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ABSTRACT

Poor sub grade soil conditions can result in inadaig pavement support and reduce pavement lifés Bay be
improved through the addition of chemical or ceraBahs additives. These chemical additives rangenfwaste
products to manufactured materials and include Ji@kass C fly ash, Portland cement, cement kil dRBI Grade
81. These additives can be used with a varietyoid$ $0 help improve their native engineering prdjes. The
effectiveness of these additives depends on th&reatied and the amount of additive used. Desigthe various
pavement layers is very much dependent on thegstrexf the sub grade soil over which they are gdmge laid.
The sub grade strength is mostly expressed in tefnhisdian Bearing Ratio (IBR). Weaker sub gradseesially
requires thicker layers whereas stronger sub grgdes well with thinner pavement layers. The pavémed the
sub grade mutually must sustain the traffic voluffiee Indian Road Congress (IRC) encodes the exesigml
strategies of the pavement layers based upon thg<ade strength which is primarily dependant oR Ialue for
a laboratory or field sample soaked for four dalyer an engineer, it's important to understand thecge of sub
grade strength. This project is an attempt to ustherd the strength of sub grade in terms of IBReslsubjected
to different types of stabilizers. Treatment wigment and lime was found to be an effective oftioimprovement
of soil properties, based on the testing condueasd part of this work. It was found that with thedition of
stabilizers i.e. cement and lime, the I.B.R. insezhupto a certain limit but after that the |.Bd®creased even on
the further addition of stabilizers.
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INTRODUCTION

Soil Stabilization has proved to be very economasit provides cheap materials for the constractiblow cost

roads. Local materials can be used effectivelyr@faee many techniques of soil stabilization. Censtabilization

is an important method of stabilization. it hasye very much effective in case of sandy soil du¢he ease of
pulverization and mixing and the smaller quantitg@ment required. Cement stabilization referstabitizing soils

with Portland cement. The primary reaction is with water in the soil that leads to the formatiba cementitiuos
material (1-3).

Subgrade: Subgrade layer is the lowest layer in the pavensémicture underlying the base course or surface
course, depending upon the type of pavement. Gignesalbgrade consists of various locally availalsial
materials that sometimes might be soft and/or Wwat tannot have enough strength/stiffness to stigamement
loading (4). A sound knowledge of performance @ slibgrade soil under prevailing in-situ conditismecessary
prior to the construction of the pavement (5). Hatter the strength/stiffness quality of the malsrihe better
would be the long-term performance of the pavemietce, the design of pavement should be focusethen
efficient, most economical and effective use oBrg subgrade materials to optimize their perforcea In case of

134
Pelagia Research Library



Vivek Singh Pundir and Ved Prakash Adv. Appl. Sci. Res,, 2015, 6(8):134-147

soft and wet subgrades, proper treatment mightemeled in order to make the subgrade workable ferlying
layers (e.g., creating working platform) for pavemneonstruction (6). In the past, the strength iquailf the
subgrade soil used in pavement construction had Hetermined by various laboratory tests such asintian
bearing ratio (IBR). However, neither of these roeh considers the effect of cyclic loading of tkedicular load
on the pavement due to static nature of their lmgqdionditions. The recent development in pavemesigd
includes the introduction of stiffness based moslukalled the resilient modulus, which deals whb tepeated
loading condition on the materials to be testeds tsimulating the actual vehicular loading in tietdf (7-10). The
repeated loading triaxial test is performed wittiie elastic range of the soil in order to deterntime resilient
modulus. On the other hand, the permanent defoomatals with the cyclic loading of materials beydhe elastic
limit or sometimes up to failure of the specimamsiider to evaluate the rutting performance (shstgge tests) and
different shakedown stages (or limits) of the miater(multi-stage tests). Despite the more precesailts from
resilient modulus and permanent deformation tesisje designers and contractors still prefer usBig value or
any other conventional method in the design of psr rather than the use of resilient modulus dugstociated
low cost and lesser time compared to the repeatatirig triaxial tests (11-13).

Desirable Properties of Subgrade Soil:

The advantageous properties of sub grade soihaghavay material are Stability
* Incompressibility

» Permanency of strength

* Minimum changes in volume due to climate

e Superior drainage, and

» Ease of compaction (14,15)

Soil Subgrade Stabilization:

Soil Subgrade Stabilization has proved to be vegnemical as it provides cheap materials for thestroction of
low cost roads. Local materials can be used effelgti There are many techniques of soil stabil@atiCement
stabilization is an important method of stabilipati It has proved very much effective in case eidyasoil due to
the ease of pulverization and mixing and the smajleantity of cement required. Cement stabilizatiefers to
stabilizing soils with Portland cement. The primeggction is with the water in the soil that le&olshe formation
of a cementitious material. These reactions ochuost independently of the nature of the soil amdtlis reason
Portland cement can be used to stabilize a widgerarf materials. Although there are several typlesement
stabilized soils, there are two types associatéld Righway construction (16,17).

Soil stabilization occurs when lime, fly ash, cemen bentonite clay is added to a reactive soile Tasulting

pozzolanic reaction between these materials anddhelevelops a durable and stable bond betwedacules in

the soil. This reaction can provide for long lagtistabilization of clay based soils. Soil Stabiii@a is a simple
process involving in-place mixing where an appraggriamount of lime, fly ash, cement or bentonitg ¢ spread
over the ground surface, mixed to an appropriatghddPulverization by our mixers thoroughly comkirnibe lime

and soil to depths of 12 to 18 inches. For heaays;lit is typical to complete a preliminary mixjrgpreading lime
and passing over the entire area, followed by 24Btbours (or more) of moist curing. This is folledvby a second
spreading of fly ash or lime, followed by final ririg. During the final mixing faze the soil is congped to develop
the proper and intended soil strength and durgl§ilig).

M echanisms of Stabilization:

The stabilization mechanism may vary widely frora farmation of new compounds binding the finer gaitticles
to coating particle surfaces by the additive taitlithe moisture sensitivity. Therefore, a basic enstanding of the
stabilization mechanisms involved with each addilis required before selecting an effective stabilsuited for a
specific application. Chemical stabilization invedvmixing or injecting the soil with chemically et compounds
such as Portland cement, lime, fly ash, calciunsamtium chloride or with viscoelastic materials sashbitumen.
Chemical stabilizers can be broadly divided in hoeé groups: Traditional stabilizers such as hdrdime,
Portland cement and Fly ash; Non-traditional siadit comprised of sulfonated oils, ammonium chleyi
enzymes, polymers, and potassium compounds; armut@juct stabilizers which include cement kiln dliste kiln
dust etc. Among these, the most widely used chdraiditives are lime, Portland cement and fly aslhough
stabilization with fly ash may be more economicalew compared to the other two, the compositiorlyod$h can
be highly variable (19-22).
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MATERIALSAND METHODS

Materials used to stabilize soils including limky,dsh and cement, are strong alkali and a cansdterial. They can
burn the skin and are considered dangerous toythe e

Lime: It is prepared by decomposing limestone at elelagenperatures. Limesoil reactions are complex and
primarily involve a two step process. The primagation involves cation exchange and flocculatiggl@meration
that bring about rapid textural and plasticity ofpes (23,24). The altered clay structure, as atre$tibcculation of
clay particles due to cation exchange and shomt-fgyzzolanic reactions, results in larger partegiglomerates and
more friable and workable soils. Although pozzotaneéaction processes are slow, some amount of [@EZO
strength gain may occur during the primary reactiaration exchange and flocculation/agglomeratibxtent of
this strength gain may vary with soils dependingdiffierences in their mineralogical composition.eféfore,
mellowing periods, normally about one-day in lenigth ranging up to about 4-days, can be prescitib@daximize
the effect of short term reactions in reducing titéty, increasing workability, and providing sonmetial strength
improvement prior to compaction. The second stefgnger-term pozzolanic based cementing processngmo
flocculates and agglomerates of particles, resaltgrength increase which can be considerablerdipg on the
amount of pozzolanic product that develops, angl thiturn depends on the reactivity of the soenals with the
lime or other additives used in stabilization. Tgezzolanic reaction process, which can either bdesioor quite
substantial depending on the mineralogy of the &# long term process. This is because the psocan continue
as long as a sufficiently high pH is maintainedstdubilize silicates and aluminates from the claatnix, and in
some cases from the fine silt soil. These soludizilicates and aluminates then react with calditem the free
lime and water to form calcium-silicate-hydratesd aralciumaluminate-hydrates, which are the same tgp
compounds that produce strength development inhgfuration of Portland cement. However, the pozzolan
reaction process is not limited to long term efedthe pozzolanic reaction progresses relativelgkdyiin some
soils depending on the rate of dissolution fromgbik matrix. In fact, physio-chemical changeshat surface of soil
particles due to pozzolanic reactions result inngea in plasticity, which 4 are reflected in teatuchanges that
may be observed relatively rapidly just as catirchange reactions are. Lime stabilization referthtoprocess of
adding burned limestone products either calciund®Xi.e. quicklime) or calcium hydroxide (Ca (OH}&)soil in
order to improve its properties. This process isilar to cement stabilization except that accordimdsell (1993);
lime stabilization is suitable for soils with highay contents. Lime was used throughout the woyldhe ancient
civilization as a binding agent for brick and st¢@b-27).

Portland cement: It is comprised of calcium-silicates and calciulmrainates that hydrate to form cementitious
products. Cement hydration is relatively fast aadses immediate strength gain in stabilized layEngrefore, a
mellowing period is not typically allowed betweernixmg of the components (soil, cement, and water)l a
compaction. In fact it is general practice to cootoil cement before or shortly after initial sesually within
about 2 hours. Unless compaction is achieved withim period traditional compaction energy may betcapable
of developing target density. However, Portland eetmhas been successfully used in certain situmtioith
extended mellowing periods, well beyond 2 to 4 BoGenerally, the soil is remixed after the mellogvperiods to
achieve a homogeneous mixture before compactichoAgh the ultimate strength of a soil cement pebaith an
extended mellowing period may be lower than oneliich compaction is achieved before initial seg #trength
achieved over time in the soil with the extendedlonéng period may be acceptable and the extendeltbming
may enhance the ultimate product by producing imgdouniformity. Nevertheless, the conventional pcacis to
compact soil cement within 2 hours of initial migirDuring the hydration process, free lime, Ca(Ol¥)@roduced.
In fact up to about 25 percent of the cement p&stenent and water mix) on a weight basis is limemeént
stabilization involves the addition of small amowhtcement to modify the soil properties. The antafncement
needed to stabilize soil may range from 3 to 5 1824ry weight of soil, depending on the soil typal groperties
required (28,29).

RBI Grade-81: RBI Grade-81 is a unique, cost-effective, envirenirfriendly technological breakthrough in soll
stabilization, waste binding and pavement layeigiefor the road and highway building world. RBI&@le-81 is a
unique and highly effective natural inorganic stdbilizer for infrastructure development and rep@Bl Grade-81
meets the requirement for a well-proven, reliabtel avery cost-effective method by creating a streagl
irreversible impermeable layer which is resistamiatverse climatic conditions, from very high temnaperes to
permafrost conditions, and accommodating all tygpfeoads and load requirements. RBI Grade-81 isrenment
friendly and emphasizes the use of recycled métedaognizing the lack of readily available resms. It reduces
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the Carbon Footprint of any project by reducingh$gzortation requirements and carbon emissions. Miikes it
eligible for Carbon Credits in the environment ffidky sensitive global marketplace. RBI Grade-81 waginally
developed by RBI for South African Army Road Buildi International for the in the beginning of 199f¥s
pavement engineering applications. RBI Grade-8X& isatural inorganic soil-stabilizer which re-engire &
modifies the properties of soil to strengthen it feads, paving and roads and pavement. Alchengishiology is
the exclusive manufacturer and distributor of RBa@e-81 in India.RBI Grade-81 is patented worldwitduding
India (30,31).

The Benefits of RBI Grade-81 are that it:

» Reduces time of construction by up to 40%

« Drastically increases the strength of roads

» Makes soil water-resistant and prevents damageatd foundations.

» Reduces the requirement of Aggregates

* Reduces transport & earth-moving costs by up to 68%longer durability

* Reduces maintenance costs has a small Carbon Foatpd is environment friendly.

Fly ash: It is also generally considered as a traditiotatbitizer. While lime and Portland cement are maotifred
materials, fly ash is a by-product from burning Icdaring power generation. As with other by-producthe
properties of fly ash can vary significantly depiigdon the source of the coal and the steps folibimethe coal
burning process. These by-products can broadlyldmssified into class C (self-cementing) and clasédén-self
cementing) fly ash. Class C fly ash contains atsuitil amount of lime, CaO, but almost all ofstdtombined with
glassy silicates and aluminates. Therefore upornngiwith water, a hydration reaction similar tottkdich occurs
in the hydration of Portland cement occurs. As viRtrtland cement, this hydration reaction produees lime.
This free lime can react with other unreacted plazm) silicates and aluminates, available withiae tly ash to
produce a pozzolanic reaction, or the free lime neagt pozzolanically with soil silica and/or alurai Class F ash,
on the other hand, contains very little lime andh& glassy silica and/or alumina exists almost westekly as
pozzolans. Therefore, activation of these pozzolaugiires additives such as Portland cement or, liwtgch
provide a ready source of free lime. The hydratiorfcementitious” reactions and the pozzolanic tieas that
occur when fly ash is blended with water forms fhieducts that bond soil grains or agglomeratesthegeto
develop strength within the soil matrix. As disaggpreviously, maintenance of a high system pkedaired for
long term strength gain in fly ash-soil mixtureg ,@3).

Subgrade Stability: Subgrade stability is a function of a soil's sgitnand its behaviour under repeated loading.
Both properties significantly influence pavemennstouction operations and the long-term performaoic¢he
pavement.

The subgrade should be sufficiently stable to:

1. Prevent excessive rutting and shoving duringstrastion;

2. Provide good support for placement and compacifgpavement layers;

3. Limit pavement rebound deflections to acceptébiis; and

4. Restrict the development of excessive permateiutrmation (rutting) in the sub grade during teevice life of
the pavement. When the subgrade does not possess dftributes, corrective action in the form cfudbgrade
treatment is needed (34-37).

Modern Methods: The life of road depends on strength of the sulsysmil and traffic density. The subgrade soil is
not uniform throughout the alignment of the roa@n&rally the poor subgrade soil having soaked m#earing
Ratio (IBR) value less than 2% is replaced by gqudlity subgrade material. The additive like RBla@e 81is
used to improve the properties of subgrade soit ddst of construction of road increases, if onBi Brade 81 is
used as a stabilizer. The IBR value of subgradecsoi be improved by using moorum with RBI Gradar&l cost
of construction can be reduced to certain exterdmFIBR test, it is found that the soaked CBR vabfiesoil is
improved by 476.56% i.e. 2.56% to 14.76% by staini§j soil with 20% moorum and 4% RBI Grade 81. The
various mixes of soil: moorum: RBI Grade 81 for thiferent 8 proportions were tested for maximum density
(MDD), optimum moisture content (OMC) and soakedrIBalue.RBI Grad&1 has been invented to provide
comprehensive and irreversible soil stabilizatipacifically for road construction. Treated soilwsater resistant &

137
Pelagia Research Library



Vivek Singh Pundir and Ved Prakash Adv. Appl. Sci. Res,, 2015, 6(8):134-147

prevents damage to the road foundation and provigtter ride-ability & longer durability leading teduced
pavement maintenance cost (38,39).

Weak subgrade and treatment: The subgrade in flexible pavement is more vulnlerab failure under the
vehicular traffic loading due to non- uniform dibtrtion of the load from overlying layers and thegence of high
moisture contents. This layer gets less emphasigpaced to other layers in pavement, despite thetlfiat most of
the pavement failure is being caused due to thertgeaapacity failure of the subgrade layer. Somegsade soils,
especially clayey soils, have great strength at fowisture content; however they become very weak lass
workable with the increase in water content beytired optimum value. Such soil should be either galawith
superior quality fill material or treated with salile treatment process (Prusinski and Bhattachag@9). The
replacement of the subgrade soil might not alwaythle best option due to associated hauling casteoéxcavated
materials as well as the imported quality materismssome developing regions or even urban arbasynviability
of the aggregate or the shortage of the suitablenfaterials makes replacement of weak subgradé soi
uneconomical. In such conditions, the strengtlife#fs properties of the existing weak subgrade cail be
improved by the use of proper compaction technagieell as by using some chemical stabilizers.|&attcement,
lime and fly ash are the most common types of chahstabilizers used by most of states to stabiliweweak
subgrades; thus creating a proper working platfanaor subbase layer for pavement constructior@)0-

Flexible Pavement: Flexible pavements are so named because theptotement structure deflects, or flexes, under
loading. A flexible pavement structure is typicatlymposed of several layers of material. Each lageeives the
loads from the above layer, spreads them out agnl plasses these loads to the next layer belowcalyfiexible
pavement structure shown in plate 1.1 consisting of

a) Surface course: This is the top layer and the layer that comesointact with traffic. It may be composed of one
or several different HMA sub-layers. HMA is a misguof coarse and fine aggregates and asphalt Isirvdén or
without additives.

b) Base course: This is the layer directly below the HMA layer agenerally consists of aggregate (either stabilized
or un-stabilized).

¢) Sub-base course: This is the layer (or layers) under the base lafesub-base is not always needed.

d) Subgrade course: The subgrade is the material upon which the pamésteucture is placed. Although there is a
tendency to look at pavement performance in terhpgaeement crust structure material, mix design tmckness
but the sub-grade can often be the overriding faictdhe overall pavement performance. The IBR gabd the
subgrade material is generally used to design ¢ia&l pavement crust thickness as per IRC: 37-2@i%2
guidelines (40,43).

Bituminous layer

........

Subgrade/Stabilized Subgrade

Figure 1: Different layersof the Flexible Pavement (Sour ce: IRC: 37-2013-2015)
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A flexible pavement structure is typically composé#deveral layers of material with better qualitgterials on top
where the intensity of stress from traffic loadshigh and lower quality materials at the bottom wehthe stress
intensity is low. Flexible pavements can be analyas a multilayer system under 10 loading and ansteucted by
using different layers such as Bituminous concr@®€), Dense Bituminous Macadam (DBM), Bituminous
Macadam (BM), Wet Mix Macadam (WMM) and GranulabBase (GSB) as per the MORTH specifications with
the designed thickness as per the IRC: 37-2013-B8%& shown in Figure 2.

o 2500 7000 e 2500
“SHOULDER CARRIAGEWAY “SHOULDER™|
i! '
’ | Ii I
//_ Niee
! T
'Ic?ﬂ m{_?ggm TOTAL THICKNESS : 640 mm
260 THK., WMM
110 THK., GSB

150 THK., DRAINAGE LAYER
NOTE:
ALL DIMENSIONS ARE IN mm

Figure 2: Section of Flexible Pavement designed as per |RC: 37-2013-2015

Planning and Organization:

Equipments and tool required.

1. Cylindrical mould with inside dia 150 mm and dtei 175 mm, provided with a detachable extensidlacé0
mm height and a detachable perforated base platerithick.

2. Spacer disc 148 mm in dia and 47.7 mm in heigrig with handle.

3. Metal rammers. Weight 2.6 kg with a drop of 34t (or) weight 4.89 kg a drop 450 mm.

4. Weights. One annular metal weight and severdtesl weights weighing 2.5 kg each, 147 mm in didh a
central hole 53 mm in diameter.

5. Loading machine. With a capacity of at least®R@ and equipped with a movable head or basdridnagls at an
uniform rate of 1.25 mm/min. Complete with loadizating device.

6. Metal penetration piston 50 mm dia and minimdrh@D mm in length.

7. Two dial gauges reading to 0.01 mm.

8. Sieves. 4.75 mm and 20 mm |.S. Sieves.

9. Miscellaneous apparatus, such as a mixing bstrdjght edge, scales soaking tank or pan, dryirenofilter
paper and containers.

Preparation of Test Specimen:

» Undisturbed specimen: Attach the cutting edge to the mould and pusteittly into the ground. Remove the soil
from the outside of the mould which is pushed irhé# the mould is full of soil, remove it from weigg the soil
with the mould or by any field method near the spatermine the density

» Remoulded specimen: Prepare the remoulded specimen at Proctors maxidmyrdensity or any other density at
which I.B.R> is required. Maintain the specimemptimum moisture content or the field moisture eguired. The
material used should pass 20 mm 1.S. sieve butdulgl be retained on 4.75 mm. Penetration of plurjgem)
Standard load (kg) 2.5 5.0 7.5 10.0 12.5 1370 20630 3180 3600 I.S. sieve. Prepare the speciméereity
dynamic compaction or by static compaction.

Dynamic Compaction:

» Take about 4.5 to 5.5 kg of soil and mix thoroughlth the required water. Fix the extension colad the base
plate to the mould. Insert the spacer disc ovebt®e. Place the filter paper on the top of theepdisc.

» Compact the mix soil in the mould using either liglompaction or heavy compaction. For light comioect

compact the soil in 3 equal layers, each layerdeinen 55 blows by the 2.6 kg rammer. For heaupngaction

compact the soil in 5 layers, 56 blows to eachriéayethe 4.89 kg rammer.
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* Remove the collar and trim off soil.

» Turn the mould upside down and remove the base plad the displacer disc.

* Weigh the mould with compacted soil and determireeltulk density and dry density.

« Put filter paper on the top of the compacted smillér side) and clamp the perforated base plat® én

Static Compaction:
 Calculate the weight of the wet soil at the recuineater content to give the desired density whesupging the
standard specimen volume in the mould from the esgion.

W =desired dry density * (1+w) V
Where W = Weight of the wet soil
w = desired water content

V = volume of the specimen in the mould = (as permould available in Lab)

» Take the weight W (calculated as above) of thesoikand place it in the mould.

» Place a filter paper and the displacer disc ondpeof soil.

» Keep the mould assembly in static loading frame @dpact by pressing the displacer disc till theelef disc
reaches the top of the mould.

» Keep the load for some time and then release e Remove the displacer disc.

» The test may be conducted for both soaked as welhaoaked conditions.

« If the sample is to be soaked, in cases of commacput a filter paper on the top of the soil ahdcp the
adjustable stem and perforated plate on the tdittef paper.

» Put annular weights to produce a surcharge equelefght of base material and pavement expectedtimabh
construction. Each 2.5 kg weight is equivalent tm¥construction. A minimum of two weights shoulel fut.

* Immerse the mould assembly and weights in a tankatér and soak it for 96 hours. Remove the mordchf
tank.

» Note the consolidation of the specimen.

Procedurefor Penetration:

» Test Place the mould assembly with the surchargghtgon the penetration test machine.

» Seat the penetration piston at the center of theisgen with the smallest possible load, but in @asedn excess of
4 kg so that full contact of the piston on the skmip established.

» Set the stress and strain dial gauge to read Apply the load on the piston so that the penetrataie is about
1.25 mm/min.

» Record the load readings at penetrations of 0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 7.5, 10 and 12B. iNote the
maximum load and corresponding penetration if dups for a penetration less than 12.5 mm.

» Detach the mould from the loading equipment. Takeua 20 to 50 g of soil from the top 3 cm layer and
determine the moisture content.

Observation and Recording: For Dynamic Compaction
* Optimum water content (%)

» Weight of mould + compacted specimen g
» Weight of empty mould g

» Weight of compacted specimen g

* Volume of specimen cm3

» Bulk density g/cc

» Dry density g/cc

 For static compaction

» Dry density g/cc

» Moulding water content %

» Wet weight of the compacted soil, (W)gm
» Period of soaking 96 hrs. (4days).
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If the initial portion of the curve is concave upds, apply correction by drawing a tangent to theve at the point
of greatest slope and shift the origin. Find arabrd the correct load reading corresponding to @actetration.
I.B.R. = PT/PS X 100

Where PT = Corrected test load corresponding tahiosen penetration from the load penetration c(#4e15).

RESULTSAND DISCUSSION

Pavement Layers with Chemical Stabilized MateridRC: 37-2013-2015) Chemically stabilized soilsdan
aggregates may include all kinds of stabilizatiarchs as cement, lime, lime-fly ash, or their comborg
proprietary chemical stabilisers, enzymes, polyngrsd any other stabilizer provided these meet tlength and
durability requirements. While cement, lime, linfeiash stabilized materials are well known for thsirength,
performance and durability, the commercially pragtlicstabilizers should meet the additional requirgsef
leachability and concentration of heavy metals. Whstabilized materials are used in the pavemenly o
mechanized method of construction for laying anchgaction should be used. The equipment should pabba of
administering the design doses of stabilizer arahtity of water and producing a uniform and homeagers mix.
Such materials are also termed as cemented or témesmaterials.

Specimens having strength of 5 MPa and above ameraiy stable under durability tests. Cement $itsa

aggregate specimens should be stored in a moistgctoom/ curing chamber undisturbed for seven dsfere
tests. Modulus of rupture of cementitious bases bmyaken as 20 per cent of the 28 day UCS (MEPDG)
flexure strength evaluation. Lime-Soil and Limga#h-aggregate mixes develop strength at a slog aat
strength for their acceptability should be deteedirat 28 days. These slow setting stabilizers devithe cracks
unlike cement treated materials in which the rdtestength gain is high. These binders need lesemfar 20

compaction which indirectly reduces shrinkage afsmelerated curing may be use to provide a cdiogldetween
normal and accelerated curing strengths for theen@tbinder combination. Three day curing of limklime-

flyash soil at 500C is found to be equivalent towl33 to 38 days of moist curing at ambient terapee of about
300C. Some typical values of unconfined compressivength and modulus of rupture of lime-flyash aete
suitable for cemented bases extracted from IRQEBP013-2015’ Rural road Manual’ are given below:

S.No. | Proportion of Lime: Fly Ash | Water Content, per 28 Day Strength in
and Coarse aggregate by cent by Weight of MPa
Weight Mix ucs MR

1 |1:2.0:2:5.25 10.0 6.9 1.48
2 | 1:2.0:2.7:6.3 11.0 7.5 1.48
3 | 1:1.5:2.25:5.25 9.7 7.5 1.48

Tablel: Typical valuesfor UCSand MR

Laboratory tests: A number of laboratory tests such as flexure tedit®ct tension test, longitudinal resonant
frequency test, indirect tensile strength testeatitompression test etc can be used to measwti etzodulus of
cementations material. Unconfined compression tgsts high values of modulus. AUSTROADS recommend
flexure load test since this is considered to aldsestress/strain in the cemented base layer dahgetraffic
loading. Relation between UCS and elastic modulas igcommended as

E (cemented base) = k x UCS

UCS = Unconfined strength at 28 days, MPa; k = 11e0I250.

E value of the cemented bases containing 4 to &eetr Ordinary Portaland and, slag or Pozzolonioerds is
recommended as 5000 MPa.
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If field evaluation by FWD indicates higher moduldiesh estimate of pavement life can be made.sBois ratio
of the cemented layer may vary from 0.2 to 0.2%alie of 0.25 may be adopted. Stresses are notsesitive to
Poisson’s ratio. Cemented granular sub-base may tawent from 2 to 4 per cent to get a 7-day stheofy1.5 to
3.0 MPa. Its modulus as determined in laboratory mage fom 2000 MPa to 3000 MPa.
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Since it forms the platform for the constructioaffic, it cracks and cannot retain the initial mbdu A value of 600
MPa is recommended and its fatigue behaviour iscoosidered because of cracks. If the stabilizédssb-bases
have 7-day UCS values in the range 0.75 to 1.5 NMigarecommended E value for design is 400 MPdd Fésts
by FWD should be routinely done to collect datadbtaining pavement design parameters. Cementresgant for
a given strength is much higher for soils than doanular materials. For the commercially availaptepriety

cementing materials, the binder contents have todérmined from laboratory tests to meet the gtren
requirement.

Cemented bases should be compacted in a singlettagemaximum compacted thickness of 200 mm. Lsalaid

at different times may not have the strength bezafidack of interface bond unless special cataken. After the
construction, curing as recommended in IRC:SP:8%B2Must be done immediately to aid in developmédnt o
strength and prevent drying shrinkage. Sprayingitoimen emulsion is a very effective method of egriExposing
the compacted layer to sun damages the stabilesed bind it does not develop strengths as intendmented
layers normally develop transverse and longitudanatks due to shrinkage and thermal stressesglbsidration
and during the service life. Hence a layer of Stiessorbing Membrane Interlayer (SAMI) of elastoimenodified
binder is to be provided over the cemented basesist reflection cracking. The rate of spreachefbinder is about
2 litres/nf followed by light coating of aggregates of sizentf to prevent pick up of the binder by the wheéls o
construction machinery. Geotextile seal and marhemtcommercially available synthetic products aldé
commercially have the promise to retard crack pgagian in the bituminous layer. SAMI is not veryestive if the
crack opening is more than 3 mm. Another methoarsting the cracks from propagating to the upggeminous
layer is to provide an interlayer of good qualiggeegates between the bituminous layer and the rteshdase. The
aggregate layer should extend beyond the cemeassitiy about 0.5 m so that moisture, if any, tedelvn to the
porous sub-base. Being sandwiched between twday#fs, the aggregate behaves as layer of highulmedinder

heavy load while its modulus is lower when lighiteads act. Priming and tack coating are requirddrbdying of
the bituminous layer.

It does not improve the crack resistance of theeggge layer. Thickness of 75 mm to 150 mm has beed for the
inter layer by different organizations. The Guideb proposes a thickness of 100 mm. Behaviorerofaoted base
after traffic associated cracking: The cementeéraymay get numerous carcks due to fatigue crackiits
modulus may be reduced drastically from 5000 MPa0@ MPa. Falling Weight Deflectometer can be adymw!
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to examine the condition of the cemented base yatiare during 23 its service life. The bituminoagér has little
tensile strain before cracking of the cemented lmagehe value becomes very high after the crachkinthe base
and fatigue failure of the bituminous layer alsdnmsninent. If the thickness of the bituminous laj&thigher 175
mm, the bituminous layer also has considerable i@nalife and the total life of the pavement i tbum of the
fatigue life of the cemented layer and that of biteminous layer. If the sum of the thickness dfilsiinous layer
and 75 per cent of the thickness of aggregatelayer is greater than 175 mm, the pavement lif@gain equal to
the fatigue lives of the cemented and that of fthentinous layers.

Maximum size of the aggregate of the granular lzasksub-base should be 53 mm for obtaining a honemes
mass in mechanized construction. Close graded rasub- base of MORTH can be used in the construaif
cemented bases and sub-bases while coarse gradadagrsub-base with percent passing 0.075 mm $&sgethan
2 per cent can be used as a porous cemented draiagey laid above the coarse graded cemented asd-b
Grading 4 can also be used.

Calculationsfor the Million Standard Axlesfor the year 2013 to 2028:

The Calculation of MSA is done with the traffic dadnd axle load survey as per IRC 37:2013-2015. ddsign
procedure given by IRC makes use of the IBR vatiffjon standard axle concept, and vehicle damagztof.
Traffic distribution along the lanes is taken imtocount. The design is meant for design trafficolvtis arrived at
using a growth rate. Flexible pavements are consitito include the pavements which have bitumirsargacing
and granular base and sub-base courses conforminBQ/ MOST standards. These guidelines apply to ne
pavements.

Traffic Traffic o Vehicle Damage Factor P—” M““"';ii‘;““” o
Year v Growth | 1 tributi T Tratfic | 1 yan
Bus | Mini | 27 3| mav R;Ee on gus | mini | 20 | 3 | mav | PV | /e | s | Comulative
Hius Axle | Axle (%) Bus | Axle | Axle (MSA)
Pmﬁ:ﬁ - s | 1 136 791 1365 183 2798

?:;f Coaeny | 153 | w7 983 | 1696 | 227 | 7.50% 075 100 | 100 | 399 | 404 | m91 | 3476 | 11798 | 1182 1182
Year - 2014 | 164 | 448 | 1057 | 1823 | 244 | 7.50% 0.75 100 | 100 | 399 | 404 | 891 | 3736 36500 | 393 15.76
Year - 2015 176 482 1136 1960 262 7.50% 0.75 1.00 Lo0 399 4.04 891 4016 365.00 423 1998
Year - 2016 | 189 | 518 | 1221 | 2107 | 282 | 7.50% 0.75 100 | 100 | 399 | 404 | 891 | 4317 36500 | 455 2453
Year - 2017 203 557 1313 2265 303 7.50% 0.75 1.00 1.00 399 4.04 891 4641 365.00 489 2942
Year - 2018 | 218 | 599 | 1411 | 2435 | 326 | 7.50% 0.75 100 | 100 | 399 | 404 | 801 | 4980 36500 | 525 3467
Year - 2019 | 234 | 644 | 1517 | 2618 | 350 | 7.50% 075 100 | 100 | 399 | 404 | 891 | 5363 36500 | 565 4032
Year - 2020 252 692 1631 2814 376 7.50% 075 1.00 L.o0 399 4.04 B91 5765 365.00 6.07 46.38
Year - 2021 Z71 744 1753 3025 404 7.50% 075 1.00 1.00 399 4.04 891 6197 365.00 652 5291
Year - 2022 291 80O 1884 3252 434 7.50% 0.75 1.00 Loo 399 4.04 891 BeAT 365.00 7.01 5992
Year - 2023 | 313 | 860 | 2025 | 3496 | 467 | 7.50% 0.75 100 | 100 | 399 [ans | 891 | 7161 | 36500 | 754 67.46
Year - 2024 336 925 2177 3758 502 7.50% 075 1.00 1.00 399 4.04 891 7698 365.00 8.10 7556
Year - 2025 | 361 | 994 | 2340 | 4040 | 540 | 7.50% 0.75 100 | 100 | 399 | 404 | 891 | 8275 36500 | 871 84.27
Year - 2026 388 1069 2516 4343 581 7.50% 0.75 1.00 Loo 399 4.04 891 B897 365.00 937 9364
Year - 2027 | 417 | 1149 | 2705 | 4669 | 625 | 7.50% 0.75 100 | 100 | 399 | 404 | 891 | 9565 | 36500 | 10.07 10371
Year - 2028 448 1235 2908 5019 672 7.50% 0.75 1.00 1.00 399 4.04 891 10282 365.00 10.83 11454
Year - 2029 482 1328 3126 5395 722 7.50% 0.75 100 100 399 404 891 11053 36500 1164 12618
Year - 2030 518 1428 3360 5800 776 7.50% 0.75 1.00 1.00 399 4.04 891 11882 365.00 1251 138.69
Year - 2031 | 557 | 1535 | 3612 | 6235 | B34 | 7.50% 0.75 100 | 100 | 399 | 4D4 | B91 | 12773 | 36500 | 1345 15214
Year - 2032 599 1650 3883 6703 B97 7.50% 075 1.00 1.00 399 4.04 891 13732 365.00 1446 166.59

Table2: M SA calculations
CONCLUSION

The major conclusions drawn at the end of this varekas follows:

1. with addition of stabilizers i.e. cement anddinthe I.B.R. increases upto a certain limit bterathat the 1.B.R.
value decreases even on further addition of stzpsi

2. As in the case of cement stabilization, theR.Bncreases up till addition of 8% cement contautt on further
increase in cement content i.e. 12% there is handjyincrease in value of 1.B.R. and on furtherithokl of cement
content i.e. 15%, the value of I.B.R. reduces dtraly.

3. Similarly, in the case of lime stabilizationgthB.R. value first increases upto a certain liamitl after that the
value decreases with further addition of lime.
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In the field of stabilization of sub grades, thexa lot of scope for further work. Similar stabitions can be done
using various other different materials availalitest important being RBI Grade 81. It is a very ngatented
material and has a large scope in research wodhil@ations can be performed on different typesoils. The
stabilization can also be done with different comaltions of stabilizers like cement and lime mixegether.
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