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ABSTRACT

This case study is based on the road constructitinity, being undertaken by Border Road Organ@atin High Altitude
Area in Eastern Ladakh in India. The road is beftogistructed along an altitude ranging from 1200&t fiep to 18200 feet
above Mean Sea Level (MSL), and the constructidivigcis restricted to only 4-5 months in a yedye to extreme
winters during balance of the year. At higher reaghlack of good quality aggregate material me&eirthaulage from
long distances which was costly, time consuming emetgy intensive. Considering the peculiarity loé terrain and
challenges imposed by extreme weather and clinsatiditions and in order to expedite the road camgtion to offset the
limited working season in a year, few stretcheghos road were identified for undertaking technatazg initiate. Thus,
there was a need to adopt alternate road constounctechniques which can improve the characteristfcavailable soil-
aggregates and provide an economical, strong andhlla load bearing and distributing surface thereimyproving
pavement performance while reducing constructiareti Therefore, in-situ soil stabilization was urtdken to construct

cementitious sub-base (CTSB) and cementitious (&K®) course layers while constructing flexible @anent.

The concept, mechanism and requirement of execGiif®B/CTB are studied and the construction methayol
to execute the work has been discussed. The meehamoperties and characteristics of the material® tested in
laboratory and based on several iterations, mosineenical yet adequate job mix design for a partcuhickness for
both CTSB/CTB layers with specified quantity of ixtbme and cement at OMC and desired density dudogpaction
offering desired E-values were derived. Post carcsion performance evaluation was done wherein seovere tested for
strength and durability parameters. FWD testing wlase to obtain critical stresses, strains and @lgfbns using Elastic
Analysis Module (EAM) and results were comparech viite stresses, strains and deflections obtaineddé&sign
parameters using [IT-PAVE. Back calculations wez€fgrmed to ascertain the remaining pavement léfedal on the FWD

tested and reported strains for the BC layer, thie grade and stresses under CTB layer.
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INTRODUCTION: BACKGROUND

Countries all over the world are developing rapidhd infrastructure development plays a vital rioléhe economic

growth of any country. Transportation is the maonstituent of infrastructure sector and road trarnsgs presently
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2 Deepak Baskandi

developing at fastest pace among all other knowanm@f transportation. To cater to the increasieeds of a growing
economy like India and its ever increasing demamdirhproved and faster transport services, it fguied to expand,

develop and improve its existing road network.

India shares 15106.7 Km of land boundary witmigghboring countries, and there is an increasemahd to
provide last mile connectivity up to the borderaadoth from socio-economic as well as military atrdtegic point of
view. Hence, the requirement of good quality cartton material is huge. On many occasion goodityuebnstruction
material may not be available locally thus requjrits haulage over long distances thereby affeatogl economics of the

road project and burdening the limited energy resesi

High altitude areas in Eastern Ladakh in India eagsemes of climatic conditions, complex and chajiag
terrain and topography, extremely low populatiomsiy and lacks even basic infrastructural faei§ti These massive
mountains with altitudes in excess of 11000 fesb dbrms our borders with our neighboring countdesl in order to
facilitate sustained deployment of our armed foroesr these harsh, inhospitable and remote locatian all-weather
road network is extremely essential. Design andttaation of an effective road network in extrenighhaltitude areas in

Ladakh region pose more difficulties than elsewheithe country.
PROBLEM STATEMENT

This case study is based on the road constructitivitees being undertaken by Border Roads Orgdinnaalong a road in
Eastern Ladakh in India. This road is being comsédl along an altitude ranging from 12000 feetauft&200 feet above
Mean Sea Level (MSL). The road alignment is chgiéehby the complex geology of mountainous terrampted with
instability of slopes, rock-falls, large number ref entrants, glacial deposits and paleos that e formed due to
deposition of the downwash material which comesma® a result of melting of heavily glaciated ma3ksiciated Lake
Outburst Flow (GLOF). Other challenges encountémellide extremely low surface temperatures duriagompart of the
year with peak winter temperatures touching min0s°6, lack of adequate oxygen which has adversexétnpn the
performance efficiency of men and machinery empdoga construction activities, fractured rock stratisich tends to
wither during winter months when the seeped watanfthe melting snow refreezes and expands, latidn coefficients
due to snow covered pavement surface, frozen eailitions (Permafrost) at higher altitudes andZeethaw conditions

at slightly lower altitudes. Again, strong UV ratiim adversely affects the bituminous pavementeaas.

Road construction activity is restricted to onl 4nonths in a year due to extreme winters duridgrz® of the
year. At higher reaches, lack of good quality aggte material corresponds to haulage of materah flong distances
which were costly, time consuming and energy irtensConsidering the peculiarity of the terrain aiallenges imposed
by extreme weather and climatic conditions and rieep to expedite the road construction activityfutly utilize the
limited working season in a year, few stretchegtos road were identified for undertaking technadady initiate. Thus,
there was a need to adopt an alternate road cotistrtumethodology which can improve the charadiessof available
soil-aggregates and provide an economical, strenijdurable load bearing and distributing surfaarehy improving
pavement performance while reducing constructioretiTherefore, road stretches were identified fatentaking in-situ
soil stabilization in providing cementitious subsbaand cementitious base course layers while cmtistg flexible

pavement.

Impact Factor (JCC): 7.5428 NAAS Rating 3.04



Using Cement Treated Base and Sub-Base In Flexible Pavements at Extreme High Altitude Areas: A Case Study 3

Engineering design of a pavement is based on ammg®n that each layer in the pavement has a nimm
specified structural quality to support and disttébthe superimposed loads. However, availabletagrison material does

not always meet these requirements and may regmjn@vements to their engineering properties.

A road stretch between chain-age Km 204 to Km 24 @& estrategically and militarily important road adpan
altitude of 16500 feet to 18000 feet in Easterndkddwas identified for in-situ soil stabilizatiomd providing a crust
composition comprising of CTSB, CTB, Stress AbsogoMembrane Interlayer (SAMI) of elastomeric maogtifibinder
followed by a wearing course of Bituminous concrdtéest of the physical properties and charadiesi®f the virgin soll
samples collected from the selected road stretch deme followed by development of design mix foparticular
thickness for both CTSB and CTB layers specifying tjuantity of admixture and cement at optimum meéscontent
(OMC) and desired density during compaction offgriesired E-values. Validation tests were doneatafian if the
finished pavement is meeting the desired designegahnd the earlier laboratory results. Cores wetacted and tests
performed to ascertain the strength and duralplitsameters as per I1S: 4332 (Part V) Method 2 [dpfath wetting and
drying and freezing and thawing cycles. FWD teseseanperformed as per IRC 115:2014 [2]. Finally, lgsia of the
critical stresses and strains obtained for desi@nes as per [IT-PAVE were compared with Elastialksis Module
(EAM) to check the safety of the prepared CTSB/Gagers.

TESTS PERFORMED AND RESULTS

The road stretch identified was between chain-age 204 to Km 216, a stretch of 12 Km linear lengthaa altitude
ranging from 16500 feet to 18000 feet above MSLe Tbad specifications were planned for snow boued §SBA),
wherein formation width is 7.45 m wide and carriagg width is 5.5m. Considering design parametersais CBR 12
percent, traffic intensity of 5 MSA and for desilifie of 15 years, crust composition and crust thiess for the proposed

road stretch was derived using IIT-PAVE. Proposetccomposition is as depicted in Figure 1.

CTB: 170 MM

CTSB : 250MM

Figure 1: Design Crust Composition for Stretch betwen Chain-age Km 204 - Km 216.

Soil stabilization process are soil and site speeifid needs to be developed for different soies/pased on the
effectiveness of a given stabilizer/admixture topiove the physio-chemical properties of the seteaeil. As per

(NCHRP 144) [3], the preliminary selection of thpeopriate additives for the soil type should cdasithe following:-
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4 Deepak Baskandi

e Soil consistency and gradation.

e Soil mineralogy and compoaosition.

» Desired engineering properties.

» Purpose of treatment.

* Mechanism of stabilization.

» Environmental conditions and engineering economics.

Soil samples were collected from the proposedddtrand tests were carried out on “Virgin soil”. Tiast results

are listed in Table 1.

Table 1: Physical Properties of “Virgin Soil” Sampks

o o fl;;fsi:;;“s:;t) Atterberg Limits Proctor Test CBR
$No (hm}l—nge =
W0 ams bos |l g | g | MDD | OMC | Unsoked | Soaled

min mm @m/ce) | (%) (%) (%)
1| 210211 | 522 14.6 18.1 NP -1 21 8.5 325 12.6
2 | 1212 | 487 11.9 19.6 NP - | 218 8.1 310 12.3
3] 22213 | 831 124 18.6 NP -1 22 8.6 32.6 13.7
4 | 23214 | 507 144 177 NP -1 22 8.2 311 13.1
5 | 214215 | 554 143 18.1 NP -1 22 8.6 328 13.6
6 | 215216 | 571 183 201 NP - 221 8.7 327 138
7| 216217 | 429 194 182 NP - | 218 19 311 11.0
§ | 207218 | 524 18.7 184 NP - | 220 8.3 327 13.6
9 | 218219 | 555 4.1 18.1 NP - 221 8.2 324 13.9
10 | 219220 | 503 14.8 17.5 NP - |21 8.9 322 12.6
11 ] 220221 | 477 152 17.8 NP - | 218 8.1 310 11.6
12 ] 2122 | 522 13.1 187 NP - 122 8.5 322 124

Job mix design for CTSB layer of proposed desigicktiess 250 mm for target elastic modulus, E-value
minimum 3000 MPa and for CTB layer of proposed gledhickness of 170mm for target elastic modulusjakie
minimum 5000 MPa as per (IRC: 37-2018) [4] was i using test moulds of size 100 mm (diameter)0R gam
(height) after 7 days curing prepared by varyinmixture and OPC Grade 43 ratios to achieve targetedt values. Test
results for iterations done to derive job mix desigr 250 mm thick CTSB layer, target E-value minonmm3000 MPa in 7
days curing are as listed in Table 2. Thus, recont®é job mix design for 250 mm CTSB layer is 1.49r€ admixture
and 30 Kg/mh OPC Grade 43 at a moisture content of 3-4 percesat optimum moisture content (OMC) compacted at

modified proctor density within 1 hour homogenieati

Impact Factor (JCC): 7.5428 NAAS Rating 3.04



Using Cement Treated Base and Sub-Base In Flexible Pavements at Extreme High Altitude Areas: A Case Study 5

Table 2: Job Mix Design for 250 mm Thick CTSB Layer

s Admixtare | OPC 43 Crushing | Crushing Arven C{fmslu’ng Correction E- Value
No | (Kgmn®) (Ke/m?) Lc'm(l L?n(l (em?) .Srvl*e:ngr’h Fn‘cml* (MPa)
(KN) (Kgs) (Kg/em?) | (MPay

Set-1
1 0.0 20.0 3.85 392.58 78.5 5.001 0.6253 625.31
2 1.1 20.0 5.15 525.15 78.50 6.690 0.8365 836.45
3 1.2 20.0 6.00 611.82 78.5 7.794 0.9745 974.51
4 1.3 20.0 6.10 622.02 78.5 7.924 0.9907 990.75
5 1.4 20.0 6.25 637.31 78.5 8.119 1.0151 1015.11
6 1.5 20.0 6.40 652.61 78.5 8.313 1.0395 1039.47

Set-2
1 0.0 25.0 4.6 469.06 78.5 5.975 0.7471 747.12
2 1.1 25.0 5.45 555.74 78.5 7.079 0.8852 885.18
3 1.2 25.0 6.35 647.51 78.5 8.249 1.0314 1031.35
4 1.3 25.0 6.70 683.20 78.5 8.703 1.0882 1088.20
5 1.4 25.0 6.95 708.69 78.5 9.028 1.1288 1128.80
6 1.5 25.0 7.25 739.28 78.5 9.418 1.1775 1177.53

Set-3
1 0.0 30.0 6.35 647.51 78.5 8.249 1.0314 1031.35
2 1.1 30.0 7.95 810.66 78.5 10.327 1.2912 1291.22
3 1.2 30.0 14.55 1483.66 78.5 18.900 2.3632 2363.18
4 1.3 30.0 16.75 1708.00 78.5 21.758 2.7205 2720.50
5 1.4 30.0 18.65 1901.74 78.5 24.226 3.0291 3029.09
6 1.5 30.0 18.90 1927.23 78.5 24.551 3.0697 3069.70

Set-4
1 0.0 35.0 7.80 795.37 78.5 10.132 1.2669 1266.86
2 1.1 35.0 8.25 841.25 78.5 10.717 1.3399 1339.95
3 1.2 35.0 14.9 1519.35 78.5 19.355 2.4200 2420.03
4 1.3 35.0 17.1 1743.69 78.5 22.213 2.7773 2777.34
5 1.4 35.0 18.80 1917.04 78.5 24.421 3.0535 3053.45
[ 1.5 35.0 19.05 1942.53 78.5 24.746 3.0941 3094.06

Test results for iterations done to derive job mésign for 170 mm thick CTB layer, target E-valugmimum
5000 MPa in 7 days curing are as listed in Tabl&ts, recommended job mix design for 170 mm CTdas 1.40
Kg/m? admixture and 30 Kg/ffOPC Grade 43 at a moisture content of 3-4 pemest optimum moisture content (OMC)
compacted at modified proctor density within 1 hdwmogenization. Approximate quantity of cementnadure and
water for a CTSB/CTB mix is determined based on rifig design process of each. While deriving the mésign,
unconfined compressive strength (UCS) of CTSB/C3 Bgecified to meet the requirements of pavemeunttsire [5, 6].
Subsequently, the trial and error process is pewodr with varying cement and admixture contents igedes of
CTSB/CTB mix prepared until achieving required U€&8ue at a specific cement and admixture contehe TTSB
material should have a 7 day UCS of 1.5 to 3.0 MRde E-value of 600 MPa may be considered idenlafmalysis of
pavement. The laboratory based E-value for CTSB tilse range of 2000-4000 MPa. Since the sub-betseaa a platform
for the heavy construction traffic, low strengthm@nted sub-base is expected to crack during thstreamtion and hence
design value of 600 MPa is recommended for thesstamalysis. The CTB material shall have a minin@$ of 4.5 to
7.0 MPa in 7 days while E-value of 5000 MPa magdesidered for analysis of pavement (IRC:SP:89 Ra2018 ) [7].

Verification of the finalized job mx design for lo€ETSB and CTB layers is done by preparing threaldsoeach
of size 100 mm (diameter) X 200 mm (height) witcammended mix design and 7 days soaked/un-soakazhfimed
compressive strength (UCS) conforming to IS: 433&r{ V) was determined to further derive Elasticdoias (E-value)
as per IRC: SP: 89 (Part 1) - 2018. Test resultdbth CTSB and CTB proposed mix design are gatefable 4 and 5.
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Table 3: Job Mix Design for 170 mm Thick CTB Layer

Impact Factor (JCC): 7.5428

. Crushing | Crushin Crushing | Correction | E-
;u ‘32;;;“” 8;;;:23) Load y Load ¢ ﬁ:?) Strengtljg Factor Value
KN) | (Kgo) (Kg/em?) | (Mpa) (Mpa)
Set-1
1 0.0 20.0 9.30 948.32 78.5 12,081 1.5105 1699.30
2 1.1 20.0 15.20 154994 | 78,50 | 19.745 2.4688 2777.34
3 1.2 20.0 18.9 1027.23 | 78.5 24,551 3.0697 3453.41
4 1.3 20.0 19.2 1957.82 | 78.5 24.940 3.1184 3508.22
5 1.4 20.0 21.15 2156.67 | 78.5 27.473 3.4351 3864.53
6 1.5 20.0 21.55 2197.45 | 78.5 27.993 3.5001 3937.62
Set-2
1 0.0 25.0 12.6 1284.82 | 78.5 16.367 2.0465 2302.27
2 1.1 25.0 15.5 1580.54 | 78.5 20.134 2.5175 2832.16
3 1.2 25.0 19.4 1978.22 | 78.5 25.200 3.1509 3544.77
4 1.3 25.0 22.85 2330.01 | 78.5 29.682 3.7112 4175.15
5 1.4 25.0 24.85 2533.95 | 78.5 32.280 4.0361 4540.59
6 1.5 25.0 25.6 2610.43 | 78.5 33.254 4.1579 4677.63
Set-3
1 0.0 30.0 13.9 1417.38 | 78.5 18.056 2.2576 2539.81
2 1.1 30.0 16.45 1677.41 | 78.5 21.368 2.6718 3005.74
3 1.2 30.0 23.25 2370.80 | 78.5 30.201 3.7762 4248.24
4 1.3 30.0 26.6 2712.40 | 78.5 34.553 4.3203 4860.35
5 1.4 30.0 28.65 2021.44 | 78.5 37.216 4.6533 5234.93
6 1.5 30.0 294 2997.92 | 78.5 38.190 4.7751 5371.97
Set-4
1 0.0 35.0 15.8 1611.13 | 78.5 20.524 2.5662 2886.98
2 1.1 35.0 16.75 1708.00 | 78.5 21.758 2.7205 3060.56
3 1.2 35.0 23.8 2426.89 | 78.5 30.916 3.8655 4348.74
4 1.3 35.0 26.85 2737.89 | 78.5 34.878 4.3609 4906.03
5 1.4 35.0 28.7 2926.54 | 78.5 37.281 4.6614 5244.06
6 1.5 35.0 29.55 3013.21 | 78.5 38.385 4.7994 5399.38

Table 4: Verification of Finalized Mix Design for 7 Days Soaked/Un-

soaked Moulds for 250 mm Thick CTSB Layer

| i | oFC.3 | S| €S | vy | S €
®N) | (Kgs) Kgem’) | pa) | TPV
Un-soaked Mould Sampl
1 1.4 30.0 18.9 1927.23 78.5 24.55074 3.0697 3069.70
2 14 30.0 18.8 1917.04 78.5 24.42084 3.0535 3053.45
3 1.4 30.0 18.6 1896.64 78.5 24.16104 3.0210 3020.97
Soaked Mould Samples
1 14 30.0 18.6 1896.64 78.5 24.16104 3.0210 3020.97
2 14 30.0 18.5 1886.45 78.5 24.03115 3.0047 3004.73
3 14 30.0 18.6 1896.64 78.5 24.16104 3.0210 3020.97

Table 5: Verification of Finalized Mix Design for 7 Days Soaked/Un-

soaked Moulds for 170 mm Thick CTB Layer

g | stmireore el oy | Comtin [ commten] . o
Kemo) | Bem) | qony | kg | ™) | Kgemd) | oapny | MO

Un-soaked Mould Sampl

1 L4 300 | 204 | 209792 | 785 | 38.19004 | 47751 | 537197

2 14 3.0 | 207 | 302851 | 785 | 3857973 | 48238 | 542678

3 L4 300 | 205 | 300812 | 785 | 3831994 | 47913 | 539024

Soaked Mould Sampl

1 14 300 | 202 | 207752 | 785 | 3703024 | 47426 | 5335.42

2 L4 300 | 204 | 209792 | 785 | 3810004 | 47751 | 537197

3 L4 300 | 201 | 296733 | 785 | 37.80034 | 4.7264 | 5317.15
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In order to ensure that the admixture does notaiortbxic/heavy metals which due to leachabilitpd not
adversely affect the soils, plants and ground waast for presence of heavy metal and leachalatitadmixture was done
as per IRC:SP:89 (Part Il) guidelines. Test fordyemetals was performed on the pure admixture amd poil sample for
identifying the presence of heavy metal concemmatising WD: XRF spectrometer (Model- Buker, Ti§e8) capable of
detecting presence of heavy metals from solid apdd samples from 1 ppm to 100 percent concewtnatind results are
listed in Table 6. The results exhibits presenchedvy metals in ppm as detected for pure admixdnce for pure soil
samples. The compared values show that preserthe t§ted elements in admixture is far less thirtpresence in pure
soil sample. Hence, this admixture is safe for asagCTSB and CTB layers.

Table 6: Results for Presence of Heavy Metal in Adixture and
Virgin Soil Samples

S No Heavy Metal Admixture Vgg’;‘p‘?ﬁ“

1 Lead (Pb) 11 306

2 Arsenic (Ar) 0 198

3 Chromium (Cr) 28 73

4 Nickle (Ni) 30 66

5 Zinc (Zn) 80 88

6 Cobalt (Co) 2 6

Not
7 Mercury (Mg) Observed Not Observed
Thorium (Th) 2 41

9 Uranium (U) 1 0
10 Copper (Cu) 6 385
11 Iron (Fe) 1.39% 7.89%

Test for leachability was performed, whereby sanmpdeilds of the soil treated with admixture and cengas per
job mix design) were prepared and immersed inligidtivater for a period of 7 days and then watenga drawn after 7
days is tested using WD: XRF Spectrometer (Modekes, Tiger S-8) capable of detecting presencesaf/ metals from

solid and liquid samples from 1 ppm to 100 peroamicentration and its results are listed in Table 7

Table 7: Leachability Test Results

Sample Sample
S No Heavy Metal Mould Mould
(CTB) (CTSB)
Lead (Pb) - -
2 Arsenic (Ar) - -
Chromium
3 (Cr) - -
4 Nickle (IN1) - -
5 Zinc (Zn) - -
6 Cobalt (Co) - -
7 NMNercury (Mg) - -
8 Thorium (Th) - -
o Uranium (U) - -
10 Copper (Cu) 76 77
11 Iron (Fe) 65 72
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CONSTRUCTION METHOD

The design of flexible pavement is based on thecfpie that for a traffic load, the intensity oflb diminishes as the load
is transmitted downwards from the surface by vidfispreading over an increasingly larger areautjnossuccessive layers
of granular material. The sub-base course acts secandary load spreading layer in flexible pavenzam also as a
drainage layer. To ensure its efficacy as a goathdge layer, the amount of fines must be limifetigh quality sub-base
material is therefore essential at places wherditgaor climatic conditions are severe. When pavesmare constructed
over moist frost susceptible soil in hilly areasarular sub-base would have to act as a retardafiiost action in addition
to acting as a drainage layer. The base courdeimtin load bearing layer in flexible pavementeysand is primarily
constructed as a structural component. Road basesxpected to conform to specified material griadaand provide
high mechanical stability. Undertaking flexible pawent construction by incorporating CTSB/CTB layersvides
additional strength and support without increadimg overall thickness of the pavement. Providingtifier base would
reduce the deflection due to heavy traffic loads extend pavement life. Although theoreticallyhin tout strong base can
carry the same load as a thick but weaker basevewhe thin yet strong base should be avoidedurit can become

brittle and fracture resulting in potential refiect cracks in the pavement surface. (George ef&l.)

Soft and yielding subgrade was corrected and mtaddesbefore dumping of soil/aggregates for praogsef
CTSB begins. Any unsuitable soil/aggregate or ngteras removed and replaced with acceptable nat&@umping and
placing of aggregate for CTSB was done as per ggaldi of Table 400-1 of MORTH specifications [9]chas per Table
400-4 for CTB layer. Spreading and levelling is darsing a Motor-grader and initial rolling is daieeplanned lines and
grades. The surface of the soil/aggregate to beegsed into CTSB/CTB shall be at an elevation abwien mixed with
admixture, cement and water and compacted to medjudensity, the final elevation will be as markedthe plan. A
rectangular frame with equally spaced grids/enckesuwas fabricated to cover the entire width of fiveposed
CTSB/CTB layer, wherein desired quantity (as pér faix design) of admixture and OPC Grade 43 co@dibiformly
applied. Cement and admixture were applied or mixbdn the air temperature was well above 40°F (4R@)jisture in
the soil/laggregate at the time of cement applioasioall not exceed the quantity that will permitraform and intimate
mixture of the soil/aggregate and cement duringimgixoperations. It shall be within 2 percent of ®B&IC for the
CTSB/CTB mixture at the start of compaction. Theemion of cement and admixture application, mixisgreading,

compacting and finishing was kept continuous andmdeted within two hours from the start of mixing.

Self-propelled prime-movers capable of deliverimmyvpr through “Infinite Variable Transmission Systewith
dedicated rear mounted pulverizing and homogeniriaghines were used over the uniformly spread medsguantity
of admixture and cement and continued until a unifonixture is produced. The mixture was pulverizeth that 100
percent passes the 75 mm sieve, at least 95 pgrasses the 50 mm sieve and at least 55 percesgpse 4.75 mm
sieve. Mixing continued until the product turnedifarm in colour, met gradation requirements and agrad at the
required moisture content throughout. The entirerafion of admixture and cement spreading, wat@tiGgiion and
mixing resulted in a uniform mixture for the fulesign depth and width. Consistency of the mix weaecked by digging
trenches or series of holes at regular intervalstiie full depth of treatment and inspecting théoup of the exposed
mixture. Uniform colour and texture from top to towh indicates a satisfactory mix; a streaked apyear indicates

insufficient mixing.

Impact Factor (JCC): 7.5428 NAAS Rating 3.04



Using Cement Treated Base and Sub-Base I n Flexible Pavements at Extreme High Altitude Areas: A Case Study 9

Figure 2: Construction Sequence for Laying CTSB/CTR (a) Dumping of Soil/Aggregate for

Processing of CTSB/CTB, (b) & (c) Spreading of Admiture-Cement as per Job Mix Design,

(d) Pulverization, Homogenization and Compaction uder Progress, (e) Finished CTB layer
after 7 Days Curing,(f) FWD Testing for PerformanceEvaluation.

CTSB/CTB layers are then uniformly compacted wittmpaction starting immediately upon mixing/
spreading of material, using vibratory steel-wheslers to a minimum of 98 percent of maximum dmndity
(MDD), based on a moving average of five conseeutsts with no individual test below 96 percerampaction
and finishing was done in such a manner so asoduge a dense surface free of compaction plaresks;rridges or
loose material. All finishing operations were coetp within 4 hours from start of mixing. The newilyished
CTSB/CTB surfaces were kept moist for a 7 day getim permit the cement-admixture to hydrate. Sigfit
protection from freezing was provided to the CTSBBOayer for at least 7 days after its constructiGompleted
stretch of CTSB/CTB can be immediately opened torentent of construction equipment or low-speed itraff
provided moist-curing operations are not impaired g@rovided the CTSB/CTB layer is sufficiently d&ahio
withstand permanent deformation. Cemented layesenally develop transverse and longitudinal cradke to
shrinkage and thermal stresses during hydrationdanidg its service life. Studies have shown tiabrporating a
stress absorbing membrane interface (SAMI) carcffdy solve the problem of reflective cracks ituminous
overlays and also extends the service life of tihraposite pavement. In addition, it can reduce tist of repair and
maintenance for pavements, thus decreasing itsyiée costs. (Ogundipe et al. 2013) [10].The stefaf CTB was
made rough and free from dust and loose materifirdeapplying prime coat. The binder used was etastic
modified binder complying with the requirements &meas of sub-zero temperatures as given in TabfdRRC: SP:
53- 2010 [11]. The binder was heated to a temperatfi 160-170°C and sprayed uniformly over the pregd
surface at the rate of 12 Kg/10 Sgm. Immediatetgradipplication of binder, clean, dry aggregatasfying the
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physical requirements as given in Table 500-8 of M@ (5“ Edition) were sprayed uniformly by means of a
mechanical spreader as specified in IRC: SP -3dd as to cover the coated surface completely avisingle layer
of aggregates. Immediately after the applicatiorclups, rolling is undertaken and continued urité thips are

filially embedded over the bituminous coat and ferruniform closed surface.
PERFORMANCE EVALUATION OF CTSB/CTB LAYERS

Post completion of work, testing was done to vaédahether the finished surface are actually mgetie designed
values. Cores were extracted from the 28 days cpaedd layers for both CTSB and CTB. Minimum sixesoper Km
stretch for each layer were collected and testopaed to ascertain the strength and durabilitygpeaters as per IS: 4332
(Part V) Method 2 for both wetting and drying amdezing and thawing cycles. Wetting and Drying cfehe strength
and modulus values of cement stabilized materieth® modulus and strength values reduce as the nuafbget-dry
cycles increases (Paige-Green 1998, Zaman et 89, ¥houry and Zaman 2007, Ling et al.2008, Sculkd al. 2008)
[13-17]. However, after a certain number of cyck® strength and modulus reach their minimum \al&eeeze-Thaw
also affects the performance of cement stabilizggrs. Research has found that freeze-thaw cygjasisantly reduce
the resilient modulus, flexural modulus, modulusgfture (MOR) and UCS values (Khoury. 2005) [18]s suggested
by research that after a certain number of frebagrtcycles, the reduction in the strength and meslid not pronounced
because freezing and thawing increases the poee thizreby reducing the damaging effects of lateede-thaw cycles
(Esmer et al. 1969) [19].

Strength Parameters: CTSB

The test results of the cores tested exhibit awed@msity = 1973-2000 Kgfhand average E- value = 1215-1275 MPa for
soaked and un-soaked tests.

Strength Parameters: CTB

The test results of the cores tested exhibit aweetEmsity = 2210-2258 Kgfhand average E-value = 10108-10608 MPa

for the soaked and un-soaked tests.
Durability Parameters: CTSB

The test results of the cores tested exhibit aeeragterial loss after twelve durability cycles 23 percent for wet-dry
cycles and 8.20 percent for the freeze-thaw cydreany of the twelve durability cycles the matét@ss is less than 14

percent.
Durability Parameters: CTB

The test results of the cores tested exhibit aweragterial loss after twelve durability cycles 2& percent for wet-dry
cycles and 6.16 percent for the freeze-thaw cydteany of the twelve durability cycles the matétass is less than 14

percent.
FWD Analysis and Results

Falling Weight Deflectometer (FWD) is an impulseading device, in which a transient impulse loacgplied to the
pavement surface and deflection shape of pavernefaice is measured by a series of geophones loaatdifferent radial

distances from load plate which provides a moremleta characterization of the structural condit@fnthe pavement

Impact Factor (JCC): 7.5428 NAAS Rating 3.04
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layers. The area of pavement deflection under agat the load application is collectively known &g t'Deflection
Basin”. Using FWD deflection data, characterizatadrthe existing pavement layers in terms of theyer moduli using
back calculation procedure with the help of mec$tamstructural model can be done. FWD deflectimrse measured in
millimeter (mm) at standard configuration of geopés placed radially at Omm (D1), 300mm (D2), 900r{i»3),
1200mm (D4), 1500mm (D5) and 1800mm (D6) respelgtisgarting from the center of the loading plate.

FWD gives a very quick and accurate means of asge®e residual life of the pavement and is equatfective
for composite pavement design. FWD based testingnismportant part of any pavement evaluation plEme FWD
deflection measurements were done to measure thigndassumptions such as the compressive strengthtle
recommended material stiffness of the CTSB/CTB hasteially been achieved during stabilization. Rissfibom FWD
testing are also being utilized to check if theuagstions made during the pavement design were madtahus, ensuring
that the finished pavement would achieve the reguétesign service life. FWD testing is done asIB€r 115: 2014. The
critical readings obtained for the pavement streising FWD are as per Table 8. Layer-wise stregsdsstrains obtained
for critical FWD readings with Elastic Analysis Malé (EAM) are listed as Table 9.

Table 8: FWD Test Results (Critical Values)

o H‘*I')%l;t)"f Pressure | Load T:;:) S}‘g}:‘ie DL | D2 | DD DS

) | ©0) (wm) | (p) | (m) | (um) | (pm)

(mm)

1 45.21 916.68 64.8 23.02 1882 | 2291 | 153.54 | 8622 | 57.68 | 35.69 33.97

2 45.09 909.77 | 6431 23.47 1877 | 23022 | 156.06 | 87.42 | 54.11 24.11 34.18

3 45.67 91336 | 6456 | 23.87 | 1874 | 23201 | 15713 | B85.67 | 59.08 | 31.53 | 34.63

Table 9: Layer-Wise Stresses and Strains Using EANCritical Values)

Pavement Structure Details
o . _ Poisson's Layer
Layer Description | E (MPa) Ratio Thickness (m)
BC 327798 0.35 0.03
CTB 10381.2 0.25 0.17
CTSB 1239.93 0.25 0.25
Subgrade 144 .36 0.35 -
Symmetric Axis
Layer Description X oy (74 Ex &y &z oz
BC (Top) -212.44 | -293.79 5.04 -33.98 -67.48 55.59 -0.179
BC (Bottom) -194.87 | -226.83 | -14.61 -33.67 -46.83 40.57 -0.18
CTB (Top) -498.22 -600.4 -17.76 -33.11 -45.41 24.75 -0.181
CTB (Bottom) 298.02 528.99 -97.17 18.31 46.12 -29.28 -0.18
CTSB (Top) 8.14 36.09 -96.26 18.69 46.87 -86.55 -0.179
CTSB (Bottom) 86.42 96.04 -22.91 54.96 64.65 -55.27 -0.164
Subgrade 0.56 1.6 -22.81 55.27 65.05 -163.23 -0.164
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Table 9: Contd.,

Tvre Centre

Layer Description oX oy (77 £X &y £Z oz ox

BC (Top) -704.78 -753.85 -800 -50.29 -70.5 -84.88 -0.185 -0.006
BC (Bottom) -594.04 -625.16 -776.08 -31.61 -44.42 -106.58 -0.182 -0.005
CTB (Top) -712.97 -816.15 -776.08 -30.41 -42.84 -37.62 -0.182 -0.005
CTB (Bottom) 422.9 544.99 -109.41 30.25 44.95 -33.85 -0.176 0.004
CTSB (Top) 19.92 34.7 -107.73 30.79 45.69 -97.89 -0.176 0.004
CTSB (Bottom) 78.07 90.37 -21.6 49.1 61.5 -51.38 -0.161 0.008
Subgrade 0.11 1.44 -21.5 49.38 61.87 -152.72 -0.161 0.008

The critical stresses, strains and deflectionstdaied from IIT-PAVE were compared with those aled by
Elastic Analysis Module (EAM) in conformity with IR115- 2014, and results derived are as per Tdble 1

Table 10: Comparison of Critical Stresses, Strainand Deflections as Derived
from IIT-PAVE (Designed) and Elastic Analysis Moduk (Achieved)

Stains

1T- EAM IIT-PAVE EAM IIT-PAVE EAM

S No Layer PAVE Remarks
epZ(w) £2(w) epT(w) £y(w) epR(w) £X(w
EAM<IIT-PAVE :
1 BC -150.6 -106.58 -1123 -46.83 -83.42 -33.67 Safe
EAM<IIT-PAVE :
2 CTB -164.3 -37.62 76.31 46.12 51.21 30.25 Safe
EAM<IIT-PAVE :
3 Subgrade -245.8 -163.23 98.73 65.05 83.5 55.27 Safe

Stresses

IIT-PAVE EAM IIT-PAVE EAM IIT-PAVE EAM
S No Layer Reamarks

oZ(kPa) | oZ(kPa) | oI(kPa) | oT(kPa) | oR(kPa) | oR(kPa)

1 BC -789.3 -800 -796 -753.85 -746.7 -704.78 EAM<IIT-PAVE :
Higher stresses in 30
2 CTB -87.87 -109.41 442.1 544.99 344.6 422.9 =
mm BC Layer.
3 Subgrade -19.44 -22.81 1.49 1.6 0.56 0.56
Deflections
S ITT-PAVE EAM
’ Layer Remarks
No - R ~
DispZ Sz(mm)
EAM<IIT-PAVE :
1 BC 0.2734 -0.185 Safe
EAM<IIT-PAVE :
2 CTB 0.2626 -0.182 Safe
EAM<IIT-PAVE :
3 Subgrade 0.2376 -0.164 Safe

It can be seen that the deflections and stainerEpAM < IIT-PAVE. However, due to lesser thicknegsBC
layer, stresses in the BC layer are higher regultintransfer of stresses in the under-lying layAtthough, 10 mm thick
SAMI layer is also present between the BC and Cagi however, it does not act as a structural ldyes therefore
recommended to over-lay BC layer after every fiearg (resurfacing). Overall the EAM strains of th@vement are
within permissible limits of allowable strains aserpprovisions of relevant codes. The remaining fide the BC, CTB

layers and the sub grade vertical strains are mitheé permissible limits considering the design.m$ee back calculations

Impact Factor (JCC): 7.5428 NAAS Rating 3.04
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to ascertain the remaining pavement life basecherFWD tested and reported strains for the BC layerthe sub grade
and stresses under the CTB layer in conformity WR@:115- 2014 were derived and found to be safenasg the design
life as per IRC:37-2018. The results derived arfobews:

* Subgrade: 507.08 msa >> 5.0 msa.

 BC Layer: 2189.60 msa >> 5.0 msa.

 CTB Layer: 182.89 msa >> 5.0 msa.
CONCLUSIONS

On the basis of work that has been carried outisndtudy and the results obtained, it is obsetlkiatithe remaining life of
the Bituminous Concrete (BC) layer, Cement TredBede (CTB) and the Sub grade vertical strains atkinvthe
permissible limits and much higher than the desigh® msa. Since this stretch was constructed amdyyear ago and has
still to under-go several freeze-thaw and wet-drgles besides the anticipated traffic growth, #yeorted values will tend

to reduce over a period of time.
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