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Abstract

Soft subgrade soil poses challenge for construction of pavements. These soft subgrade soils have a tendency to absorb high moisture
content and exhibit high compressibility. Under |oads. Because of which the life of pavement constructed over these is highly suffered.
Among notable properties plasticity index is a reliable property as listed in literature for identifying these soft soil and nature of
compressibility. Soil stabilization is one of the techniques listed in literature for improving these soft soils. Often the stabilization
suffers due to high cost particularly improving deep deposits of soft soil and time consuming. . Providing stiff layer with gravelly soil
can solve the problem to majority extent. These gravelly layer of soils bear the load and distribute through arch action, to, minimize
the stresses to soft soil. .However the efficiency of these gravely layer depends on their relative thickness and prevention from
mixing with soft subsoil. This paper discusses the efficacy of overlying aggregate to improve CBR values of soft subgrade in the
presence of separator geotextile. The thickness of aggregate is varied and expressed by H, (a fraction to soil thickness given as
Ha/Hs.). Laboratory CBR tests are conducted on four subgrade types with varying in plasticity & fines content overlying with gravelly
aggregate with H, varied from 0, to 0.5 in increments of 0.1.It is observed that PI, H, and fines content effect CBR. The influence is
mor e pronounced with Plasticity and percent fines. Also theincrease (%) is marginal for samples with high H; The problem of mixing
of aggregate with soft soil tested without separator is morewith H,.
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1. INTRODUCTION Geotextile and Geogri@®). Inclusion of coir Geotextile

enhances the CBB).The strength of the subgrade soil varies

Soft soil sub grades are present in several pdrtacold. with the length and diameter of the jute figrnclusion of

Generally the condition and resistance to penetramf jute Geotextile decreases the penetration and metin of
subgrade soil influences the overall performance service the soil and also enhance the CBR vél0p

life of pavements constructed on soft subgradee. thitkness
of subgrade, moisture content and plasticity privgperare
important component and have as a substantial ingrabase
and overall performance. Geogrids are the mosilfieaand
pragmatic choice for reinforcing the clay to impeahe CBR
value in the circumstances where the effect Piagticdex is
severe (7), (9).Recently a new concept of equivalent
California Bearing Ratio of the composite systemasw

introduced and studie{?).A Geosynthetic layer placed as 1.1 Obi ective and M ethodolo
separator will prevent mixing of aggregate to sob. SThe ' J 9y

The objective of the present work is to study tffecacy of
performance of soil- separator- aggregate systeéndi€s are
carried out by changing plasticity, fines contend ahickness

parameters studied and results are detailed irsubsequent
headings.

performance of different Geosynthetics in reinéarcsoil- The objective of this study is i) to determinatiosf
aggregate systems are depending not only plastcity also compaction characteristics and lab CBR for, claymjl
on density(1).The strength of the subgrade is considerably subgrade of varying plasticity characteristics,td)study the
increased by introducing Geogrids reinforcementhia soil improvement in lab CBR by placing coarse aggretater of
The performance of unpaved roads is better withrtbeision varying thickness over soft soil subgrade with awthout
of geotextiles and considerable improvement ateladgpth of separator geotextile at the interface of soil vetfyregate and
penetration (5). Apart from planar reinforcement randomly iii) quantification of the performance improvement.

reinforced fiber will influence CBR valug).The strength of
the locally available subgrade soil is improvedaalglition of
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M ethodology

For the objective cited the following is the metblmdyy
adopted as shown in figure 1

Collaction of zoil from suberads locations
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Fig-1 Outline of Methodology

2. EXPERIMENTAL STUDY

Three types of materials are used in experimentalys The
material includes fine grained soil, 20mm size sear
aggregate and geotextile. Four types of fine grhisml with
varying plasticity are considered for study. Thetgatile used
for present study is a woven type and the spetifica are
presented below. The properties of soil, and agdeegre
listed as given below. Lab CBR test is carried ontsoil-
aggregate composite layer of thickness, H by ptacin
aggregate layer of thickness, Ha over soil layethafkness,
Hs in CBR mould. The testing is carried out by vagyHr (a
ratio of Ha to Hs). The same tests are carriecbgyilacing a
separator geotextile at the interface of soil-aggte. The
thickness of sample H and the densities of soil aggtegate
is maintained throughout all the tests. Spacer sdisk
thickness 0.5,1cm, 2cm etc. are used for prepasoid)
specimen with the desired void space (later fillgdcoarse
aggregate) above soil after compaction in CBR mould
schematic diagram of sample is given in fig.1 Tamgles are
compacted at maximum dry density condition for perfing
CBR test and Hr is varied from 0 to 0.5 in the éments of
0.1. Test setup for sample without and with separat
geotextile is shown in Figs 2 and 3a &3b.

o ."E?&;\:{:‘C"fﬁ:‘;:?'
JJ-'P\."":'“ iy el
Separator geote xtile

Hs

Subgrade soil ¥

Fig-2 Schematic diagram of soil- aggregate- separator
geotextile layers for lab CBR test

Fig.3a Test setup for
CBR value and
Aggregate Without separators

Fig.3b Test setup for CBR
valuesoil and

aggregate withrsegpr,
3. PRESENTATION OF
DISCUSSION

The results are presented in fig. 4 to fig. 12. phaperties of
soil, aggregate. For quantifying the improvemehg tesults
are expressed in terms of factored CBR ratigand R

RESULTS AND

R layered CBR  without separator
° CBR of natural subgrade

R. = CBRVvalue for layered soil with separator
’ CBR for natural subgrade
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Table-1 Properties of Aggregate

Size of Aggregates Density of Aggregate
(mm) (KN/m3)
20 22.95

Table-.2 Geo-textile Product Data Sheet (poly propylene-Geo
textile TFI 5100)

Technical Data Sheet
TECHFAB INDIA

Woven Paly Propelene Geotextlle made of $10 Film/Tapes - TFI - 5000 Series

TechFal TF1 - 5060 Series are polypropylene woven fabrics. These engineered gesteviiles are
stnbilized to resist degradation due to U 'V exposure. These nre rexistant to communly encomntered
sailchemicals, mildew aml insects, and are non-bisdegradable. Polypropy lene is stalsle within o phl
range of I 0o 13, making it ooe of the most stable pudymers svailable for geotextiles maday.,

Fropertios Test micthad Unie TFI 5100 TFI 5200
Pans per Lbni Area ASTM 9201 e e 50
G Tessile Siréngh ASTHM D612 Kn'm (& ] [
Carat Eloangation ASTM D6t = 15 13
CBR Poscuse. ASTM D3| N Wi un
Hlira v ket Risstatc ASTM IMISS THY, al 500 kit TP a1 500 i
Apparent opemng e ASTMIMTHL | = "AS 1425
Permithy ASTM D] B s ans
Flow Hae ASTM Dadd| Limis 16
Chamb whem - ” e

BT CERTIFICATION
c € 3388 SERVICES
1338

Table- 3 Index properties of soil subgrade

Sam | L.L P. L|P. Fines | Cc Cu .S
ple (%) | (%) (%) (%) classifica
tion
1 49 224 | 26.6 66.4| 1.03 5.3 Sandy
clay
2 55 24.7 | 30.24 | 70.8 | 0.9 6 Clayey
6 sand
3 62.5| 28.4|34.02 | 73.2 | 07 7 Clayey
8 sand
4 40 21.2 | 16.8 36.4] 1.2 3.3 Silty
3 sand

Table- 4 Engineering properties of soil subgrade

Sample OMC, Maximum  dry| CBR (%)
wmax (%) | density(MDD)yd
(KN/m3
1 17.07 16.90 2.07
2 18.97 16.18 1.66
3 21.04 15.94 1.20
4 15.40 18.14 2.76

3.1 Presentation of Results for Pl Variation with
Fines (%):

The variation of plasticity index (Pl) with fines (%)s i
presented in figure4 . It is observed that the eahi PI
increase with increase in fines (%). Due to lackntérlocking
with increase in fines, the soil became more clayéhis
resulted in increase in Pl

35
30
= 25
20
15
30 50 70 90
Fines(%o)

Fig-4 Variation of P.I with Fines (%)

3.2 Presentation of Results for OMC and MDD
Variation with Pl

It is observed from the figures 5(a) and 5 (b) ttet OMC
(Optimum Moisture Content) and MDD (Maximum Dry
Density) of clay soil with plasticity index of 16&nd 34.02
respectively. When the plasticity index increases3#.02,
OMC increases by 36.62% and the MDD decreases hy
12.12%. It is found that the rate of increase in ©Mnd
decrease in MDD rises when the soil index of ptasti
increases. With fines Pl increases as seen fronedarfig 4.
Hence theses fines absorb more moisture due tohwbiMC
has increased. It is seen from fig 5(a) OMC hareimsed from
15.40 to 21.04 with PI. Also MDD has decreased Vifibs.
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Fig- 5 (a) Variation of OMC with PI
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Fig- 5(b) Variation of MDD with PI

3.3 Presentation of Results for CBR Variation with
Fines (%):

The variation of CBR with fines (%)is presentedigq 6. It is
observed that the CBR value decreased with increffines
(%). Due to lack of interlocking with the increasefines and
the water content (O.M.C) the resistance is aftkotéhich in
turn decreases the CBR value
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& 18
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Fig. 6 Variation of %fines and CBR

3.4 Presentation of Results for CBR Variation with

Pl:

The variation of CBR with P.l is presented in figur it is
observed that the CBR value decreased with incrieaBedue
to increase in OMC and fall in MDD, the resistanse
affected, which in turn decreases the CBR value.

15 20 pp 25 30 35

Fig-7 Variation of CBR with P.I

3.5 Presentation of CBR valuesfor Hr of the Soil and
Aggregate while with and without Separator :

The variation in CBR values with Hr of separatod avithout
separator soil is shown in figure 8. It is obserteat the CBR
value is increasing with Hr. Using the separatotcdssing in
increase of CBR value. Due to overlaying aggregéte,
bearing resistance is increased. With increaseddi to
increased bearing resistance CBR value for allftle soils
has increased considerably. With increase in vafudr from
0 to 0.5 for three different samples, the correspan CBR
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value has increased from 2.09 to 3.59; 1.66 to&h§, 1.2 to
3.3 for Hr ranging from 0 to 0.5 for without separasoil.
There is also decrease in CBR value in spite akssing the
Hr value after a certain threshold level. This i do lack of
interlocking with the increase in air voids theistmce is
affected. Similarly the CBR value has increasednfr.7 to
4.7; 2.49 t0 4.43 and 2.21 to 4.15 for Hr rangirant O to 0.5
for separator soil. Here, the penetration of thgregate is
avoided by using separator.
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Fig. 8 Variation of CBR with respect to Hr

3.6 Presentation of CBR valuesfor Pl of the Soil and
Aggregate with and without Separator for Various:

The variation in CBR values with Pl of soil withcawithout
separator is shown Fig. 9 and 10. It is obserhatlthe CBR
value decreased with increase in Pl. However usegarator
is causing increase of CBR value. Due to lack tdrincking
with increase in Pl and the water content the taste is
decreased which in turn decreases the CBR valuelffdhe
four samples having Hr values from 0 to 0.5.
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Fig- 9 Variation of CBR with respect to Pl
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Fig-10 Variation of CBR with respect to P.I

3.7 Presentation of CBR valuesfor VariousFines (%)
of the Soil and Aggregate with and without

Separator:

The variation in CBR values with fines (%) of swilth and

without separator is shown in fig 11 and 12. bliserved that
the CBR value is decreasing with fines (%). Dudattk of

interlocking with the increase in fines and watentent the
resistance is decreased which in turn decreaseSBRevalue
for all the four samples. However the CBR valueséased
with the use of separator and also when themcigase in Hr
values
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Fig- 11 variation of CBR with Fines (%)
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Fig- 12 variation of CBR with Fines (%)

3.8 Presentation of Results for Variation of CBR

Increase (%) with Pl dueto Separator:

The variation of CBR increase (%) due to sepanatthr Pl is

presented in Figl3. It is observed that though CBd&®
increased with separator, higher improvements aleeged
only at low Hr. At low Hr, due to higher significadepth of
stress transfer, the tensile strength contributbrseparator
geotextile comes in to play in sharing part of lobldwever
this contribution is insignificant at higher Hrduéo

predominant load shared by the aggregate. The weptent
percentage is high for Hr 0.2 and low for Hr 0.4.
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Fig.13 % increase in CBR value and Pl

3.9 Presentation of Variation of Ratio of Factored

CBR, Rc & Rc* with Hr

The factored CBR values Rc and Rc* and their viamatvith

Hr is presented in Fig. 14. As expected and itloaiseen that
a significant contribution is achieved in CBR vaugdue to
aggregate and separator geotextile. Hence thegmoble to

low CBR of natural subgrades can be overcome byigiragy

either overlying aggregate layer or separator ¢in.cddowever
the combination is to be chosen for best resulssoBserved
from the graph for sample-3 Rc* has increased fBRb to
peak value of 3.5 for Hr from 0 to 0.5, but Rc laseased
only from 1.2 to a peak value of 2.75 for Hr fronto00.4.and
later decreased. The same trend is seen for otlilesasnples
also.

15 ——53*
53
—A—5-2*
=51t
Duetomixing —¥-=s-2
25 of Aggregate _g ¢ 44
—+51

Ro&Re*

2 —54

0l 0.2 03 04 05 0.6
Hr

Fig- 14 variation Rc & Rc*with Hr

3.10 Presentation of Variation of Rc & Rc* with PI:

Sample variation of factored CBR values Rc and Ratation
with PI for Hr( 0.3) is presented in Fig. 15. Thariation
indicated the effect of separator and especialhigtier PI. As
expected the variation is more significant for skwpwith
separator than for samples without separator. &intiend is
observed for samples tested maintaining other Ehasvn in
fig. 16 to 18. From the figures an interesting pimaenon is
observed. The problem of aggregate mixing with saithg is
aggravated at higher Hr say 0.5, this has resittetbcrease

of Rc, however Rc* showed continuous increase. This

demonstrates the need of separator geotextile d@eroto
improve CBR avoiding problems arise due to mixing.

15 ——Rc5(05)
—B-Rc(04)
——Rc(04)
3 ——RcH(03)
——Rc(05)
——Rc*(02)
——Re*(0.1)
—Rc(03)
Re*(0)
——Rc(02)

—B-Rc(0.1)
13 pa—

15 20 25 30 35

Ro* & Ro

PI

Fig- 15 Variation Rc & Rc* with Pl
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CONCLUSIONS

From the tests conducted on various soil subgradgkes ,
the following conclusions are drawn ::

1. Fines (%) and PI has an influence on CBR and it is
observed that the CBR value decreased by 12% with
respect to Fines(%) and by 11.72% with respect.to P

2. It is observed that the CBR value of composite soail
(soil+ aggregate) is 33% more than that of soihalo

3. CBR of composite soil with separator soil (Hr=001 t
0.5) are 23.47% and 50% higher than that of CBR
values of the soil without separato

4. The effect of separator is insignificant at higliér
value say 0.4 irrespectively of plasticity. The
improvement is significant at low Hr of 0.2 over Hr
0.4

5. Given a soil of plasticity index, the factored CBR,
has provided a guideline for choosing optimum
combination of aggregate and separator geotextile f
a desired improvement by avoiding mixing.

NOTATIONS:

S-1 Sample-1 without separator
S-2 Sample-2 without separator
S-3 Sample-3 without separator
S-4 Sample-4 without separator
S-1* Sample-1 with separator

S-2* Sample-2 with separator
S-3* Sample-3 with separator
S-4* Sample-4 with separator
L.L Liquid limit

P.L Plastic limit

Pl Plasticity Index

Cc Coefficient of curvature
Cu Coefficient of uniformity

OMC, wmaxs Optimum Moisture Content

MDD, vd Maximum Dry Density

CBR California Bearing Ratio

Cs CBR value of soil-aggregagpagator soil
Cws CBR value of soil-aggregate soil withoutasepor
Ha Thickness of aggregate

Hs Thickness of soil

Hr Ha/Hs

Hr* Separator

Rc Ratio of Cws/Cws@Hr=0

Rc* Ratio of Cs*/Cws@Hr=0

Rc** Increased % of CBR Values
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