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ABSTRACT: Various improvement methods have been proposed to improve the mechanical and
physical characteristics of soil for construction and other similar matters. One of the improvement
methods is using environmentally-friendly elements such as Persian herbal gum as a renewable
hydrocolloid biopolymer. Regarding this, in the present laboratory study, the effect of adding this gum
to the Firoozkooh sand (No 161) was investigated. Persian gum-water mixture was added in different
percentages relative to the weight of dry soil, and the created samples were subjected to unconfined
compressive strength test to identify the optimal conditions of the composition. In spite of the variability
of the weight percentages of water and gum added to the soil, the effect of the weight of the soil, curing
temperature (room or oven temperature), and curing time (7 to 56 days) were investigated. To interpret
the effect of Persian gum addition, several scanning electron microscope tests were performed on
selected dry samples. The results clearly revealed an increase in the unconfined compressive strength of
the samples improved with Persian gum up to 4 MPa due to the presence of many carboxyl and hydroxyl
groups in the gum. Samples cured at room temperature with relative humidity of 15% displayed lower
unconfined compressive strength than similar samples cured at oven temperature due to the hydrophilic
properties of herbal gum and increased flexibility of the created bonds.
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1- Introduction

For a long time, traditional materials such as Portland
cement and lime have been widely used to improve various
typesofsoil [1,2]. Due to various environmental concerns, such
as the increase in cement pollution and greenhouse gases [3,4],
nowadays, engineers are faced with limitations in using these
materials. For this purpose, proper environmental-friendly
materials for soil improvement like biopolymers have been
evaluated in recent literature. Regarding this, Plant-based,
animal-based, and microorganism-based of biopolymers are
three famous categories, which are used in soil improvement
[5-7]. In light of plant-based biopolymers, Guar, agar, and
alginate are three main materials in this category that are
widely used to improve the geotechnical properties of soils
such as reducing permeability and increasing shear strength
parameters [8]. Persian gum, which is also called Zedo or
Farsi gum is one of the unknown biopolymers that is used in
the medicine and food industry. It has recently shown good
performance in stabilizing and improving sandy and clay soil
[9-12].

In this research, the effect of adding Persian gum on
increasing the compressive strength of Firoozkooh soil (No.
161) has been investigated. Optimizing the weight percentage
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of Persian gum, humidity, and initial density of the soil is
done by unconfined compressive strength test, and the effect
of curing time and place on the unconfined compressive
strength is checked on the treated samples. Also, to check the
microscopic structure, scanning electron microscope test was
performed on the dry improved samples.

2- Methodology

A standard mold with a diameter of 10 cm (ratio of height
to diameter: 2) was used to make unconfined compressive
samples. After the initial tests on the Firoozkooh soil, the
dry density of the soil was determined in different initial
states (DR=30%,50%,70%). Then, according to the volume
of the mold, the soil is completely dried in the oven (110
%c) to minimize the initial moisture content of the soil. To
prepare each sample, we first dissolve the amount of gum in
a certain amount of water at a temperature of 25 degrees and
mix it with soil using a hand mixer at room temperature for
3 minutes. Covered the inside of the mold with thin greased
paper, it has been tried to prevent the sample from sticking to
the mold. After that, using the reduced density method, the
materials are added to the mold in 4 steps and transferred to
its curing place immediately.
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Fig. 1. Appearance after unconfined compressive strength a) Room cured sample b)
Oven cured sample

3- results and discussion

Some of the results obtained according to this research
based on the carrying out unconfined compressive strength
tests on treated samples are as follows:

1-Gum-water solution to the Firoozkooh sand creates gel
bonds between the solid grains of the soil and with the loss
of sample moisture, the created gel becomes stronger and
increases the unconfined compressive strength of the samples.

2- Increasing the amount of gum or moisture by passing
a certain percentage increases the lubrication property and
reduces the strength, and the sample containing 2% gum
and 16% moisture with 3.8 MPa compressive strength was
identified as the optimal state of the composition.

3- With increasing the initial soil density, the unconfined
compressive strength increases until reaching the final dry
density of 15.15 and then follows the decreasing trend.

4- The gum-water solution combined with soil depends on
temperature completely and at increased temperature (Oven)
creates a strong and brittle structure compared to a flexible
structure at room temperature. (Fig. 1)

5- The final compressive strength of improved samples
at room temperature is 50% lower than the similar samples
treated in an oven, but it still has considerable compressive
strength compared to its untreated soil.

References

[1]S. Jahandari, M. Saberian, Z. Tao, S.F. Mojtahedi, J. Li,
M. Ghasemi, S.S. Rezvani, W. Li, Effects of saturation
degrees, freezing-thawing, and curing on geotechnical
properties of lime and lime-cement concretes, Cold
Regions Science and Technology, 160 (2019) 242-251.

[2] A. Toghroli, P. Mehrabi, M. Shariati, N.T. Trung, S.
Jahandari, H. Rasekh, Evaluating the use of recycled
concrete aggregate and pozzolanic additives in fiber-
reinforced pervious concrete with industrial and recycled
fibers, Construction and Building Materials, 252 (2020)

244

118997.

[3]1. Chang, M. Lee, G.-C. Cho, Global CO2 emission-
related geotechnical engineering hazards and the mission
for sustainable geotechnical engineering, Energies,
12(13) (2019) 2567.

[4] C. Suksiripattanapong, R. Sakdinakorn, S. Tiyasangthong,
N. Wonglakorn, C. Phetchuay, W. Tabyang, Properties
of soft Bangkok clay stabilized with cement and fly ash
geopolymer for deep mixing application, Case Studies in
Construction Materials, 16 (2022) e01081.

[5] A. Kar, M.R. Das, D. Mohapatra, An experimental study
on use of biopolymer for sustainable stabilization of
slopes, Materials Today: Proceedings, 62 (2022) 6148-
6152.

[6]J. Huang, R.B. Kogbara, N. Hariharan, E.A. Masad, D.N.
Little, A state-of-the-art review of polymers used in soil
stabilization, Construction and Building Materials, 305
(2021) 124685.

[7]11. Chang, G.-C. Cho, Strengthening of Korean residual
soil with B-1, 3/1, 6-glucan biopolymer, Construction and
Building Materials, 30 (2012) 30-35.

[8] H. Fatehi, D.E. Ong, J. Yu, I. Chang, Biopolymers as
green binders for soil improvement in geotechnical
applications: A review, Geosciences, 11(7) (2021) 291.

[9]S. Abbasi, S. Mohammadi, Stabilization of milk—

orange juice mixture using Persian gum: Efficiency and
mechanism, Food Bioscience, 2 (2013) 53-60.

[10] F. Khorram, A. Ramezanian, S.M.H. Hosseini, Shellac,
gelatin and Persian gum as alternative coating for orange
fruit, Scientia Horticulturae, 225 (2017) 22-28.

[11] H. Ghasemzadeh, F. Modiri, Application of novel Persian
gum hydrocolloid in soil stabilization, Carbohydrate
polymers, 246 (2020) 116639.

[12] M. Adabi, E. Darvishan, G. Eyvazi, H. Jahanbaksh
Motlagh, Geoenvironmental Application of Novel



M. Mohseninia and H. Saleh Amirkabir J. Civil. Eng., 55(6) (2023) 243-246, DOI: 10.22060/ceej.2023.21876.7842

Persian Gum Biopolymer in Sandy Soil Stabilization,
Arabian Journal for Science and Engineering, 47(10)
(2022) 12915-12929.

HOW TO CITE THIS ARTICLE
M. Mohseninia, H. Salehzadeh, Enhancing strength parameters of Firoozkooh sandy soil im-

proved with Persian herbal gum, Amirkabir J. Civil Eng., 55(6) (2023) 243-246.

DOI: 10.22060/me;j.2019.15465.6128

245







785 500 ()] yo (o kien & i

WS U WNTY Glio VYT Jlo & ojlosd O 050 ¢ yuuS ol ()l pos awdige 4yl
DOI: 10.22060/ceej.2023.21876.7842

)8 (AL G b oaws (gl 09559 18 dwle S (Soglio (gl phel by o g8

mobl)‘ CJL@ Oy ¢L.: (0 D grano

.Ol)ﬁl ‘OI)'Qr.’. ‘[)l)i‘ Cxuog pl:. olKuiily ‘O]),o.c 04SNy

18,5913 ey ,U
VNV edl
VYYD 15,555L
VYN sl

VEV/VIVE oMl )

1605 Clols

&l awle SB g5lug
O

295 )9 dwle

i Dgaze (¢ )lid Cuoglde

a.mdw dwle

o Sl ol dile g ojle sl (gl SB (Sjub g Sl Slaasuiie dga0 gy (630550 (65las (slaybg, S
L2 jerbignl G lsie 4 )l (2LS Fouo Ao Cany Lo )b Cngd jolis jloslital ¢ gl sl g (S
290 V5 055 39,8 duolo &y oo (2l (2,5 Ll 135 sl IS lol gy 3 il (3 sl o8 (505 S 5 em
015 by (cladiges 5 45 L] (Kts S5 330 s Capmd silis slasio,d 13 o) oo — o bogliio (28,8 )5 sy
Glo Lo y> s yuiio p ogdle 9 olwlid CuS 5 Aty sld s 8,5 )15 osis dgame (6,Lid Canglie yilojl o
(39 07 B V) (555 oo 3l {80 )5= S8 (5lo) 55 (slod 31 ST (39 ko 51 oS5 a4y 03 Ll oo 9 o (3
St St (gl digel (59 (shtg) (39S gSng Ko Shales] iz ¢ 0B oo (139381 S sl (gl D505 )0
U bl T )b oo b o (et sladigns o5 dgdoe (6 s Canglio yiul33l pgndg 4 ol 1y,8 plov
gy b 31 (slod 13 005 (5391 Jos (ko digos i o (M5 ] oo 13 JomSgptem 5 S50 lsl8 sl 09, 3525 5
D03 &y Casens (6 oS Canglio o ol (slo Lgw (¢ 0y Bllanil ial38l 5 BLS Goo twgd O Copsls s 4, 730 ppus

3,8 4y ]y (S0 3 e (6)5] Jes ailite gla

ol 4Bl (5 S dinj cpl )3 IaBaiod g losd o jerkinls (y2nen
e cnl 5l Ll 3)00 sloyb 3590 3 (S Glebl sl 2 5]
@ gl gl (e sl Shy uils Ce> | pogad 4 Gl
$3ge & o Brachinl 650 b [Flewd Gy i bow)n
Sbils Gl perren 0P (Sl Sl Al 3wl (less (g2
Callb g o0 il a5 Slsls 4 dlge ol aSL ey (IS
Wl o Bl gl (Jawd wlio i 13 g, cpl 5l g 550 (g plubiss
L ailyi e bl cladgle sl GlaSB 5 [V]adl yodjete
aligy sl cel SB s clodly paws 5y 5 Sho 3,5 )3
oS oiane i3 Lo gl (58 Cawd b g oad &l cpdin b 93 G (S50
JESI L oionen g a3 (il 8l ]) SB (Shie Caols g 435 355 &
Srddsh Gl g (Shigdy cel «SB ddgrge Clyis S5 4 555
G5y o) GBS |y (parbissl (ol Jolono [5iSTs 06nd [AJgd
Al o (Sosdl oyl sgg Jdd 4wl sdon il S
SE O b s 5k & W95 e s pekinl Gl sl () S

dodko -
Sk )b (s pdided (2SSl dlasial gk (S5 g s
ool asly 8 SuST5 lwdine 45 3590 0 lsen (glawle sla S
s Sl 9 35l e 39l 1) )b Sl o Shag ol S olaly o
Ol il 4255 Cand (Swe (3laiBl g 2l 2l LY 4 )b e
5 el 500 st o S 95 4 A b cenlite Slaaseite
Ll ay ) (sl 42835 5[V P9 (oo koo oy 53 Sl
b lasd (silate Gmen (sjluge e (sl by 5l silage o
il LY [ Y Jcasl o ol o3lisel Sal 5 o s (oo
ol B o 5 Gl 1 (o8 Jae G Sl SLSS oeen
wolg gy pl 50 Glom sl Sagll Ll [Flopes 08 b p5
i) glacadgioe L) plops 5l edlinul[o]all; s (b
@ a5 plwdize 3 Ol 53 5555 BV aly .l 035 9) 41 )
$oS (gl 5 Camjlaze b (gylul CubB b op)S oS dlge ) ealinal

salehzadeh@iust.ac.ir :lslSe jlsorgs sxiwgys ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

Yy



WYE B VIYY doio VFY Lo & oyl D )93 epusS pual (3 yas (wvbites &y it

sy SB Cadbgoly diily ()l 5 03] ol 3685 (5 2
Ol b oad (glage slo wgei b ) ol 0,Slae g s )b 2o |
25 ooy oo 45 313 L5 o s VY IS duglio o5 1SS 5 o8
w3lj gen SB- goglie gla yiall d9a2 3 ls g Gl b awlie
5 b auh awle jluw 3,Slese SB Siiuwe 5 B SKlaol
slr e Jole 2k 252) o3le nl ol o (22 223 4 225l
o wob g (] el 4 S il odle e Jisu b )5
NS Ogmen Bgpme b yeshnl plo & G 03le ol 35 Gl Caid
225l (o0 ks degi |y odlo cnl July (o (peiie S5 51 QW5
sl b S aS 0585538 dusle b oy gowo Sy 53l 550 10 milio
Db (g03 033 ()5S Cunl 0ul (B0 )5S 15 (6l 348 > x> e
Lol e s puitie 3855 ol b (lojen &5 3)50 el > (155 s
dwle SB )y (awyb qowo oo o SiSSg55 3,0 8" lgie
Jes osdgilung sladiges aBivlojl wyp ool 3 [VW]cwl "l
o iolojl cow 5,3 ole 4 )3 YO (slod j3 )b kows b ok (59
w9 o)A (6 )l Cod iualiins (5 0l dgdoe (55Ll5 Caeglie
Slaso)d )3 pdde g ol (oS dBlS @S5 (Sl ()95
bi)) e (SB S by 4 ) (o)l deo il (S
OBl el o)l foo oS b U gk onl bt Sl
b) o0t 390000 (5Lt Caoglin (]38l 5 (503 A1 (12S) (5 i3
S e Jy 035 (JSlils 8 ) (St 5 (JSbSe VY
da ) S B Sl ayglj celusl bl o oS sl yeulials
o &yl B 5w e 18NSy (Geo g AT L a2 0
e S5 adg 15 gy 3o i 5 92 (6,50 sl
Koo Siwdad (gl g oad Ay y 0l Dgame (g,Lid Cuoglie b S
e M 3 cadiged Sl 030150 g Canb ) S Bl Lty
ol Ve gl g e ol Ve a8 4 (clalgiol sbadiged ;| atsis
23,5 00laiu!
adsl slo Gialojl pll g (g 3l ey sl cal 2 B ol sl
slo &l opy opate Gy o (s A men) SB jasls
wliwd sl (SB Sl 5 JBls J5dos depd g S sl
Cod g ol bl 5, ¥ ie 4y g 50,550 ol diged dige b 4
295 oyt 25 Sy ool 1 litaglis ot game (3L5 o]

Aoy Cauns Yl) ol awylb oo dopd clild OT liee puis —

IS5 gl ple bord Sg g 422> S GBS o2 b P ()
o8l Sio ¢ LS S diwd dw 4 b jeds b Yool [VV-2]5,.5
S (AL o podkinl (05 Bgpme | Ngd (o0 A e Slo
g o il (oo G 4y (55,5l Sluls 5 LS I el s 4
b S des WS o)Ll 8l 5 5T IS alS elb jo 4
IS S 5l 9 g gl o 93 0 4 & sl gy )8
@3laidl gao cul sl oo Cosss (Oloz 1 oF Osee ) 355 53) )sds
58 Jiorns dbml ly 0lslp JenSopnm sl 09)S d92g > &
8 b BT jes IS o oslit] ST sols @l s
29 (oo glymiiml obys 308 sl s il a8 Cunled & dtunly (Y
o hi 1y Ol o Mol el ol 5 le ayd Qv dgus sled 3 g
d9d5 (slod B b JBT-0T Jglowo oSioxiane 5 g 45uid dlool (¢l sl
Yo ¥ Jloy alBioles]l oy ;> [VF]3g 3,m 35 ko 45,5 Y0
4o g i d9a0 (4 )Lib Cuoglio (i sl ialejl () em 5 31
5 5T doo b oad (giluge s oigh awle slo digel g5)0 o5
LV0] )5 aolie 00 (giluns sla w03 b1y zols 5 o0l plos] awlis
o g dwle b SKlas! agl; &5 wb asuie wyp cpl
b Cond )3 ey YO g 4 dnyd YV dgds BT L ond (gjlag
ExSemder ybo & SB (Sia Jy 0l o ptals BT 5l il
hp CagieT =CHOMAN(P) ol & gl 5 ail il
VoA Jloys il o a3l adsl ST a s 0 (65t 6o diges
BT oo b Iy o awle S8 oS 5 a8 w0y ol o)y ¢ Lisos!
gl slo lebo )3 onls (gilary (o ol dule (lo diges 4 s
gl slo Cuoglia) 21> yieS SBlacl sl g jide (Sdiee (55
SLao! a5 o, VA bS5l dnr Jy (sl il o5 Wiges ales
Conglie Gl 38l 5355 (oo (e 03I (il Sl 005 (il sl diged
DFIS o b 00is (ilupe (sld Dged 4y Cand (s jd) e e dgd>
S (299 o 4 o 4 50 Giled b )l doo &) ) ga
ol 1 il oS sl (LS Lide 9 g Sl (b carlo b xowo
hlize slo S5y 4 (Bb bl g o) el Gezmen ol sla
M Cumgdpdy 45 ke (plil [WVed (o Bl 3)5g 505 dides (192
P o dete o5 lie yd i wolie gl atbiS | cun; e
IS (e mlio ) 018 ot bole lsis 4 VA ALs o35

Wl 0445 mowsg 03latl [YV] 165 50 ials a4 oS 5[V [lo 0900 ying

ARAE



100 ——

80 -

60

Finer (%)

40 |

20

0 N HE .,../.’TI

0.01 0.1

Particle size (mm)

191055 39 58 duilo S cuiadild docie ) JSUS

Fig. 1. Particle size curve of Firoozkooh sand (No161)
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Fig. 4. Stress-axial strain curves of uniformity check samples (1.5%Persian Gum+10%water content+
initial DR for s0il=30%)
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Fig. 5. Unconfined compressive strength of treated samples with 1.5% persian Gum in different water
content relative to dry soil mass
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Fig. 6. Unconfined compressive strength of treated samples with 12% water content in different Persian
content relative to dry soil mass
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Fig. 7. Unconfined compressive strength of treated samples with different water and Persian Gum content
relative to dry soil mass in constant ratio of 8:1
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Fig. 9. Unconfined compressive strength of optimum treated samples in different curing time and place
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Fig. 10. Appearance of samles after unconfined compressive strength a) Room cured sample b) Oven cured sample
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Fig. 11. Microstructures of samples a)Untreated sample b) Treated sample (with 0.5% Persian Gum and 8%
water content) c¢) Treated sample with (2% Persian Gum and 16% water content)

&lo

[1] J. Han, Principles and practice of ground improvement,
John Wiley & Sons, 2015.

[2] S. Jahandari, M. Saberian, Z. Tao, S.F. Mojtahedi, J. Li,
M. Ghasemi, S.S. Rezvani, W. Li, Effects of saturation
degrees, freezing-thawing, and curing on geotechnical
properties of lime and lime-cement concretes, Cold

Regions Science and Technology, 160 (2019) 242-251.

[3] A. Toghroli, P. Mehrabi, M. Shariati, N.T. Trung, S.
Jahandari, H. Rasekh, Evaluating the use of recycled
concrete aggregate and pozzolanic additives in fiber-
reinforced pervious concrete with industrial and recycled

fibers, Construction and Building Materials, 252 (2020)
118997.

[4] . Chang, M. Lee, G.-C. Cho, Global CO2 emission-
related geotechnical engineering hazards and the mission
for sustainable geotechnical engineering, Energies,
12(13) (2019) 2567.

[5]C. Suksiripattanapong, R. Sakdinakorn, S. Tiyasangthong,
N. Wonglakorn, C. Phetchuay, W. Tabyang, Properties
of soft Bangkok clay stabilized with cement and fly ash

Al (o Jd O)ge 4 (ke

3,5 o 4 o¥0 (clos b Ol jd sl o gewo Jgle (3938H)
Sol> sl by o gl W sl Lo Dbl cel 0555958 duwle S 4
el g0l ) pSotiue i dbul 5 cugboy 48y Cawdjl b g odis S
D98 (oo b digad 00l Dgdze ()lid Cuoglie i3l

lod o g atily bod 4y JolS  Siunly SB L osds Sy Joloro—Y
39 lania 5L & g 35y oSininn S5 ((50.5) L, 2l
S e ol b1 gled

cely (pasuio 2o | e b Cugb) b g gawo oliee Gl 3HY
S g b 9 93,5 (0 Canglie (S 5 ()i Conols 138
oot 095 598 awwle SB Sts (g slil & Caghy /I8 5 e AY
20,5 olelis VY

5 wglbe @l oS s Cugby b lae )3 gyl JooF
sl LBl lrey) @ 1y (5 L (g5Lid Caoglio)

SK s e Lialidl ,Fes Syl a) SB adsl 1515 aels8-0
FosshS VN0 St jogasce (g & ) b (Bl Cosd 20l
9 oAb oAt dgdoxe (6)LiS Cuoglie g (65,0 il el e e
oisS o syl claige S Bblie 05 5 SagS > 4 T 5l e

s )13)95 2 (6 yiaS Cunglia S| g 0392 5 SVobo g

AR)E



behaviour of silty sands treated with agar biopolymer,

International Journal of Geotechnical Engineering, 15(4)
(2021) 484-495.

[17] S. Abdollahi, Z. Raoufi, Gelatin/Persian gum/bacterial
nanocellulose composite films containing Frankincense
essential oil and Teucrium polium extract as a novel and
bactericidal wound dressing, Journal of Drug Delivery

Science and Technology, 72 (2022) 103423.

[18] A. Amirsadeghi, A. Jafari, S.-S. Hashemi, A. Kazemi,
Y. Ghasemi, A. Derakhshanfar, M.-A. Shahbazi, S.V.
Niknezhad, Sprayable antibacterial Persian gum-silver
nanoparticle dressing for wound healing acceleration,

Materials Today Communications, 27 (2021) 102225.
[19] S. Abbasi, S. Mohammadi, Stabilization of milk—

orange juice mixture using Persian gum: Efficiency and

mechanism, Food Bioscience, 2 (2013) 53-60.

[20] F. Khorram, A. Ramezanian, S.M.H. Hosseini, Shellac,
gelatin and Persian gum as alternative coating for orange

fruit, Scientia Horticulturae, 225 (2017) 22-28.

[21] S. Abbasi, Persian gum: a novel natural hydrocolloid,

Nutrition and Food Sciences Research, 4(1) (2017) 1-2.

[22]H. Ghasemzadeh, F. Modiri, Application of novel Persian
gum hydrocolloid in soil stabilization, Carbohydrate

polymers, 246 (2020) 116639.
[23] M. Adabi, E. Darvishan, G. Eyvazi, H. Jahanbaksh

Motlagh, Geoenvironmental Application of Novel
Persian Gum Biopolymer in Sandy Soil Stabilization,
Arabian Journal for Science and Engineering, 47(10)
(2022) 12915-12929.

[24] G.S. Mhinzi, Intra-species variation of the properties
of gum exudates from Acacia senegal var. senegal and
Acacia seyal var. fistula from Tanzania, Bulletin of the

Chemical Society of Ethiopia, 17(1) (2003).
[25] N.A. Rosli, H.A. Aziz, M.R. Selamat, L.L.P. Lim, M.H.

Zawawi, Effect of compaction on physical properties of
a sewage sludge and red gypsum mixture as intermediate

landfill cover, Construction and Building Materials, 289
(2021) 123153.

AR

geopolymer for deep mixing application, Case Studies in

Construction Materials, 16 (2022) e01081.

[6] G.-C. Cho, I. Chang, Cementless soil stabilizer—
biopolymer, in: Proceedings of the 2018 World Congress
on Advances in Civil, Environmental, & Materials
Research (ACEM18) Songdo Convensia, Incheon,
Korea, 2018, pp. 27-31.

[7] A. Kar, M.R. Das, D. Mohapatra, An experimental study
on use of biopolymer for sustainable stabilization of

slopes, Materials Today: Proceedings, 62 (2022) 6148-
6152.

[8]J. Huang, R.B. Kogbara, N. Hariharan, E.A. Masad, D.N.
Little, A state-of-the-art review of polymers used in soil

stabilization, Construction and Building Materials, 305
(2021) 124685.

[9] I. Chang, G.-C. Cho, Strengthening of Korean residual
soil with B-1, 3/1, 6-glucan biopolymer, Construction and
Building Materials, 30 (2012) 30-35.

[10] I. Chang, J. Im, A.K. Prasidhi, G.-C. Cho, Effects
of Xanthan gum biopolymer on soil strengthening,
Construction and Building Materials, 74 (2015) 65-72.

[11] A.F. Cabalar, M.H. Awraheem, M.M. Khalaf,
Geotechnical properties of a low-plasticity clay with

biopolymer, Journal of materials in civil engineering,
30(8) (2018) 04018170.

[12] H. Fatehi, D.E. Ong, J. Yu, I. Chang, Biopolymers as
green binders for soil improvement in geotechnical
applications: A review, Geosciences, 11(7) (2021) 291.

[13] R. Chudzikowski, Guar gum and its applications, J Soc
Cosmet Chem, 22(1) (1971) 43.

[14] I. Chang, A.K. Prasidhi, J. Im, G.-C. Cho, Soil
strengthening using thermo-gelation biopolymers,
Construction and Building Materials, 77 (2015) 430-438.

[15] H.R. Khatami, B.C. O’Kelly, Improving mechanical
properties of sand using biopolymers, Journal of

Geotechnical and Geoenvironmental Engineering,
139(8) (2013) 1402-1406.

[16] S. Smitha, K. Rangaswamy, D. Keerthi, Triaxial test



VWYE LAWY dois ¥+ Jlo & o)l DO 093 ey yuel (3l pos (wvieo & pii

o3 gl sl o (] 4 g
M. Mohseninia, H. Salehzadeh, Enhancing strength parameters of Firoozkooh sandy soil im-
proved with Persian herbal gum, Amirkabir J. Civil Eng., 55(6) (2023) 1123-1136.

DOI: 10.22060/mej.2019.15465.6128

"




