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Abstract. Gektype biopolymers have recently been introduced as environmentally friendly soil binders and have st
substantial strengthening effects in laboratory experimental programs. Although the strengthening effects of bisgaianer
sands have been verified in previous direct shear tests and uniaxial compression tests, there has been no attempt to
shar behavior under different confining stress conditions. This study therefore aimed to investigate the strengtherafig eff
biopolymertreated sand using laboratory triaxial testing with a focus on confining pressures. Three representative con
pressure conditiongi{ = 50 kPa, 100 kPa, and 200 kPa) were tested with varying biopolymer conigints) @f 0.5%, 1.0%,
and 2.0%, respectively. Based on previous studies, it was assumed that bieprelgte@rsand is susceptible to hydraulic
conditions and therefore, the experiments were conducted in both a hydrated xanthan gum condition and a dehydrated >
gum condition. The results indicated that the shear resistance was substantially enhanced and there was a demorsgtrabl
in cohesion awvell as the friction angle when the biopolymer film matrix was comprehensively developed. Accordingly, it «
be concluded that the feasibility of the biopolymer treatment will remain valid under the confining pressure conditions us
this study becawesthe resisting force of the biopolyrrtezated soil was higher than that in the untreated condition, regardless
the confining pressure.
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for practical applicationsTaddrendt Pbepeersttiaebsl iosfh eSly dwiety h
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This striedyrteh investigate . Dy & % gpct
bi opotyeated soils under coff% n%i-fg?° orels%u(?egszu%lﬁp a
| aboratory triaxial system. Varvinag confininag pressures
50 kPa, 100 kPa, and 200 kP T T presen
shallow construction depths.
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2.1 Tested materials Fig. 1 Particle size d
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Sydney sand, ahgoahari squarsauat ———LVDT
classified as SP (poorly grade =t Yy the un
soil classification system (US T i CHAMBER this st
(Let 2a0l1.0)Det ailed information f i s
shown in Table 1. 3=_”‘=

Bi OQO' y mer : o SPECIMEN

Xant han gum was used t o ma 1
speci mens. Thisyppol psapohgamert ‘
composed of two glucose units, Gbs | L1 vacuum S, and o
glucuronic acid unit. The repe ! " onsi sts
main chain and a trmaacchlaaideijg ;- ! i GDS
made by | i fDkgil ug otshee ulmeattas at p gueece
4 . Th side c@laiaurcomit@iadindg HrFd gt wabBratory tri axi

e
mannose units 43s patst ac¢lhead odt tthlee gOucose
i n the rGacegnO cchheaa 20 10.0 ) i
dried in a 50AC oven for 14
2.2 Sample preparation the specimen i tasdedift iwasaldrlided
demol di ng.
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bi opolymer (a procwes Omexerred to herein as

For the hydrated xanthan ghm® ENREY I mMemdi wasncondchwct e
wemi xed xanthan gum samdewta&s tpiorur ealp pianrtact ug . cyflhie exper.i
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produce a homogneneTPhliesr ecaofntpedrs vV itchee Whosl dconnect edm.t oA tGDeS |
was disassembled without aBglaypidmg dv &Poewsms ugree sVoU ruaned uCe0 nit
the cohesion of the hydrat edl DDIPCpo Iwanseru hgdir bgelmeasur e
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Consolidated Drained Test 600 | envelope of untreated soils -~
For the untreated soil, nevg 7 [e=41kPa yplied
derive -stthhendsabf force, t hen =50 $=983°
met hod from ASTM D718ASTWS §,,
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500 kPa and a cell pressure g ed un
the B value reached 0.9. Ci&™j, afte
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accortdi ntghe confining pressu 0 300 600 900 W5 5es
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.However, th.ere was no O”St‘i"e'a‘{"'?‘nte'n?”c%fnfd qohgca se t he
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Overall, it was obvious that
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There was no remar kablwhen rtemgthiemp mlgy redrf ewas wtheinec
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the biopolymer remained in ciotndilHy dmggelFogt athee (HXG .c, o ntdhi
condition). More specificadtilffer a&ncseeeinsr etshpaetc tti ver eo f watsl
di fference between the untceatiedi m®ipr eamngdurteh eofbiloOplo | kyRms
treated soilitinon hwi tHX Gt lteo altdlocvaenrf i ond mfgi nprnegssur e of 200
pressur e. Moreover, the devii@theri @amotumé ss oif n bt h@obiympol
treated soil at the higher Q@ronftihrei ngt pbeesshiared,wag hel id
decreased compared to t hastubsotfant hal | wntwidat eed hisgphdr. a
Meanwhil e, the reinforcingtted f &©XtG waaen dsittisobnngae rnT vé @ msvter te
bi opolymer was sufficientl yidrpiodeyarteerdespi t henDKBec dX&Gi ©©i
I n addition, the effect cohditthieonbiwdapd!l ydgmdrf ecemt e amot
rendered a different tendedeycrdielpéechdiimgFiogn t he hydraul
conditions. Specifically, t FeordetvhieatlaXGccomndiebbsemited he
confining pmedswrre acsendiatsi etxhhei bh it @ @wllaysnted & a bteihahvai rodre nd rn g
content increased when theebhaoepolynmeiopmneaeamaenied EXG |i tis
hydrogel state (i.e., t hec ddXdGi tcioomd idtiisaopfi Yag/reidhgar leset s aavii o
resisting force was enhanceadtase attheed bs opbl ymar seoerhent h
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Tab2Te i axi al shear parameters of testing o
" ox contetnt t he HXG dHoweiwveironthe
_ untr« G G strength at a confining pres
Blopo 0.£1.02.00.51.02.0 different trend. The residua
contle . o
Frict bipom!l ymer content of 1. 0%, bt
angte °38.388.835.33. 40. 45. 44, bi opolymer content was 2.0 %.
COhkePS:I 4 122 27 32 217 314 604 blopolymer_content, the_hlgh
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bi opotyeated sfoar timerBaG edo s 4o r;3=ch
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4Discussion E
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4.1 Effect of the hydraulicgmr
Thexperi ment al |l aboratory 0 t he
bi opolymer treatment was eff 0 0 Meanstre‘;‘:o,[kpa] 600 Weconfin
pressures. P
Assuming that the application of the confining pressur
in ourwasst urdggpresentative of in situ wunderground
confining ponrss,suirte camdiheée i concluded that the
bi opol ymer treat ment i s effective at shall ow depths.
However, it can be asserted t hat t he bi opol ymer i s
susceptible to hydraulic-conditions because the biopoly
treated soil exhibitedudiyf ferent shear behaviors in thi:
When the biopolymers remained in a hydrogel state (i .ce
HXG condition), the deviatoric stress decreased under 1
s ame amount of confining pressur e as t he bi opol ymer
content i ncreased. Thi s wa s because of t he i ndependent
shear behavi omerof hydreoglkeil opodd sand
particles. In other words, Famg. i 8t eFaripBidudita pneshe pi( et we e |
bi opol ymer hydrogel and t kd opa@andn ptahret igerlaepst rew a3 ot
established in the HXG condantdi oenx p eSiinnceen txad na dhegbnp g{uim i s
highly Vi scous materi al whfeani | ut e bekcomes om thhyedr digel ,
cohesi omhawmassde with the i net edsism=gl-iiy)prad-ysee)r
content ; however, the friction angle was di minished due
the decline in surface dilatancy of the sand particles,
interrupted t he bi opol ymer hydrogel (Tabl e 2) .
Neverthel ess, once thdobmepgol ymer film matri x was
bet ween the sand particles following sufficient drying,
strengthening effect i mproved. I't can therefore be dedu
that the strengthening effect was i mpacted by the fric
angl e
Due to the =elastic properties of biopol ymer fil m, t h
bi opot yemat ed soi l in the DXG condition resulted in
hi gher ductility than the corresponding untreated soil
addition, the higher resi dual strength can be expl aine
t he elasticity of t he bi opol ymer film fragments t hat
appeared following failure. : : ;
Overall, t he strengtheningFr—':@f'eBce?rtHgt%aep%CXIthcoonfditio
was negati ve, but it i mproved substantially when t he

bi opolymer was sufficientl i deri) e(dWwaasnd o htn ai medd r ripel l@ame ® @ a
bet ween t he bi opol ymer fiswmmnaanrd z e B)d n Wistiligi ¢ Ineg e avaisn g

established. Notmwe s st amdishgopdluybrechrercont ent in the HXC
done to determine whether ftaiel ubrieo ploilnyemerose eas mehe wbh
continue to be effective twhheuwght hiet bsihoopwoeldy mar | dwd rm viasl
exposed to-swdbtmer geid)e becraamsatt hasedt usdoyi lhasHowever, t he
established that the biopoliyomegased sagseept | blwd etho twmda e b |
dri ed.
4.2 Coimpa@an with previous st dNoines$ hel es s, there was no
content and confining press
Using a triaxial consolidamedudedi tdattede, baopoleywine!

tudy determined theéqcplane aef PX&t bi opd@et mempt t hengi ti on.
ery loose=shnd5afsomMm a fridcthieomi apeplleg meir 33 ed4Ament was
Cheu 2&I10.3)The test results Hydr a&thlei cunctornedaitteidons.oi | i n

his study aB8@ plhoa teldopen ofiTet hendai $uamrd t he effecti v
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