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ABSTRACT - Chemical stabilization is one of the most widely used techniques
forimprovingweaksoilsandpermittingitsuseingeo-technicalprojects. Althoughalternative binders can
also be used, Portland cement is still the most commonly
usedbindertostabilizesoils.ButsincetheusageofPortlandcementisassociatedwithahostof environmental
problems, microbiological- based methods have been looked into asviable substitutes for
conventional soil stabilizing methods. Here, one of the
practical,sustainable,andecologicallyfriendlymaterialoptionsforsoilstabilizationistheuseofbio-
polymers made from living organisms. Bio-polymers, however ,can have a widerange of
physicalpropertiesbasedontheir typesandcompositions.The
primaryobjectiveofthisworkistoexaminetheeffectsofsmallconcentrationsofbio-polymers,xanthan gum
in particular, on the physical properties of red soil at (0%, 10%, and20%).This study's characteristics
include specific gravity, sieve analysis, shrinkagelimit, plastic limit, and liquid limit. The shear
strengths of both treated and
untreatedsoilwereexperimentallyevaluatedatvariouscuringtimesusinganunconfinedcompressivestrengt
h test
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1. INTRODUCTION Excessiveusehashadnegativeenvironmental

. ) consequences,par
Soilimprovementtechniqueshavebeenafocus ticularly in terms of carbon
of ~ geo  technical  engineering  for  gjoxideemissions[3]. As a response,
alongtime,withhistoricalexamplesincluding geotechnicalengineershavestartedexploringb
surface compaction, drainagemethods, io-mediated soil improvement
vibration ' . .rr.leth(‘)ds, and  technologiesasamoreenvironmentallyfriendl
more[1].Ancientcivilizationsusednaturalm yalternative[4]. Thesetechniquesinvolveusin

aterialslikemudandbitumenforvariousconstruc gbiopolymersandmethodslikemicrobial-

tionneeds,Whileinanci?ntRome,Romanconcret inducedcalciteprecipitation. Biopolymers,wh
ewasmadefromvolcaniccash,aggregates,anda icharebiodegradablepolymers,haveshownpr

binder(2]. After the Industrial  omjiseinimprovingsoil. Thispaperreviewsrece
Revolution,ordinaryPortlandcementbecame ntstudieson theapplication.

popularforsoil stabilization, but its
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Bio-polymer, rising technical
engineering,including experimentalresults
theoreticalexplanations,andcasestudies[5].Itals
osummarizesthestrengtheningmechanismsbetw
een common bio-polymers an soils based onmi
Crosco pici
nteractions. Soilstabilizationisacrucialaspectofci
vilengineeringandconstruction,aimingtoenhanc
e the engineering properties of
soiltomeettherequirementsofvariousconstructio
nprojects.[6]

Traditionalmeth
ods often involve chemical additivesor
mechanical processes, which may
poseenvironmental concerns and

sustainabilitychallenges. In recent years, there
has beena growing interest in exploring
sustainableandeco-
friendlyalternativesforsoilstabilization, with
biopolymers emergingas promising candidates.
Biopolymers arenaturally occurring polymers
derived
fromrenewableresourcessuchasplants,animals,a
ndmicroorganisms,offeringadvantagesovercon
ventionalstabilizerssuch as biodegradability,
non-toxicity, andcompatibilitywith the
environment.

Biopolymer-basedsoilstabilizationinvolves
the use of natural polymers
toimprovetheengineeringpropertiesofsoil[9]. T
hesepolymerscanbeclassifiedintovariouscateg
oriesbasedontheiroriginandchemicalcompos
ition,including polysaccharides, proteins,
andmicrobial polymers. The mechanism
ofsoil  stabilization  with  biopolymers
ofteninvolvesphysicalandchemicalinteract
ionsbetweenthepolymermoleculesandsoilpa
rticles. Theycanactasbinders,creatinganetwork
thatstrengthensthesoilstructureandenhances
itsload-bearingcapacity[ 10].Biopolymer-
based soil stabilization
hasdiverseapplicationsacrossvarioussectors,in
cludingroadconstruction,slope  stabilization,
erosion control, andland reclamation.In road
construction,biopolymerscanimprove
thestrength
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anddurabilityofroadbasesandsubgrades,
reducing maintenance costs
andextendingtheservicelifeofroads.Inslopest
abilizationanderosioncontrol,biopolymersca
nstabilizesoilslopes,preventsoilerosion,andre
vegetatedegradedland,promotingsustainable
solutionsthatminimizeenvironmentalimpact
and promote ecosystem
Despitethenumerousbenefitsofbiopolymer-
basedsoilstabilization,several
challengesremaintobeaddressed,suchascost
-effectivenesssandscalabilityofbio-
polymerproduction and  application[7].
Advances inbiotechnology and materials
science areexpected to drive innovation in
this field,leadingtonovelbio-
polymerformulations with enhanced
performanceandversatility[8].

1.1 SoilStabilization
Traditionalsoilstabilizationmethodshave
several drawbacks and limitationscompared
to biopolymers. Firstly,
thesemethodsofteninvolvetheuseofchemic
aladditivesthatcanhavenegativeenvironmen
talconsequences. Theseadditivesmaycontami
natethesoilandground  water, leading
toeco system degradation[11]. Moreover,
manytraditionalstabilizersurelyonnon-
renewableresources,contributingtosustainabi
litychallenges.Additionally,theproductionan
dtransportationoftraditional stabilizers result

insignificantenergy ~ consumption  and
greenhouse  gasemissions, exacerbating
climate

change.Unlikebiopolymers,traditionalstab
ilizers are not biodegradable and canpersist
in the environment for
extendedperiods,potentially harming
wildlife.[12]
Furthermore,somechemicaladditivesusedintr
aditionalmethodscanposehealthriskstoworke
rsandnearbycommunities.Costin
efficiencyisanotherdrawback, withhighmate
rial,labor,andequipmentexpenses,aswell
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asongoingmaintenanceandrepaircosts. Traditio
nalstabilizersalsohavelimited versatility, as
they may not
besuitableforallsoiltypesorenvironmentalcond
itions[ 13]. Therefore,exploringalternativeappr
oacheslikebiopolymer-based stabilization is
crucialforpromotingsustainablesoilmanageme
ntpracticesandminimizingenvironmental[ 14].

2. METHODOLOGY
2.1 MaterialUsed

Xanthan gum, also known as XG, is
apolysaccharidesderivedfromthefermentation
of glucose. [15]The proportionsto use the bio-
polymer in soil (0%,10%and 20%).XG has
the unique property ofbeing soluble in both
hot and cold
water,anditenhancestheviscosityofthesubstanc
es it is mixed with.[16] It s
widelyusedinvariousindustriessuchascosmetic
S, food, agriculture, oil
drilling,andcivilengineering.Solutionscontaini

ngXGexhibitnon-Newtonianbehavior,  with
their  viscosity decreasingasshear — stress
increases.

2.2 SpecimenPreparation

In the process of specimen

preparation,anelectronicbalancewasusedtome

asure and batch all mixing
quantities.| 1 7] Themixingprocessinvolvedtwo

approaches.

Fig.1(preparationofsoilsample)
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In the first approach, the dry
components(base soil and biopolymers)
were mixedtogether slowly for a few
minutes.[18]
Fourtypesofbiopolymers(XG,GG,CHI,andB
G)weremixedintothesoilatconcentrationsof0
%,10%,and20%relativetothemassofthebases
oil. Aftermixing a biopolymer with the soil,
waterwassprayedintothemixtureuntilitreache
d 165% of the mass of the
basesoil.[19]Thewatercontentof16.5%wasch
osenastheoptimumlevelforspecimenpreparat
ion,aslowerwatercontentsresulted in non-
uniform soil samples
andhigherwatercontentsmadethespecimensto
osoft.[20] Throughouttheprocessofaddingwat
er,thesoil-biopolymer

mixture

wascontinuouslymixedt
oensureevendistribution.

3. EXPERIMENTS:
3.1 UCSTest

unconfined  compression  test,  also
knownasacylindercompressiontest,istheappr
opriate method for determining
thecompressive strength of a cohesive
soil,regardlessofthepresenceotbiopolymers.|
21] The test involves
applyinganaxialloadwithastrainrateof1.5%/
min,followingthe AmericanSocietyforTestin
gandMaterialsStandard (ASTM)

ASTMD2166/D2166M36.[
22]Thecompressivestrengthiscalculatedbydi
vidingthemaximumloadattainedduringthetes
tbythe  cross-sectional area of the
specimen.Additionally, Young'smodulus,E,c
anbeobtained from this test by recording
theappliedloadandlongitudinaldeformationa
ndextractingitfromtheslope of a straight line
passing throughtheorigin.

3.2 CBRTest

To use a CBR testing machine, obtain
arepresentativeundisturbedorremoldedsoilsa
mple.[23]Conduct amoisturecontent
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testandadjustthemoisturecontenttothedesiredv

JNAO Vol. 15, Issue. 1, No.10 : 2024

alue.[24]Assemblethemouldassembly by UCS

attaching the base plate 20% 35%
tothemouldandsecuringtheextensioncollar on 25%

top of the mould. [25]If the soilsampleis g 20% L% l I
cohesive,linethemouldwithathinlayeroffilterp E 0% -
aperorasuitablereleaseagent.[26]Compacteach 0% 10% 20%
layerinlayersandavoidovercompaction.Measu

re and record the height (HO) STRAIN
anddiameter(D0)ofthecompactedsoil

sampleusingvernier calipersoraruler. 4.2PROCTOR FIG-2

3.3 PROCTORTest

Totestsoilforcompaction,obtainarepresentativ
e soil sample, remove anyorganic materials or
large particles,
andplaceitinaProctormould.[27]Fillthemould
inthreeequallayers,compacteachlayer,
trimexcesssoil,anddeterminetheweight of the
compacted soil. Repeat
thecompactionprocessforadditionalmoisturec
ontentlevels,usually2-
3moretimes.[28]Drythesamplesinanovenordry
ingapparatusat230-250°Fforatleast 24 hours
until the samples reach aconstant weight.
[29]Calculate the moisturecontent for each
sample using the

formula:  Moisture  Content (%) =
[(WetWeight-DryWeight)/DryWeight]x
100.Plotmoisturecontentversusdrydensity
curve using the obtained values.Determine
optimal moisture content
andmaximumdrydensityfromthecurveandrepe
attheprocessto obtain arange

ofcompactedsampleswithdifferentmoisture
contents.[30] Remove soil samplescarefully
and place them in a moisturecontentcan
orcontainer.

4 RESULTS:
4.1UCS
CBR

Shows the Xanthan is wused _ the
shearstrength®hcreases in  the maxifiiim
drydensity amd m re clent er
thedifferentpropertion®Sheused@shows Sl or
aph (Fig-2) 0% 10% 20%

LOAD

Y oumayfindthemaximumdryunitweightandidea
Iweightandidealwaterweightononeaxiscontentf

orthisweightbyandthewaterusingagraphthatplot

scontentonanotherthedryunit[ 3 1 Jusing

(0%,10%,20%)

PROCTOR
40% 31%
22%
20% 12% I
" m N
0% 10% 20%
MDD
43CBR FIG-3
=)
O
<
9
<
o
Fig-4

5. WITHOUTBIO-POLYMER:

Compared to with bio polymer shows
themore Xanthangumimprovessoilstrengthha
ndstiffness.] 32,3 3] Xanthan gumdecr
eases.soilhydrauli
cconductivity.Reducesoil loss
an%inﬁltration.lncomparisontounstabilizeds
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WITHOUTBIO-POLYMER

80%
60%

58%

40%

20% 12% 11%
0% [ [
CBR PROCTOR UcCs

FIG-5

5.1 WITHBIO-POLYMER:

Anidealsolutionforexpansivesubgradestabiliz
ation,xanthangumat20%concentrationgreatlyi
ncreasedtheunconfined compressive strength,
elasticmodulus,andCBRvaluesofthesoil.[34,3
5]
Becauseofitshigheradhesivestrengthandability
tocrosslinkwithsoilparticles,xanthangumdram
aticallyincreasedsoilstrengthuptoal0%dosage.
This also improved
unconfinedcompressivestrength(UCS)andcon
solidationcharacteristics. TheCBRvalueoffines
andsoilcontaminatedwithUCO is increased by
xanthan gum. Incomparison to natural sand
soil, optimalof 0.4% boosts CBR by 30%,
helping tostabilizethe
soilforpavementprojects.

WITHBIO-POLYMER

76%
80%

60%

40% 31% 35%

0 nn

0%

CBR PROCTOR ucs
Fig-6

6. CONCLUSIONS:
Because of its capacity to enhance
soilstructure, augment water retention,

andlessenerosion,thisxanthangumhasdemonst
ratedpotentialinsoilstabilizationapplications
ts
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attractivenessasasustainablesolutionforsoilst
abilizationprojectsisfurtherenhancedbyitsbio
degradabilityandnon-

toxiccharacteristics. Thisstudyinvestigatesthe
potentialofxanthangum,anenvironmentallyb
eneficialbiopolymer derived from microbial
sources,to stabilize leftover soil .The
stability
ofxanthangumisasignificantfactorinimprovin
g the mechanical properties offine-grained
collapsible soil, leading to asustainable and
environmentally
friendlyalternativetoconventionalsoiladditi
ves .[36] According to the results of
theUCStest,stabilizingthepeatwithxanthan
gum increased its shear strengthunder
natural settings; after 28 days, thestabilized
peat's strength was six timesgreater than the
original. The results
forthemaximumdrydensityandtheoptimalm
oisturecontent showed
anotablebutlittledecline,respectively.

7. RECOMMENDATION:

One wuseful soil stabilization technique
toincreasesoilcohesionandstabilityisxanthan
gum.[37,38]Usuallycombinedwithwater, it
is applied to the soil or
mixeddirectlyintothesoiltoimproveitsqualitie
s,especiallyinbuildinganderosionmanageme
ntprojects. Toincreasesoilcohesionandstabilit
y,especiallyinconstructionanderosioncontrol
operations,xanthangumissprayedasasoilstabi
lizer.Consultaspecialist in soil stabilization
since thedosage varies based on the type of
soilandtheprojectrequirements. Asoilstabilize
T called xanthan gum is
appliedtoimprovesoilcohesivenessandstabilit
Y, particularly in construction
anderosioncontrolprojects.[39,40]Seeasoilst
abilizationspecialistasthedosagevaries
depending on the kind of soil andtheneeds
of theproject
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