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An Approach for Design of Flexible Pavements 
Containing "SoilTech MK III" Sta birsed Layer 

1. INTRODUCTION 

This report includes results of some of the tests conducted by the Transportation 

Engineering Section of Civil Engineering Department, liT Khara gpu r on the use of 

SoilTech MK III for stabilising different types of soils . The SoilTech MK-1I1 polymer 

based stabilizer was supplied by India Polyroads Pvt. Ltd. A sample of soil collected 

from liT Kharagpur campus has been used in this study. 

The main objective of this report is to discuss an approach that can be used for 

d signing flexible pavements containing SoilTech MK III stabilised layers. 

2. SOME TEST RESULTS 

Liquid Limit and Plastic Limit tests were conducted on the soil sample collected from 

liT Kharagpur campus. Liqu id limit of this soil was determined as 25%. Plastic limit is 

13%. The corresponding Plast icity Index (PI) is 12%. 

Modified Proctor Com paction test was conducted on the soil sample. This test 

yielded an optimum moisture content (OMC) of 8.0% and a maximum dry density 

(MOD) of 2.095 gm Icc. 

Unconfined Compression Strength Tests were conducted on cylindrical specimens of 

50mm diameter and 100mm height. Specimens were prepared by varying the 

SoilTech stabilizer con tent from 0.2% to 0.8% (by weight of dry soil). For the given 

volume of the cylindrical specimen to be prepared, the quantities of different 

components - dry soil . water and stabili zer were selected in such a way that the 

compacted specimen will have the dry density (2.095 gm/cc) obtained in modified 

Proctor compact ion test for unmodified soil. Unconfined strength of 7-day, 28-day 

cured specimens was dete rmined. Curing was done by keeping the cylindrical 

specimens (extracted from the mould) exposed to sun light. UCS test results are 

given in Table 1. 
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Table 1 UCS Test Results 
Curing UCS Value (kN/m£) with varying SoilTech content 

Duration 0% 0.2% 0.5% 0.8% 
7 Days 790 4397 3871 5234 
28 Days - 4227 4472 5720 
60 Days - 3725 3819 3918 

CBR test was conducted on soil specimens prepared using different SoilTech 

stabilizer contents. The samples were compacted to have densities corresponding to 

the maximum dry density obtained from modified Proctor compaction test. 

As the SoilTech stabi lizer needs to be sun cured, CBR specimens were prepared 

using spilt moulds and the specimens were extracted from the specimens and kept 

under sun for curing . After the specimens were cured for the specified number of 

days 7, 28 and 60, they were kept inside the mould again and were soaked for four 

days before conducting the test. CBR test results available at the time of reporting 

are given in Table 2. 

Table 2 CBR Test Resul ts 
Soil Tech (%) Soaked CBR (%) obtained for a curing period of 

7-days 28-days(*) 60-days 
0.0 16.8(**) - -
0.2 42.5 32.5 
0.5 30.8 
0.8 37.1 

(*) with accelerated curing method. 

(**) 4-days soaked value. 

Resilient Modulus values of stabilized specimens were obtained by conducting 

repeated indirect tensile test on cylindrical specimens . Cylindrical specimens were 

prepared using optimum moistu re content and to achieve the maximum dry density 

value obtained in the Proctor comp action test. The universal test ing machine 

available in the Transportation Engineering laboratory of liT Kharagpur was used for 

conducting these tests. Results of resilient modulus values obtain ed with different 

contents of SoilTech stabilize r for different curing periods are reported in Table 3. 



Table 3 Resilient Moduli 
SoilTech (%) ITS Load (N) Resilient Modulus (MPa) for samples cured for 

7 days 28 days 60 days 
500 11040 10490 10459 
1000 9855 8192 8195 

0.2 1500 9269 7761 7375 
2000 8684 7580 6879 
500 14957 80 16 10145 
1000 10365 7947 9419 

0.5 1500 8679 7780 8510 
200G 7954 7627 7944 
500 9175 10286 13596 
1000 8223 9374 9692 

0.8 1500 7822 8631 8767 
2000 7238 7985 8244 

3. BRIEF SUMMARY OF THE RESULTS 

It can be seen from the test results obtained in the present study on stabilization of 

soil (Kharagpu r) with a PI value of 12% that the strength of soil increases 

significantly on modification. The increase in strength is much more evident in terms 

of the resilient modulus and unconfined compressive stren gth compared to the 

soaked CBR values. 

4.	 SUGGES TED DESIG APPROACH FOR PAVEME TS WITH SOILTECH 

STABILIZER LAY ERS 

Indian Roads Congress guidelines (IRC: 37-2001) are generally followed for design 

of flexible pavements in India. These guideline s consider typical pavements with 

bituminous surfacing, granu lar base, granular subba se and subgrade. Three major 

modes of distress have been identified in IRC: 37-2001. Thes e are :- (a) rutting in the 

wheel paths caused by permanent deformation in subgrade layer and (b) rutting in 

the wheel paths caused by permanent deform tion in bitum inous layers and (c) 

cracking in bituminous layers caused by fatigue due to repeated application of traffic 

loads. 

As per IRC:37-2001 , trial pavement sections are to be analyzed using linear elastic 

layered theory and maximum vertic al strain on subgrade and maximum tensi le strain 

at the bottom of bituminous layer are computed for a standard load. Design 
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thickness combination is so selected that the computed critical strai n values, which 

correspond to the initial condition of the pavement, are less than the limiting strain 

values given by the performance criteria adopted in the guidelines. Limi ting stra in 

criteria have been given in IRC : 37 for two major distresses: - rutting along wheel 

paths and fatigue cracking in bituminous layers. No separate criterion is available for 

rutting in bituminous layers . The criteria for rutting and fatigue cracking in bituminous 

layers are given as Equations 1 and 2 respectively. 

Subgrade Strain Criterion:­

NR=4 .1656 * 10-08 (1/£z) 4.5337 (1) 

Where NR is the number of standard axle load (80kN) repetitions required to cause 

rutting of 20mm in the wheel paths and r, is the vertical strain on top of subgrade 

computed using linear elastic layered theory. 

Fatigue Strain Criterion:­

NF =2.21 • 10-04 (11f t) 389(1/Emix) 0.854 (2) 

Where NF is the number of stan dard axle load (80kN ) repetitions required to cause 

20% cracking in pavement surface and Er is the tensile strain at the bottom of 

bituminous layers and Emix is the elastic modulus of the mix (MPa ). 

Whi le the appropriateness of these criteria for designing pavements with new 

technologies and new materials can only be assessed after significant amount of 

performance data is collected , use of these criteria is the best option available, at 

present , until revised criteria are developed. 

Bituminous pavements with stabilized bases may fail due to subgrade rutting 

(through the vertical stra ins on subg rade reduce significantly due to provision of 

strong stabilized bases), fatigue cracking of stabilizer basel subbase and fatigue 

cracking of bituminous layer and reflection cracking of bituminous layer due to 

propagation of cracks in stabilizer base . 

The following steps are proposed for design of bitu minous pavements with Soi ltech 

stabilized layers . 



1.	 Select ion of design subgrad e CBR value as per IRC:37-2001 guidelines. 

2.	 Estimation of design traffic as per IRC:37-2001 guidelines. 

3.	 Computation of allowable tensile strain in bituminous layer and vertical strain 

in subgrade using the IRC perfo rmance criteria given by equations 1 and 2 

respectively. Appropriate elastic modulus value of the mix (Emix) may be 

selected as per the guidelines available in IR:37-2001 or by conducting 

laboratory tests for evaluation of the resilient moduli for appropriate average 

pavement temperature. 

4.	 Selection of trial pavement thicknesses. Depending on project traffic volumes , 

thin or thick bituminous layers can be considered . IRC:37-2001 guidelines 

may be used for selection of minimum surfacing layer thickness for different 

traffic levels . 

5.	 It is proposed to provide a granular subbase of appropriate thickness varying 

from 100mm to 200mm depending on subqrad e strength and design traffic 

level. It is desira ble to provide a granular subbase to provide a working 

platform and to serve as drainage layer. 

6.	 The following model may be considered for analysis of the pavement for 

computation of critical strains. 

Loading :- Dual wheel load set (two wheels with clc spacing of 310mm. each 

of 20kN magnitude) with 0.56 MPa contact pressure. 

Elastic Modul i of different layers :­

(i)	 Bituminous layers - either determined in the laboratory using 

appropriate test method and at appropriate test tempe rature or to be 

selected as per IRC : 37-2001 guidelines. 

(ii)	 Granular subbase modulus (provided as a drainage layer) can be 

estimated using Shell equation adopted by IRC : 37-2001 given as 

Eq.3 

EGranular =Esubgrade *[0.2*(h granular)0.45 (3) 

Where EGranular= Elastic modulus of granular layer (MPa) 

Esubgrada=Elastic modu lus of subqrad e (MPa) =10*(CBR) 

(iii)	 Elastic modulus of Soiltech stabilizer layer will depend on the nature of 

soil and the amou nt of stabilizer used. For a given project. this value 

has to be determined in laboratory usi riate resilient modulus 
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test. It may be noted that in the case of Kharagpur soil investigated in 

the present study, the resilient moduli values ranged between 

7000MPa and 14000MPa depending on the load applied and duration 

of curing . Considering the possibility of shrinkage and fatigue cracks 

during the service life of the pavement and the effect of moisture , it 

may be prudent to adopt smaller values of Soiltech stabilizer layer 

moduli compared to those obtained in the laboratory. It is 

recommended that 25% of the laboratory determined resilient moduli 

may be considered for the purpose of analysis and design . 

7.	 Computation of vertical subgrad e strain (on top of subgrade along the axis of 

symmetry of the dual wheel loads) and tensile strain at the bottom of 

bituminous layer. 

8.	 Comparison of the computed strains with allowab le strains and repeat the 

design trials if necessary. 

5. DESIGN EXAMPLE 

Appendices 1 and 2 present typical analysis and thickness design carried out for two 

different cases. A summary sheet showing the comparison of traditional and 

alternate designs for different subgrade CBR and traffic conditions is also included in 

this report. 

Q~ ~d l Q 
K. Sudhakar Reddy
 
Professor, Civil Engineering Department
 
Indian Institute of Technology Kharagpur
 



AppenQl1' 1 AIt~rn ate Uesign for CUK S 10'"4 . nd t rarnc '; t umsa 

SUGGESTED APPROACH FOR DESIGN OF FLEXIBLE PAVEMENTS CONTAINING SOILTECH STABILISED LAYERS 

As PerIRC:37·200 1 All. Design Poiss on', R" ". ot Modulul 
51no 5ubgradeCSR('4 M5A LAYER Ratio of o;n.Uy" REMARK 

Loye< Thk..lnvnl Layer Thk..( mm) (MP,) 

1 10 10 BC 40 .0 
045 1.695 00 For G0170grade bitumen. Temp 35• C 

2 DBM SO 

3 
5TABILIZEDSG 

l SO 0.30 1,500.00 20%of tile Mooulusvalue obtained fromlalJorato<'( lesungonK/laragpur sol!hasbeen eonsoereo asaconserva t l ~ value 
(SSG) 

4 WMM 2SO 
0 45 24015 

5 GSB 200 1SO Estimated from empirical relationsg i ~ in IRC:37 

6 SG 500 200 045 7683 

II Analysis for IRC : 37, 2001 Design II Analysis for Alternate Design 
1 Equation for Estimation of Resilient Modulus of Subgrade: Ea'..h MleelLoad 012Okll, Centa:1Pressure550kPa E a ~ u.eelLoad of lOllI, ConlaCt Pressure550kPa 

Head INPUT Cit Spacing310 mm 
Con$! 10,00 If CSPISSIJALLERTHENlEOuAL TOS Cit Spaci'lQ 310mm 

1750 II cap ISGREA TE RTHENS 
..... l.­ I ... .. I ..06<1 COt/Sl ANTFOR POWER .... 

E So.tqojr, = 17.6" (C BR)06< I -!­ ' -l- I I ~. -l- I I -l- -l--l-I j I ~ -l- ,} I 
ESt.b;r;,y9 = 76,83 MPa BTLa er E= 1695MPa,WO45 , h=90rnm 

1~ BT Laye :E=1 695MRau=Q45. h=40rnm I Fr Et I Et I 

I( 155c'jl SSELayer ' E"S00Wf'u=030,h' 1S<1IIl 

'5 5rm 

t~ Layer E' 2!0 ",.oa,u=O45 h= SOm mGSB ~ 

~ 
GSf Layer E'1(61.' 045. h= 15Omrr 

Ez 

SGL 1'9' E=77 ~'i' a . u't 45 h= SOOmm SG Lay< E=77 M~ a ,u= O f .h' 500 rnm 

2	 Equation for Estimation of Resilient Modulus of Granular Layer 

Egsb&wmm = ~"O,2"ho " 

Eg5O &wmm = 24015 MPa 

3 Equation for Resil ient Modulus of G58 for Alternate Crust: 

E..... = E_ "0 2'h'" 

E....' = 14648 MPa 

4 Allowable Strain ie Fatigue ( Cracking in 8T Layer) 

N! = 2.21 • 10 ..\ P IEI)lIl' i1tEllitu }'~ 

1QCI()(I(XX) = 0 000221 (1IEJlI' 0001746985 
-

2.6E+13 

., oc 117 , ~If'" \) ~ 

=356.3 '10 • 

Allowable Stress ie Rutting (Failure of SGI 

' ~r = =4 1545 10' ptE,)' 'ljr 

l000c000 4,1546E-08 (1' Ezt 4 5337 

240119E+14 = l tE,' S3:l' 

E,' ''''' = 4 t546E·15 

I E, =16.731 E.04 1=673.1 "10 ~ I 

!3 
~ 
on 

Computed Tens.St rain E for Alternate Design I -4.904E-05 

AstheIhlCl.nessof Billayer is small, theSlra,n iscompressive 

Computed Comp Strain E, '", IJI..,. II . P..ogn I -4.978E·04 

ALfERNATE DESIGNWITH SOILTECHIII STABILISED LAYERIS OK 

Allo wable Tensil e Strain E	 3.563Eo04J 

All owable Compressive Strain EI 6.731E-04 I 
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ALTERNATE PAVEMENT DESIGN AS PER ASPHALT INST. AND lIT, KHARAGPUR BY P ROF. YANG H. HUANG, UNIV. OF KENTUCKY, USA 

(COAD OF PRACTICE GUIDED BY IRC: 37, IRC-SP-72, INDlA; ASPHALT INSTITUTE,U.S.A & lIT, KHARAGPUR) 

Subgrod. CBR As PI<IRC :37·2001 A. Per All Design Poilion'. Rn ill'nr Modulus 01 
SIno 

(%) 
MSA LAYER 

Rllio e,n lAy ",,(M?,) 
REMARK 

L ~r Thk.(mml Layer Thlc.. lmm) 

1 10 1511 BC 50 40 
OAS 1.695 00 F0l 6Ol70 graoe bitumen. Teme35' C 

2 DBM 150 60 

STABILIZEDBASE 175 030 1,500 00 20%of lhe Modulusvalue oDtallloofromlaDOlatOfy lesl,ng onI'Jl3Iagpur sod has beena:lI1s;deredasaconservanve _alue 
LAYER 

:I I WMM 250 
0,45 24015 

4 GSB 200 1SO EstimatedfromemDtncal reiatoo s 9'_ to IRe'37 

5 I SG 500 200 045 76 83 

Analysis for IRe · 37, 2001 DeSIgn .l nalysi' (0: .4/ternatED ~ s'gn 

1 Equation lor Resilient Modulus of Subgrade: 
He;r.l INPUT Each Wheel Load ol2OkN. C""''':1Pressurs 560 IPa Eac.11'1hee1 Load012Okl1. ~n taet Press..o 560IPa 
Coast 1000 IICBR IS WALLER T ~ EN. 'E OU A L TOs YW Clc Spao"9 31 em YW Clc Spac1"9 31 em 

1750 IICBR ISGREA TERTHEN5 
li- I 4­ ..... ... I II­0&-1 CQ1lSTANT FOR PO WER -.l -.4 

Ell'}"'" o116' ( CBR)'" I ~ ~ I ; I ,j,,j,,j, I It t l I I t ~ I 

E!>.bl'». 7583 MPa BTL. er E· ' 6 9 \ MPa . >I~4S h' 2OOm m 

1~ Sa aye E"69St.f'a,>I 'Q4S, ho 1 ~ PEI I EI I.-. 
2 Equation lor Resilient Modulus 01GSB & WMMCompound: 

Egsb =E""'I1'" ' 0 2 1l0 ~ I 
S 

SS8 ayel E = 1 500 Mtt , ~ o O JO , h'17Sm 
c 

Egsb 240.15 MPa 15 5 c'> '" 15 5em u 
1< 'D 

'" '" ~ 

3 Equation lor Resilient Modulus 01GSa lor Alternate Crust: GSS 'o'Nf.A Layer E' 240MPa>1 =04\ h' 45 ",m 

E AM 9:.b =E •.oga,,; 0.21l
0 

' 5 I GS Layer E' l .\6 MPtlJ' O45, n'ISOmm 

E M.,. 14548 MPa E.... -l­ .. Ez 

Allo ing in BT La ~ e r ) SGLi 
I 

SG Lay r E' 77 MPa,wO ~ 5 , " ' 500 mm4 er E,n Mi'a, >I ' O .~ 5 . h'SOOmm 

189'PlEbitu)o651 I I 
15' :i 5? 0.001746985 

I 
3.9E-D7 (l /E,lJ89
 

3 9E+14 1J 89/E,159
 

Er
3119 2.6E-15
 

E. 
5 Allowable Stress ie Rutting ( Failure 01SG) 

Nr = 4.1646 10 -e (11E,)' 5337 

150000000 4.1645E-D8 11Ez 

3.6018E+15 1/E: 5
:
137 

Computed Tens.Strain E, tor Alternate Design I 5.438E.()5 

(orFatigueFailureLimit) 

Computed Comp Strain E, 'o, AtTffil,,.o-gn I 3,1 15E-Il4 

E,' 5337 2.7764E.15 ALTERNA TE DESIGNWITH SOILTECH 11/ STABILISED LAYER IS OK 

E, 

Allowa ble Tensile Starin ie E r I 1.776E.()4 

Allowable Compressive Stress ie E I I J.704E·04 

( 5"-~ 
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TYPICAL CROSS SECTIO N FOR NEW CONSTRUCTION OF 6 LANE 

DRA WING OF CR UST COMPOSITION IRe: 37 \IS ALTERNATE DESIGN 

- 1500_I- 1500-I 10;00 I ~ I ,~ - 1;00 -+- ' ;00 - I
1I U'Il'A'IfD I PAv ED CARRIAGE oN" LlE OlAJI CAARIAGf.1/1/"1( 1 OA'lED__ Iy 'lI'AVED I 
SHOUt.DE~ 5" OULDEQ I SHOUl.OE~ SttO.JlDER 

' O<-l k 

~ I 
~ - I 

1 ') :' 

i 1 

- ­ - ­ - - - - ­ - ­ - - ­ - --_ .. - - --- ­ - - ­ - - - - - - - -- ­ - ­ - ­ - ­ - - ­ -- ­
I L Be EOm m Tho 
L.-. DBM lSO mm lh' 

~'VM 250m",Th' 
GSa200m!" Th~ 

I : " '­ f­ -- --­ - ­ -­ -- --- ­ -- -- ­
- 6C 50rnm TM 

DBM 1SO mm Th ~ 

I W'.<M250mm TMI i L-- GSB200mm i h ~ 
- 5G 5Q""m Tho 5GSOOm mThl 

I 5MB ASPER W OFILf t MB AS Pf P_PROF ILE 

CROSS SE CfION AS PE R IRC 37, DESI G N CR UST 

(CBR 10 & MSA 150) 

I 
/-1500- 1- 1500 I 10500 ~ I 10500 -t-:: 1500 -~- 15OO -~ 
PNPAVE DI PAVED I CARRIAGE WAY MEDIAN CI-RRIAG::WAY J. ~AVE D . UNPAVED 
SHOULDERSHOULDER :.HOULOCR HOULDE 'I 

1"< 11 I I ' 7<Y bT/ / / ///// / / / -/ / /{ Y / / / 77/ / / / // / / / /l / / / / // / / / / / / / /\/ / r r > / / / // / / / / / 777l ~l 

/ T 1fT ' 

1 1 6C~ lli 6C~ lli -/----------------11---
IT 

---
I 

1!------------------~.L.:::: D3Mfil)mm Th ' DBM60mm l hkST ~Br LlZE D BASE LAVER 115mm Ihk 1'1 ~ STABILIZED BASE LAVER175mm '''' IGSa 1SO mm Thl I ~ GSB 150rr"" Th' 
SG200mm1M '--- SG200mrn l hl 
EMB AS PERPROfIlE EIIB ASPER PROFU 

CROSS SE CfION AS PER ALTERNATE, DESIGN CR UST
 
(CI3R In& MSA 150)
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1000-~ 1000 I 5500 1 I­
UNPAVED CARRIAGEWAY UNPAVEDI 
HOULDER S H OU LDE~ 

1:2 

DBM 50mm Thr. . I II I WMM250mmThk
I GSB 200mmThk
 

SG 500mm Thk

II EM' ' S PERPROfILE 

X-SEC. AS PER IRC- 37, DESIGNCRUST 

(CBR-10 & MSA-10) 

CONCESSIDrIAIRE .PROJECT 
SOI·tA · lSOllJXN11·1 TOLLWAY N T Ud.S..·Lamngor Pa.w at· Jalandnar 5K~Coo 01 NH-1

NATIONAl. HIGHWAYS 
5lh FOOt. Bbc" 'A.El'lIr.ay centerfromKm 96.000to 387 100on IIUl Stale or 

AUTHORffi OF INDIA UOyogVmar. Guf'9lCl"" 1 220 1 ~Haryafld arlll PunjilL ~ 
Tf!C 0124-481·SSSS 

100i 1.00 I 5.50 1 t
UNPAVED CARRIAGE WAY UNPAVED 
-HOULDER SHOULU: 

1:2 1:2 

I---- rrqs~ B~----------- Stabilized Layer 150mm Thk --­
GSB 150mm Thk (Table 400,1. Gr - II 
Sub Grade 300mm Ihk 

EMS, AS PER PROFILE 

X-SEC. ASPERALTERNATECRUSTDESIGN 

(CBR-10 & MSA-10) 

CONTRACTOR· TYPICAL CROSS SECTION FOR SfRVrCEROAO 
~ 11D 11~ Sea\:r ,4( C'1lJI'9l171· 12'2OCJl 
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