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ABSTRACT

In this paper the curling behaviour of rigid pavements are observed due to variation of dab thickness in different
regions with two different mix proportions of M4Qconcrete slabs at different layers. Top layer of slab will have high
temperature compared to bottom layer at day time which will be vice versa at night. To sustain these stresses, IRC:
58-2011 specifies different temperature differentials, which is considered to design the dab thickness. The
temperature differential specified in IRC is recommended state wise, but the air temperature varies for different
Regions within the state, hence the temperature differentials are also likely to vary for different locations within the
different regions and this will have major impact on design thickness of pavements. In the present study the
temperature differentials for varying slab thickness at moderate and high temperature regions viz., Bangalore and
Gulbarga have been considered. The study indicated that the actual temperature differentials measured even for
Gulbarga (where temperature is high 41 degrees) was only 12.1 degrees maximum while the recommended
temperature differential in IRC is 21 degrees which is about 73.5% high which leads to overestimate the dab
thickness.
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INTRODUCTION

Temperature differential is the important parametensidered for design of rigid pavements. IRC &% has
specified some temperature differentials for défer states. Rigid pavements are those which pdimesral
strength & flexural rigidity. It is observed thatresses are not transmitted from grain to grathédower layer as
in flexible pavement layers. The rigid pavements aff Portland cement concrete plain, reinforcegrerstressed
concrete. In this study the temperature differénfitat high temperature region Gulbarga is selecéed the
behaviour of temperature gradient for differentkiniess at different layers of concrete are studiatl comparison
is done with the temperature differential measuaedangalore Region. The temperature differential dl the
regions in the state may not be same so to conthareemperature differential at Bangalore regio8] jdith the
temperature differential observed at Gulbarga indlicate the behaviour of temperature differentidlse stresses
developed in rigid pavement include load stressnkage/expansion stress and temperature stresspérature
stresses develop due to the change in temperature tbp to the bottom region of the concrete stamce the
stresses in concrete also various with changenipéeature differential.

Temperature is an important environmental factat thfluences the performance of concrete pavemévidsping,

which results from the temperature gradient betwt®n concrete pavement top and bottom surfacesicadd
stresses in the pavement, as the pavement isinestray its weight. The thermally induced stresssea by such
interaction may result in early pavement crackibg]| This also results in a loss of support aldmg $lab edges or
at the slab interior. The effect of the loss of mup results in higher stresses as the sub-baserescstiffer. This
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may become critical, particularly within a few hewfter slab placement, since hydration of concetarly stage
may not have sufficient strength to prevent cragkiiemperature increase due to hydration doesnmotediately

produce thermal stresses because of the processes$ relaxation or creep in the concrete. Thestnasses arise
when the temperature drops after its peak valuat@doncrete has set.

Temperature stresses in Portland cement concr&€)(Pavement can be classified into two types-ingrstress
and thermal expansion stresses. Curling stresseff mbserved from temperature differential betwdentop and
bottom of a Pavement Quality concrete pavements Témdency to curl induces stress in the pavemeriha
pavement is restrained by its weight and suppaesqure from the sub-grade layer. Depending on tterral
position of applied load and the time, curling stes may be sufficiently high causing failure o thlab.
Temperature stresses can also occur in PCC pavemera result of uniform temperature changes thaes the
slab to contract or expand.

Field observation quotes that the maximum diffeecincthe temperature between the top surface mithvis about
twice the difference between the mid depth andbigom of slabs and the peak temperature diffeab(ETD)
during the night hours is about half of the daytiR¥D.

LITERATURE REVIEW

The primitive approach used for temperature stieeisat given by Westergaard. Westergaard's equaibased on
assumption of linear temperature gradient suppante@inkler foundation and concrete slab beingdmésotropic.
Based on Westergaard’s solution, Bradbury arrived @olution for a slab with finite dimension. TBelland
Sutherland reported the results conducted on ctsmg@vements to study the effect of temperatur@ati@ns on
pavement stresses. There results showed that tatapedistribution throughout the pavement thicknisshighly
non-linear. An analytical solution for the effedttemperature stresses was also introduced byreiffeesearchers.
Based on Westergaard’s solution other analytidaitiems were introduced to solve for pavement sies

Sandeep M [13]through his thesis workstudy of thermal gradient in concrete slabs through experimental
approach - 2012" Studied the thermal properties of PQC and Higllume fly ash concrete at Bangalore region,
Concrete slabs of size 500X500 mm andlifferent thickness were instrumented with thermgates to record the
temperaturaifferential between top, middle and bottom layefghe slabs. It was observed that the temperature
was more predominant at the top of the slab whenpeoed to bottom of concrete slabs during day tme also
observed that the temperature was more at therbatfathe slab when compared to top of concretessthiving
night time. The temperature gradient in concretdsslachieved equilibrium two times a day i.e. dynnorning
hours and also during evening hours. The observaximum positive and negative temperature diffesatfor
different thickness of slabs are quoted in Tabaittappa C G [11]“Experimental studies in the high performance
concrete” studied the properties of HPC with therttal properties and their investigation revealeat tthe
temperature differential in HPC is lower than tledues suggested by IRC 58:2011 and the temperdiffieeential
varies with the slab thickness. The values sugdefte Karnataka region is high to the extent of GtCalso
suggests that the thickness of the slab can beeddio considerable extent for the same designitiomdvhich is
proved by taking a case study on normal and higfopeance concrete.

Siddique [9], have studied that curling generally results from tmperature differential across the concrete slab
thickness. Curling induces stresses in the pavewsiabtthat may contribute to early-age concreteking. This
study deals with the field measurement of tempegadnd curling on a newly built jointed plain cogter pavement.
The pavement section consisted of a 12-inch comaiab, 4’ bound drainable base, and 6’ lime tebatébgrade.
Temperature data was collected at five depth lonatacross the thickness of the concrete slabthatldigital data
loggers embedded in the slabs. Curling was measundid/e different days in the summer and fall wattsimple
setup. The results show that both upward and dowhwarling increase as the temperature differeitiedeases.
The magnitude of curling deflection resulting frarparticular positive temperature differential liglgtly higher
than that resulting from the same negative tempezatifferential value. The in situ curling candimulated with a
properly built finite model. Since the temperatdifferential has a significant influence on curljinge effect of
curling can be mitigated at an early age of paveroencrete with perfect measures, such as enhanced).

Tien [14] have studied that pavement temperature differentiabes thermal stresses in concrete pavements. Thi
paper works with a closed-form model to analyze ¢fffiect of nonlinear temperature distribution orrthal
warping stresses in concrete pavements. This medsldeveloped at the National University of Singapor a
single rectangular slab with four free edges rgstin a Pasternak foundation. It takes into conatiter the exact
slab dimensions, the effect of subgrade inter-loglkaction and the effect of transverse shear defttom The
effects of the following factors on warping stressa concrete pavement were analyzed: (1) horizositd
dimensions, (2 slab thickness, (3) slab elastic uhaj (4) modulus of subgrade reaction, and (4)ptrature
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profile across slab thickness. For each of theofacanalyzed, the variation between stresses cauphdsed on
linear and nonlinear temperature profiles respettivare computed and the need for considering neati
temperature distribution is assessed.

Table I: Temperature differential

Bangalore
SI NgSlab thickness(mm) Temperature differential Regid®)
PQC HVFC

Imax positive temperature differential| 7.4 5.9
1 150 Imax negative temperature differentigl 2.8 -1.8
Imax positive temperature differential| 8.8 7.8
2 200 Imax negative temperature differentigl -3.8 -4.0
Imax positive temperature differential| 9.9 10.6
3 250 Imax negative temperature differentigl 40 -4.0
Imax positive temperature differential| 11 11.0
4 300 Imax negative temperature differentigl Ay -4.2

Michael Edward Robbins [1] studied the Development of temperature differergraldiction models for different
types of HPC pavements” suggests that environmgat@meters are to be considered to get realstipérature
differentials in HPC pavements & temperature défeial is different on different grade of concrefemperature
differential in PQC is more compared to silica fucomcrete & high volume fly ash concrete.

K.Eswaramma and K.Rajasekhar [12]studied on concrete properties by silica as aamgphent. Silica fume is a
highly reactive pozzolanic material primarily conspd of silicon dioxide (SiO2) in noncrystalline riorlt is a thin
dark gray or bluish green-gray powder produced myelkectric arc furnace during the manufacture bémi or
ferrosilicon alloy. It has a spherical like fly adhut it is hundred times smaller, with an averdigesize of 0.1um.
Its specific surface area is very large compardealand cement.

PRESENTSTUDY

Conventional Pavement Quality and Concrete witlcssifume as an admixture are designed to M40 cossjme
strength (per 1S 10262:2009.). These concrete shatbsvarying thickness are used in this study valeate the
temperature differentials in Concrete pavementssliabhigh temperature region. The high temperategion
selected is Gulbarga and the studies are carriedtdDA College Gulbarga (with their approval).

The physical properties of the materials used i $tudy were determined in the laboratory. Testsevearried out
on fine aggregates, coarse aggregates, cemeniliaadieme and samples confirming to IS standardsevselected.

Silica fume is a by-product from electric arc furaa used in the manufacture of silicon metal daé¢ail alloys. The
material, which contains more than 80% silica incngstalline state and in the form of extremelyefarticles (0.1
um average diameter), is highly pozzolanic. Thizdpict is excellent for use as a Portland cemenpleaoment In
addition to economic and energy saving potentia, tise of pozzolanic admixtures in concrete leadseveral
technical advantages, such as reduction in thecraaking caused by heat of cement hydration, imgdadurability
to attack by sulphate and acidic waters, and hlgmate strength. Unlike other by- product pozzslauch as fly
ashes, a unique feature of CSF is that it has terb&ster pozzolonic action. It is especially gdod high

temperature conditions as per ACI 234R-06.

Mix design is done as per IS 10262: 2009 usingrhterial satisfying IS Standard. Two types of nik40 MPa is
designed one without any admixture and other wiitasfume.

The obtained mix proportion for normal M40 concristel: 1.68: 2.4 and for M40 silica fume concreteli 1.86:
2.7:0.08.

Cube specimen of PQC and Silica fume concrete mpaped as per mix proportion and tested in a cessre
testing machine for cube compressive strengthagBd 28 days of curing. The flexure strength ofCP&Silica
fume concrete beam specimens were determined tisigpoint loading method. Loading is done contiunsly
without any shock. Reaction shall be parallel @ direction of the applied force at all times dgrthe test and the
ratio of distance between the point of load apgiticeand nearest reaction to the depth of the befzail not be less
than one. The test has been done for 7 and 28adaysing. Slabs of size 500mmx500mm with thicls@50, 200,
250, and 300 mm are casted on site at Gulbargasitdndas been selected such that it is exposedrtdight. The
slabs are directly casted on earth surface. Tagat @umbers of slabs are casted, in which foursskre of normal
PQC and rest are of Silica fume concrete. The faarks of slabs to be casted and placing of thermples are
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presented in Fig. 1. Thermocouples are fixed tamaden strip at calculated heights to reach topgpboand middle
layer of slab. The thermocouples arrangement aeepl at the time of casting.

Fig.1 Form work and placing of Thermocouple

)

oN

Fig.3 Temperature reading using Thermocouple
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Thermocouples are provided with two open ends wbahbe connected to the digital temperature readget the
display of temperature at the corresponding jumctighich is embedded in concrete. A thermocoup&esensor for
measuring temperature. It consists of two diffenmetals, combined together at one end, which pmdusmall
unique voltage at a given temperature. This voltsgmeasured and interpreted by thermometer. Theoople
generates the voltage which intern the voltageoisverted to temperature reading which can be readigital

temperature indicator. Temperatures are recorded 28 days of curing. As shown in Fig. 2 and Big.

|. DATA COLLECTIONAND ANALYSIS

Using hand held digital temperature indicator gm@perature readings of different layers of slabliesen taken, as
the thermocouple has been placed at three layprantmldle and bottom layer of slab. Temperaturesracorded

after 28 days of curing for both the plain concrasewell as Silica fume concrete. The temperateaglings are
recorded for top, middle & bottom layer of the natreoncrete and Silica Fume concrete slabs, eveuy for a

period of two days and the corresponding air teatpee is noted down. M40 Normal concrete at Gulhdrggion

and readings of M40 Silica Fume concrete are ndBrdphical Representation of the Temperature rgadare

presented in Fig 4 to Fig 7 for Normal M40 Concratel from Fig 8 to 11 represents the Temperatuféd4@®
Silica Fume Concrete for varying thickness.

M40 CONCRETE 300mm THICK SLAB
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Fig.4 Temperature differential graph for normal M40 of 300mm thick

M40 CONCRETE 250mm THICK SLAB
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Fig. 5 Temperature differential graph for normal M40 of 250mm thick
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M40 CONCRETE 200mm THICK SLAB
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Fig. 6 Temperature differential graph for normal M40 of 200mm thick

M40 CONCRETE 150 mm THICK SLAB
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Fig. 7 Temperature differential graph for normal M40 of 150mm thick

M40 SILICA FUME CONCRETE 300mm THICK SLAB
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Fig. 8 Temperature differential graph for M40 silicafume of 300mm thick
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M40 SILICA FUME CONCRETE 250mm THICK SLAB
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Fig. 9 Temperature differential graph for M40 silicafume of 250mm thick

M40 SILICA FUME CONCRETE 200mm THICK SLAB
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Fig. 10 Temperature differential graph for M40 silicafume of 200mm thick

M40 SILICA FUME CONCRETE 150mm THICK SLAB

(9 RY RGRE )]
Wy

)
B
o

F
~

(4
B
w

PN
W

—o—Top Layer
—i—Middle Layer
—+—Bottom Layer

Temperature (

Wwwww
won~Nw

W
=

NNN
[ e]

01234567 8 9101112131415161718192021222324
Time ( hrs)

Fig. 11 Temperature differential graph for M40 silicafume of 150mm thick
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Table II: Temperature differential variation

SINo | Slab thickness (mm % variation from IRC sp_ecification with % variation from IRC spepification wit
Gulbarga region Bangalore region
1 150 53.18 57.23
2 200 51.58 53.68
3 250 48.77 51.23
4 300 42.38 47.62

The maximum positive and negative temperature rdifféals observed in Gulbarga are higher thandéh®perature
differentials of Bangalore region. The percentageations of this variation are quoted in the Tdble

RESULTS AND DISCUSSION

The results obtained from the present investigatimmducted on normal M40 concrete slabs and M40aSilme
Concrete slabs are quoted. The maximum positivepeéeature differential occurred during a day andatigg
differentials at night. The variations of positi@amperature differentials are higher than thategfative temperature
differential. The variations of maximum positivedanegative temperature differentials of Gulbarggiae are
higher than that of Bangalore Region. Design aergmoncrete pavement thickness constructing oxgraaular
sub base of modulus of reaction 15 kgfcithe spacing between transverse joint is 4.5 mbatedeen long joints
3.5 m. The design wheel load is 12000 kg. E val@x=1CF kg/cm2, Poisson’s ratio = 0.15, Co- efficient lnétmal
expansion =10 x IDper, Maximum sustainable stress =45 kdlcm

Table Ill: Pavement thickness Variation

Design slab

Particular thickness (mnf

S

l?ercentage variation (

)

Design as per IRC 58002 Specification 320

28

As per temp diff aGulbarga region 250

At the identical conditions of parameters with vagyTemperature differential, the thicknesses asighed and the
cost comparison for the same thicknesses with tldéhveof 3.5m pavement for a stretch of 1km is repreed in
Table IlI.

1. The maximum positive and negative temperatuiferéntials in normal pavement quality concretebsm 12.1
and -10.6 respectively.

2. The maximum positive and negative temperatufterdintials in Silica fume concrete slab is 11 a8

respectively

3. The temperature differentials in silica fume a@te observed are less than the normal concrete.

4. The variation of maximurRositivetemperature differentials obtained in Gulbarga

Region with the Temperature differentials in Bangalregion is less about 4 to 9 %.

5. The variation of maximurNegativetemperature differentials obtained in Gulbarga

Region with the Temperature differentials in Bangalregion is high about 50 to 60%.

6. The temperature differentials observed evenighHemperature region are much higher than the 38C2011
Specifications for the Design of Plain jointed cate pavements

7. Percentage variations of temperature differtmtihserved in this study with the IRC standardsbigut 42 to 53
% less.

8. Design of plain jointed concrete pavements famnperature differentials observed in Gulbarga mregod

specified by IRC results in 28% reduction in Obsértemperature differential.

9. The cost of construction with higher thicknedsviously increases the cost of construction for Hzene
requirement of sustainability.
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CONCLUSION

As the main objective is to, Study the behaviouthaf temperature variation in different concretsbslof varying
slab thickness in different regions. The maximursifpee and negative temperature differentials ghhiemperature
region and comparatively low temperature are varyfitom 9.8 to 12.%C and this is even less for Silica fume
concrete mix of M40 each.

The actual temperature differential measured ishhmleass compared to that of specified by IRC: 581201lhe
temperature differential observed for 300mm thigbds about 53% less than the Indian Road congtesslards
and similarly it is less for remaining slab thickeeless than 300mm. Design thickness of Rigid pawtsnare
reduced by 20 to 30% for different loading condisoThis will have a major impact on total cosicohstruction.
There is a need to modify the Temperature difféa¢snispecified by IRC 58 with reference to regidng not
referring the States as a whole area. The temperalitferential cannot be considered common forredlions
within a given state.
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