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SYNOPSIS

The converntional soil improvement technigques are generally
gupensive, involving large guantity of costly materials  and
construction aoperations, so there iz a need to explore the
possibility of using low cost material which can improve the
propertie=s of the seoil in a better way. This is the main reason
that the fibre reinforced earth is gaining pnbularity these days.
in case of fibre reinforced soil the main advantage is the ability
to maintain the strength isotropy and the abzence of potential
plane of weakness that can develop parallel to the DrientE&
reinforcement.

Thig dissertation report presents the effects of inclusion of
palypropylene fibres with local FRoorkee sand. Treating the
composite soil as homogenecous and  isotrepic material s L.B.R.
tests, trianial tests and plate load tests are selected as  the
basic engineering tests to investigate the effects of fibre
inclusion on the strength and behaviow (Californiz bearing ratio,
cohesion, angle of internal friction, shear strength, bearing
strength and modulus of subgrade reaction, of the spil. fan
attempt has alzo been made to recommend & suitable +ibre-gand
rombination for practical applicétions, which would create a
cﬁn#idence amongst the construction agencies to adopt the new

techni que.
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CHAPTER - 1

INTRODUCTION

1.1 BGENERAL

The trangportation system in the developing country like
India i of prime importance.The development of the country
depends upon the efficiepcy of its transportation network
system., India is a large country with varying terrain,wsather and
gnvironment conditions.behavicur of certain zoils is  structurally
excellent to bear the traffic load without distwbing the
gmbankments and road crust.However ja vast area in India ig covered .
by weak soils like black cotton spilg,peats,clays etg.and at  few
places there are marshy lands and water logged areas.Because of
thig diversity in nature of sub grade it 1= often required o
stabilize the subgrade so1l by & suitable method.Engineers have
always been with open mind to adopt any aaterial available to them
for its use for the constructian purposes.fesearch facilities help
them to judge the suitability of the materials.

Numerousz examples exist where in-situ soils at  shaliow
depths  have  inadeguate strength  for supporting the proposed
structwres. The concept o reinforcing nonr moile has
continued.Different types of materials are being increasingly
eaplayed in various civil engineering activities and especially in

the field of highway engineering to facilitate ceonstruction,ensure



better performance and reduce maintenance.0ver the last decade the
use of geesynthetice has recorded s tremsndous increase.

Reinforced earth construction is an effective atd
reliable technigque for improving the strength and stability of
s0il. This technique iz used in veriety of applications ranging
from retaining structuwres and embankments to sub grade imprmvemeq}
beneath pavements and footings.

Epil  reinforoement may he aligned or randomly
distributed. In the traditional method of aligned reinforced
e@arth construction such as
geotestiles,geagrids, geonembranes,gencomposits and metallic  strip
reinforcements, the inclusions are oriented in preferred direction
and are introduced sequentially in alternate layers., The
properties of reinforced earth in this case depends upon  the
wWeight fraction of reinforcement, number of layers af
reinforcement and spacing between two lavers of reinforcement,

Randomly distributed fibre-reinforced soil called “Foly
501l (Mo, Gown, 1978) is similiar to stabilization by admixtures,
in its preparation. The discrete fibres are simply added and
mixed with much the came way as cement, lime or other additives.
One of the main advantages of randomly distributed
fibre-reinforced soil is the maintenance of strength isotropy and
the absence of potential plane of weakness that can develop
parallel to the oriernted reinfurcem&nt.Furfher the
fibre-reinforcement  auses =significant mprovement in tensile
strength, shear strength, anizotropic material properties,

increased effectiveness and bearing capacity as well as  economy



(Bushching et.al, 196%9). The main advantage of this method of
construction is low cost, which can be used for good quality low
cost highway and housing projects.

The conventional techniques of subgrade so0il improvement
are generally expansive and involve large guantity of reinforcing
- materials.The improvement of =oil propertiez for both static and
dynamic loading can also be easily carried out by fibre
reinforcement. Under the traffic loads, the pavement layers are
subjected to compression in vertical direction and tension in
lateral direction. Also during dry weather condition, cracks
develop at the top of the swface {village road) due to shrinkage.
Use of fibre-reinfprced earth improves both the compressive and
tensile strength of soil  for better performance of the soil.
Further, the flexible nature of fibre-reinforced earth enables it
to withstand large differential settlements without distress,
Thus reinforced earth permits the construction of pavements over
difficult subgrade eoil conditions. Also, the saving in cost is
of the order of 20 to 20 percent (VIDAL, 19é?§?1}

Feinforced-earth is a composite construction material in
which tension reinforcement membera such as  steel, aluminum,
glage, asbestos, cuoir, alloys, synthetic fibres ete. are
incorporated into soil mass as reinforcement in the form of disc,

strips, grids, mats and rode or as randomly distributed fibres.

1.2 Advantages of Reinforcement
The existing new concept of reinforced earth

construction material has emerged for the civil engineering



community—and the rapidity at which the related products are being

developed and used is nothing short of amazing. Some of the

advantages of reinforced earth constructions are:

1. Cost Savirng -~ Reinforcement helps in construction of steep
slope which reduces the quantity of $il1l material thus

reduces the goast.

B3

Increazed Stabhylity - Reinforcement increases the strength

charateristics of =spils thus increases the factor of safety.

A Feinforced soil possesses many noble characteristics  that
render it eminently suitable for construction of engineering
structures.

4. The reinforced scil structure is flexible in nature which
permits large differential settlements than conventional rigid
structures. Hence the constructien is possible over poor
=01l subgrade.

. It avpids the need of scarce raw materials like cement.

& They can be rapidly installed.

7. They generally replace difficult designs using conventional

materiale.
They are being agoressively marketed.

?. The soils which are not suitable as subgrade or subbasze
mater-ial in highway pavemente may bhe reinforced to the desired
level of CBR or E-values as specitied by IRC to enable their

wse as pavement courses with confidence.



1.3 Applications of Fibre-Reinforced Soil
Since the +first commercial use of reinforced soil, many
structures have been completed in  all parts of the world in
variety of environmental conditions and subjected to various
lpading conditions including static and dynamic loads.
Some of the important structures constructed making use
of tibre-reinforced earth are
1. Rerads and Expressways -
fa) Mountain roads and platforms on slopes of debris.
~ih) Retaining wallzs (in embankment section or cut section).
{(z) FRoad smbankments in rural areas.
{d) balls of highways with pavements at two different
levels,
() Wing walls or bridue abutments,
4}y Control platform of edpressways.
(g} Tunnel vaulting in embankments,
2. Mizscellaneous — This ingludes -
(a) Thick pretection wall with vertical facing.
() Swimming pools.

{c} Stepped rows of seats in stadium.

1.4 NEED FOR THE STUDY:
Traffic on Indian roads is increasing day by day not

anly in volume but alsp in terme of vehicle axle load .Thig



reguires better quality of roeoade.Further,for over all economic
development of the country it reauiree & good and economical road
network through out the country and specially in rural areas so0
that a large number of rural population shouwld bhe connected to the
market. The quality and performance of the roads depends  upon  the
properties of subgrade scils.The conventional techniques of  =sub
grade soil improvement are very expansive and reguire large amount
of expansive and scarce materials. The improvement of subgrade
soil properties for both static and dynamic leoading can he carried
cut by fibre reinforcement.

Strength characteristics of subgrade may be improved by
the inclusion of fibres in the subgrade soil.Thus,it is required
to evaluate the effects of types of fibre,quantity of fibre and
aspect ratic of the fibres on the properties and strength of the
subgrade =oill.

Several fibres are available for the modification of
strength characteristics ef soils, Therefore,the effect of
different synthetic and locally available natural Ffibres on  the
strength characteristics of solls ig needed,az dealt in the
study. It is also needed to find out the optimum guantity of fibres
0 that i1t can be easily used in the actual field work with

maximum gain in strength.



1.5 OBJECTIVE OF THE STUDY

Till recently, a very few studies have been reported on
the behaviouwr of fibre reinforced warth with respect to either
geotechnical applications or improving the strength
characteristices of sub grade =oils in highway pavements,The
present study shall include the compilation of information on
various types of fibres and their applications in different types
pf soils.An attempt shall he made to study the behaviouwr of fibre
reinforced earth under CBR test  ,as reported by various
investigators.f very scanty information is available on fibre
reinforcement in lateritic soil,black cotton soil,sandy soil  and
particularly no information is available on fibre reinforced sand.
Under the preszent investigation it is there for planned to
evaluate the performance of fibre reinforced sand by carrying oot
laboratory studies such as CEBR tests,triaxial tests and plate load
tezte on the fibre reinforced subgrade soil for various percentage
of fibres 17,2% and 3% by weight.A max" percentage of 34 has  been
considered in the present investigation in view of the wmixing
problems  encountered beyond this fibre loading, the gain in
strength beyon& 3% fibre rcontent by weight is not appreciable.

From the above mentioned study, it would be possible teo
recommend the suitable fibre sand combinations for practical
applications,which would create E confidence AaMmong the
constructien agencies to adopt the technigue.

The main objective of the present study is to evaluate
the changes in the strength characteristics of subgrade =oil by

addition of randomly distributed discrete polypropylene fibres.It



iz therefore planned to study the effect of inclusion of randoaly
distributed discrete fibres on shear =trength,bearing strength,CHR

valug and modulus of subgrade reaction.



CHAPTER-2

REVIEW OF LITERATURE

2.1 HISTORICAL BACKGROUND

The theoretical concept of reinforced earth was first
given by Henary VidaltEIJEIQéé). He used the term “Reinforced
Earth’ for the first time, In 1978, H.Y. Fang used bamboo mats as

reinforcing material for new embankment safe against seismic

1oading. B.E. Verma et.al (1978) studied the strengih and

defarmation characteristice of reinforced earth mass. 5. SHaran
et.al ¢1978) studied the effect of amount of reinforcement on

mogdulus and peak deovistor stress.

Randomly distributed fibre reinforced seil alec called
Poly Seil” (Mo, annfll}Elq?B) can also be advantageously used in
improving soil properties. Vidal did a lot of work on reinforced
earth. B, Eatyanarayanatlﬁ)ﬁtudiad the effect of inclusion of
glass fibres and asbestos fibres on cement stabilized esoil. F.G.
Bhattacharya and B,RB.  PFandey (1984) estudied the effect ot
inclusion of ceir fibres in lime stabilized lateritic soil. Mc.
Gown (1978) studied the pffect of incluzion properties o behavior
of sand. Bray and Dhaﬁhi(7)(1983) studied the mechanism of fibre
reinforcement in soil.

Hmare(?)(lQ?Q) studied the laboratory performance of
granular soil reinforced with randomly distributed discrete

(17,18

fibres. Betiy (1987, 1990) did some work to determine the
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effects of inclusion of fibres in Black Cotton soil as well as
lateritic soil.

The earliest example of zpil reinforcement is found in
Agar Quf Ziggarrat in Irag ie thought to be JI000 years old. The
great wall of China has examples of reinforced soil construction
nsing tamo risk  trenches. Vidal was responsible for the
construction of first major retaining wall using modern concept of
g1l reinforcement in southern France. The first reinforced soil

structure was made in WS, A. in 1972 and in U.K. in 1973,

2.2 REINFORCING MATERIALS:

Reinforcing materials used in the construction of
reinforced earth may be ¢las=ified inte following
familiesrgeotextiles,geogrids, geomemnbranes,geccomposits ard

digcrete fibres.

2.2.1 GEDTEXTILES:

Geptextiles are indeed textiles in traditional sense,but
consist pf synthetic fibres rather than natural once like
cotton,wool and silk.The fibres are made into flexible,porous
fabric by slandered weaving machinery or are matted together in  a
random or non woaven manner, The major point is  that they are
parous to water flow across their manufactured plane and  alsn
within their plane,Bome typical section of geptextilezs are shown

in Fig.1(a).



2.2.2 GEDBGRIDS:

Geogrids represent a small but rapidly growing segment
in gepbsynthetic area.Rather thén being o woven,non-woven or kpit
textile fabric, geogrides are plastics formed into a very open net
like configuwation,.Some typical sections of geogride are shown in

Fig.1(B).

2.2.3 GEOMEMBRANES:

The geomembranes are impervious thin sheets of rubber or
plastic materials,used primarily for lining and covers of liqguid
or solide storage impoundments.Some typical sections have been

shown in Fig.lic).

2.2.4 GEQCOMPOSITS:

A geccomposit consists of a combination of geotextie and

geogrid,or geogrid and geomembrane,or geotextile,geogrid and

geomembrane, or any one of these three materials.Soms typical

zection: of geccomposits are shown in Fig.1l{d).

2.2.% DISCRETE FIBRES:

We may use fibres for reinforcement of sgil as elements
characterized by:

* their flexibility

¥ their tenacity

¥ thelir large length compared to their diameter

¥ their diameter which 1s suwéficiently large as compared to

finer particles and sufficiently small to be compatible with the

11



TABLE:1

TYPES OF FIBRES

14

MATURAL FTI B RES

VERBETABLE FIBRES ANIMAL  FIBRES MINERAL FIBRE

l.Fibres from hairs pf 1.811%k 1.Asbestos

¥ seetds 2. W00l

¥ cotton * marino

* kopak ¥ lamb’'s wool
2.Liber fibres J.hair

* flax ® alpaca

¥ hemp ¥ vicuna

¥ Jute
Z.Fibres fraom leaves

* manila

¥ sizal
4. Fibres fram fruits

¥ cpoanut

CHEMICALL FIBRES

SYNTHETID FIRRES F MNATURAL POLYRERS IMOREBANIC

1. Folyurethanes i.fegenereted cellulosze l.Metallice
¥ spandesx ¥ visgous rayon 2. Laminates
* lycora ¥ CYpFo rayon I.6lass

¥ rhodastic
Z2.Folyesters
tergal
ttacron
trevira
terviene
ol yamids
¥ H-bH nylons
¥ & nylong
* milson
4, Folytetra fluroethelene
¥ teflon
S.Folyvinyle derevatives
* acrylics
¥ polyclorids
* poly alephols
t. Bynthetic rubber
7.Poly olefines
* polyethelene
* polypropylens

*

¥
i
-
S3.F

* polynosics
Z.Regenerated proteins

* caseins
3.0ther regenerated fibres
alginate
rubber fibre
cellulose ester
acetate
triacetate

*

* F K K
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2.3 DURARILITY AND OTHER PROPERTIES OF FIBRES:

In erder to minimize the cost,design of reinfarced earth
structures should take intoe account the use of locally available
materials. &t the -same time durability of structures must be
given proper importance as the collapse of reinforced earth
structures san cause  zerious loss of life and property.

Among different natural fibres available,cpir fibres
have the maximum durability characterisgtirsg.it’'s resistance,tc
alkali is evcellent,to the atmospheric agents is very good and to
microbiological agents is also very goed.It has a very good
resistance to inzects and termites.The table below shows the
breaking stress and percentage elongation at break for both frech

cpir fibreg and after 13 vears of storage in 2 hanger in Lyons.

COIR BREAKING STRESS (MPa) v ELOMGATION AT EREAK (%)
FRESH 176 29

AFTER ~

STORAGE 160 21

It is also noticed that the values are very close and
the rlongation at break for stored +fibre is slightiy les=z.That
isyhhe fibre becomes slightly briftle and fragile.So,in abeence of
particular meoisture and biochemical actions,mechanical properties
of coir fibres can be said quasi perennial.Dursbility and some
pgther properties of some of the natural fibres are given in

Table-2.



232%5:2 FROFERTLIES OF NATURAL FIBRES
FROFERTIES OF FIBRES
TYPE OF {MDRFHOLOGICAL | CHEMICAL FHYSICAL MECHANICAL
FIBRES
LENGTH (ma) COMPOSITION  {RIGIDITY BREAKING LENGTH
DIAMETER {Lm) AND FINENESS {bm)
ASFECT RATIO DURABRILITY REfML DENSITY BREAKING STRESS
AFPFARENT DERNS, (ME A
ROUGHNESS ELOMGATION AT
BREAK (%)
0.8 to 4.0 cellulose:dd.78%11.558 to 1.7 LRY WET
JUTE 15 to 25 ligninall to 14%1200 to JI00 Mm
110 pentozang: 10-14%11.45 S0-40Q 2754
wares and +tats: (0.8 to Q.9 SQO-4O0 1 2T 02860
0.2-0.4% high 1 -
to alkali leach:
poor
to atmospheric
agents: v.good
dery heat:v.good
wet heat:poor
putrificability:
high
S0~500 cellulpse: 267 135 TE-50 16065
RAMIE 20=A0 lignins<1% 200~300 Nm 195 215
700 pantic matters: 1.5 - -
S, S 1,12 -
tg solvents:good
to dilute acids
and alklis:medium
to atmospheric
agenterencellent
resistance to
insacts:poor
1550 cellulpse:BOY 1ot 18-45 | 20~50
15-25 tevtile waste: &% | I000-8000 Mp 7o 73
FOQ=2700 1.5 - -
COTTON to steam:gond 1-1.3
to solvent:good [low
to alklismedium
to dilute acid:
medium
to insects:ipoor




17

TABLE:2 PROPERTIES OF NATURAL FIBRES

cont
sIsAl 1.5~4 cellulosei b2 2,15 34-34
2030 pentosans 15X I50Nm 449
SO=20Q0 lignin:8% 1.48 3-7
carbohydrates: 10% .27
high
0.7 cellulonse:34% very high -
CaIR 20 lignin: 44% o110 Nm 151173
35 pentosan: 18% 1.1% 1544
tannin,silicar 3% 1.08
high

to alkliszgsencellent
to atmospheric
agents: v.good
to microbhiclogical
agents:v.good
putrification:
quasi zero
tp insacte:qoed

Fecent practice (Faris LConf. 1977 has shown that
synthetic plastic fibres are compatible with spil for their level
of deformity,size of the fibre sand for proving continuity in
deformation.Further,plastic fibres are nan corrosive and
resicstant to rotting and attack of bacteria and acids.lonescy

gt.al . .tested & number of plastic materialg in eight diffesrent

miard i & {distilled water ,iron hacteria
culture,desul fovirous,levansynthesizing bacteria,liguid

mineral ,sea water,compost and soil)for up to 17 months and found
no degradation to ccour.Furthermore,the materials do not  appear

to he toxic to populations of agquatic life and seil



microorganism. Inescu et.al.also evaluated sin  fibres {four
polypropylene,one polyester and one composite) in eight media for
a period of % to 17 months., The media were distilled water,sea
water ,compost,seil iron bacteria,lavengsynthesizing
bacteria,desulfp- virous bacteria and a liguid mineral.The resulte
showed no variation in tensile strength and no struactwal  changes
vizsible on the infra red spectroscopy.flso, there ia a
mrogressive loss in strength of plastic fibres with increasing
temperatuwre.fmong the plastic fibres, nylon's strength,chemical
inertness,durability and elongated temperature resistance are no
lesz than polypropylene.The envivonmental durability of steel
fibvres are varliable.It will rust in presence of air  and wWater.It
has a good recistance to alkalis and performs poor in  presence of
HOME acids.Steinless stewsl fibres have generally goad
environmental durability.In general,glass fibres containing a0,
are alkali resistant.Glass fibres tolerate temperature up to
1500°F with little harmful effect.Table~3 shows some of the
important properties of some of the fibres.

The soil strew mix has a very good duwability and iz
known to all. In +ac€,a¥ter prosion of surface soil, the straw is
exposed and forme a protective network of un—eroded substrate.This
protective network iz due to twe reasons;

| {a} sufficient density of straw.
(b  s=ufficient length of straw to permit an anchorage and
csatisfactory cover
This shows that the necessary anﬂl gufficient condition for

good durability is that the length of the fibre be rather

18
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large.Thia length heing possible to be reduced if the fibre
tontent (f) is increased.In other words for attaining = good
duraﬁility,it iz essential and sufficient that certain function
aif, 1) which ig remained to be determined,erceedsz a certain
threshold,the prepaonderant parameter heing the length
(1) . Thus,contrary to the case of mechanical behaviour,where the
main parameter is the proportion of fibres in the wmixture, for

durability is length (1).

2.4 DURABILITY OF A SOIL PRODUCT:
fnalyels of the main attacks liable to be wsuffered hy
mod 1 product or civil engineering structure made from soil leads
too commend five tests:a syntEEEiﬁ of their resulte help a Ffair
precise appreciation of the durability of a product or a structore
madie from =z0il.The tests are:
(1) Ab=orption test
(2) Water drop test
{33 Bhower tbgt
{4 ?law tﬁél‘
(4) ﬁeailiengé test
The experimental study on durabiiityf?éf z0il products
and structures is not very easy. The methodological ochstaclez are
many: in fact begides the quantification of the results ra{ﬁreéd_
A3 earlier,it is necesszary o standarise the shape and dimensions

of the oehiscts to be tested,the experimental conditions  and
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pracisely lay down the methods of the tests.In this way,one may
hope for results that are little scattered az far as posszible  and

hence a gond reproducihility.

2.5 REVIEW OF EXPERIHENT@L INVESTIGATIONS:

A leot of work has been done till now  on the
charactericstic evaluation of reinforced garth.But,out of all thig
work a very small work has yet bheen done on the evaluation of
characteristics of randomly distributed discrete fibre rtreinforced
garth.Most of the work that heas been done on  the randomly
distributed discrete fibre reinforced earth are mainly on  either
lateritic soill or black cotton spils. Unly a few wowk have been
done on =and and the worksthat have been done on fibre reinforced
sand are with respect to triaxial test.lee et.al.{1973}in his work
on sand reinforced with firewood savings,reported a significant
increase in strength  and rigldity under triaxial static load
test.Andersland khattak (1979) reported the results of triaxial
tests on keolinite clay reinforced with paper pulp fibres and
reported that addition of fibres increased both the stiffness  and
undrained strength of kaalinite.Harer(Q)(IQ??) presented a series
of laboratery compression and CER &eata cir sandy  gravel
reinforced with small amount 12¥Xby welight) of random fibres., The
results show that the presence of fibres increased the il
resiztance to densification.Gray and ﬁl-refeaiqﬁ)(lqaﬁl carried
out & number of triaxial tests on dry sand reinforced with
randomly discrete fibree and concluded that presence of fibre

increases both ultimate strength and ztiffness of reinforced sand
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and for same weight fraction and aspect ratio rougher fibres tend
to be ﬁmre effective in increasing strengith &t low confining
pressure. The epffect of type of fibres,weight Ffraction,aspect
ratio,type of =so0il and soil properties like gradation,shape and
zize of particlez,that haz been studied by other investigators

till now,has been described in brief in the following paragraph.

2.5.1 CHARACTERISTICS OF FIBRE REINFORCED LATERITIC SOIL USING

POLYPROPYLENE

Betty and Rautla){iqa?} weed pelyprepylens fibtres to  study
the effect of weight firaction of the fibres on the lateritic
zoil.He carried out proctor 's compaction test, triaxial tests, CHR
tests  and tenszile strength  tests, The =01l was  tested in
compaction testing machine with varying amount of reinforcement.

The results show that as the percentage of reinforcement
increazes the dry density decreases and the optimum mcisture
rontent increases. This is due to the fact that the density of
fibre is less than that of the scil.

Triaxial teste were conhducted at three different lateral
pressure of 100, 200 and 300 kM/sq.m. The results show that with
incrﬁaﬁe in fibre content cohegion increases significantly whereas
angle of internal fricticon decreases marginally (i.e. net effect
iz gainr in shear strength).

The reinforced soil was tested under CBR test for both spaksd
and optimum mmisturé content conditions, The results show that
the CBR value increases with the increase in percantage

reinforcement,  In the uncsoaked test, the slope of the curve



between CBR valup and fibre content above 27 fibre is flat
indicating that inclusion of Ffihre content beyand 2% is
non-significant in improving CBR value. It iz also observed that
CER value corresponding to S mm penetration is always greater than
thosge at 2.9 mm penetration.

The soil was tested under tensile strength test for
determination of tensile etrength of soil corresponding to
different amount of reinfaorcement. For sample tested at 0O.M.C.
the value of tensile strength increases by 2074, 26.8% and 1237 of
that pf the unreinforced soil with the variation of fibre content
from Q%,1%4,2% and 3%. But in case of oven dry sample the tensile

strength increases up to 2% of the fibre only and then it starts

decreasing.
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2.5.2 BEHAVIOUR OF FIBRE-REINFORCED BLACK COTTON SOIL USING

POLYPROPYLENE AS REINFORCING FIBRE

Setty and Murthyk1?3€199Q) veed polypropylene fibres to study

*

the effect of weight fraction on black cotton scil.He carried out
proctor "2 compaction test,trianial test,tensile strength test and
flexural strength test to study the characteristice of black
cotten socil.

The compaction test was done on fibre reinforced soil and the
results show that the maximuwn dry density and O.M.C.decreases with
increase in fibre content. The decrease in the value of 0.M.C. is
mainly due to non abgorbing quality of the fibre used. The
triaxial test was conducted as recommended by RBishop and  Henkel

(1978, The test was conducted at cell pressuwe pf 50, 100, 130,
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200 and 230 kFa. As the amount of reinforcement increases the
cohesion  increases significantly whereas angle (33 internal
friction decreases marginally due to smooth surface of fibre  but

Wlitimately the shear strength of cspil is increased.

The briquette mould of the reinforced soil was tested for
tensile strength at 0.M.C. for different percentages of
reinforcement. The result shows that tenesile strength increases
with fibre content.

The flexural strength of reinforced black cotton =il bheam

specimen (75x73x 300 mm) moulded at D.M.C. is tested under two

point loadings. The result shows that with increase in
reinforcenent the flexural strength decreases. This i= due to
reduction in density and angle of internal friction. Blso, the

fibresz are randomly distributed so they are not able tn take the

bending stress.

2.5.3 BEHAVIGUR OF FIBRE-REINFORCED LATERITIC SOIL USING COIR AS

REINFORCING FIBRE

Cair from the coconut is the fitirous portion estracted {ram
toconut. It has good strength, reasonable bond strength  and
stability. Ceir fibres possess a remarkable resistance to  both
fungal and bacterizl decomposition.

Te investigate the suitability of ceir reinforced soil,
lateritic soil, brown coloured matured coconut fibres were used
and tested for CHR value and tensile strength.

The test result shows that up to 10% of the coir content (CBR

value increases and further increase in coir content results in



decrease in CBR value. The tensile strength increases with the

increase in colr content.

2.5.4 STRENGTH AND CHARACTERISTICS OF FIBRRE-REINFORCED SAND

Maber and Grayqlg}in 1989 took different types of sands and
different types of fitres and tested them in triaxial test to
determine the effect of granulometry and fibre propertiec on  the
strength of soil.

The resulte of the experiment shows that principal stresc
envelop for uniform, rounded sand s curvilinear whereas well
graded granular sand shows bilinear behaviow . The break in
Bilinesr curve or transition from curve to straight occurs  at
confining stress. This depends upon aspect vatio, grain, shape
and gradation.

The amount of increase in strength due to reinforcement
depends wpon fibre aspect ratino, grain size, gradation and
shape.fAs the aspect ratio increases the critical confining
pressure increases.fs the sffective grain size increases the major
principal stress at failure increases at constant confining

pressure.

2.5.4.0 Strength and Characteristics of Fibre-Reinforced Sand Using
Flastic Fibre

Locally available sand classified as poorly graded fine sand

as  per unified soil classification system was used by
H.D.Charan{lb)(19?4) to study the characterigtics of reinforced

mand. Plastic fibre was used for reinforcement.
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Consolidated undrained triaxvial test was done on partially
saturated reinforced samples at avial strain rate of 1.20 mm/min.
and the resuwlts are analysed to wnderstand different properties of
20il.,

2.5.4. D Stress~Strain behaviour

Stress—-strain curve for the s0il for different fibre contente
indicates that for unreinforced sand peak stress is reached at 10%
strain which remains constant up to 20% strain, whereas reinforced
sand indicate an increazing trend even at 20% strain level. Also,
as the fibre content incresses, the increase in stress for  same
magnitude of increase in strain is much higher.
2.5.4.025trength pof Fibre-Reinforced sand

It iz affected by the amount of Ffibre, aspect ratic and

contining pressure. The setrength of Ffibre-reinforced sand
increased with the increase in fibre content. The rate of

increacse i appreciable up to fibre content of 2%.The strength of

fibre—reinforced sand increases with increase in aspect ratio.

2.5.4.835tiffness

A plot between axial strain angd ratio of secant modulag of
reinforced zand to unreinforced sand indicates that discrete fibre
reinforced sand exhibits an increase in stiffness at all level of
strains unlike traditional layered reinforced garth which shows a

decreace in ctiffness at small steain.
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2.3.3 GSTRENGTH AND CHARACTERISTICS OF PLAIN AND FIBRE-REINFORCED

LIME TREATED EXPANSIVE SOIL

Famashashtry and S8atyakamary investigated the effect of
inclusion of coconut Ffibres as reinforcing material in lime
stabilized exdpansive sail.,

I.8. 1light compaction test was conducted on the sail,
zoil-lime and seil-lime~fibre mine=z to determine the O0.M.C.  and
maxm dry density of variows dry mixes. Test results show that  the
max " dry density decreases and the O0.M.L. increases as the lime
content increases. Further at constant value of liae content as
the fibre content increases the max" dry density decreases and
0.M.C. increases. Also, for any fibre content, scils with 9% limne
have lower dry density and higher 0.M.C. then the corresponding
s0il with 3% lime.

The uncontined compression test was carried to evaluate the
unconfined compreseive strength of various stabilized mixes. The
unconfined compressive strength of  any spil-lime~fibre mi x
intreases with increase in curing time almost linearly. For any
cuwring period and fibre content, misxes with 5% lime content have
higher strength than with 3% lime content. Further, far same
curing period and lime content, with the increase in fibre
content, increase in strength ie in the range of 5 te 20 percent.

The tensile strength test WEG carried out on the
soll~lime-fibre mix using cement mortar brigquette testing machine.
The result show that curing period has considerable pffect on the
tensile strength of the six. Aleo, the tensile straength

corresponding to 5% lime content for constant curing period and
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fibre content is much higher than 3% lime content. Further, the
tensale strength of compacted scil-lime-fibre mix increases with

increase in fibre percentage.

2.6 MECHANISM OF FIBRE-REINFORCED SOIL:

The deformation under lpad and the consequent failure
mechanism of fibre reinforced =cil is different from that of,soil
reinforced with traditional inclusions such as eheets,bars,grits
rtc .Me Bowniilil??ﬁ)clagsiiied spil reinforcement into two madior
categories: namely ideally extensible inclusions and ideally in
extensible inclusions.Fibre-reinforcement fzlls under the category
of jideally extensible inclusions.

Several models have heen developed tp study the mechanism of
reinforced soils.Bome of them are:
* force-equilibrium model
* rigid-plastic soil model

¥ force-equilibrium cum statisgtical approach model

2.6.1 FORCE-EGUILIBRIUM MODEL:

The force equilibrium model was initially proposed by
Waldraon (1977)to describe the load-deformation behavior of sgpil
reinforced with plant roots.This concept was utilized by Gray and

-
Ghashi('}(lqaﬁ}, Gray and Al -Refeal {1986} and Fatani et

{3)

al’ (1991 tn describe the deformation and failure mechaniss of

fibre-reinforeed s=oil and gcitimated the contribution f



fibre-reinforcement in increasing the shear strength of =oil.fmong
the various other methods this method with proper estimation of
shear zone is reconmended for the analysis of oriented
fibre-~reinforced scil.In this method it was found that the tensile
streszs developed in the fibre at the shear plane is a function of
fibire properties (i, e.ekin friction,length,dianater ,modulus
etc. tand the test variables (i.z.confining pressure).The increase
in shear strength and factors affecting it,as predicted by
force~pquilibrium model have been found to be similiar to  the
experimental results obtained from direct shear test.
The following are the a%sumptiénﬁ made in thizs method:
(1)tibres are long 2lastic and edtend to an
equal length on either zside of shear plane.
(2)flbres are very thin so that neo bending resistance is
devel oped.
(3)the tensile stress gdistribution is linear and is maxioum

at the shear failure plane.

2.6.2 RIGID-PLASTIC SCIL MODEL:

The mociel RS nroposed by Shewbridge and
Bitar(1987,199M taking inte account the development of both
tension and bending stresses  in the reinforcement during
deformation.Me used large size direct shear device to gquantify the
width of shear zone.

-

2.6.3 FORCE-EQUILIBRIUM CUM STATISTICAL APPROACH MDDEL:

o
This model was proposed by Maher and Gray - (1990)based

29



30

on the results of trianial compression teste for randomly
distributed discrete fibre-reinforced sand.The model predicts  the
aorieptation and the guantity of fibres at any chosen plane,by
gstatistical theory of composite materials(Naaman et &l1,1974)and
the increase in strength of the fibre-reinforced earth ig
gstimated by force—equilibrium methodi{Bray and Ohashi, 1783). The
distribution of fibres in unit volume was assumed to follow a
poisson ‘e distribution. Thus the probability PN of otcurrence of

M fibres in unit volume iz given hy:

n

X eh

tal

FiN)=

whers,
A=average fibers per unit volume.

Average number of fibres (M }crossing a unit area is given

f

where,

Vf=volum@ of fibres per unit volume of soil mass.

The AFfailure plane was assumed the same as given by
Moebr-Coulomb failure criteria and the fibres were aszumed to  be
oriented perpendicular to the plane of shear failure.

Maher and BGray(1990studied the effect of confining

stress and soil granuwlometry on the strength of fibre-reinforced
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soil.The failure envelpp was curvilinear or bilinear with break
occursing at gritical confining pressure.Baczed on thisg, Maher and
Bray{1990)=uggested  followihg equations  for  strength af

fibre-reinforced =pils:

2 "
ASF = N, m D™ < %conf tan ¢ [ zin € + cos 6 tan ¢ ] 4
4
For 0 oﬁmnf - acrit and
an D 2o ., tan b sin 8 + cos @ tan ¢ | F
crit
ASP =
' 4
For acunf g oﬁrit
where,

Asﬂzshear strength increase due to reinfortement.
Nfraverage number.of fibres crossing unit area
D=diameter of fibres.

=confining stress

o
con+t

o

. =tritical ronfining stress
crit

S=angle of skin friction of reinforcement

8=angle of distortion of vertical reinforcement due to shear

gp=angle of internal friction of unreinforced zoil

E=an emperical co-efficient depending upon sand granul ometry
{i.e. average grain size,Dﬁg,partitle sphericity,coefficisent of
uniformity) and fibre parametersi(i.e. aspect ratic and skin

friction)



CHAPTER-3

—EXPERIMENTAL PROGRAMME

3.1 MATERIALS:

The different materiale utilised in the present

investigation are described in the following paragraphs:
3.1.1 SOIL :

Lacally available Roorkee soil is used in  the present
investigation. The physical and engineering properties of the same
are given in Table-4.,The =0il u=ed can be classified &= poorly
graded fine sand (ﬁE:Sﬁ) as per unified =il classification
syetem. The grain size distribution curve i shown in Fig.-2.The
resulte of proctor’'s compaction test are shown in Fig.-3.The
results =how that optimum moisture content iz 52;23 smaxnimum  dry

dengity is 1.8736 EN/m3 and maximum bulk density is 2,036 EN/m3,

3.1.2 REINFCRCEMENT: ‘ Ches

Synthetic plastic fibres used in the pregent
investigation werd oot from locally vavailable  continuous
fibres.The physical and engineering propertises of the fibres are
shown in Table-G.Plate~1 shows continuous fibres and digcrete

fibres with aspect ratio 100,
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Table — 4

Properties of Roorkee Sand

Effective grain =size, DIO

Median grain size D
Coetficient of uniformity, Cu
Specific gravity of solids, GE
Maximum void ratio, e

may
Minimum void ratio, e

min
c~¢ parameters

- ¢ (kFal

- ¢ {tegreg)

O.14 mm

0.Z2%9 mm

9.0

R |
S5 .00

Table — %

Physical and Engineering Properties of Synthetic Fibre

36

51.Na. Farticulars Yalue

1. Molecular formula (Hannant, 1978) (CHR—-CHE)n
2. Young 's Modulus (Hannant, 1978), GN/m2 7.00

3. Melting Point, °C 85, 00

4, Unit Weight, kiN/m~ 9. 20

5. Tenzile Strength, N!mmz 127 .40

(0.5 mm Garware Twine)
3. Special GGu a 1l i ties 1 ‘Garware Twine' is

manttactured from high de n z ity polythene

and polvpropy 1 & ne. It is totally
reistant to sea water, & ¢ide, albkalies
and chemicals., It h a = high breaking

strength and high abrasion resistance and

ig less prone to wear and tear.
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3.2 SELECTION OF THE TESTG:

The main objective of the present study is to determire
the change in the strength and structural properties of poorly
graded fine gand due to addition of fibres,zo that it can be
Bffectively ussd as ?avement subgrade gr baze.

Shear strength is the major structural property of soil.To
predict the sheatr strength,triaxial test Was
conducted.Further ,design of flexibhle pavement mainly depends upon
the CHR value of the sub grade,for this reason wﬁich CBR test was
conducted for both soaked and unsoaked conditicons.Design of rigid
pavement mainly depends upon the k-value of the zoil sub  grade.Bo
for the determination of k-value, plate lead test was conducted on
the reinforced and unreinforced =201l sub grade. To determine  the
performance of the pavement itself by wusing randomly distributed

fibre reinforcement ,plate load tests were also performed  on WEM

over fibre reinforced soil subgrade.

3.2.1 CBR TEST:

The california bearing ratio test,usually abbreviafad to
CHRE test,iz a penetration test,developed by California State
Highway Department for the evaluation of sub grade strength,in
which load required to cause & plunger of standard size to
penetrate a specimen of s0il at a standards rate 153 measuwred
gither before or after the soil bas been =soaked for  four
days.However ,the deformation ot the soil specimen beiny

predominantly shear deformation,CBR can be regearded a5 an indirsct



measwre of shear strength. . CER test iz a metheod of classifving and
evaluating scil sub grade and sub-base course materials for design
af flexible pévementﬁ.

LCBR value is defined as load taken by the gspecimen at
defined penetration level to the load taken by standarde crushed
aggregates for the same penetration level.The CBR value is  the
measwwre of resistance of a material to penetration under
ﬁnntrolled density and molsture content.The test can be carried
out in field or in lab;ﬂﬂ undisturbed or disturbed =amples for
cenfined or unconfined condition for varyving meisture content.
APPARATLS REGUIRED:

C1YHOELR A phosphor—-bronze mould of internal diameter 1S50mm
and internal height 175mm with a detachable base which can  be
fitted on either side and a collar of S0mm height is used.A bronze
digplager dizse 148mm diameter and 47.7mm  thickness iz ussd to
obtain a specimen of exactly 127.35mm height.

(2YCQNPACTING HANMMER:The specimen is compacted by static or
dyramic compaction.The details for the dynamic compaction as

suggested By IRL are:

38

TYFE OF NO. OF bt . OF NO. OF
FaLL {cm)

COMRACTION LAYERS HAMMER  {kqg) BLOWS

LIGHT 3 2. &0 31 56

HEAVY 3 4.89 45 56
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EILOADING EQUIPMENT: A teseting machine having 3 constant
ratg of strain of 1,20 mm/min is used.

(&)Y SURCHARGE WEIGHT:In order to simulate the effect of field
conditions,like the load of pavement above the subgrade. Generally
a surcharge wt.of Skg is placed which corresponds to 13cm  of
compaction,

TEST PROCEDURE: Hqﬂﬁv
’Lr

The spil to be teshed iz sisved through %99@ sigve. The
spil = mixed wiih water at O.M.Cloand compacted 5 the
corresponding max dry density.The surcharge weight is placed at
the top and a proving ring and a dial gauwge is attached to it.The
load iz applied through the plunger and the reading of the proving
ring and dial gauge is measured and plotted on the graph paper.The
load corresponding to 2.5 and Umm penetration is measured and CRR
valug is calculated. The higheyr of the twe values gives the actual
CRE value.

The test was pertforesd with unreintforced sand  and
reinforced sand. The reinforcenent wag varied te 1, ¥ and = ¥ by
wt.of the soil.The aspect ratio was  kept constant at &0 . The
sepecimen was compacted to heavy compaction to achieve mae gy
density botb for socaked and unscaked conditions.Plate-2 shows the

test set up for CBR test.

3.2.2 TRIAXTAL TEST:

In the triaxial tegt a specimen of spil is subjected to

three compressive stresses at right angle te one another and one
P g
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of these stresses 1z increased until the specimen fzils in
shear.The purpose of the triaxial test is to determine the shear
strength of the soil under lateral pressure.Shear strength of the
seil  is  the resistance to deformation by continuocus thear
gdisplacement of the =oil particles due to the action of a shear
stress.Shear strength of a soil ie calculated by Mohe~Coloumb's
= Yntr I
TeE G + o tan ¢

where,

T, =sghear strength

e=prrincipal stress

Pp=angle of internal friction

c=nohesion
BRRARATYSE REQUIRED:

(1)Triavial Pressure Cell:

(Z)Loading Equipment: Testing machine having a constant

strain iz used.

TEST PROCEDURE:

In triaxial test cylindrical specimen of length 2 to 2.8
times the diameter are subjected to constant radial strecs
generated by the fluid pressure and an axial stress i= generated
hy the lpading equipment.The axial stress applied iz increased
until each specimen fails and the stress condition at failure  are
analyzed by Mohr's circle so that apparent cohesion and angle of
internal friction can be calculated.The experiment can be done  in

threg different conditions:
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(IJIHHEDIATE;UﬁDRAIHED or QUICK COMDITION:

In this type of tests the spercimen s=sealed in rubber
membyrane,is capped at top and bottom with iapervicus plates so
that no pour water can escape through out the test.
(2ICONSQLIDATED QUICE OR CONSQLIDATED UNDRAIHED TESRT:

In this type of test the swspecimen is First Ffresd to
gdrairn out the pore water under constant lateral presswe and then
the pore water putlet is kept closed through out the test.

(I)ZL0W OR DRAIM TEST:

In this type of test the specimen is allowed to
congolidate under constant lateral pressure.The axial load is then
applied slowly for all further consolidation to take place before
the specimen fails.

The present test is perfarasd on SO0mm. * 100mm.
cylindrical specimen with varying amount of fibre content from 0%
to 3. The cell presswe was varied 160,200 and 300 KPa.The test
was performed at O.M.C, and max™ drvy  density and the values of
loads corresponding to different deflection values were plotted on

the paper.Flate-3 shows the test set up for the triaxial test.

3.2.3 PLATE LOAD TEST:

Filate load test is conducted to evaluate the supporting
power of eub gradees,bases and in some casee complete pavements, by
utilizing relatively large diameter plates.Datz obtained from the
tests are applicable for the design of beoth +flexible and rigid
pavements. In this test circular plates are used and to  ensure  an

aven bearing surface,hbearing plates are embaded in clean minture



of sand or plaster of paris.The deflection dial gauge are placed
near the outer periphery of the lergest plate,preferably at one
third position on the circumference of the plate.Standard 75cm
plates are used for the determination of k-value for rigid
pavement design.In some cases smaller plate can also be used but
the result has to be modified for the plate size.In case of
flexible pavement design the size of the plate is determined on
the basis of design wheel load.
APPARATUS REBUIRED:

{(Ithydraalic jack and proving ring assembly

(dlbearing plate

(S3ra set of dial gauge and 5uppmr£ device

(4) Tronker moisture and density gauge
TEST PROCEDURE:

Flate load test can be done either in the field or in
the laboratory.In gach case when a load iz applied on  the plate,
deflection ocours.This deflection iz measured by the dial gauges
attached to the larger plate.To minimize the bending of the plate
a2 serjies pf stacked plates are used,The test can be direct or
repetitive in nature.In sach caze first a seating load of 0.007
N/mm2 is applied and released after a few seconds to give &
deflection of 0.20mm and dial gauge is set to zero.Mow the leoad is
applied in small increments.For best result the maxm increment
should not exceed 10% of the max" wheel load.Each inc&emmnt shiul d
be maintained until the rate of settlement is less than 0.025
mm/min. .

In case of cyclic plate load test to measure the elastic

&3



properties of the soll and the elastic and plastic
deformation,when loads of varving intensities are applied and
maintained wuntil the rate of deformation is less than

0,025mm/min. . The load is then removed and higher load 1s applied
and each time deflection in the dial gauge is noted.
CORRECTION IN K-VALUE:
CIICORRECTION FOR SYUBSEQUENT SQARING OF SUR GRADE:
The modules of sub grade reaction for =soaked condition

is obtained hy:

Ko o=

\S !"'L

where,

K=modules of sub grade reaction at F.M.C.

F=pressurs in the plate load test corresponding to 1.25ma
deflection for unsoaked specimen.

'Smpresaure pf soaked gpecimen o cause 1.20mm deflection.
(RICORRECTION FOR PLATE SIZE:

If dia of the plate is less than 73cm,the k-valuse
corresponding to Y5cm plate is caleulated by:
klalx kzaz

where,

c=modules of sub grade reaction

a=radius of the plate

In the present study the sub grade of 75om * 70cm * 4%cm  was
prepared by compacting in three layveres of 15cm each.Fipally the

density and moisture content were measured at the four corners  at
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TEST SET UP FOR TRIAXIAL TEST

PLATE 3

/
AN

FIBRE REINFORCED SAND

PLATE 4



different depths using Troxler Moisture and Density Gauge.The test
was performed wusing dom plate and 10 tomes screw jack Firstly 30
toﬁwﬁydfaulic Jachk was used,but it did not perform well as in case
of hydraulic jack the load starts decreasing rapidely  just  after
the application of the load.The fibres were mixed with the scil by

hand mixing.Flate-4 shows the reinforced seil.
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CHAPTER-4

EXPERIMENTAL RESULTS AND DISCUSSIONS

4.1 GENERAL

In the present investigation CEBR tests triaxial test and
plate load tests were conducted on unreinforged virgin spil  as
waell as reinforcoed seil.  In this chapter the results obtained
from the different teste are shown and are analyaed in detail.
the results obtained are alse compared with the results abtained

by other investigators.

4.2 CALIFORNIA BEARING RATIO TEST :

CER tests were carried out on the unreinforced soil as  well
as reinforced scil. In case of reinforced soil the fibre content
applied were 1%, 2% and 3% by weight of the seil and a constant
aspect ratio of 100. The test were conducted for light compaction
as refered by IRC and the moisture content was  taken as  optimum
moisture content to achieve maximum dery density. The tests were
done both for unsoaked as well as spaked conditions. The +ibre
content was varied from OY to 3% anly, the reazeon is that it is
vary difficult to mix the fibhres and the prior studies done with
higher fibre contents show that the increaze in the strength and
properties of the soil is very less and =zome times it decreases
algn, The aspect ratio (1/7d) is kept constant at 1049, this is
because the present investigation is to determine the =ffect of

ampunt  of reinforcement on the strength and properties of



reinforced spil.  The value of the azpect ratio (100) was selected
#8 the work published by H.D. charan (1994) shows that optimum
value of the aspect ratic is in between 90 to IEQ and after that,
the gain in strength starts decreasing,

The load and corresponding penetration for each test were
noted and pleotted. The load penetration curves for unszoaked CBR
test performed with rainforced sqil  having 04, 1%, 2% and 3%
fibres by weight are shown in Fig. 4, Fig. &, Fig. & and Fig. 7
respectively. the load penetration curves for  soaked CBR O tests
pertormed with reinforced =oil having 0X,1%,2% and 34 fibres hy
weight are shown in Fig., 6, Fig. 9, Fig.1o and Fig.il
respectively. The curves shows an initial coencavity of the load
penetration cuwrve for which correction needs to be applied. Thie
concavity may be due to the fact that EithEF the top of the =o0il
iz not horizontal or the bottom of the plunger is not horizontal
and as a result the plunger surface does not remain fully in
contact with the seil. This concavity may a&lso be if the tep
layer at the specimen is too soft or irregular. The CBR values
far both 2.8 mm and  Bmm  penetration were calculated from  the
curves. These CBR values for reinforced spil  having varving
amount of reinforcement from 04 to 3% for beth socaked and uncozked

conditions are tabulated in table 4.



90

TABLE-&

VARIATION OF CBR VALUES FOR 2.5 AND 5 mm WITH FIBRE CONTENT

FIBRE CER VALUE FOR SOAKED CER VALUE FOR UNSOAKED
CONTENT COMDITION FOR CONDITION FOR
(4 2.9 mm S MM 2.8 MM 5 MM
FENETRATIOM FPENETRATION FENETRATION PENETRATION
0 9.&7 12.8% 12.82 17.G9
i 33.47 44,42 37.71 50.39
2 3. 37 48,52 43043 57490
3 39.71 a2, 43 A7 S0 H2. 82

The Table—-6 shows that for all values of fibre content,CBR
value, correspending to O mm peneiration is  always greater than
CBR valuers corresponding to 2.5 om penetration. Further the CBR
value for unscabked condition is always greater than CBR value for
saalked condition for the ¢game amount of reinforcement and one more
ﬁhsarvatian i& that, the CBR wvaluss for both spaked and unenaked
conditipn go on increasing with the increase in the fibre content
in the =nil. The actual CHR value taken is the higher value among
CER valuess corresponding to 2.% and S mm  penehbration. Table 7
shows the actual CBR values for reinforced soil having different

1ercantages of fibreg reinforcement and the percentage incregase in
3 g

the CRR wvalueg with the addition of fibre reinforcement.




521

(=]
Q_
S
oq—
o _
.
—
O
Q_
<
<Q
0
—~
o ]
'y
\_18__1
-
Q
287
.,_.I'-1
O—A
Q
o
Q-
N—l
-
—4
o
CHTTF T T T T T T T T T T T Ty T I T T T T T T T T T T T [T T T T T T 1T
o » sw = —
o o o e @
o o S o o
) o

PENETRATION  (mm)

LOAD PENETRATION CURVE IN UNSOAKED CBR TEST
WITH O FIBRE CONTENT AND ASPECT RATIO 60
Fig.4



ZOOOI.OD

| T Y U O N |

1500.00
W AR B I

(ka)

1000.00

[T N N UV VA A T T A OO0 VO G VOO UUNN TN T N OO O

LQAD

500.00

0

L
Do

© g > o o
0Q o O o) Q
o o o S v

000l

PENETRATION  {mm)

LOAD PENETRATION CURVE [N UNSOCAKED CBR TEST
WITH 1% FIBRE CONT%NT AND ASPECT RATIO 100
Fig.

llllllIl“l]ll]lll]llil!ll‘lllf]llll!11‘1!]lll|lllll|l|!l]llll

QG2l ~



53

3000.00

pv g bpar oy d e g d e e by g o g bergergrgld

2500.00

2000.00

(kg)

LOAD
1500.00

1600.00

500.00

Q
9 L0 N B N o I O D N 0 B A B I N N I D I )
o » o - —~
o O o) ho Nt
o [ < Q [ &)
(@] o

PENETRATION  {mm)

LOAD PENETRATION CURVE IN UNSOCAKED CBR TEST
WITH 2% FIBRE CONTENT AND ASPECT RATIO 100
Fig.6



94

d_
Q—l
O—
N -
<
93
o
o
i)
N
a ]
q_
o-—
0—1
O—-
N_
3.
0—&
aaoa -
52
- 3
o
(3'._.
O—-
0—1
O—.
o-—-l
q—
Q
Q]
) |
O—
= N I B A B N A A Bt A0 A e O NN N N D O N B

o = : o —

o O o i

S o S O

A

PENETRATION  (mm)

LOAD PENETRATION CURVE IN UNSOAKED CBR TEST
WITH 3% FIBRE CONTENT AND ASPECT RATIO 100
Fig.7



59

<A
O_
o)
8-|
O—J
Q
o
A
¥
-
oo T
[x )
x4
9 4
a -
Q_
Q
a
&
]
o
q‘Fl"ll||||]lllllfll|]||||l||||||l||ll|’ll
o > @ 2
o o o 0
o o & <
S

PENETRATION  (mm)

LOAD PENETRATION CURVE IN SOAKED CBR TEST
WITH Os FIBRE CONTENT AND -ASPECT RATIO 100
Fig.8



1500.C00 2000.00

LOAD  (kg)
1000.00

500.00
V0T T 0 U VO S U S0 WY Y B VU PO A O U T S S O S O O VO 0 O

3b

T 1T rer b r{y P14 1T v 1
» o
o o
o O

rTT1TT7rTTI1ri1r1r i rrvrivT1rorTa

0.00

000
0021

PENETRATION  (mm)

LOAD PENETRATION CURVE IN SOAKED CBR TEST
WITH 1€ FIBRE CONTENT AND ASPECT RATIO 100
Fig.9



2000.00
NN NN

(kg)
1500.00
SENEESEN NN

LOAD

1000.00

500.00

S S O O O U U A O IO S O L O

57

0.00

LA I e B 10 N 4 O 0 D 0 O D B
> o
0 Q
Q Q

o
o
o

00Z1L

PENETRATION  (mm)

LOAD PENETRATION CURVE IN SOAKED CBR TEST
WITH 2% FIBRE CONTENT AND ASPECT RATIO 100



58

O
=
O—
<
\)
N
3
o -
<
o_
0_.
&
N—
O—
Q—.
0—1
~3 7
-1
2+
S
E -
90:*_
q_
O—
[
O |
.‘-_
i
d
o:
=
Qo
Q
m-
-
o_‘ L
S N B I N I B A B N I N D N A N D D N D Nt D D B
o +~ o — -
=) o Q N @
o v @ S Q o
Q (@

PENETRATION {mm)

LOAD PENETRATION CURVE IN SOAKED CBR TEST
WITH 3% FIBRE CONTENT AND ASPECT RATIO 100
Fig.11



TABLE-7

SOAKED AND UNSDAKED CBR VALUES WITH FIBRE CONTENT

59

fronein
abfen -7
L [ re -
FIBRE CONTENT CBR VaLlESs ) L IMCREASE IN CER

SOAKED UMSOAKED S50MKED UNSOARED

‘:' 12‘89 1?!’:’9 - 4 B AR KX LI )

1 44,62 50,38 244, 164 194 482

e 40, 52 57 .90 276,42 258.79

3 S2.42 &2.82 306,75 2467.58
Table 7 shows that prreoentage increase in CBR value for

.,

suaked condition for 1%, 2% and 3% fibre by weight is  244.14%
27&.42%and 304, 7HVWrespectively and  for unspaked condition is
194.62% 23B.79%and  267.58Y%respectively. This shows that the
percentage increase in CBR value in =soasked condition is= more than
that of the unscaked condition. Fwrther, the increase in CRER
value is much higher up to 1% fibre content and after that the
rate of incresze decresses.

For better visualization of the results a cirve has  heen

pilotted betweween CRR value and fibre content for bBoth scaked and

unsoaked conditions for both CBRE value corresponding to 2.5 mom
penaetration as well as 5 om penetration as shown in Fig. 13, it

can e easily visualized from the ourve that CRR value
torresponding to © am penetration is always greater than CBR value

correzsponding te 2.9 am penetration for both soaked and unzozked
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conditions., Further the increase in CBR value is significant up
to 1% fibre content and for the concentration more than 1Y the
increase is not so gignificant. This may be due-tm the fact that
Wwith nhigher +fibre gcontent the volume of fibre increases
significantly and due to the fact that there i1s insignificant
quantity of so0il matrix present to hold the fibres and develop an
gffective bond between the fibre and the =soil. A similiar finding
has been reported by Setty and Rao (1987). They used (ateritic
spil and pelypropylene fibres. The only deviation i that in this
case the increase in CBR value i much higher up to 2% fibre
tontent and then it heécomes almost constant for unscaked condition
and 1n caze of soaked condition the CRR value goes on  increasing
with the same rate sven at 3% fibre vontent whereas the results of
present investigetion show that for both scaked and unsoaked
tondition the CHR value increases rapidly up to 1% fibre content

and then the increase is not significant.

4.3 TRIAYIAL TEXT :

Triaxial tests were conducted on unreinforced =il as well as
reinforced zoil with a view to determine the change in  strength
properties of the =il by the addition of fitres, The size of the
sample prepared was 30 mm diameter and 100 mm height. The sample
were prepared in split mould. The quantity of fibres added in the
reinforced soll were 14, 24, and 3% by weight of the =oil. Thé

samples were prepared at optisum asacistuwre content to achieve

maximum dry density. During the test no pore water was allowed to
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escape, thus the tezt can be said as unconselidated undrained test
cr nuick test.  In case of reinforced soil zasples,the  amount  of
fibres were varied up to 3% beyond which the mixing of fibres
became very difficult.Prior study done by H,D.Charanilﬁ}(1?94}
shows that actually the further addition of {fitwes beyond 34 is
not effective as the gain in strength is very less. In this caezge
also the aspect ratio was kept constant at 100 as owr  aim is  to
determine the gain or changes in the strength properties of the
swil. the values of deviatoriael stress cwrresponding to the

different axial strain values were measured and are tabuwlated in

Table & and Table 9.
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TRBLE-8
RESULYTS OF TRIAXIAL TESTS OM UMREINFORCED AMD REINFORCED SOIL
DEVIATORIAL STRESS (EFa)
STRAIN CONFINING PRESSURE (KFad CONFIMNING FRESSURE {(KFPa)
(%)
130 200 300 1040 00 200
0,0 0 ) 0 0 0 1)
0.5 47 78 155 93 170 G5
1.0 93 139 294 178 434 178
1.3 1535 184 387 279 S73 279
2.0 124 263 480 S25 &97 ey
2.5 228 RIS w42 NtaT TES 4403
3.0 248 ag7 589 it et 837 430
3.3 279 411 20 418 B9 oEg
4.0 310 4354 &35 426 945 620
i RS 457 458 434 o4 Iatati
S.0 341 455 489 4472 1023 477
6.d 364 480 703 449 1069 739
8.0 379 =il 739 457 1154 84
10.0 395 542 782 H&T 1224 g2
12,0 411 573 a0& 473 1309 a7rs
14.9 418 5926 BE7 480 1379 914
16.0 418 HO4 837 488 1418 930
18.0 414 H04 BI7 494 14463 945
20,0 418 S 827 =04 1489 Q&0




TABLE-2

FESULTS OF TRIAXIAL TESTS ON REIMFORCED SQIL

b4

FIEBRE

CONTENT <7 =
DEVIATORIAL STRESS (KPa)
STRAINM

COMFINING FRESSURE (KPa) CONMFINING FRESSURE (KPP

(%)
100 200 300 100 200 300
0.0 0 0 o 0 o o
0.5 109 155 240 124 163 263
1.0 217 279 S03 248 318 534
1.5 310 307 a74 344 44% 744
2.0 7772 454 B21 403 573 898
2.5 434 =56 F60 465 651 1022
3.0 480 566 1077 511 744 1201
3.5 519 736 1170 542 836 1301
4.9 542 790 1255 558 899 1579
4.5 S50 g52 1324 Shé 953 1479
5.0 558 899 1825 581 1000 1580
6.0 573 965 1588 617 1077 1650
8.0 589 1077 1657 647 1201 1719
10,0 04 1154 1750 666 13072 1859
12.0 b20 1209 1828 &LHF7 1279 1944
14,0 b 2E 1247 1890 721 1441 aoEa
16.0 635 1278 1952 744 1488 2145
18,0 443 307 2014 767 1519 22731
20,0 651 1333 2076 790 1550 2331
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The =tress shrain curves were plotted with these resulis,
Fig. 13 shows the stress strain curves for unreinforced soil, The
three curves in the +ig.13 are for different values of confining
pressure varying as 100 kpa, 200 kpa and 300 kpa. The cwrves show
that as the confining pressure increases the values of deviatorial
stress increases for all strain levels. The cwve alse shows that
tor a constant value of confining preszure,the deviatorial ctress
increases with the increase in axial strain and peall stress is
reached at about 14% of the axial strain and after that the stress
becomes constant aven up to 20% of the axial strain. A gimilar
result is found in case of reinforced soil having reinforcement
equal fto 1%, 2% and IW by weight of the goil. The stress atrain
curves for theze reinforced soil are shown in fig. 14,10and 146
respectively. The curves show that in this case alse, the
deviatorial etress increases with the increase in confining
pressure for all straiﬁ levels and for constant valee of confining
pressure but no peak stress in reached, In thiszs caze the
deviatarial stress goes on increasing even at 20% strain level. 6

(13

similar result has bheen reported by H.D. Charan’ (19%4) . The
ueed fine sand and plastic fibres for his experiments. These
results are sinilar to results present investigation with the
only difference that accarding to charan (1994) in case of
unreinforced sand the peak stress is reached at 104 axial strain
and then after words it starts deceasing but in this study the
peak stress is reached at (4% strain level and then it hecomes

constant and does not decrsasge. The reasoh my be that the density

achipved in that work was guite less as compared to current work,
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To visualize the effect of fibre content aon the stress astrain
behaviour during the triaxial testing of reinforeced spil the
stress strain curves for unreinforced as well as reinforced =il
having fibre concentration egual to 14, 2%, and 3% by weight are
plotted for constant value of confining prescure. The confining
preseure was varied as 100 kpa, 200 kpa, and 300 kpa and plotted
on the paper as shown ip Fig. 17,18 and 19 respectively. The
cuwrves show that for congtant value o©of cornfining pressurs  and
fibre constant stress increases with the axial strain. the gurves
alzz show that the value of stress increases with the increase in
fibre content at constant wvalue of confining presswe at  all
strain levels., Furither,the ingrease in stress with increase in
axial strain ig large up to BL arial strain for fibre content up
to 2% $for all coenfining pressure beyond which the increase in
stress with the increase in strain is guite less.  But in caszse of
3% fipre reinforcement the increase in stress with increase in
axial strain is auch higher as compared to that with 1% and 2%
reinforced scil even after 8% axial strain,

The main objective of the triaxial ﬁeat was to obitain the
shear strength of the of the scil.Bhear strength of the soil can
he represented in two ways. Firstly,it can he represented as the
majo principal stress at fsilwe, 1.8, the shear strength may be
defined az the maximum anial stress taeken Dby the sample at
failure.The unreinforced seoil showse a defined failwe stress it
about 14% strain level after which the =sample fails and at
conztant value of stress the strain goes on increasing. But, in

case of reinforced s0il the z0il does not show any defined failure
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stress and the stress goes on increasing even after 204 strain
level. The value of major principal stress at failure (aif) Was
measwed from the curves. Fig. 20 shows the variation of major
principal stress at failure with the fibre content and confining
pressure. The curve shows that the major principal stress  at
failure cnn#inuously goes  on increasing as the +ibre  content
increases from 0% to 34, The cuwrve also shows that the major
principal strecss st failure incrsdcses more rapidly up to 2% fibre
tontent and after that with further fibre content the increase is
not appreciable, Further the curve also shows that  for “constant
value of fibre content,the major pripcipal ztress at failuwre
increaszes with the intrease in confining pressure., Table 10 shows
the wvalues of maljor principal streme at failure (oi¥) for
tenfining preseuwrs egual to 100 kpa, 200 kpa and 300 kpa and +fibre

centent equal to 04, 1%, 2% and 3%.

TABLE-1Q
VARIATION OF MAJOR PRINCIPAL STRESS AT FAILURE WITH

FIBRE CONTENT AND CONFINING PRESSURE

MAJOR PRINCIPAL STRESS AT FAILURE oL g
FIBRE
COMTEMT {34} CONFIMING FRESSURE (KFa)
100 200 300
0 518 804 11357
1 604 1160 1788
2 751 1933 2374
X 890 1730 2631

The table shows that at 100 kpe confining presswe with the
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fibre content 1%, 2% and 3% the o increases by 16.6%,; 44.98% and

14
71.81% respectively. This shows almost straight line variation
bhetween %4 and fibre content uwp to 3JIL fibre content. For
confining pressure of 200 kpa the percentage increase 1in g with

fibre content 1%, 2% and 3% are respectively 44.287%, 90.674 and

117.467% respectively. This shows that straight line variation up

to 2% fibre content but the rate of increase in o4 ¢ decreases
after 2% fibre content. For confining presswe 300 kpa the

percentage increase in o faor fibre content 14, 24 and 3% is

1¢
S7.246%, 108,987 and 131.4% recspectively. the results alsc show

that the percentage increasze in strength with increase in fibre

content is more for higher confining pressure values. Furither, it -

can be seen le that the increaze in Y by incressing the

confining presswe is more that the increase in o by increazing

1€
the fibre content. A =zimilar result haz been reported by HUD.

(1$)fur fine sand and polypropylene fibres for aspect ratio

Charan
of 7% and 0.

Table 11 shows the values of cohestion and angle of  internal
fricvtion for reinforced as well as unreinforced =oil. The values
of cobssion and angle Q% internal friction were calculated by
firetly taking three values of major principal stress at failure
vorresponding to confining pressure of 100 kpa, 200 kpa and 300
kpa and than it was plotted to get the modified failure envelop by

plotting (o, + o4} /2 on X-axis and (c:>',L - 033/2 pn Y-axis.From the

1
curve the value of d and yw were obtained. The angle of internal

friction (@) calculated as sing = tan yp and cohesion is calculated

as C = d/cosgp. The values are tabulated in Table-11.
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TaBRLE~11
VARTATION OF SHEAR STRENGTH PARAMETERST WITH FIBRE CONTENT

FIBRE CONTENT (%) COHESION (kpay |ANGLE OF INTERNAL FRICTION
¢
0 9 36,05
1 9 46.5
2 7 51.33
3 G 52,33

The values show that with the increase in fibre content the
cohesion remainz constant whereas the angle of internal friction
goes on increasing. With the increase in fibre content from 0%
to 1%, 2% and 3% the percentage increase in angle of internal
friction is 29%, 42.4% and 45.2% respectively. The values show
thet the increase in angle of internal friction in significant up
to 2% of Fibre content and then the incrsase iz not 80
appreciable.

Fig.-21 shows the variation of shear strength with +fibre
content and confining pressure.Here shear strength has  been
talcul ated by Mohr-Loloumb egn. ac Te =c+g tan ¢ and iz tahulated
in Table—-12 and plotted in Fig.21. Shear strength is taken az a
nondimentional parameter as a ratio of shear strength of
reinforced soil  and shear strength of wireinforced =eil  and
rlotted on the Y-axis and on the X-awis fikre content is  taken
and cwrves are drawn for confining pressure 100 KPa,2008Fa and
JO00KPa. The values of shear strength are also tabulated in Table

17.From these values,curves were plotted. The curve shows that for
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100KFa and 200KPa confining pressures,the shear strength increass
is almost constant up to 2% fibre content and then the rate of
increase in  cshear strength starts decreasing.For 300KPa  the
increase in shear strength is more rapid up te only 14 fibre
content and then 1t starts decreasing.Further,the increase in
shear cstrength at constant fibre content is more as the confining

nressure increases.

TARLE-12

VARIATIOM OF SHEAR STREMGTH WITH FIBRE CONTENT

79

CONF TNING

PRESSURE 100 KPa 200 KPa 300 KFa.

FIBRE -

COMTENT (%) s 5y Ty 54 Ty 8
o 386,04 |1.000 594,721 |1.000 836.60 1,000
i 645.48 |1.672 1231.38 |2.077 1B93. 16 |2, 263
2 947.52 |2.454 1924.78 |3.7239 2978.77  |3.560
3 1161.91 |3.010 297%.96 |3.830 %417.71 {4,085

where,

T, R E + o tan ¢ =shear strength of the =eil

shear strength of reinforced soil

(83
ot
H

shear strength of unreinforced soil
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4.4 PLATE LOAD TEST :

The plate load test was done to evaluate the modulus of
subgrade reaction (i.e., K-value) and the bearing strength. This
K-value is used for both the design of flexible pavements as well
as the rigid pavements. The sull grade strength, in case of rigid
pavements, is expressed in terms of modulus of sub grade reaction,
which is defined as pressure per unit deflection az determined by
the plate load test.As the limiting design deflection for concrets
pavement is recommended as 1.25 mmyhe E-value iz determined from
the pressure sustained at this deflection. In ordes to determine
the K-values and the bearing strength pf the sub grade seil,plate
load tests were performed on both unveinforced as well as
reinforced soill =ub grades. The sub grade was prepared in  the
pavement testing hall in transportation engg. section. In tase of
reinforced =0il sub grades the reinforcement was varied a 0.3%, 1%
angd 2%, In this case the fibre content was varied only up to 2%
ag at 2% fibre content itseld the mixing was very difficult. Thus
an additional test was done with 0.8% fibre reinforcement to get
the actual trend of change of strength properties of the sub grade
soil due to fibre reinforocements.  The fibrese were taken 30 mm
long =0 as to get an aspect ratio of 100, The aspect ratio was
taken 100 as by Charan(IS)(1994),the optimum value of Ffibre
content is ketween 70 to 120, The test wazs performed on O.M.0 and
maximum dry density but due to longer duration of the preparation
and larger amount of so0il the actual moisture centent and density
varied from the optimum values. The actual values were measured

by Troxler moistuwre and density gaunge up to 300 mm  depth at  on



interval af 50 mm

0%,0.5%4 1.0% and

arnd are tabu

2.0% respecti

lated in Table ~13,14,1% and 16 for

\151 Ya

TABLE-13

DENSITY AND MOISTURE CONTENT FOR UNREINFORCED SOIL SUBGRADE

81

DEFTH DRY DEMSITY BULK DENSITY MOIGTLRE
{mm) (HN/m33 (HN!ma) CONMTEMT
(%)
300 17.04 18.73 10,0
250 17.09 18.81 10.%
200 17.14 18.84 2.90
150 17.14 18.84 F.90
1oy - : e
AVERARE 17,10 18,81 10,1
TABLE-14

DENSITY AND MOISTURE CONTENT FOR REINFORCED SGIL SUBGRADE

WITH 0.5%4 FI

BRE CONTENT

DEPTH DRY DENSITY BULK DENRBITY MOISTURE
{mm) (HN!mE) (HN!mg) CONTEMT
(%)

IRy 17.350 18.78 PTG
250 17.16 18.94 10035
200 17.40 18.85 10,45
150 165,97 18.740 10.18
10} 16.98 18.740 10.10

AVERAGE 17.16 18.84 10. 17




TABLE-1DB

DENSITY AND MOISTURE CONTENT FOR REIMFORCED S0IL SUBGRADE
WITH 1% FIBRE CONTENT

DEFTH DRY DENSITY BULK DENBITY MOISTURE
{inm) (KNKmS) (HN/mE) COMTENT
(4D

200 17.27 19.21 11.6
230 17,08 19,03 11.5
2040 16.940 18.92 12.4
150 16.74 18.8% 11.4
144 _ 16.72 18, 7% 12,0

AVERARBE 16,98 18.95 11.78

TABLE-16

DENSITY AND MOISTURE CONTENT FOR REINFORCED SOIL SUBGRADE
WITH 2% FIBRE CONTENT

DEFTH DRY DENSITY BULE DENSITY MOESTURE
{mm) (HN/m3} (HNKmS) CONTENT
(%)
200 16.77 19.19 11.5
280 16.58 19.05 11.9
200 146.60 12.02 : 11.6
150 16.2 18. 469 1.7
100 16.27 18.57 1.1
AVESQGE 16.50 18.99 V1,56




The extent of the subgrade area prepared was 750 mm ® 7350mm

* 430 mm. The seil was compactesd in three lavers of 150 mm  each
by hand ramming.

Fig.22 shows the load penetration curve for unreinforced soil

sub grade. This shows that in the beginning the sub grade took a

heavier lpad at lesser penetrationm but as the load ingreased the

value of penetrration increased more rapidly as compared to the

load. The wvalues of the load taken by the plate and the

deformation measured by the three dial gauges are shown Table 17.

TABLE—-17

PLATE LOAD TEST RESULTS ON UNREINFORCED S0IL SUBGRADE

83

LOAD DIAL-GUAGE 1|DIAL-BUAGE 2 |[DIAL-GUAGE 3 AVERAGE
(kg) | SETTLEMENT
{mm)
341 52 30 z2 0.38
£51 1001 &9 70 a.80
1194 200 149 162 1,70
1907 301 240 285 270
2542 407 334 T80 3.74
3078 502 418 368 4,43
3534 618 5725 583 5. 75
3999 709 6G5 675 6.63
4387 819 708 8oz | 776
4497 529 818 9550 8. 9%
4805 1023 920 1070 10.04




The value of load corresponding to 1.23 mm penetration
unreinforced codl = 250 N
Stress corresponding to 1.25 mm penetration for 300 dia plate on

unreinforced =oil

5250 .
= = = 0. 131 N/mm™
wlLEgY“
0.131 -
K-value corresponding to 300 mm plate = ——e— = 0.103 M/ mm ™/ mm
-

0. 105 »n 300

.~
— = 0,040 -
TEG DL042 M/mmT/m

F-value corvesponding to 730 mm plate =

The bearing capacity of the upreinforced sand

4B000 -
e = 0 AT NSimmT

Yy

rotism©

For reinforced soil with 0.8% fibre content the 1lpad and
penectration values are tabulated in Table-18 and from these values
lpad penetration curve was plotted as shown in Fig. 23. The curve

iz almost similar to that of the curve for unreinforced soil.
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TARLE-18

PLATE LOAD TEST RESULTS OGN REINFGRCED SOIL SURGRADE

WITH Q.57 FIBRE CONTENT

LOAD DIAL~-GUAGE 11DIAL-GUAGE 2 [(DIAL-GUAGE 3 AVERAGE

(kg SETTLEMENT
(mm)
A6 =it &1 39 0.43
899 108 ' 72 73 0,80
1597 203 158 185 1.82
2093 273 248 233 2,92
2635 385 339 a3l R
3193 435 435 406 4.5z
ig44 240 S2Q S03 5.21
4402 bl & 602 6.29
4852 800 740 719 7.593
S053 RO0 B84 850 8.78
5549 1020 997 P62 .93

The load corresponding to 1023

H]

spil with O.59Y fibre content
strese corresponding to 1.25 om
with 0.5% fibre content

11600 .
= {}, 164 N/mm™

i

"y
-

o (150)

min  penetration for reinforced
114600 M

penetration for reinforced soil
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for reinforced soil

o
sl
ri
m

K-value corresponding to 300 mm plate
with 0.5% fibre content

0.1464

1.23

2
= 0,133 M/mm™ /mm

]

K~value corresponding to 730 mm plate size For reinforced soil

with 0.5% fibre content

0. 135 % 300

2
. = 0,532 N/mmn /mm
?SU o P Y m

it

bearing capacity of the reinforced spil subgrade with 0.5%  fibre
content

| g =
oo o
= e = 0,79 N/mm

~

7 (15m°

Reinforced soil sulgrade with 1% fibre content was tested
under plate load test and the resulte of load and penetration
values are tabulated in Table-19. From these values,a load
penetration curve was plotted as shown in the Fig. Z494. The curve
has the zimiliar nature as that of the unreinforced subgrade
except the fact that {t takes more load Ffor same value of

penetration.
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TABLE-19
PLATE LOAD TEST RESULTS ON REINFORCED SOIL SUBGRADE

WITH 1% FIBRE CONTENT

90

L.0AD DIal-GUAGE 1 |DIAL-GUAGE 2 |DIAL-GUAGE = AVERAGE
(kg) _ SETTLEMENT
{mm)
&98 ne 40 23 O 42
1147 103 & 75 0. 80
igel 201 128 136 1.585
258y S0 193 222 D
3394 410 260 Zal S, 40
4061 =1lé 403 347 4,37
4805 &12 463 634 5. 70
5999 8312 742 aEg g.19
6401 1072 LY AT 9,95

The valug of loed corresponding to 1.28 am penetration for
1.0% reintorcement = 16300 N
Gtress corresponding to .29 mm penetration for Z00 mm plate on
reinforced soil with 1.0% fibre content
186500

2
= — = ,253 NAmm
-
r (138)

E-value for 200 mm, plate size for reinforced soil with 1.9% fibre

content



=

- xr
0,233

-
:.______,.._....__.:‘-f:}. -
o8 184 N/mm™ /mm
k~value for 730 mm plate size for reinforced soil with 1,04 fibre

cantent

0.184 » 300

- = 0.0746 N/mm*/mm
750

The bearing capacity of the reinforced scil with 1.0% fibre

content

H40050 -
e = 0,591 N/mm”
7 (150 ”

Reinforced soil subgrade with 2% fibre content was prepared
and tested under plate load test and the results of the load

penetration values are tabulated in Tahle-20.



TARLE 20

WITH 2% FIBRE COMTENT

FLATE LOAD TEST RESULTS OM REINFORCED S0IL. SUBGRADE

LOAD BIAL~GUAGE 1 1DIAL-GUAGE 2 (DIAL-GUABE 3 AVERAGE
(k) BETTLEMENT
fmm)
1147 Sib 37 472 0,45
1752 106 55 az 0.81
2044 154 78 1G4 1.1
24946 208 112 139 1.53
271 Tk 1646 185 2.19
458K 411 200 195 3.7
5797 614 459 495 DL E3
&HB98 22 H73 73EE 7.44
TIE4 1034 762 775 8.80
7E02 1218 F67 FE0 Q.70
From these values, a load penetration curve was plotted as
shown in Fig. 25. The curve has the similar pature that of
lead penetration curve for unreinforced soil subgrade and

reinforced soil subgrade with 0.3% and 1% fibre cantent except the

fact that it takes much more load than the previgus one.

cuwrve the load corresponding to 1.25 mm penetration

to calcoculate the K-value of the subrade.

Wa S

From the

measur ed

The load cerresponding to 1.25 am penetration for reinforced =oil
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with 2% fibre content =22000 N
Stress corresponding te 1.25 mm penetration for reinforced

enl1l with 2% fibre content

k-2

2000

= e = 0,311 M/ma”
z 1150)°

L

K-value corresponding to 300 mm plate =ize for reinforced soil
subgrade with 2% fibre content

0,311

k|
= = 0,248 m
s 3. 2489 NM/mmT Jom

k2

K-value corresponding to 750 mm plate size for reinforced soil
=zubarade with 2V fibre content

0,248% » FI00

1

L]
= O 099N/ nm”T S mm

bearing capacity of reinforced soil subgrade with 2% fibre content
7IE00 -
— = 1070 M/mm”
7 (1T T

]

Fig.-24 show the load penetration cuwrve for both
unreinforced =soil =ubgrade as well as reinforced =il subgrade
with Q.5%, 1% and 2% fibre content. The curve shows that as the
tibre content increases from 0% to Eﬁ,th@ value of load taken by
the subgrade for same penetration level increases and the increase
is highar for lesser penestration as compared to higher penetration
level.

Table ~Z1 shows the E-values for the unreinforced as well as
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reinforced =oil subgrade with 0.3%, 1% and 2¥ fibre content. it
also shows the percentage increase in kK-value with the increase in
fibre content. The valugs indicate that the percentage increase
in K-value with 0.9%, 1% and 2% fibre content is 26.467%, 78.1% and
136.9% respectively. Thie shows that the rate of increase is high
un to 1Y fibre content and then after 1% the rate of increase of

Fvalues decreasps.

TARLE-21

kK-vAaLUES FOR REINFORCED AND UNREINFORCED SGIL. SUBGRADE

96

FIBRE-CONMTENT K—\ALUES (%Y INCREASE IN H-VALLUES
(M)
0.0 0. 0420 -
0.5 0,532 2. b7
1.0 i, 0748 78.01
L 0. U995 134,90
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CHAPTER-5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS =

A

The nresent investigation has been carriged out to study the
P

strength characteristics of randomly distributed fibre reinforced

seil subgrades with respect to their lecad carrying capacity,

modwlus of  subgrade reeaction, shear strength, and California

hearing ratic values., The invezstigation was carried ouwt in  the

lab and seml full scale field tests, have shown that the randomly

disgtributed fibre reinforced sand subgrades,even  though slightly

higher in cost as compared to unreinforced =il subgrade,eshibit

superior parforcemence as conpered to conventicnal unreinforced

sail subgrades.

Az a result of the experimental investigations tests and

semi--full escale pavement testing,on mand reinforced with

polypropylens fibres,the following conclusions are drawn

1. CER wvalue increases with increase in fibre content for soaked
and unsoaked conditions. But the rate of increase is higher

up to 1% +ibre content and there after the rate of increase

ig not =0 appreciable.

% oincrease in CHR value
FIBRE CONTENT - —
aoak ed unsoaked
1 246,16 194,42
2 276. 42 238,79
3 S06H. 75 247.38




e

e

The table above indicates that at ZY4 fibre content the increace

in CBR value is only 30.26% for soaked condition and 44,177%,

CER value corresponding to 5 mm penetration is always greater
than CBR value corresponding to 2.5 mm  penetration at  all

strain levels.

CBR values for unsoaked conditions ig always greater than CBR
values for soaked conditions for constant wvalue of fibre

content.

The value of cohesion remains constant with the ingrease in
fibre content but the angle of internal friction increaczes
with the increase in fibre corntent and the net effect is

increase in shear strength as shown belows

Y. ingrease |74 increase in |4 increase in shear

tibre in angle of strength
cohesion internal . )
content s confining pressure(kpal
friction
1940 200 S0
1 0 29 &7.2 107.2 126.3
2 O 42.4 145,41 223.9 254
3 ¢ 45.2 201 283 308

Shear strength increases linsarly with increase in  fibre
content up to 2% fibre content by weight, beyond which the

rate of increase is not appreciable.

98
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li)ﬂ

Deviatorial stress and axial =train cwves for constant

confining pressure for unreinforced sand  attains a  peak
stress at 14% axial strain, which remains constant up to  20%
axial strain. However, reinfarced sand sample do not exhibit
any peak stress and show increasing trend even at 207 axial

strain.

The value of major principal stress at failure increases with
increase in fibre content at censtant value of confining
pressure. It also  increases with increase in confining

pressureg at constant value of fibre content,

The kK~value of the soil subgrades increase with increase in
titbre content and the rate of increace of E-value iz  higher
up to 1% fibre content and thereafter the rate of increase of

E-value decreases.

The load carrying capacity of the spil subgrades increases
with the increase in fibre content.fAs the fibre content
increages from OL to 0.3%,1% and 2¥%,the load carrying

capacity increasses by 16.2,33.8 and 37.4% respectively.

For all practical purposes there ie significant improvement
1R strength characteristics of +fibre reinforced s0il
subgrades up to 1% $fibre content and there after the rate of
increase is not appreciable. Also, mizing of fibre at higher

fitwe content iz very difficult. Therefore, for all
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practical purposes 1% fibre content may be reccomended as the

optimum fibre content to be used.

RECOMMENDATIONS FOR FURTHER STUDY :

Till recently not much work has been done on  the fibre

reinforced soil. So it is very important to have a lot of studies

in

of

this area. Specially no work has been done on the duwrability

the fibre reinforced structures. It iz necessary to

standerdise the shape and dimensione of the objects tested, the

exparimental conditions and precisely lay down the methods of the

tes

t. In a way one may hope for the results as little scattered

az possible and have a good reproducibility.

Further studies must be done with all  other types of soil

using beth natural and synthetic fibers. Special consideration

should be done to lecally available fibre in order to have a cheap

construction practice.

In order to determine the effect of using a reinfarced soil

subgrades underneath the pavement a token test was done over WEM

road laved over unreinforced and reinforced soil with fibre

content 2% by weight. The results of the plate load test are

chown on Table-22 and Table 23. From theee values curves were

drawn between load and penetration and are shown in Fig.-2Z7 and

fig.

28.
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TABRLE-22

PLATE LDAD TEST RESULTS ON WEM QVER UNREINFORCED SOIL SURGRAD

LOAD DIAL-GBUAGE 1 {DIAL-GUAGE 2 |DIAL-BUAGE 3 AVERAGE
(kg) SETTLEMENT
fmm)
859 48 48 47 0. 46
1447 106 104 93 1.01
2945 217 195 180 1,96
3906 31 g 271 2.89
4696 4729 270 69 3.89
54724 =R 450 457 4,75
5890 629 ©40 544 5.71
L£HOT 720 H25 4628 &.58

TABLE-Z3

FLATE LOAD TEST RESULTE OM WBM OVER REINFORCED SOIL SURGRADE
2% FIBRE CONMTENT

WITH

LO&D DIAL-GUAGE 1 {DIAL-GUAGE 2 |DIAL-BUAGE I AVERAGE

{kg) SETTLEMENT
{mm)
1302 58 27 25 0.57
20040 105 &2 &0 Q.74
3100 204 i2e 139 1.57
4185 310 220 215 2.57
4991 408 302 29 3.42
5797 =18 3R2 540 4.45
HA03 635 477 #17 5.51
7004 715 G153 700 6. 16
7395 808 682 711 7.34
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#0000 on subgrade (K=0.042 N/mm2/mm)
wexwx on base course (K=0.082 N/mm2/mm)
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490000 on subgrade (K=0.0895 N/mm2/mm)
weewx on base course (K=0.0121 N/mm2/mm)
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The results show that the K-~value of the WEM base course
increase significantly when it is laid over a reinforced soil
subigrades with 2% fibre content as compared to the unreinforced
201l subgradesz. It is recommended that studies must be taken up
to evaluate the performance of the different types of pavement
when laid over fibre reinforced =oil subgrades.

Studies should algo be done to evaluate the effect nf weight
fraction, aspect ratio, and 41} granul omeatery on the
characteristics of fibre reinforced soil using different types of

zoils and different types of natural as well as synthetic fibres.
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