026 -0.022 -0.0228

200 -0.024 -0.020 -0.0225

250 -0.028 -0.024 -0.0226

150 0.1095 0.1013 0.1047

200 0.094 0.0918 0.0979

250 0.098 0.0968 0.0958

f) Maximum positive temperature stress for different 
thickness of CC slabs

Maximum positive temperature stress for 
different thickness of CC slabs

Type of concreteThickness 
(mm) PQC HVFAC HVMPC

150 0.225 0.174 0.182

200 0.234 0.202 0.200

250 0.250 0.231 0.231

Study of Thermal Gradient in Concrete Slabs through Experimental Approach
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IV. Results

1. At Centre

a) The maximum positive and negative temperature 
differentials in pavement quality concrete slab are 
+13.2 0C and -3.5 0C respectively. 

b) The maximum positive and negative temperature 
stress in pavement quality concrete slab are 0.250 
N/mm2 and -0.066 N/mm2 respectively.

c) The maximum positive and negative temperature 
differentials in high volume fly-ash concrete slab are 
12.2 0C and -2.9 0C respectively. 

d) The maximum positive and negative temperature 
stress in high volume fly-ash concrete slab are 0.23 
N/mm2 and -0.055 N/mm2 respectively.

e) The maximum positive and negative temperature 
differentials in high volume marble powder concrete 
slab are 12.2 0C and -2.9 0C respectively. 

f) The maximum positive and negative temperature 
stress in high volume marble powder concrete slab 
are 0.231 N/mm2 and -0.055 N/mm2 respectively.

2. At Edge

a) The maximum positive and negative temperature 
differentials in pavement quality concrete slab are 
11.4 0C and -3 0C respectively. 

b) The maximum positive and negative temperature 
stress in pavement quality concrete slab are 0.184 
N/mm2 and -0.048 N/mm2 respectively.

c) The maximum positive and negative temperature 
differentials in high volume fly ash concrete slab 
11.2 0C and -2.5 0C respectively. 

d) The maximum positive and negative temperature 
stress in high volume fly ash concrete slab are 
0.180 N/mm2 and -0.04 N/mm2 respectively.

e) The maximum positive and negative temperature 
differentials in high volume marble powder concrete 
slab are 11.3 0C and -2.6 0C respectively. 

f) The maximum positive and negative temperature 
stress in high volume marble powder concrete slab 
are 0.182 N/mm2 and -0.042 N/mm2 respectively.

3. At Corner

a) The maximum positive and negative temperature 
differentials in pavement quality concrete slab are 
10.4 0C and -3 0C respectively. 

b) The maximum positive and negative temperature 
stress in pavement quality concrete slab are 0.1095 
N/mm2 and -0.02 N/mm2 respectively.

c) The maximum positive and negative temperature 
differentials in high volume fly ash concrete slab are 
10.3 0C and -2.6 0C respectively. 

d) The maximum positive and negative temperature 
stress in high volume fly ash concrete slab are 
0.1013 N/mm2 and -0.024 N/mm2 respectively

e) The maximum positive and negative temperature 
differentials in high volume marble powder concrete 
slab are 10.2 0C and -2.4 0C respectively. 

f) The maximum positive and negative temperature 
stress in high volume marble powder concrete slab 
are 0.1047 N/mm2 and -0.0228 N/mm2 respectively.

V.     CONCLUSION

• High volume fly-ash concrete slabs are found to 
gain compressive strength in gradual pattern. The 
compressive strength is more at higher curing ages 
i.e. 56 days & 90 days.

• The compressive strength of High Volume marble 
Powder Concrete is less at all curing ages i.e. 3,7,28 
& 56 days when compared to PQC.

• The obtained temperature differentials for HVFAC & 
HVMPC are lower than suggested values and 
temperature difference by IRC 58–2002 for the 
design of concrete pavements.

• Initial cost of construction or maintenance for 
concrete overlays is more compared to bituminous 
overlays. But over a period of time concrete overlays 
prove more economical.

• Lesser the temperature difference in the HVFAC & 
HVMPC shows that warping stress in HVFAC & 
HVMPC pavement will be least than normal PQC.

• Since the compressive strength of HVMPC is less, 
therefore HVMPC is not recommended for 
construction of new pavements.

• Thus it can be concluded that HVFAC can be used 
for construction of new pavements when there is no 
restrictions for time limits.

• The reduction in total stresses in the pavements, 
hence the thicknesses will be less than conventional 
concrete pavements.

  
 

um
  
  
 

  

• Environmental parameters are to be considered to 
get realistic temperature differential in HPC 
pavements.

VI.     ACKNOWLEDGMENT

I express my sincere gratitude to Dr. D. S.
Suresh Kumar, Director, CIT, I also thanks to Prof. M. 
Dhananjay for continuous guidance without which I 
would not come up with this paper, I also thanks to all 
teaching, non teaching staff of CIT College.

REFERENCES RÉFÉRENCES REFERENCIAS

1. Puttappa, C.G.,” Experimental Studies on the High 
Performance Concrete” Ph.D Thesis Report 

Study of Thermal Gradient in Concrete Slabs through Experimental Approach



    

    

    

  

  
  

    

    
    

    

    
    

    
    

 

 
 

 

    

     

     

     

 

  

  

  
  

   
 

 
    

    
    

    
    

    
    

  

  
  

    

    
    

    
    

    

 

© 2014   Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol
um

e 
 X

IV
  

Is
su

e 
 V

  
V
er
si
on

 I
  

  
  
 

  15

Y
e
a
r

20
14

E

Submitted to Highway Engineering Section of 
Department of Civil Engineering Bangalore 
University. 

2. Jose. T. Balbo “Thermal Gradients in Concrete 
Pavements in Tropical (Hot- wet) Environment: An 
experimental Appraisal”. Transportation Research 
Record March 20, 2002 TRB Number 02-2560. 

3. Yoder, E.J. and Witczak, M.W.,” Principles of 
Pavement Design”, Second Edition, John Wiley and 
Sons, 1975.

4. Kadiyali, L.R.and Associates – National Workshop 
on “Sustainable Concrete Pavements: Practices, 
Challenges and Directions”, IIT Madras, Chennai, 
13th October 2010. 

5. “Basic Road Statistics of India, 1987-88”, 
Transportation Research Division, Ministry of 
Surface Transport, New Delhi, 1990. 

6. “Road Development Plan, Vision: 2021”, Ministry of 
Road Transport and Highways, Published by the 
Indian Road Congress, New Delhi, 2001. 

7. World Bank Group,” India`s Transport Sector: The 
Challenge Ahead”, New Delhi, 2002. 

8. Eleventh Five Year Plan, Planning Commission, New 
Delhi, 2007-2012. 

9. Arjun, H. R.,” Studies on Fibre Reinforced Self 
Compacting Concrete for Pavements”. ME Thesis 
Report (Unpublished) Submitted to Highway 
Engineering Section of Department of Civil 
Engineering R. V. Collage Bangalore. 

10. Mallikarjuna “Evaluation of Temperature Stress in 
High Performance Concrete Pavement Admixed 
with Silica Fume”. ME Thesis Report (Unpublished) 
Submitted to Highway Engineering Section of 
Department of Civil Engineering Bangalore 
University. 

11. Chen-Ming Kuo, “Effective temperature differential 
in concrete pavement" Journal of Transportation 
Engineering, Vol. 124, No. 2, March/April 1998, pp. 
112-116. 

12. Zahidule, Mustague and Dave,” Temperature and 
Curling Measurements on Concrete Pavements”.
Proceedings of 2005 Mid-Continent Transportation 
Research Symposium, Ames, Lowa, August 
2005.Department of Civil Engineering Kanasa State 
University.

13. Ying-Haur Lee, Ying-Ming Lee, and Shao-Tang Yen” 
Can. J. Civ. Eng. 29(4): 576–588 (2002) | 
doi:10.1139/l02-033 | © 2002 NRC Canada”. 

14. Faraggi. V “Combined effect of traffic loads and 
thermal gradients on concrete pavement 
Transportation Research Record No. 1136, 
Pavement Design, pp.108-118. 

15. H. Thomas Yu “Analysis of Concrete Pavement 
Responses to Temperature and Wheel Loads 
Measured from Instrumented Slabs” Transportation 
Research Board of the National Academies, Volume 
1639 / 1998, pages 94-104. 

16. Shiva Srinivasan “Characterization of stresses 
induced in doweled joints due to thermal and 
impact loads” Thesis submitted to the College of 
Engineering and Mineral Resources at West Virginia 
University for the degree of Master of Science in 
2001. 

17. Richardson, J M; Armaghani, J M, “Stress caused 
by Temperature gradient in Portland Cement 
Concrete Pavements” Transportation Research 
Record no.1121, 1987. 

18. P. Srinivasan, A.K. Tiwari, Anil Banchhor., “Suitability 
of HVFA concrete for pavements.” Indian Concrete 
Journal, Vol. 78 (11), November 2004: pp: 58-61. 

19. M.S.SHETTY, “Concrete Technology” Theory and 
practice, S.chand & co.ltd, New Delhi, 4th edition,
2003. 

20. Gambhir M L, “Laboratory Testing for Quality 
Control of Concrete and Concrete Technology for 
Civil Engineering” 1981. 

21. MORTH “Specifications for roads and bridges”,-
2001. 

22. Roopa, G.S.,” Thin White-Topping: An Option for 
Rehabilitation of Flexible Pavement”. ME Thesis 
Report (Unpublished) Submitted to Highway 
Engineering Section of Department of Civil 
Engineering R. V. Collage Bangalore. 

23. Kumar Mehta. P,” High-performance, High-volume 
Fly ash concrete for Sustainable Development.” ACI 
Materials Journal 100(2), 2003, pp. 150-155. 14. 

24. Tarun R. Naik, Bruce W. Ramme, Rudolph N. Kraus, 
and RafatSiddique., “Long-Term Performance of 
High-Volume Fly Ash Concrete Pavements”, ACI 
Material Journal, Vol.100, Issue:2, 2003, pp.150-
155. 

25. Sharp, R., “Concrete for Major Highways”, Seminar-
Cum-Training on Cement Concrete Roads, Cement 
Manufacturers` Association, New Delhi, 1990. 

26. “Hand Book on Cement Concrete Roads”, Cement 
Manufacturers` Association, March 2010. 

27. Nikil, T.R,” Development of Flexural Fatigue Model 
and Construction Cost Analysis for High Volume Fly 
Ash Concrete Pavements”. ME Thesis Report 
(Unpublished) Submitted to Highway Engineering 
Section of Department of Civil Engineering 
Bangalore University. 

28. IRC: 58–2002, “Guidelines For The Design Of Plain 
Joint Rigid Pavements For Highway”, Indian Road 
Congress, New Delhi.

29. IS: 2386 – 1963, “Methods of Test for Aggregates 
for Concrete”, Bureau of Indian Standards, New 
Delhi. 

30. IS: 456 – 2000, “Code of Practice for Plain and 
Reinforce Concrete”, Bureau of Indian Standards, 
New Delhi. 

31. IS: 383 – 1970, “Specification for Coarse and Fine 
Aggregate from Natural Sources for Concrete”, 
Bureau of Indian Standards, New Delhi. 

Study of Thermal Gradient in Concrete Slabs through Experimental Approach



    
    

  

  
  

    

    
    

    
    

    
    

    

   

  

 
 

  

    

    
    

    
    

    
    

    

  

 
 

  

    

    
    

    

    
    

    
    

  

 
 

  

    

    
    

  

 

© 2014  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

V
ol
um

e 
 X

IV
  

Is
su

e 
 V

  
V
er

si
on

 I
  

  
  
 

  
Y
e
a
r

20
14

16

E

32. IRC: 15 – 2002, “Standard Specifications and Code 
of Practice for Construction of Concrete Roads”, 
Indian Roads Congress, New Delhi. 

33. IS: 12269 – 1987, “Specification for 53 Grade 
ordinary Portland cements”, Bureau of Indian 
Standards, New Delhi. 

34. IS: 3812(part 2) – 2003, “Specification for use of 
flyash for use as Pozzolana and A mixture”, Bureau 
of Indian Standards, New Delhi. 

35. IS: 10262- 2009,”Recommended Guidelines for 
Concrete Mix Design”, Bureau of Indian Standards, 
New Delhi. 

36. IS: 516-1976,”Method of Tests for Strength of 
Concrete”, Bureau of Indian Standards, New Delhi. 

37. IRC: 44–1976, “Tentative Guidelines For Cement 
Concrete Mix Design for Pavements”, Indian Road 
Congress, New Delhi. 

Study of Thermal Gradient in Concrete Slabs through Experimental Approach


	Study of Thermal Gradient in Concrete Slabs Through Experimental Approach
	Authors
	Keywords
	I. Introduction
	a) Need for the study
	b) Objective of the study

	II. Present Investigation
	III. Results and Discussion
	a) Cube Compressive Strength
	b) Static Flexural Strength
	c) Obtained Temperature Differentials in Concrete slabs

	IV. Conclusion
	V. Acknowledgement
	References Références Referencias

