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ABSTRACT

Expensive soil is mostly found in arid and semitadggions and it covers very large area of the @olt covers
nearly 20% of the land mass in India and includksast the entire ocean plateau western Madhya PshdBarts
of Gujarat, Andhra Pradesh, Uttar Pradesh espegi@llndelkhand belt, Karnataka & Maharashtra the kiwg
soil is commonly known by the name of black cadtwts swelling to occur, these soil initially unsedted at same
water content. If the unsaturated soil gains watentent, it swells on the other band it decreas®é/ater content
occur occurs the soil shrinks the presence of maritomite clay in these soil imparts them high dwelshrink
potentials. One of the major indicators of a coytdrprosperity is its road length and vehicle Owstép India is
a country where a large population lives in villagith their livelihood depending upon agricultutadustrial
growth is also shifting towards villages. Both b&se activities require a better means of commuisicavhich
can be provided by good conditioned roads3% villeggeds have very low volume of traffic, consistingstly of
rural transport vehicles, like agricultural tracteftrailers, light goods vehicles, buses, animalvadnavehicles,
motorized two-wheelers and cycles. Some of thagelroads may also have light and medium trucksyoay
sugarcane, timber, quarry materials, etc. Flexiplevements are in use for village connectivity pesgrbecause
of low initial cost of construction to high cost miaintenance, being very sensitive to water loggingd lack of
institutional set up for their maintenance, thelage roads deteriorate very fast, especially in engive soil
regions. Every year several kilometers of villagads are washed away by floods and water loggingsTthe
planners and engineers are bound to think aboutofiion of rigid pavement as a substitute of flexipavement
for village roads. Rigid pavement is an alternatteeflexible pavement where the soil strength isrpaggregate
are costly and the drainage conditions are bad ifaportions of the roads passing through villagewl avater
logged areas). However, they demand a high degireeodessional expertise at the design stage, coatbn and
maintenance besides high initial cost.
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INTRODUCTION

The guidelines have been developed by Indian Raath@ss (1RC) for the design and construction ofere
concrete pavements for village roads in year 20@4ned as IRC: SP : 62 — 2004 which is now revise@Qi5.
SP: 62-2004. For low traffic volume roads i.e. afjé roads and street rural road manual has besxliiced by
IRC where cement concrete roads are preferredpulpted areas/streets to meet the problems of ex@@nte due
to poor drainage etc. As most of — ocean platealndifi belong to expensive region having clay switl poor
drainage Conditions, lot of expenditure is beinguimed every year to maintain the flexible pavermanttheir
congenial condition and this necessitates the diseement concrete road, a better option from climaind
environmental considerations. The village roadsehawery low volume of traffic consisting of tracgpanimal
drawn vehicles, light goods carriers, buses ete Maintenance of village roads is constrained dushbrtage of
funds and poor institutional set up. These roadsnatly face problems of poor drainage conditior, water
logging besides poor strength of soil. Mostly fldgi pavements with granular sub-base and base dhdkin
bituminous carpet as wearing course are adopteithvedeteriorate during long monsoon season leatirgpstly
annual maintenance. This necessitates the explarafi other alternative pavements. Rigid pavemargsone of
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the answers to this pertinent problem. Howevelry themand a high degree of professional expertiskeatiesign
stage, construction and maintenance besides hiigd iost. In the present chapter a review ofribal pavements
along with the practices followed by Indian Roads@ress is presented.

RIGID PAVEMENTS

Considerable work has been carried out for theyaigl design and construction of rigid pavementsvagious
researchers and design engineers. The guidelings heen developed by Indian Roads Congress fodélsegn
and construction of cement concrete pavementsillage roads in year 2004, named as IRC: SP: 622@ich
is further revised on 2014. For low traffic volummads, i.e. village roads and streets, a rural rmadual has been
introduced by IRC, wherein it is mentioned to prefement concrete roads in populated areas/sti@eteet out
the problems of maintenance due to poor drainageGetment Manufacturer Association of India andsBda[20]
have shown that cement concrete rigid pavementstaaper in terms of life cycle cost than flexipeevements.
However, the initial construction cost of rigid gaments is much higher than the flexible pavemeRtasad
carried out life cycle cost analysis of the twodgpof pavements and concluded that the cost difterdetween
flexible and rigid pavement is negligible considerithe savings for the cost of maintenance, vehiplerating
cost and fuel. Further, rigid pavement is a betfgtion from climatic and environmental consideraio Also,
cement concrete pavement is the best option fatilmes having cement and fly ash in close proximihen sub-
grade soils have low CBR values. A number of joarts provided in rigid pavements to reduce thesstdue to
change in temperature. A comparative study of egoo® of rigid and flexible pavements and observeat the
rigid pavement is far more economical than flexildee based on overall economic consideration. This
generalization is valid for all zones of the coyrand is independent of the sub-grade characisisbue to the
Submergence/during the cyclones, CC Pavements wdnehconstructed on the expansive soils sub grades
getting damaged due to the sub-grade soils arenskganature. During the submerged condition/attiime of
cyclones, Swell pressure develops in the sub-gegmnsive soils, If this Swell pressure is morenthle
combined surcharge weight of Sub base and CC Pauetdplift takes place. The swell pressure variesnfO -
2000 KN/sgm (for Bentonite) under the surcharg® 8KN/Sqm. The surcharge weight of Granular sulebas
3.0 kN/sgm and CC Pavement is 4.80 KN/sgm resutttey surcharge weight is 7.80 KN/sqm over the grage.
Due to confined edges of both Sub base and CC Rawewith the shoulder soils, the net uplift dueSwell
pressure will be more in the middle of the pavenvamtn compared at the edges. The rate of wettidglaying of
the expansive sub grade soils always starts atsetigeniddle of the pavement. This leads the diffeecin the
swell pressure more in the middle than the edges. D the high swell pressure at the centre opthement and
early drying of the expansive sub grade soils atdtige of the road, longitudinal cracks will benfed almost in
the middle of the road. When the expansive soégjrdue to the shrinkage in the sub grade, thenpavetries to
settle down. Among both CC Pavement and Sub basesub-base over the sub grade will settle filstitey gaps
in between CC Pavement and Sub base. At this sthugimg the traffic flow, transverse cracks | crdide cracks
occurs. Also, after the formation of longitudinahcks, the length to breadth ration of CC pavenpaniel will be
double and influence the design of CC Pavement.faihere in the CC Pavement is due rigid and algakvin
tension. Construction of flexible pavements byirgjghe existing expansive sub grade 0.30m to 0.80ck with
non swelling soils as embankment is most relialieé @conomical when compared to the CC Pavemenksslt
been observed the flexible pavement under submeegeuaring floods / during cyclones, only minor paftthe
road is damaged due to formation of undulations.t&Jsome range of swell pressure, the undulatioaseaing
carried by the flexible pavement without damagihg toad; this is due to flexible nature of flexilgavement.
IRC: SP: 62-2004and IRC: 62-2014 provides guidslinegarding design and construction of cement eecr
pavement for village roads. It specifies the neitgss expansion joints, where concrete slabs ahithh bridges
and culverts. Since village roads have low volurhgaffic with small wheel loads, the slab thickeas normally
kept between 150—250 mm. The aggregate interlodaah joints is sufficient to transfer load itsetfd dowel
bars are not required. However, at expansion joifisre the width of joint is 20 mm or more, dowat$ should
be provided. IRC: SP: 62-2004 further specifies tha minimum grade of concrete for rigid pavemesfitsuld not
be less than M 30. Such a high grade of concretetiasy to achieve in the field because thegslleoads are
usually small in length; deployment of heavy maemnand highly skilled workers are not economicégsible.
Provisions given in IRC codes are on the basieafisempirical formulae which are conservative adl a& non-
realistic. The temperature variation between tog battom layers is assumed to be linear and warptress
calculated on this basis is much higher than theahcThe variation of temperature between top laoitiom layer
is non-linear and warping stress calculated onlhsis of Bradbury’'s formula adopted by IRC: 58-2002
IRC:58-2015 is quite high (Kumar et al. 200B)[. Utilizing classical plate theory and modelling tbencrete
pavement as thin plate resting on Winkler foundgtia finding of the stresses and deflections in tigéd
pavement, neglecting the combined effect of loadind thermal curling. A modelled the rigid pavemastplate
resting on elastic solid and developed a finitdedénce programme (FIDIES) to analyze a plate mgstin a
Boussinesq half space. He investigated the effediab size for each of the three fundamental t@pdonditions
i.e. interior, edge, and corner and highlighteddierences in behaviour exhibited by the elastitid sub-grade

32



Singhet al Euro. J. Adv. Engg. Tech., 2016, 3(6):31-36

as compared to the dense liquid idealization. Tiublpms of temperature and wheel load stresse®rigrete
pavements in Indian context have been the conddra.effect of temperature variation (linear/noreéin) across
the thickness of concrete pavement dates back &adg as 1926 by Westergaard [17]. Thomlinson firas to
examine the non-linear temperature variation inccete pavement and Effect of non-linear temperatuaglient

on the rigid pavements using finite element appnodel]. Based on experimental and analytical olesous it
has been concluded by many researchers that tetapefluctuations produce a significant amounttoésses and
strains in concrete pavements. Armaghani et alopEerved that the temperature gradient in a pgiement slab

is related to fatigue damage. They also reportatlahgradient of 1°F/in, in the slab increasesfétigue damage
due to traffic by a factor 10 compared to that @eeo temperature gradient condition. An analysas warried out
field experiments for monitoring temperature vaoat of asphalt concrete and Portland cement coacret
pavements in eastern Saudi Arabia and developedssign models for predicting temperatures in pargm A
proposed study of one dimensional heat transfereintal predict the temperature distribution acrdss tigid
pavement. They used summer weather condition ast it simulate the temperature distribution through
pavement in order to highlight the impact of daiynperature amplitude on a pavement temperaturdepré
study of a model considering the combined effeceelhload and temperature distribution on the cdacre
pavement. Based on field observations A developddl fhite element pavement model for evaluating the
temperature responses in the concrete pavement@mduded that temperature induced responses are mo
significant than traffic induced responses. A depeld 3-D finite element model KGPSLABWH for anahgi
individual and combined effect of wheel loads amgdr temperature variation across the slab thisknk was
observed that there is a loss of sub-grade suplperto curling, and the conventional practice géhtaic addition

of wheel load and warping stresses was not corieaton-linear temperature gradient results in lowesrsile
stresses during the day time and higher tensilessts during the night hours. Effect of warpingsstes in
concrete pavement and observed that the effectsigriificant if the slab length is less than 4.5Komar et al
[12] discussed the mechanistic design of concratement considering the combined action of axleldoand
non-linear temperature distribution and concludet:t

[1] Modulus of sub-grade reaction k of the foundationdavement design should be carefully selectedidering
loss of sub-grade support due to erosion and pexntateformation and seasonal moisture changesgthian
service life of pavements. The maximum value of kuggested as 200 MN/m3.

[2] Variation of tyre pressures has little effect aaxfiral stresses in pavements of thickness 200 ngreater.

[3] Wheels tangential to the outer edge of a pavenmrgechighest flexural stresses but percentagecbf\ehicles
is small.

[4] Cumulative fatigue damage due to combined actioaxtd load and warping should be computed for del
between 10 am to 04 pm and between 00 am to OBesmectively. The average temperature differe(WaD)
between 10 am to 04 pm is about 70 % of the dag peak temperature differential (PTD). Night timECPis
about 50 % of the day time PTD and the ATD betw@@mam to 06 am is about 75% of the night time PTD.

[5] Temperature gradient across the depth of a conslabeis non-linear and should be considered irthilokness
design.

[6] Warping caused by moisture gradient is opposit¢h&d of the temperature gradient and effect of tmods
variation may be equivalent to a temperature gradi€0.011°C/mm.

[7] Advantage of bonding of concrete slab and cemehtbsise should also be considered to bring about the
economy.

Seehra [11] investigated the design and constmietgpects of cement concrete pavement and obstraetRC:
58-2002 guidelines for rigid pavement design areremeealistic than any other pavement design method.
Provisions of IRC: 58-2002 includes the vehicledioemperature variation across the thickness wéipant, and
fatigue which is a suitable combination for pavetsesf highways of large traffic intensity. Due tieetabove
combination of loads and for the minimum grade arfiarete prescribed is M 30 modernized equipmer@srarst
suitable. The equations for the stresses in thed pgvement given in IRC: 58-2002 and IRC: SP: 6R{are
based on plate on elastic foundation initially deped by Westergaards [17] and later modified bjleFeand
Sutherland. Sinha et al [12] presented the conakphite topping as a rehabilitation measure bgrggthening of
deteriorated bituminous pavements and observedathis¢ topping will result in better and long perfing roads
at a much lesser cost. For curling/warping strBsadbury [2] developed the equation and coefficiientthermal
stresses. The linear temperature gradient acrasspdivement thickness considered in IRC: SP: 62-2804
conservative. From the literature it can be sean tte variation of temperature is not linear amel $tress values
calculated from Bradburry’s formula are conseratiVhe stress value may be taken as 0.7 timesdue given
in IRC code (Kumar et al [12]).

DESIGN AND PROCEDURE

As per IRC58-2002and revised addition 2015 Plaimceete jointed slabs do not require reinforcement.
Reinforcement, when provided in concrete pavemésniatended for holding the cracked faces tightigether, so
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as to prevent opening of the cracks and to mairagigregate inter-lock required for load transférddes not
increase the flexural strength of unbroken slab rwhised in quantities which are considered econdmica
Reinforcement in concrete slabs, when providedesgned to counteract the tensile stresses cdnyssldrinkage
and contraction due to temperature or moisture gdsinThe maximum tension in the steel across #ekaquals
the force required to overcome friction betweengheement and its foundation, from the crack tortbarest joint

or free edge. This force is the greatest in thedieidf the slab where the cracks occur first. Reicdment is
designed for this critical location. However, faraptical reasons reinforcement is kept uniform tigfwout the
length, for short slabs. The amount of longitudiaatl transverse steel required per m width or ledtslab is
computed by the following IRC: 58-2002 and IRC: 522015

LW

. A -
Formula: S

A = area of steel in cm2 required per m width gkt of slab, W = weight of slab in kg/m

L =distance in m between free transverse joints Igagitudinal steel) or free longitudinal jointfof transverse
steel), coefficient of friction between pavemend anb-base/base (usually taken as 1.5), and

S = allowable working stress in steel in kg/cm’uaidy taken as 50 to 60 per cent of minimum yidtéss of steel).

Since reinforcement in the concrete slabs is nderited to contribute towards its flexural strength,position
within the slab is not important except that it gsldbobe adequately protected from corrosion Sineels starting
from the top surface are more critical becausangfass of water when they open up, the generatpmece is for
the placing of reinforcement about 50 mm belowdhdace. Reinforcement is often continued acrosgitadinal
joints to serve the same purpose as tie barst miképt at least 50 mm away from the face oftthasverse joints
and edge.

OBSERVATION, RESULT AND DISCUSSION

Village road in expensive soil have specific proideof poor sub grade soil every year many road<laoeled
during rains maintenance of village roads are aotied out property due to lack of fund in U.P.rthare very less
fund for maintenance of village roads in fact goweent is not able to maintain O.D.R. and M.D.Relewads.
Rigid pavements are subjected to variety of steshee to wheel load, curling stresses due to diffee in
temperature between top and bottom of the slab fantional stresses developed due to overall chaimge
temperature. In black cotton soil P.C.C. Pavemaoed problem in dry seasons due to shrinkage aetirsgvin
rainy season, swelling pressure and shrinkageecteasion at the top of the surface and ultimatedgks develop
to meet out such problems some of the observatiozs

A. The condition of the damage surface of plan concretpavement executed in past has been observed in
district Chhatarpur, MP, India shown in Figure 1 (a & b)

B. The condition of the damage surface of plan concretpavement executed in past has been observed in
district Hamirpur and Jalaun , UP, India shown in Figure 2 (a & b)

IRC: SP: 72-2007 and IRC: SP: 72:2015 [21] provideglelines for the design of flexible pavements lfow
volume rural roads considering and determinatiorefivalent standard axle load (ESAL) applicatibased on
equivalency factors for different axial loads, v@bidamage factor calculation, traffic categoriesl aub grade
strength classes. Such type of Flexible pavementstisuccessful in expansive soil region area.

[1] IRC SP: 62-2004 and IRC SP: 2014 [8] provides dinds for design, construction and maintenanceig r
pavements for village road. There are no specifavigions for expansive soil the recommended thesknis
applicable to all type of subgrade soil such ag,ddt and silty clay.

[2] IRC SP: 62-2004 and IRC SP: 2014 provide provisiohsub-base below the concrete pavements to preven
mud pumping & acts as capillary cut of where thegmaent designed for a wheel load of 51 KN a 150 timiaok
sub-base of water bound macadam provided. Somésns need to be reinvestigated and modified.

[3] The temperature variation assumed to be linearotsre@alistic and stresses calculated by using bay'sl
equations are much higher than the actual it nesdgications.

[4] For sustainable option of rigid pavement in expamnsegions, the field investigations regarding ppeeformance
of existing pavements need to be carried out inibet

[5] The nature of subgrade soil, detail soil classiiees, natural topography, environment conditiond #&affic
passing through village road needs to be observmtations that fall in expansive soil.

[6] IRC : SP : 49-2014 provide guideline for the usedy lean concrete as sub base for rigid pavements
thickness of minimum 150 mm is recommended forraljor projects 100 mm thick for village roads casaly
considering (GSB + PQC), (GSB + LC + PQC) & (LC @®) need to be carried out in detalil.

[7] IRC: SP: 58-2002 and IRC SP: 58-2015 recommendeafbreement in concrete slab to counter cut thaiten
stresses caused by shrinkage and contraction deemp and moisture changes. This reinforcemenhén t
concrete slab is not intended to contribute towdiglglexural strength amount of steel used in paset as
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dowel bars, tie bars and for temp steel is sufficie quantity and affect the cost of rigid paveeut such steel
has no contribution for flexural strength. Hencis tieinforcement can be saving when designing pawnerfor
increasing flexural strength as per actual calautatof stresses.

[8] IRC: SP: 62-2004 and IRC SP: 62-2014 provides diniele for transverse contraction and constructants,
expansion joints, longitudinal joints, and thesesely spaced joints are cause of inconveniencéddraffic.
Designed reinforcement concrete pavement can iserdhe spacing of joints to facilitate smooth and
comfortable flow of traffic.

Fig. 1 (a) Shahpur village cc road Tahsil- chandal®ist — Fig. 1 (b) Sijai village cc road Tahsil- Launri Dig — Chhatarpur,
Chhatarpur, MP, India year of construction 11/2014 MP, India year of construction 03/2014

= pataleshvar tample co marg * soharapurvillage cc pﬁame’nt Thasil - Kalpi Dist
= haiaun

* DSt Hamirpur

Fig. 2 (a) Pateleshwar Temple cc road Dist — Hamipur, HP, Fig. 2 (b) Soharapur village cc payment, Kalpi, Bit — Jalaun, UP,
India year of construction 02/2014 India year of construction 01/2011

CONCLUSIONS

The conclusions of this study are as follows:

1. In expansive soil shrinkage in summer and swellingiinter or rainy season may develop tension @n th
top surface of the pavement, ultimately causesksracpavement.

2. There is need for design of rigid pavement forag# road in expansive soil with modification instixig
provision and design the rigid pavement with suadt consideration by providing reinforcement
accordingly taking advantages of flexure.

3. IRC recommendations are common for all types dfawd there are no specific provisions for blackao
soil and the provision of reinforcement only folacking due to shrinkage & temperature there is no
advantage for flexure and no provision for catetemngile stress at the surfaces.

4. As per IS Code of Indian Road Congress. So thesevsre need for special design of RCC pavemeat as
sustainable option for village road in expansivit region.
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