Investigation Impact of Polymer Emulsion on Shear
Strength of Aeolian Sand

Mahsa Heravi (MSc student, Department of
Structure and Engineering Geology, College of
Science, University of Tehran, Tehran)
Akbar Cheshomi (Corresponding author,
Department of Structure and Engineering
Geology, College of Science, University of
Tehran)

1. Introduction

Nowadays, the development of transportation infrastructure in
arid and semi-arid regions of the world has made aeolian sand to
be used as a borrows source in these regions. The granulation of
aeolian sands is uniform, they do not have plastic properties, so
it is very difficult and in some cases impossible to compact them.
This group of soils has a low bearing capacity due to their
looseness and granular structure. In a loose and saturated state,
they are potential to liquefaction under cyclic loading, and in the
vicinity of water, they are wet and potential to collapse. Quartz
is the main mineral of aeolian sands, which is accompanied by
small amounts of feldspars and calcite. In unconfined conditions,
it has poor geotechnical performance and they need
improvement. Densification, Reinforcement, drainage and
adding additive materials are the most important ways to
improve the engineering characteristics of aeolian sands. The use
of lime, cement, bitumen and chemical additives are examples of
ways to improve the engineering characteristics of aeolian sands
by adding additive materials to them. Many researches regarding
the use of polymer emulsions for stabilization of aeolian sands
and granular soils have been reported. since the late, 1960s.
Polymer emulsions are very small polymer particles (0.05 to 5
micrometers), dispersed in water and .usually produced. by
emulsion polymerization: Being. non-toxic, non=-polluting and
cheap, they are considered as a successful enhancer..Large areas
of Iran, including areas of the Khuzestan plain; are covered with
aeolian sands, sovit is necessary to improve their engineering
parameters by various methods in order-to use them as borrows
sources. The present research has_investigated the effect of
different percentages of vinyl acrylic polymer (VAP) emulsion
on the shear strength parameters of aeolian sands in the
mentioned area.

2. Laboratory program

2.1. Material

The materials used in this research are aeolian sand from Hor
al-Azim region (Khuzestan Plain) and vinyl acrylic polymer
(VAP). VAP is a viscous polymer material that hardens by
dissolving in water and losing moisture, it binds soil particles
together and creates and increases soil strength. In this research,
aeolian sand was mixed with 10, 20, 30% VAP respectively.
Based on this, to determine the shear strength, 4 different
samples with different percentages of sand and VAP were
prepared and used for the next stages of the research.

2.2. Mathods

The methods used in this research include standard compaction
test and direct shear test. These two tests were performed
according to the standards of ASTM D 698-78 and ASTM D

3080-90. The compaction test was performed in
order to determining the maximum dry density and
the optimum water content and the direct shear test
was performed in order to of determining the shear
strength parameters of the samples. The VAP was
dissolved in water. The weight ratio of VAP to
water (P/W) 10, 20 and 30 was chosen
(P/Wx100=10%-20%-30%). According to the
maximum dry density that was determined from
the compaction test, the weight of the amount of
soil to be placed inside the shear molds was
determined. Then prepared VAP solutions of 10,
20 and 30% were added to the soil in such a way
that the sample reaches the optimum water content.
The specified amount of soil was poured in three
layers into cubic steel molds with a length and
width of 5.7 cm and a depth.of 3.7 ¢m in order to
provide the possibility of. compacting them to
reach the: maximum density. To. speed up the
sample preparation process,;.15 cubic steel molds
were used. The-prepared samples were placed in
the molds for'1, 7,14, 21, 28 and then subjected to
direct shear test. Toperform the direct shear test,
the steel molds were embedded in the mold of the
direct shear machine and were shear 4 vertical
stresses of 0.25, 0.5, 0.75 and 1 kg/cm?. The reason
for.choosing four vertical stresses in the direct
shear test was to check the results more closely and
to.eliminate possible data. By applying horizontal
load and measuring horizontal displacements, the
tests continued until reaching the maximum shear
force necessary to break the sample.

3. Analysis of results

The results showed that with increasing curing
time, soil cohesion (C) increased and internal
friction angle (¢) decreased. The increase in C with
the increase in curing time is caused by filling the
pore spaces between the grains with VAP solution
and sticking the soil grains to each other. The
reduction of the ¢ is due to a layer of VAP on the
grains surface. This layer has been reduction of the
friction between the grains. To investigate the
simultaneous effect of C and ¢, shear strength (S)
was determined for each sample. For this purpose,
the vertical stress equivalent to 1 kg/cm? was
considered. The results of direct shear test shown
the changing the percentage of the VAP for one
day curing time had no effect on the shear strength.
Therefore, it can be said that if the solution is not
allowed to dry, it will not affect the shear strength
of the sample. For the curing time equal 28 days,
the effect of VAP concentration on shear strength
is evident. So that the sample stabilized with 10%
solution shows lower shear strength than the
samples stabilized with 20 and 30%. The C and ¢
of the sample stabilized with 10% VAP in 1 day
curing time is 0.0006 kg/cm? and 32.33 degrees
respectively. Therefore, this sample has practically
no C and its shear strength is caused by the ¢ of the
sample. The C and ¢ of the same sample reached
0.76 kg/cm? and 9.87 degrees after 28 days. A
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significant increase in C and a decrease in the ¢ of the sample
can be seen. For this sample, the shear strength after one day was
0.63 kg/cm?, while after 7 days, it reached 1.02 kg/cm? and
shows a 104% increase. The C and ¢ when 20% VAP is used
after one day curing time is 0.004 kg/cm? and 32.39 degrees
respectively. In this case, despite the increase in the
concentration of the VAP solution compared to the previous
case, but due to the short curing time, there was no change in the
C and ¢ of the sample compared to the sample without additives,
but after 28 days, the C was 1.13 kg/cm? and the ¢ reaches 7.41
degrees respectively. Based on this, the shear strength after 28
days shows a 101.6% increase compared to the curing time of 1
day. The C and ¢ for the 30% VAP after 1 day was 0.0138
kg/cm? and 32.44, which is similar to the previous two cases, due
to the short curing time, there was practically no change
compared to the sample without additives. But after 21 days, the
C of the sample becomes 1.18 kg/cm? and the ¢ becomes 6.40
degrees respectively. Based on this, the shear strength after one
day curing time was 0.63 kg/cm?, which after 21 days curing
time, it reached 1.3 kg/cm?, which shows an increase of 106.3%.
This issue clearly shows the effect of curing time on increasing
the shear strength of the sample, while also specifying that the
effect of curing time on increasing the shear strength of sand is
much higher than the concentration of the VAP solution.

4. Conclusions

The present study was conducted with the aim of investigating
the effect of vinyl acrylic polymer (VAP) on the shear strength
of aeolian sands in Hor al-Azim region. First, solutions. with
concentrations of 10, 20 and 30% of VAP were made and added
to the soil sample, then samples with maximum dry density.and

optimum water content were made and in the
curing times of 7, 14, 21 and 28 days were
subjected to direct shear test in order to determine
shear strength parameters and the following results
were obtained.

- By increasing the curing time and the
concentration of the VAP solution, the shear
strength of the samples increases. The shear
strength of the sample stabilized with 10, 20 and
30% VAP solution shows an increase of 104, 111.7
and 113.3%, respectively, compared to the sample
without additive.

- By increasing the concentration of the VAP
solution and the curing time, the cohesion of the
samples increases. So that the adhesion of the
sample stabilized with 10, 20 and.30% solution, at
the curing time of 28, 28 and 21 days, reached its
maximum value of 0.76, 1.13 and 1:18 kg/cm? it is
arrived.

- Electron microscope ‘images show that the
formation of _bridges and connections between
grains with increasing VAP solution concentration
and curing time is’the reason for increasing
cohesion. Placing.the polymer between the grains
has reduced the friction between them and reduced
the internal friction angle of the stabilized samples.
- Increasing the curing time and increasing the
concentration of the VAP solution increases the
shear strength of the sample, but the effect of the
curing time is greater than the concentration of the
VAP solution.
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Investigation Impact of Polymer Emulsion-on Shear Strength of Aeolian Sand
Mahsa Heravi Akbar Cheshomi

Abstract The present study has investigated the effect of vinyl acrylic polymer emulsion (VA) on the shear
strength of aeolian sands in the Khuzestan plain. Forthis purpose, after sampling the aeolian sands of the
mentioned area, a standard compaction, test was performed and the optimum water content and maximum
dry density of the aeolian sand were determined. Then, solutions with percentages of 10, 20 and 30% of
polymer'material were made and added to the aeolian sand in such a way that it reached the optimum water
content. The prepared soil ‘with, maximum dry density was placed in square metal molds kept in the
laboratory for 4, 7, 14 and 21 days.and then subjected to direct shear test. The results of the direct shear
test on the stabilized samples showed that by increasing the curing time and the concentration of the polymer
solution, cohesion and the shear strength increase and the angle of internal friction decreases. So the
polymer solution with a concentration of 30% has caused a 146% increase in shear strength aeolian sand.
Electron microscope images (SEM) show the creation of bridges between sand grains in the stabilized
samples, which is the reason for the increased cohesion and shear strength of the samples.

Keywords: Aeolian sand, Shear strength, Cohesion, Internal friction angle, Polymer emulsion.

O 5 o885 wlils e 5 0 ASTESNS ¢ pwign wlidh on s Lyl pnlid IS (g gmetils’

Email: a.cheshomii@ut.ac.ir Ol o8l ¢ ol e 0Kl Luils”



A 03 Sl 0T o ol (5,8 0l 53 07 AL
7t (S am  Gh  Slaia s
A3 Ghge oS o 5 K Olgie 4 035 01551 5 e YT
SaeSTs Eos (gl %1 0 Sonisl [W] g o 8 8
VY G o/ve CLle b 6 ey Gl sd al 51 Siae &l 55
ol Eelila g8l ol aS Wisls Ot g eslawl Ao s
555 oSS LS 5 chast (golad Cuglie ( St
Dlor Sle g3 357 SOULL 57 oy 52 56T [IA]
Sk ST 0 g gl i o o5 b ol e (T ¢
Jate co)lid Canslin 350y 1) "N STl fuze 5% 055
03931 b 8 o g oy p ale Joulb 5 ez Y|
Jade coplid Cowglan 2ol bl Cel Ol g5 4 O sd ol
5T SO ] st aale il a8 5 Y
b S e 6l OB ol e ey S LK
6 eslie o3 A 515 g sl Y 4 WDy
5 B[] s S S Al el 4 s
(S35 g S S g gl 5 ¥ 3 sl
Olas 5 a1 (glamle ¢S atmnzaVI J oo 5 (5 Lad Cun glie
o5 JB s Eel 5 Sde ga 95850 eslanul a5 Lsls
3 5d oh At WY Jgde 9 S glan Gl 9V (6 003 08 s
4 eSS sla il T plowil b 01Ky "Bls 1]
e )y Ay Olesan 5 U1 s 5 U Sl
ok b Oloaw L glien 5 oy 039590 a7 Wials QLSS 5 4l
Sl YY)l e (o eSS Caglan 53l sl
Gl 055580 31 5s ahew gigladle claeST s (¢ p 00354
S O K Cb b il Skl fo s b JT
Lyr-vo] cutou s 518 "Slhul s b 055550 L
Yo VY oL glawle gaeSTlE by e glie ol B
"V e SO B /0 03,5 BLSI 50l pn 58I Ao
OB fame 31 OLSn 5 J[Y7YV] Culois 5518
QL:.J}a:blé\ubdudfléyijg;x}uﬁzﬁé\ﬂ
VPG 1) ale 3 Canslis Q15 s 31 o3 ) 0l
B s 4 O 57 iy [YA] dti o 550 1
2y slaanS 5%l b oy OUI s Ole

S el T el b bl e ale e slin (sla sl

doudo -

58St Ghla )3 & 5 Jom Slac sl ) an i 053 0l
(e Ol 4 (6oL gladnls jlod s Lo o Olgar St aas
3L slaawle (guuails S oslaul Gbls ol j3 a5 3
035 oS 0 1 (s (6 et ol BB o3 gy S
Slos S cpl il Kan e 5550 sdim )3 5 Cdew sl T
Sk b slals Hltlw 5 055 G [ ST
L o (fldl 5 S I Y] s ot
old st T b sl 3 503 2l Kl s S
SEG /A o kil oIV Y] a5 555 x5
O Gpdgd sl dF U i o Sopb i) e s
LY OT Gl ST il s e @l /0 Y B/ YF
St asaiea 053 YN EY/FE - (Go) o3y JE
Aoy (nSe Sl e S NP LAYy Sl
S 8Ll a5 s o (S AFD G oy gy Susb)
ot i S (ool glaauls (gl pam 3 FY B YA op Jsls
Glasbeodins [Sis SIS o 5 Lol 5olS [F-V] el
el S sl —wdls 5l WS slie b aS 03y (3L
s SS555 5 eyl Lyl 3 3 [F0]
D] s Gl w3l 5 sl

03531 5 038 2885 F0a S sl 058 (S e
e S (S5 3 e s o e 1 Tl
Fadge 5 le OLIa 571 ol (g5l glaauls
(bt (S5l Lyl 5 Sl ol & sed sy 5 s
oS 5 sme 8l S Ly SO ( (S S
S oslial [A)] i35 2 1y ool slainbe i
3o ses lar i b S5yl 578 Olew (S T
03531 L 63l shauls wdige S S 55550 Sla s,
N el 0T 4 llas

S pody S0 sd gl Sloslaiul o g 53 (ooL; Oladsw
s Sl 5l lals glacSE 5 ool awle o ol
O3 5 ks G0 s gl [VF10] ol o 3,1 V49
it (g Son ety B oo oty b L) &S 557 Sl (5 oy
L35 S I 8 O 3 pody L W same 5 0 ST OT o
(5 (S iz 5 4 5oy a0 sd gol [VF] L2 s



5 s SIS ol agl; il Sl 5 ST a5l
crs Lol 36 i 55 [¥4] sps oS Sans
038 g ale (S5 5 SIS Dl sy (S
RS 5 (Sl I Sl oS gl ) i e 5
Sl 4515 S2alS .l ok anle Jotls &S Sasl 4y 515
035 Ol 55 o G s ) g 08 o 515 5 L s

L8] closls L2alS 1 aails o &S Sl &7
b Ol g2 s 1 gablis dheonin Ol 53287 31 aews bolis
42 mle Ol i & LOT jlealizl (51 ol okl gy (Sobanls
350 BOT (nikign (gl el Calimn (sla s, b ol p5Y
Osed gol il oo ss S gy 40 ol Gl AL
Glaanle (5 Cuaglie sla eyl TS ST s s ek
S Gls paged S ks Sl atls S e adkete (oL
035 o S s 548 8 O oo lianlly g2 ailate (g3l slaauls
b sl a0T gy Cuby 5 S $Sist 0 puades
03 9 4l (6 edy Oged gl Calides (glads )y L (g3banks
OalaiT o oo (slos 5o Calin (6557 Jos 0L
o (shailate (g3banle Sl eslizal Lilas § 513 wite i
mhes GOl b s ey Osed ol Cilites sado s 5L
53 ol G (65T 5 Ol & Wlg aCalisee ()T

Ly gy 9 8Tg0 Y

Slgo —1-Y

mﬁ;d\)}n ades (gobanle ol sl )5 ol oslasl ol gs
—als goeie il e oS ST g ey 5 (Ol i)
osle &S ST L s .Sl o 1,1 (1) ISCo 55 (gsbanls (g
Osls Caws 515 T 53 04l o b &S Gl STl (5,00l
sl ol g ol b 4 5 ST 3 cokd S sbo
3 NG Do sat (Fp b S Caglie 1P
Sl 0 151 (V) Jgdm 53 568 e ey olads

ol o3 ¥ (Ye Ve b 5 4 (o3bamle (G o
Foshp Canslin o sl ool l 2 3 8 b i
s oolT el 5 (gobawle Doglize Glado,s b Calibes & 503

A osliinl G (Gday ol 0 6l

@qug\x:\:oij\:ﬁcdjwujﬁ&w
Cawlodd (gl awle lacSTl 5 5 Coglan ol 530 oy i
Sl oy GUF 5 STt )3 & Hliis *Ls 5 oL [Y4]
PN ) e ST 5 gl i plie Ol 4
oy Ceaglie a5l O, e 5 sl Ol b L [¥] W S
Al slalg g bes 5= 03 S LS| S s glawls oSl
sy 4 OLSan 7o [M] wis S S 1, ek
awle Go) paiad O s OT e ST alh o9 1
S ok Lot axieT lacSTst 487 s S™ 3,18 5 dstls
1y S i 5 (i8S Caglaniio s i JT
AU adlae & OLIn 5 ° o5 5 WU TFY] dins o 55
Ol 2 (5L (Sladm o o tige (ARl "eSCL ST L
0333 kil 53 oy pedten aialal Lsls Ol 5wl
.[\]:Jb.sﬁ-)dfb'-di_:d-;f\bupjmojjja.\_&
o bl Jas ek S 4 0L 5 P
W3S SIS 5 aatls , gobawle Jkiy oM ST s
BB 5 ob 1 i i s guos (g HLtd Cueglin 5 5S e (Sla ok
Brolilen 5 Faia Sl [¥9] was o 558 glalSe
Ao yn B O3l a5 Al ) s B SR leST plonl
Fosliighailr [YF] disu a3 gt 15 (B sl s 4 e
e gl oy sl ul Sb oy a 0L s
Sl e * s To Sy 2SI L 5 "M ST L
Gl s 055530 sl Ol 5 Lzstls oSl ST 55
S S oy b s B led Caglie Sl Bl Eel S e
U Lls Ol anes =T 5751 [re] 55 o obanbe s
] 555 o aliamle (o5 Cglie (1131 Esly sy b
s S F o4 P Slaba 5 Glae el [17
Ll OLis g als 5 oobawle 6{:...(3}35 Sy F Sl
il ST 5 (o Lad e slae S e ey 035590 L oS
27K s b Sl andlae 0 O, 57 5L [YV] b
Slom e ST (gl S, 5 S ol
Caglia il e S0 OoLI Wisls 0lis 5 wstls
ij,w_:_:st&@mﬁj:&mw,ww
RS L NE PRI I B - USPRP ) | /N [PV

.b.)\.}gl_&.’jw)jbuuw&fs;ﬁjwdlﬁfﬁblg_)ﬁ



I 4 Dy (51 BOT 03,87 oS 20 OISl b s i
SlesbeT Ayl b 4 Oty S e (51 23 5 ool STt
o3leT (Sladigod A osliinl xS Juzl CIB VO I ad o
YA Y OF V) Se as olislojT (ldd s eIl 53 os
Sl i 8B s B nleST o e 5 43 515
o8> I ol izl oI (e 5y S2aleST ploni
VO (/0 (/X0 (36 25 F (o g 0 (6l s
Jo B 5 15y CoS e paile n p SASTY
33 g el g GRlST 53 (36 25 Sl Sl
sl bl os g ezl & slrosls 05 57 Cod @L’J
4 Oy B a2 L3 T e 81 (sla s ol (5,8 05100 5 31 L
WL aalsl & ga O 4 gl 03Y (B s S
iala3T el sl b 6305 (55l 03bT Jol e (V) JSC8 )

) ol 001 OLiS V.:E‘.‘.M U‘zﬁ

4,63(&!‘6&},@}wﬁu;leﬁua,ﬁj@uum—YJf»:z
(5 eobanle 4 oy Jgloes 05 S 2L (mordk J,h (& solianks
ali:.u:):&j;)lj,;%aMa:delﬁdﬁﬂN@Lﬂ.{aéuqu
i AT Ok 53 45e5 (5 epiienn iy ialoST o8as (o ¢ b

‘,.:E;.M

LY

i g g3 (gl 3T -1

Flis 53 St pgade 0j5 Sk lages oF) S
dw\,ﬁ;l;\;h.u.M;dou;\,@\imuétﬁq}bw,;
o Sushy g S S o pabn 055 e RaleST
it o gae O)y Kb a4 a5 LSl 03 gobanks
do)s 5 Se ja Sle o S AS VPM (3banle ST

ﬁ))ﬁﬁbMWﬁ.“M“)}\V/\A%Q}b)

100
90

80
70 \

60

Soze D3 sy

40
30
20

10 \
\

0

1 01 0/01

Graadeo) b &l o510

\

50 \
\
\

Gy 33 ol o3l (obawle (duails i —) S

CSULST s jandy Slo g —V e

PH a8 L) ) Jsb
glemd) \;:a“- 39 sl
Yo Yelye V= XA Jshome St el

N\

b9y —Y-¥
(.5\,: wlesT el Sole G 53 el eslatul gla s,
wb&,: OIS | PR RGN O SO PR R
ASTM D 3080-905ASTM D 698-78 o,less slas Ikl
S o pann 05 G Sua b oS5 holeST s el
O b eits S ol 5 atg Cugbs oy 5 ST
ST s 8 il ki ged (5 Cuaglie sla )l s
4 a5 L planil (abanle 650 555 2l ¥ B L 0S5
o Caglie bbb ey S T ) S
b ey oS5 6l I il oo Lol Gass O (sslianls
ST ek (535 S 3 8 o ST 55 ey Ll (ST
L X100 = 10% — 20% —) 45 st ¥+ 5 ¥+ 016
4 S de Gadsle ol Gass s ulal ) 5 (30%
RO PRV SRS T PR PP OO RPN IR s
S5 oileT 518 S oS o guates )5 4 5 b
GLCIB =15 53 (6,8 515 Sy ST e g s s
Ao )3T 5 Y0 Ve (s ad o s o 3 S kS
Casby do)s 44500 S S BLII S 4 o 4 0kl g
SLIB 15 4V aw 3 0dd Jadeie ST HlUis dw s dlgs

S Bl ¥IV Gas 5 e Sl OV L5 e 5 dsb b aSe futul



ot @S Sl 5 s oS8l 4l ;S L

L
Sl p (36 A Jlie 53 (o AT Dk omie () JSC )
23 oy Jsloe o s ¥ 5 ¥ Ve g (G55 530 Oy Sladsai
Sl s bl oSl ol 48151 Calises (6557 Jos Sa0L
30 o s SISl 4yl 5 (S ol S

el 0y 8 s

o7
0/6
4 oo
=
) 0
T s
S
(=2
A7)
01
0
0 1 2 3 4 5 6
(AR Y
al
112
e Xb=b L
1/0 C8 =L
1) e Vo=l L
— \ = 5 L
_“\' 0/8 ek
;9 0/6
£
S
2 o4
02
0/0
0 2 4 6 8 10
(ON-73
<
1/4
T o=l L
1/2 At
v 1/0 T et
“13' —— =L
Z‘; 0/8
T oe
2
2 o
012
0/0
0 5 10 15
(ON-7-3
c

Su_;ujM:dow(wﬁ‘l/\w“gjb))vfl;@md,\
Ol 4l 2ol doys /WY 4 #/F8 51 Cogby Aoy
4 S ey o gt 059 4 O lp badls ol
PR TN B NP PY7A APV VAL S5 GO B g | N
S ol Gy G edd atle Gladses Sl o3y
Lok sl Cagby doys 5 o sabee 035 ) b i
Sladslme SISl 4 sl b sl Gl Ol 4 4 5

RPN S P Y

1700

1690

1680

1670

1660

1650

(Kg/MP) S oSt o 53e 035

1640
4 6 8 10 12 14 16 18

(%0) pody s3l Csboy Ao s

G3banle (ST 5 oia =t S

G glan ols el e e b s B ShaleST
Soby s ady Calies glado js b odd O (oobavle
5T o b e Sl gl plonil Caliben (65T Jos
13 ge3 u:g_uﬂrl?;s\p..uz Ol Jd ide 55 a5 (6 5luesleT
G0 6 sla i il NS Jlae 53 (B A Dl i
S AT 5 s g Fe Sl 2 p S AS N 5 VD e
(F) JS& 53 s S ool Jaduia 36 25 5L ST
—dwle ol S (g3banle (5l S de slayls ged I (gl
Joe Ol 5o doa ¥ 5 ¥ O gladglows b o ol (gL
el o 0313 OLES 595 YY 9VF OV (6T

@ ey 035330 as e 0LaS (F) IS8 3 0 &1 (gla ieie
Jdo 4 S A Glagis el Zsl sobanle
a g bl il oS s, KU 4 bals Ol
Aol S B Caslie (N S-h g A sl e
o m ba gomie ol 53 b i Jomn 3 8 s 36 25
Sl oy T ST

Ol i 15 503 o Tun gl (Sl eyl 03 )5T Sy shate o
o S hbE ol @36 25 Blie s (B S

=

o 51 e 5 o Sloslizal bodis § oy il ) Soan



R ol g @ 0 ¥

e (g g g lo3T-1-F
Shol 44l) 5 St pslis g ML) JSs s

Sldo,s Gl ke osT Jas a0l @l J1s
#) IS Jln ) sbas sl 0 0513 OLa5 (6 jauly I gloes Calisee
oy (ko33 Vo dome L &S Gl (G150l a5 b gy e (A
- Jos Ol SRl L &S das e 0L K Ll 0k s
Shals Jotls Sl w gl 5 Sl 3l Sl S dis (65T
S (7)) 5(0f) LS ¢l Sl L) pl ol il
Sl Aoy ¥ 50 (g e Jsbous Lodd Cof S b g e

">>JfL$° AML&AJ’:}

35 0/8
o $oes RaREI 2
0 S 0
3 S 0/6
g 25 '\ 3
A i
V) 20 R \
A e \ 0/4 \;’
4 15 \ E
~ g \ >
a - \ =
5 10 . \\‘ o2
~ 5 S Ll Sl 4l N
0 0/0
28 21 14 7 1
Gaydob
al
35 08
*----- - »
30 e
o L 0/6
R P 3
20 \
Y 15 \ E
-7 \ =}
= i \ s
Aﬁ 10 - | o <
2 s \
!; S el oSSkl 4 4l \
~ 0 . 0/0
28 21 14 7 1
(35005
h.‘)
45 1/4
R SR = L A S PR !
40 IR S S 1/2
o 3| e / >
] e/ Te 1
) v
§ 25 0/8
} .
) 2 :
A R 0/6 \\,]0
;Qg 15 ,,o \ /4 .\g
CU E.
¥ 5 ®----- - \ 02 <~
KA ..
0 ~a 0
28 21 14 7 1
Gaol)
c

(kglem?) & s

12

e YOG L

o=k

(ORET Y

15

Vo (93958 Oy oobanle (Ll i ST - s )lz}aj—\c‘)ﬁ

M)J“' (DLJJJY\ )‘-\;UVAM)JY' (C‘)“’)\F J‘u\.'JVAM)J

S

5oV il VA

1120
1100
4 oo
‘“\'
Y o0 .
O "4
: -~ © 1 Day
S -
g oo 1o
14 Day
0/20 i Lo
28 Day
0/00
0 o5 1 115
(kgjem?) (36 2
<l
1/40
1
1/20 J—
L o e
41\. .__, ’.//
Y ors0
,F -
5 oo .
. : o o1Day
0/40 210w
14 Day
0120 - 140w
28 Day
0/00
0 oi5 1 ”
(kglcm2)v_‘,gum
<
1/40
120 ._,::::,_-__—_/_o:::_,__.
e::
1 1100
‘ ’,‘
,g 0/80 o
& 0060 T
: YT eiby
S o040 ciom
i 7 o 14 Day
0/20 . A
0/00 (20w
0 0125 o5 075 1 125
(kg/cmz)(,.;ggx

T

G631 Jos Obo) 5 Sy (S5 &S 18asl 515 15 505 —0 K&
O geed 30l Ao 53 ¥4 (O) VA oy O ged 38l Aoy V0 (LD L (o5banbs

VA J"‘.?Ll [)}:...J}A Loy Y (C) VA ;“::li




asl5 5 St ol —ase (SnS sl il
sedg by Cwslie odias S adlge g3 sy &S S
ap@wgmkmg)ﬂuj;lrwﬁ;\sm
33 o) Obe e J.:.a;b” a dalsl y3 S ps .::Jf s slowl
G ga3 8y Cunglie (A) Ko 55 ol ok a2l 5l
el o s lan D glite (55T Jos SL0L ) b Calises
Flie 03 cppm n Bl SN (B 15 (3L IS
Joloms dopa ¥ g Yo Ve Lol Colf Sladised 6l O
(Sl adein L)l 503 51 4S5 sbOlen .ol ol 0 o
S 60T Jos Ol 53 Lo y3 Vo Jgloma 31 (85 (2 1 Conglie
e ol el LSS L gas 4en 5 codd eslizul s,
Conslin 555 650 55,5 6K (65T Jas O 55 Jsloms Aoy
ol Uskous & S148 i 015 o op) plo ol 43I0 5y
43}*3Gijajﬁadj)éﬁtaﬂnbuiﬁfjbﬂdizﬁ-
AU s on 535 YA & (655 Jas Olej (85 . Cobls dal i
S (G145 gad S gy sba al 3 spdie B Cueslie g5, ke
G ol (6 7S by Cuaglie old Sl Jlows do s Ve L
Sl a0 OLES Wlodd S Ao )3 Y0 5 Y0 L aST S lad gl
sl 5 Shiea) by Caglie Gl Olojen anlis
- des ol 3 b sl i (s oSS!
e () IS ey Gl (sladds s (sl3biealne (5557
Sl ol

AN

W5, V5, N5, WYY, BYAj,,

(kglem? ) & 5 e 5lia

0/4

0/2

0/0

10 20 30
ok s

ol 0SSN B 25 (sl e b Caeglie e lie A JSC

6}%J}1’“‘le6h'u):\i°&¢~:~ﬁ“ﬂcf

S L (Sl ol 0305 0Lt (L1 4) K8 45 457 5 sbolen
Aoy Vo Jgloes b ol o 45505 51> oSSl gl

63T Jos Ol 5 (S iy ¢ 15 &S1as! w515 15 505 -7 S
oy Jgoes Ao ;5 Yo (O VA oy Jsloes Ao ys Ve (LI L (3banle
VAﬁ:l:’J_,lmwjaY" (CcVA

Ods 3 6 gysT Jes Olo) il b (S 5l
ok O @S 5 (g el Jsoee b badils oo J slalas
Sl Koden 4 ¢S (Glakils Dbl 5 Lalidd opl s
Lals o &Sl Ods oS 5 B s ¢SS! 44l
el il g9y ey 1 g 58 o5 515
mz;wg;ﬁu:.iuﬂcw\j\gaﬂcbﬁﬂ:(v)p,;
S Sl (G145 g b g pe (LI V) K il w0515 Ol
B o sl Jes 55V 5l 61*—1’})1’“ R SARN"
ol otk T cﬁﬁ.dsuﬁ oS S /YD

cla.ﬂ ol J\:r.il j.\.....‘q- J:jub Jﬁ@ o> ny Jj.]ag_)Lc..A
6&3)) .@‘éww JLJJV:ELMQ)M g}:'f
s (el (335331 03 ($3banls 4 gad 4 by o (S V) JSCi

S5 4 50 (it oo ST pladl 31 ity 6 53 pebans -V IS

2331 05 (6bawls 4503 (S oy Jglone doja 0 Lol

s oo (Sl ad )3 pittes 3y Olo S mbaw SIS e
db’M@):&uQWJbéJésj)J?‘jaL:
23 G AT g 5§ ad g pl ABL il NS
ol odalie b6 coli 031> 0L (F) S j5 a8 25 ST ol
Ot 31 oy Sl 0 s 4 g0 4 b g0 457 (LN ) JS2
b et Gl 2 S 6L by A5 plde 2SI bl 4
¥eodsaia b e aS (F) KLl b e aslsl 2alST s,
b b 45 S a4 Oy Sl s Sl jady A
g e odalie (glodiSs MlST Sy 5 4Bl LialS U5 b
Sy g el oSl e il Eeb e 0595l ol
.A.Su.,:o.,\.&.w "'\)dfl}



3/5

B S

3/0 Sl S8l 4415

205 Bttt
)
1/5

1/0

0/5

(o 33)+ 1% Yot &S ool w15
(kglem? ) &t

0/0

28 days
21 days

14 days

7 days 1days

Goy) Ol

l

LR
3 s oSSl 4513

(433 )+ 1V % 15 &S 1Sansl 515
(kg/cm? )‘5?.\....:-

28 days
21 days 14 days

[CTEPNI"S]

[

3 -
—:‘! B St
= 205 s oSl 4415
§ 3‘- By calia
g2
4_7{3 T us
N
221
b 0/5
\_A/.
0

28 days
21 days
YS 14 days 7 days

1 days

(G35)0k;

c
© oy Caglin 5 Sl $S8as! 4515 6 S i Sl ok -4 S
ok o (Slai g (S pp o Bl S ShST Y slas (56 23 15
Yo (G VA Jgloes o3 Vo L (Gl gline (6557 Jas slaOle ) 5o
VA Jsloms 4o )3 ¥+ (2 VA Uslons ds

S -0
sl 487 5ls OLad sig) a0 J8 idw 5 ol &l ok
ol el ol (@obanle By Cuslie Sl Esl g ey
035 ol o glaki el (Sl SRl AL 1

3 ol dleul Ol s 3 Cardy 3l 5585 sdaline (gl .ol

Fasle p pf;l:f e F e Y sl Jee Ol o3 ek
BB Mes 05y &K Gged ol plu Sl am s YY/MY o
Sl w3l 5 A6 0T oy Caslin 5 03y (St
e oy Sl 4l 5 (St Sl a5 S
5 e Fasl 1 08 S VS 455, YA LB S 5l 4 g
5 S Hr 53 g BB Bl ey 453 YAV
ol 258 e 0l & ged JsIs &S Sl gl 4 EalS
0SSP 555 S8 S Sl ey (B Zaslie 4sa
Vldn Caglie cpl oS S 53 039 mpp sa Sl I
o3 10F ke me e Sl p?:lzf LAANCISTS!
wLasa Ol 1y ol 3l

S sl 4515 5 (S i 4575 55 r alalie (09) S5 s
CidS 1ty odd o3lizal o ys Yo U ghows 148 Slej Jstls
.@t@)wvm,cf,udsu”ﬁ,l;~/~~\°‘j,)¢§4_
4 S (§acdy Dlone SBIE o155 b s Sl 0l o
226 e 55T Jow Olej 035 oS I s 5 Sl
O3y S3ad 4 Core 45 g03 Jols Sl 4315 5 (S iy
Sl 59, YA EIE 1 dn S Sl 0l oy 39 53
4 s S8l ol 5 e g Ble 0SS VY o
Sl Sl dm B Canglie bl ol ey oo 4o 53 V/FY
Sl a3 VNP Gy Y 6T s Ol 4 S S, YA
s e Ol

Gy s S bl ayly 5 (St z O S s
f*é"‘-‘f.(’;ﬂ;'/'\mjw\j‘v‘*{ﬁwﬁ‘”' Jslos
Ol O.sj.:VfJ:Ju\.:Jfﬁg:Jb-nghSa:ﬁ\‘Y/ﬂcjef
m s 03 (5251 Ok 4 sa0 4 e (6t Mas (65T Jos
0SS VA G55 Stz 55, 1) St Sl g oS540
2 ph gy PIF 4 s S ol a5 5 e e Sl
Gy &S i Gl e by Caglie bl ol
St Caslie S 03 e e le  p 8 SLST Y
S oty o paSle o SAS VY 4 s, VY I
Ty P BT LN PN - NP I iy
0315 DL Wsed ohp Cunslie il s 1y (68T Jes 0L
Sl s 65T e 0l 3T &8 aSla Lot ol ens



YNV & e el p SIS Y S (S
3 s S8l 4l S 5 e el 5 0SS
Slpanle & (S gl 055 02531 3150 453 Y 4 e o Y
G 5 YAl Cl ods S Sy YA sl Jes 0L
3 s S8l a5 2alS 5 (St 2131 55 0l
S5y 0t 1S (e3banle & 5 pady Jgloms 03531 31
3 hos3 ¥ sk sbme Lo o8 (g3banle  Stis
-l 1 p S S VA /oY 3055, YN (65T s Ol
I a ¥ VO 30T Jsls ¢SS! 4l 5 ol ) o e
Al 3l (§okly (S i I3l Bl 2alS
S S8l 4515 3 0 sl el (2 e odd ey

S5 domi -F

2 S ST s ok b sy Saa Lol el
(R NE {hbu‘ V,E:Jb}a aibe (6oL laanle Jd, Cuplis
Jeus s 5l doys ¥ 5 ¥ O gl ble L glad gloes
2B 05 s (13§ LS S & ga 4 a5l S S
03 3ol atle digy S by 5 S S o guatee 05 L
o oshle 4 Sa) YA 5 VY OF ViesTes b0l
NP s G MLl Cad iy Callie (gla
aT oy 5 e 5 8

Cnslin o6 acly e ke 5 (6557 Jas OLS Rl 31 L -
Lol Sl Wigad (o5 Conslae Ly oo u’%‘j’\““iw’ ey
S (gl Bl 4NQW‘<)>V' EARARRUPE
s e Ol Il A s VYK 5 VNIV e F

S i 6557 Jos 0L 5 6 oy loms e 21550 s -
B Lo & ged (S A 4575 sha bl or 11 e
YN 5 YA YA (5T Jos Olej 53 cdeoyn ¥r 5 Y0 Ve Jglowa b
2 eSS AVOA SN GNP s lie o i 4 )
Ll oy o oo

A e Ot (s S Sy Sn sl
il L Laasils s oYUl 5 L o 04T 55>
ol s 68T s Ol 5 Jpdoea &Ll
Eeb Laasils o b o Sl 5ol S

PN Sen b 6ol s 4 p) ol o (Sla &gl
4 ek Jgboe Ao s ¥ ol o Gl g0 51 (55 S
O (1) K8 Gillae s 5 (1) IS 55 oks 6l £,
sloul 5 aails m alol 5 Jbt glalias 038 b el S
3 S e 1P el KuS wladils 058 Joame 5 s
ou,'u;\fsg;“ﬂ!cam.;wuuwﬁdzﬁujm
sloul (b Caglie 4 53 5 0dkd ek i plSouial sl
Lo g o Con gl g o b Albus o) LS al 5 2y ol
e (N) S 55 555 YA L 555 &5 655T Jas O 53
Pzl Ly 0lej 3G asatia O3 b8 Sy (S s S
R
Loy YA 3 YY) ok s odd 6557 Jos ladisai o5

.%JfN(W)JM)JV' djl>:ﬂ

bady o ya ¥ Lodd & (oobanle 4505 s gluas =V Jﬁ&

.J{‘ﬁr"' (g (CU\" (u e (L :&Lj)k

S Ll anls O3 ) el S LSl
Erosn 3 ods Kiden b lagils o3 51 3 &S Sl
old St Gdges Sl Shol sl Sl Cel
Sl s Sl sl A ol s S
Loy W5 awle 4 ed 0393l Jl oy Saiee

sl oz iyl YAl O,an 5 o o) 3o 520 s8GT
vy b ek b Aoy ¥ 059580 1 s (S ks il
Goman 3 [FA]V/F & /Y 5105,V (65T Jas Oloj b Sl



o ble 3l i sl e 0l Sl (S S s
S p (6 peds Jglee

sl el S L a0l e eSS ol el
ol ol b b glaa g el S

NGO
C b gl 8l 6ysT fas Ol il 3l




&y

[1] J. Arias-Trujillo, A. Matias-Sanchez, B. Cantero, S. Lépez-Querol, “Effect of polymer emulsion on the bearing
capacity of aeolian sand under extreme confinement conditions”, Construction and building materials, vol. 236, no. 10,
pp. 117473, 2020. https://doi.org/10.1016/j.conbuildmat.2019.117473

[2] Y. Mohamedzein, A. Al-Hashmi, A. Al-Abri, A. Al-Shereiqi, “Polymers for stabilisation of wahiba dune sands”,
Oman. Proc. of the institution of civil engineers, Ground improvement, vol. 172, no. 2, pp. 76-84, 2019. http://dx.doi
0rg/10.1680/jgrim.17.00063

[3] P.L. Souza Junior, O.F. Santos Junior, T.B. Fontoura, O. Freitas Neto, “Drained and undrained behavior of an aeolian
sand from Natal Brazil”, Soils and rocks, vol. 43, no. 2, pp. 263-270, 2020. http://dx.doi.org/10.28927/SR.432263

[4] E.S. Abu Seif, “Performance of cement mortar made with fine aggregates of dune sand”, Kharga Oasis, Western
desert, Egypt, Jordan journal of civil engineering, vol. 7, no. 3, pp. 270-284, 2013.

[5] AJ. Al-Taie, Y.J. Al-Shakarchi, A.A. Mohammed, “Investigation of geotechnical spesifications of sand dune (case
study: around Baiji in Irag)”, International journal of advanced research, vol. 14, no. 2, pp. 121-132, 2013.

[6] M. Al-Ansary, M.C. Poppelreiter, A. Al-Jabry, S.R. Iyengar, “Geological and physiochemical characterization of
construction sands in Qatar”, International journal of sustainable built environment, vol. 1, na. 1, pp..64-84, 2012,
https://doi.org/10.1016/j.ijsbe.2012.07.001

[7]1 M.G.M. Elipe, S. Lopez-Querol, “Aeolian sands: Characterization, Options of improvement and possible employment
in construction— The state-of-the-art”, Construction and building materials, vol. 73, pp. 728-739;.2014.

[8] P.J. Venda Oliveira, M.S. Costa, J.N.P. Costa, M.F. Nobre, “Comparison of the ability of two bacteria to improve the
behaviour of a sandy soil”, Journal of materials in civil engineering, wvol. 27, .no. 1, 2015. http://
dx.doi.org/10.1061/(ASCE)MT.1943-5533.0001138

[9] N. Abbasi, M. Mahdieh, “Improvement of geotechnical properties of silty sand soils using natural pozzolan and lime”,
International journal of geo-engineering, vol. 9, no. 1, pp. 1-12, 2018. http://dx.doi.org/10.1186/s40703-018-0072-4
[10] P.J. Venda Oliveira, J.A.O. Rosa, “Confined and unconfined behavior of a silty sand improved by the enzymatic bio
cementation method”, Transportation geotechnics, vol. 24, pp. 100400, 2020.
http://dx.doi.org/10.1016/jtrge0.2020.100400

[11] W. Akili, C.L. Monismith, “Permanent deformation characteristics of cement emulsion stabilized sand”, Association
of asphalt paving technologists, vol. 47, pp. 281-301, 1978.

[12] H. Al-Abdul Wahhab, F. Bayomy, A. Al-Halhouli, “Evaluation‘ef emulsified asphalt-treated sand for low-volume
road and road bases”. Fourth international conference on low-velume roads, vol. 2,"No. 1106, pp. 71-80, 1998.

[13] S.F.I. Al-Abdullah, “An approach.in improving the properties of sand dunes”, J.Eng, vol. 13, pp. 930-939, 2006.
[14] S. Onyejekwe, S. Ghataora, “Soil stabilization using proprietary liquid chemical stabilizers: sulphonated oil and a
polymer”, Bull. Eng. Geol. Environ. vol. 74, pp. 651-665,2015. http://dx.doi.org/10.1007/s10064-014-0667-8

[15] A.R. Zandieh, S.S. Yasrobi, “Study:of factors affecting the' compressive strength of sandy soil stabilized with
polymer”, Geotechnical'and geological engineering, vol. 28, pp. 139-145, 2010. http://dx.doi.org/10.1007/s10706-009-
9287-7

[16] Y. Ohamay "Polymer-based admixtures®, Cement and concrete composites, vol. 20, no. 1-2, pp. 189-212, 1998.
https://doi.org/10.2016/S0958-9465(97)00065-6

[17] R.A. Siddiqi, C.J:Moore, “Polymer stabilization of sandy soil for erosion control”, Transportation research records,
vol. 827, pp. 30-34, 1981,

[18] S. Onyejekwe, S. Ghataora, ¢‘Stabilization of quarry fines using a polymeric additive and portland cement”, J. Mater.
Civil Eng. Vol. 28, no. 1, 2016. http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0001324

[19] C. Anagnostopoulos, T..Papaliangas, “Experimental investigation of epoxy resin and sand mixes”, Journal of
geotechanical and geoenvironmental engineering, vol. 138, pp. 841-849, 2012.
http://dx.doi.org/10.1061/(ASCE)GT.1943-5606.0000648

[20] Simon T. Gilazghi, Jie. Huang, Sepehr. Rezaeimalek, Sazzad. Bin-Shafique, “Stabilizing sulfate-rich high plasticity
clay with moisture activated polymerization”, Engineering geology, vol. 211, pp. 171-178, 2016.
http://dx.doi.org/10.1016/j.enggeo.2016.07.007

[21] A. Al-Khanbashi, S.W. Abdalla, “Evaluation of three waterborne polymers as stabilizers for sandy soil”.
Geotechnical and geological engineering, vol. 24, pp. 1603-1625, 2006. http://dx.doi.org/10.1007/s10706-005-4895-3
[22] T. Hata, A.C. Saracho, A. Guharay, S.K. Haigh, “Strength characterization of cohesionless soil treated with cement
and  polyvinyl alcohol”, Soils and foundations, wvol. 62, no. 6, pp. 101238, 2020.
https://doi.org/10.1016/j.sandf.2022.101238

[23] A.F. Cabalar, M.H. Awraheem, M.M. Khalaf, “Geotechnical properties of a low- plasticity clay with biopolymer”,
Journal of material in civil engineering, vol. 30, no. 8, 2018. http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0002380
[24] W. Huang, C. Zhou, Z. Liu, H. Sun, J. Du, L. Zhang, “Improving soil-water characteristics and pore structure of silty
soil using nano-aqueous polymer stabilizers”, KSCE Journal for civil engineering, vol. 25, no. 9, pp. 3298 3305, 2021.
http://dx.doi.org/10.1007/s12205-021-2036-2

[25] G. Tadayonfar, V. Tadayonfar, R. Kazemi, “Improving the permeability of silty soils using vinyl acetate polymer”,
First national conference on soil mechanics and foundation engineering, Tehran, 2013, (in Persian).


https://doi.org/10.1016/j.conbuildmat.2019.117473
http://dx.doi/
http://dx.doi.org/10.28927/SR.432263
https://doi.org/10.1016/j.ijsbe.2012.07.001
https://doi.org/10.1016/j.ijsbe.2012.07.001
http://dx.doi.org/10.1186/s40703-018-0072-4
http://dx.doi.org/10.1016/jtrgeo.2020.100400
http://dx.doi.org/10.1007/s10064-014-0667-8
http://dx.doi.org/10.1007/s10706-009-9287-7
http://dx.doi.org/10.1007/s10706-009-9287-7
https://doi.org/10.1016/S0958-9465(97)00065-6
http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0001324
http://dx.doi.org/10.1061/(ASCE)GT.1943-5606.0000648
http://dx.doi.org/10.1016/j.enggeo.2016.07.007
http://dx.doi.org/10.1007/s10706-005-4895-3
https://doi.org/10.1016/j.sandf.2022.101238
http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0002380
http://dx.doi.org/10.1007/s12205-021-2036-z

[26] B. Indraratna, R. Athukorala, J. Vinod, “Estimating the rate of erosion of a silty sand treated with lignosulfonate”,
Journal of geotechnical and geoenvironmental engineering, vol. 139, no. 5, pp. 701-714, 2013.
https://doi.org/10.1061/(ASCE)GT.1943-5606.0000766

[27] 1. Chang, J. Im, G.C. Cho, “Geotechnical engineering behaviors of gellan gum biopolymer treated sand” Canadian
geotechnical journal, vol. 53, no. 10, pp. 1658-1670, 2016. http://dx.doi.org/10.1139/cgj-2015-0475

[28] S. Lee, I. Chang, M.K. Chung, Y. Kim, J. Kee, “Geotechnical shear behavior of Xanthan gum biopolymer treated
sand from direct shear testing”, Geomechanics and engineering, Vol. 12, no. 5, pp. 831-847, 2017.
http://dx.doi.org/10.12989/gae.2017.12.5.831

[29] N. Ranjbar, I. Shooshpasha, S. Mirhosseini, M. Dehestani, “Effects of reinforcement on mechanical behaviour of
cement treated sand using direct shear and triaxial tests”, International journal of geotechnical engineering, vol. 12, no.
5, pp. 491499, 2018. https://doi.org/10.1080/19386362.2017.1298300

[30] M. Khaleghian, and H. Saba, “Investigation of the parameters of clayey sand soils stabilized with lime and polyvinyl
acetate nanopolymer”, the second conference on civil engineering, architecture and urban planning in the countries of the
Islamic world, Tabriz, 2018, (in Persian).

[31] Z. Hajiannejad, M. Karamati, M. Alinjad, R. Naderi, “Investigation of the shear strength of sand soil of Bandar Anzali
reinforced with polyethylene terephthalate” (PET), Amir Kabir civil engineering journal, vol 52, no 12,.pp 14-14, 2019,
(in Persian).

[32] J. Liu, Z. Song, Y. Lu, Q. Wang, F. Kong, F. Bu, D.P. Kanungo, S. Sun, “Improvement effect of water based organic
polymer on the strength properties of fiber glass reinforced sand”, Polymers vol. 10; _no. 8, pp. 836, 2018.
https://doi.org/10.3390/polym10080836

[33] A. Zandieh, S. Yasrebi, M. Mortezaei, “Investigation of the effect of humidity on uniaxial samples stabilized with
polymer”, The third national engineering congress, 2006, (in Persian).

[34] H. Soltani jigheh, “Behavior of clay-sand mixtures under undrained triaxial conditions”, Journal of civil engineering,
vol. 31, no. 20, pp. 113-126, 2018. Available from: https://sid.ir/paper/195845/en,
https://doi.org/10.22067/civil.v31i1.35474

[35] A. Janalizadeh, A. Rabiei, M. Absari, “Investigating the effect of adding water-soluble polymer on the mechanical
parameters of kaolinite clay”, Second national conference on soil mechanics and earth engineering, 2014, (in Persian).
[36] M. Attom, and A. Al-Tamimi, “Effects of polypropylene fibers on the shear strength of sandy soil”, International
journal of geosciences, vol. 1, no. 1, pp. 44-50, 2010. doi: 10.4236/ijg.2010.11006

[37] P. Ahmadi Motlagh, H. Soltani Jigheh, “Investigating the effect of liquid polymer on the undrained behavior of sandy
soil using a triaxial device”, Master's thesis, Shahid madani university of Azerbaijan, Faculty of engineering and
technology, 2016, (in Persian).

[38] X. Yao, G. Huang, M. Wang, X. Dong, “Mechanical properties and microstructure of PVA fiber reinforced cemented
so0il”, KSCE J Civ Eng, vol. 25, pp. 482-491, 2021. http://dx.doi.org/10.1007/s12205-020-0998-x

[39] H. Fatehi, M. Abtahi, H. Hashem Al-Hosseini, “Improving the strength parameters of granular soil using casein
biopolymers and carinat. sodium salt”, Master's thesis, Isfahan university of technology, Faculty of engineering
construction, 2016, (in Persian).

[40] C.A. Anagnostopoulos, P. Kandiliotis, M. Lola, and S. Karavatos, “Effect of Epoxy Resin Mixtures on the Physical
and Mechanical Properties of Sand”, Research journal of applied sciences, Engineering and technology, Vol. 7, no. 17,
pp. 3478-3490, 2014. http://dx.doi.org/10.19026/rjaset.7.700


https://doi.org/10.1061/(ASCE)GT.1943-5606.0000766
http://dx.doi.org/10.1139/cgj-2015-0475
http://dx.doi.org/10.12989/gae.2017.12.5.831
https://doi.org/10.1080/19386362.2017.1298300
https://doi.org/10.3390/polym10080836
https://sid.ir/paper/195845/en
https://doi.org/10.22067/civil.v31i1.35474
http://dx.doi.org/10.4236/ijg.2010.11006
http://dx.doi.org/10.1007/s12205-020-0998-x
http://dx.doi.org/10.19026/rjaset.7.700

Additive

Abbasi

Acrylic resin

Acrylic

Ahmadi motlagh and Soltani jigheh
Al- Khanbashi and Abdalla
Anagnostopoulos
Avrias-Trujillo

Attom and Al-tamimi
Bitumen

Casein

Densigication

Drainage

Fatehi

Gellan gum

Gilazghi

Hajian Nezhad

Hata

Janalizadeh
Khaleghian and saba
Lee

Lignosulfonate

Liu

Mahdieh

Methyl methacrylate
Oliveira

Onyejekwe and Ghataora
Papaliangas

Poly vinyl Alchohol
Polyvinyl acetate
Polyelectrolyte anionic
Polyelectrolyte cationic

Polyethylene tereohthalate

&b o319

las 035531

ke

s eSSk ST

S S

o Gl 5 Gllas (gtax]
s 5 AL
P50 55T

sk i T

oees JT 5 o1

SN S ke e
A

Ll 50 Sl
SO

IS s K

Slewl fug b
ST s S
358 s S L
VG 5 ot



Polyethylene terephthalate (PET) fibers
Polypropylene
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Polyvinyl acrylate
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Sodium polyacrylate
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Vinyl acrylic
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