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Abstract— Concrete is most popularly used construction
material all over the world. Concrete is an artificial material
can be obtained by uniform mixing of cement, coarse
aggregate, N-sand or M-sand and sufficient and controlled
amount of water, with or without super plasticizers. Here 3
slabs cast with different material properties like slab(S1)
cast with N-sand, Slab (S2) cast with M-sand and Slab (S3)
cast with partially M-sand and partially N-sand. Therefore,
an attempt has been made in this study to evaluate the
stresses due to the actual temperature distribution across the
thickness of the slab and load (as per 1S:875 part-11) using
empirical and analytical method viz., Finite element analysis
technique. The finding confirmed the importance and the
need to account the nonlinear temperature differential in the
design of concrete slabs. Also, 3DFE technique using
ANSYS proved to be a versatile technique in analyzing
concrete slab for thermal and load stresses.
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. INTRODUCTION

Concrete is most popularly used construction material all
over the world. Concrete is an artificial material can be
obtained by uniform mixing of cement, coarse aggregate, N-
sand or M-sand and sufficient and controlled amount of
water, with or without super plasticizers.

In this study 3 slabs were cast with different
material properties like slab(S1) cast with N- sand, Slab
(S2) cast with M-sand and Slab (S3) cast with partially M-
sand and partially N- sand.

Thermal stresses and load stresses in concrete slabs
are calculated using various approaches, based on various
assumptions. Temperature differential across the thickness
of the slab causes the slab to warp and deform, these stresses
cause the bending stresses. Which is based on the
assumption that the temperature distribution is linear
throughout the thickness? This is an approximation, because
studies have proved that the actual distribution is
nonlinear.

Three slabs of different material properties are cast,
instrumented with thermocouples at different levels viz.,
top, middle and bottom to calculate stresses at interior edge
and corner regions and the actual temperature in the slabs
are recorded every hour for 28 days using a digital
temperature recorder. The stresses are found using the FEM
software.

The result obtained from the study clearly
shows that the actual temperature differentials are Non-
linear.
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Figure 1.1: A Slab warped due to temperature differential
(a) Upwards (b) Downwards and associated stress state

A. Thermocouples

Thermocouples are most popular temperature sensors used
for measuring temperature. They are cheap, interchangeable,
have standard connectors and can measure a wide range of
temperatures. Thomas Seebeck was the name of the Inventor
discovered the junction between two metals creates a
voltage which is a function of temperature. Thermocouples
works on this principle.

The working of thermocouple is shown in Figure
2.7.
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Fig. 1.2: Working of thermocouple
Type K: Type K should not be used in sulphurous
atmospheric  condition, in vacuum or low oxygen
environments.

B. ANSYS: 3 Dimensional Finite Element analysis Software

ANSYS (current version APDL 14.5) is 3D finite-element
software used to analyse thermal stresses and loading stress.
It is mechanical based software.

C. Scope of the present study

The study focuses on computing the stresses due to the
thermal load and nonlinear temperature variations across the
thickness of slab. Temperature recorded across the thickness
of the slab are divided in to three components viz., axial,
linear and nonlinear.

Therefore, an attempt has been made in this
study to estimate and compare the critical stresses in the
slab subjected to combined effect of load and recorded
temperature differential based on finite element method.
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D. Objectives

To determine the actual temperature differential by slab
instrumentation at edge, corner and interior regions of the
concrete slab.

To determine temperature stresses by considering
total nonlinear temperature differential, the temperature
stresses obtained using ANSYS.

To determine critical stresses in the slab due to the
combined action of load and recorded temperature data
based on finite element.

The study is conducted at BIET campus. Three
concrete slabs of varying material property that is slab-1 is
cast with N-sand, Slab-2 is cast with M-sand and Slab-3 is
casted with partially M-sand and partially N-sand.
Thermocouples are fixed to wooden beads at top, bottom,
and at middle, to record the temperature values at Interior,
Corner and Edge regions of slab, during casting such that tip
of the thermocouples are in contact with concrete. The
temperature differential across the thickness of slabs is
recorded at every hour from 8AM to 6PM.

E. Cement

Dalmia 43 grade cement conforming to IS: 8112-1976 was
used.

Requirements as per

Sl Tests Results IS: 12269-1987

1 Consistency 3B3% | -

2 | [Initial setting time r1715|2 Not less than 30min

3 Final setting time 32.2 ot greater than 688
min min

4 Specific gravity 3.12 2.99 -3.15

Should be less than 10

5 Fineness 6.0% %of its weight
6 Soundness (Le- 7 Should be less than 10
; mm
Chatelier) mm
7 Compressive
strength(MPa)
3 days 20.79 16 (minimum)
7 days 36.22 22 (minimum)
28 days 45.93 43 (minimum)

F. Fine aggregates (N-sand)

Locally available natural river sand is used in the present
project. Properties of N-Sand are determined by various
tests as per IS: 2386-Part3. Fine aggregate (N-sand)
conforms to Zone-11
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G. Fine Aggregates (M-Sand)

M-sand nearby available is used in the present investigation.
The properties of the M-sand are determined by various tests
as per IS: 2386-Part3. The test results are shown in Table.
And figure. The results show that the M-sand selected
conforms to Zone-I.

Fine aggregate (M-sand) conforms to Zone-I

H. Tests results of M-sand

Tests conducted as per Results
1S:2386 Part-3
Fineness modulus 3.07
Bulk density, g/cc 1.598
Specific gravity 2.67

I. Coarse aggregate

Aggregates are retained on IS sieve size 4.75mm are called
coarsesr aggregates. Locally available crushed granite
coarse aggregates are used in this study. The tests for
physical properties on these are conducted as per 1S:383-
1970 and the test results shown in Table3.6.

Properties Results
Aggregate Crushing Value% | 28.70
Specific Gravity 2.65
Angularity number 5.93
Bulk density 1.43

J. Water

Water is a very Essential ingredient in the concrete. As it is
necessary for Hydration Process. Potable water free from
impurities and other substances is used for mixing and
curing purpose. Water should meet the requirements
stipulated in 1S456:2000.
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K. Admixture

To impart additional workability and to decrease water
content for a given workability, Conplast SP-430 was used
and specific gravity is 1.223.

L. Mix proportions

In the present study, IS 10262:2000method of mix design is
used for arriving at the mix proportions.

Description M30
Water/ cement ratio 0.5
Super-plasticizer litres/ m3 | Conplast SP-430 | 3.85
Cement, kg/m3 385
F A (N-Sand), kg/m3 701
C A Type-I kg/m3 (20 down) 700.2
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Type-Il kg/m3 (12 down) 466.8 1 3.4 4.70
Water, kg/m3 173 2 3.42 4.66
Three mix proportions for conventional M30 grade concrete 3 3.51 4,91
are arrived. Average 3.44 4.76
M. Compreisswe strength test results Specimen ( Partial N-Sand~ 7 days 28days,
?ﬁeg;ngg; 7 days, N/mm? | 28days, N/mm? M-sand) N/mm? N/mm?
1 3.45 4.70
2 16.75 34.22 3 3.45 201
3 15.84 3511 Average 3.47 4.81
Average 15.90 34.37
P. Slab instrumentation
Specimen (M-Sand) | 7 days , N/mm? | 28days, N/mm? Three concrete slabs are of size
1 15.89 34.66 1000mmx600mmx200mm(S1),
2 16.66 35.11 1000mmx600mmx200mm(S2)and
3 16.92 36.00 1000mmx600mmx200mm(S3) are cast directly on the soil
Average 16.49 35.25 and sand layer after excavating the earth surface to the
required dimensions such that the slabs are confined on all
Specimen (Partial N-Sand+ 7 days, 28days, sides.
M-sand) N/mm2 N/mm? “K-type” Thermocouples are fixed to a wooden
1 16.66 36.44 bead using adhesive tape at three different levels depending
2 17.32 36.88 on the thickness of the slab. The thermocouples are fixed at
3 17.00 36.44 25mm from top, 25mmfrom bottom and exactly at the
Average 16.99 36.58 middle of the slab as shown in Figure.
N. Splitting tensile test —_—
Split tensile strength is used to find concrete Tensile
capacity. Cylinders were prepared for testing. The loading
test as shown in Figure 3.6 is conducted as per 1S:516-1959
on Cylinder specimens cured for 7days and 28days to op B0
evaluate Tensile strength of concrete. The results are shown e
in the table 3.12.
Specimen (N-Sand) | 7 days , N/mm? | 28days, N/mm?
1 1.61 2.405 Cormer Edge
2 158 2.05
Average 1.58 2.23 H s |
Specimen (M-Sand) | 7 days , N/mm? | 28days, N/mm? g CROSS SECTION 1
1 1.31 1.84 200 mm
2 1.42 1.98 Fig. 1.3: Diagram showing the location of thermocouples in
Average 1.365 1.91 the slab
Specimen( Partial N- 7 days , 28days, . . -
Sand+M-sand) N/mm? N/mm? ENSSYtSeps involved in structural and thermal analysis in
1 1.68 2.69
2 1.62 283 —  Problem specification
Average 165 276 —  Problem Description

O. Static flexural strength test

Flexural strength is tested for concrete beam or slab to resist
failure in bending. Third point loading test as shown in
Figure 3.7 is conducted as per 1S:516-1959 The flexural
strength results are shown in the table 3.13.

Specimen (N-Sand) | 7 days, N/mm? | 28days, N/mm?
1 3.12 4.67
2 34 4.58
3 3.3 4.46
Average 3.27 4.57

| Specimen (M-Sand) | 7 days , N/mm? | 28days, N/mm? |

—  Prepare for a specified analysis
—  Creating Geometry

— Defining Materials

—  Generating Mesh

— Apply Loads

—  Obtain Solution

— Review Results
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THERMAL AND STRUCTURAL ANALYSIS MODELING

A. Modeling:
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Fig. 1.9: A snapshot of Applied temperature on Nodes

Fig. 1.4: A snapshot of Creating the nodes
Fig. 1.5: A snapshot of Creating the Areas
Fig. 1.6: A snapshot of Creating the Volumes

TYPE NUM

Fig. 1.10: A snapshot of Applying Temperature on Nodes

and Area

Fig. 1.7: A snapshot of Creating Meshing

Fig. 1.11: A snapshot of Thermal Stresses Along X-

direction
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ELEMENT SOLUTI

R14.5)
8 2016

00:02:49

ANSYS

NODAL SOLUTION

MAY

09

. 216E~
SMN =-9.92713

SMX

1.90704

s

Fig. 1.13: VON MISES (Structural Analysis) STRESS

Fig. 1.12: A snapshot of Vector Plot

COMPARISION FOR THREE SLABS

ANSYS

R14.5

2016

MAY &

1
1
1

STEP:

SUB

20:05:18

(AVG)

.218E-09
569
55.1422

TIME:
SEQV

SMN =22.
SMK

DMK

.5229

51

844

44.2

55.1422

47.9037

A snapshot VVon mises stress of Slab-1
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LUTION

" NODAL §

8 2016
20:06:36

MAY

44.4738

" 40.8061

33.4706

_ 29.8029

A snapshot Von mises stress of slab-2

DISPLACEMENT

" NODAL SOLUTION

48.1415
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5444

A snapshot Von mises stress of Slab-3 comparison of

stresses
slab | Vonmises stress Value
Min. Max.

1. 22.46 55.47
2. 22.47 55.48
3. 2241 55.65

Il. RESULTS & DISCUSSIONS

From the above table, it is observed that the peak stress due
to the load occurred at the corner region; hence it is
necessary to provide TORSION reinforcement at the corner
regions.

Stresses are independent of the length and
breadth of the slabs.
Maximum stresses occurred in Slab-3.

b-2

A snapshot Thermal distribution of  Slab-3

(1]

(2]

(3]

(4]
(5]

IV. CONCLUSIONS

Compressive strength of concrete is more when it is cast
with M-sand.

The high stresses occur at corner regions of the slabs
hence it is necessary to provide corner reinforcement.
ANSYS is preferable for evaluation of temperature
stresses and Load stresses to get good results.

By observing the obtained temperature data results in
the morning 8am-9am and in evening 5pm-6pm slabs
may subjected to negative temperature differentials it
means it warp upwards.

It is necessary to take care while designing high rise
structures, the top slab (Roof) Exposed to Temperature
subjected to high stresses compare to normal stresses.
3DFE technique using ANSYS provides a versatile
technique in analysing slab for thermal and load stresses
due to different temperature profiles and load.

ANSYS can be used for the evaluation of the stresses in
concrete slabs.@

The results arrived from this study shows that stresses
due to the nonlinear temperature differential are greater
than the linear temperature differential hence it is
necessary to take care while designing the slabs.

Study shows that the concrete used for high rise
structure must be M25 and above.

V. SCOPE FOR FURTHER STUDY

The conclusions given above are based on the study
carried out. Further study can be taken up with different
Geographical location

Type and grade of concrete,

Varying slab dimensions

Varying material properties,

Different loading pattern and

Location of Thermocouples at different regions of
the slab.

Deflections in the slab can be measured with
appropriate instrumentation. And also the results
obtained by ANSYS.

Economic design of the slab with the actual stress
values obtained from the study.

Same investigation shall also be carried out for
Transportation pavement.
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[6] 1S 875 : Part 2 : 1987 Code of practice for design loads
(except earthquake) for buildings and structures: Part 2
Imposed loads
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