Journal of Structural and Construction Engineering, 10(7), 2023, pp. 74-91

Journal of Structural and
Construction Engineering

Construction Engineering

wlad g Ja—pala g s

L9 0L Sigo WWW.jSce.ir

Journal of Structural and

Experimental investigation of the behavior of cemented-clay specimen reinforced

with geotextile layers

Iman Hosseinpour Babaei'”, Reza Rezvani Toochahi?, Mahdi Kavoshmelli®

1- Assistant Professor, Department of Civil Engineering, Faculty of Engineering, University of Guilan, Rasht, Guilan,

lran.

2- Assistant Professor, Department of Civil Engineering, Faculty of Technology and Engineering, University of Guilan

(Eastern Campus), Rudsar, Guilan, Iran.

3- MSc graduated, Department of Civil Engineering, Faculty of Engineering, University of Guilan, Rasht, Guilan, Iran.

ABSTRACT

This paper experimentally examines the effect of geotextile layers on the
undrained behaviour of cement-stabilized clay specimens using
unconfined compressive strength (UCS) tests. Accordingly, the low-
plasticity clay specimens were remolded in three different moisture
contents, including optimum moisture content and two other ones
corresponding to 90% relative compaction. The clay specimens were also
stabilized by cement with various percentages equal to 3, 5, and 7% of the
dry weight of the soil. The stabilized clay specimens were then cured in 7,
14, and 21 days prior to performing the unconfined compressive tests. In
order to investigate the effect of reinforcement type, the stabilized clay
specimens were reinforced with two types of non-woven geotextiles with
different values of tensile stiffness. Results of experiments showed that
reinforcing cemented-clay specimens with geotextile sheets improves the
mechanical properties such as maximum compressive strength, residual
strength, and rupture strain of reinforced specimens compared to
unreinforced ones. The greatest increase in compressive strength
occurred in specimens reinforced with three geotextile layers, which had
an average 37% increase in strength compared to non-reinforced
specimens. The comparison between reinforced specimens with two
different geotextiles showed that increasing the tensile strength of the
geotextile increases the compressive strength, rupture strain, and residual
stress of the reinforced specimens.

ARTICLE INFO

Receive Date: 16 October 2022
Revise Date: 04 December 2022
Accept Date: 05 January 2023

All rights reserved to Iranian Society of Structural Engineering.

Keywords:

Geotextile

Cement stabilization

Clay

Unconfined compressive test
Reinforced soil

doi: https://doi.org/10.22065/isce.2023.365452.2949

*Corresponding author: Iman Hosseinpour.
Email address: Imanhp@guilan.ac.ir



http://www.jsce.ir/
https://doi.org/10.22065/jsce.2023.365452.2949

VN GEYF amio AF+Y Jlu ¥ 0 lods Ve 0,98 (ool g0 jlu (qwikigo (i g 31 — (ods 49 g

Journal of Structural and
Construction Engineering

“.LMJSO)‘LMJLS-MI’. 4.1 & e
(g — o)
ting $—ale o s

L9 6L Sige WWW.jsce.ir

1ad 59 b ool zbwo 9 oyloww b oulicands () jL8,; 2G5l (owy

Tk 5315 e T bl gy Ly 17 Ll 54 oo led
Ol ey o ST ol o 8 oSl () pae pawdigeo 09,5 boliw] —)
O gy (IS LRI (G pikigro 9 (8 0USID (G0 (ruiqe 09,5 JLoliwl T
Ol ey  GUS olSiils o 18 0uSiils oyl ok qukigo 09,5 ekl )] sy I i g0 iy -1

PRV

solis Caoglio Lislo;] ;I oolizw b Gloww b odbas ) (slodigai o iSa; 18, o JlewSisss slodd,y Gl o,
/o.(/);u.i’{[.aj/’j/ oo/ Caw) digy Cosh, do o fold cilie Cugh, Ao, dw [0 L, SB slodiges Dl g o oy gaeo
ilizio (glons,o b lodiges . i oolo] digy Cosh, Cis g 7 o 40 [ o p515 b ,Blito (slocosh, doyo 4 (0, luliw]
515700 ST Liwloil i g, V) 5 VF Y ol )5] fae loj dw ;0 5 odid Conci ST SCis 59 doyo Vg & oF ol yloew
e boodiiaisl fliSTesy £47 90 b Glaww b oddiCocd pw) (slodigad coniSoeded £97 25U )y joliio 40 a8, /5
b ooy lows sy (slodipad el a5 oo lid gl Wl mldod 4 Ydw g Y0 iy ¥ G 4550s5 cll> dw g il iiiS
Lfl‘z""’}‘”u‘i‘z"“‘fu‘“)fﬁ obiladl Coglio o s Lis Cooglis J..J)/b.f.glio lodarino i ogugs Sl o flinSTel; slodd,g
sba 5ol Fy LleSTel; o Yaw b ol (slodisai jo iCooglio ioli8 g piiin 088 co prluco pil slodigad 4 Cod plco
S oolizw] wodeliwwsdty pli ool o Gizmen dilils [ onid glao (slodises b G Ceoglio iliSl doyo IV Lawgio
~diged 43 oddol/ gloS i i Ll milo 5 00 S ol (clodigad (6 JSG i3 g e Lol 4 o flinSTal)

o S (65,8700 Cunglio ¢ gy esbommw b o by lnsT ¢35 1 (gouds Wlols

rJbes oAbl :lio adslw
https://doi.org/10.22065/jsce.2023.365452.2949 r RO HEAE Sy <5550 céb e
doi:
10.22065/jsce.2023.365452.2949 RIS AARRATARIATA AARRATARIATA VEVANY VENVIYY

),"Wt)u“ :J,j, 0 UG 5-’
imanhp@quilanacir | < .5g Il oy

N EYF amiso AF+Y Jlo ¥ 0 5lods Yo 0,98 (clu 90 jlu (cwikigo (i g 3 — ods 49 pid


http://www.jsce.ir/
https://doi.org/10.22065/jsce.2023.365452.2949
https://doi.org/10.22065/jsce.2023.365452.2949
mailto:imanhp@guilan.ac.ir
mailto:imanhp@guilan.ac.ir

G191 0 3w (gwiigo oo sioleolo

ygon |y ol Byb les)ly b Jeoi cudyl oS musdi o axlse QS L (o5 (lies pusipe looisyn lzl 5

Ol (8855 6)Led Caglie daSE ol po (KieS g9g (ol BV 5l (S V] Wl sl pese 5 Sl e g3 (b

Sy e o s, e 53 S Pl 53 sy Sl il Joelice (slocS Sl Sloyad oS rizan Casla]

sl DA (nl @) lp e laghy) e SWhe iz jen Sel uglie Wl falS g (Sl bl 3k

SE Rl Jlaglped 0 pdyoe D)ge die 4uie eizen 5wl )5 bl bl Bl AT 8)ls 992y jlaalins

5 el Sonis aile o5 sla ) Sl eslinul lyd o o [V] canl (golaidld 2l oo 5l 423 390 199 Syge 50 039
Al Fgolal o S (gilate sln St lavgs s

Olowo g Sal sebai (SY95es olae lawgd (el il ol olgt boosle wix 5l uS 5SS aBlg 0 4 plend oS
ULQ) (e g o S w}ll de.a w‘)s‘ g0 ul.o..\.m [Y‘—V] J.Jj,w‘so 6))).: wﬁ;‘a uﬂ.;l)sl 90 as o)..nh‘se U)ﬁaé

b oodionds S 50 09390 Caugby ;K0 b 51 [3 A] 0,135 o oo yguame (5,Lid Cooglin (59, (slabamDe b 56 ooyl 3.5
9 6)L.....5 wsl&a L @Lu.mo 6‘;: )‘..)A.Li...wa S L A}-)luw.a.) ULM u°3;9‘ [\ ‘] S| ))9.0 cm—lwom @LQ.J wsl.n.a K9y » uLo.M.u

3o sS5 cnl 008 sbml (BLA 1 A6 5y oS Glays Sl (See 5 00l glyaie &)l Gl carge i 2S5
) S s pi i 5 (oS Cuaglie ams ;0 9 Wigd oo 15,5 Sl 5 aelagags Sl g 00,5 lay (5 S (6)l08,L Ll s yo
Lol .0 gad oo geees 50V 58 BUl lavsgi 1) S5 c5 ;) oS 5 ol oll 51 6,5 sl sl 590 s slapley 51 VY] wins oo ralS
D] ceslazas sgaoe gl 5l oolial 059 pal 093 0 SY58 (59,95 ol a5 S )0 0I5 (rizmen 5 Blold Cugb; 3929 ot

el (5L 5 Cool (slls (5058 BLIl gloay S L2S Ceaglin Ll (sl 0k ys5 nf canlie (030l 50,5 o 9,00

Gl o bliaSssh; s b LlaSish winS o 5 eoliiulsyeo VAVe Jlo j o5 osijsi et s cnl 5 o5
o bES5555 gy S ks 110V 5i5b e e 5 izl s gl i wisllio s o pliiasiz slos S
g ol (s g5 [V 1P 09d oo o ST (15,55 JB8) Sga e ge ( (KBS ()5 9 S aled Seaglie (Al ogdle
Lab e [YYV-TN] s fgo (S JS8 08 Gizred 5 G IS8 (2l Suglie (I8l 50 JoLaSS 955 slaa¥ o alold
sl 5 plonms b okiins )55 ol b 53, o 4 ok p55n) 5yt el 5 ool s [VF] (il
SealS g (SisenS i il coge oaiiS s slge o938l aS ols las Sliass bl il S g b B sleans
ol Jlad g by Cwglie il 4 e oy S o BLiasSS g5 oS mlae slaa¥ olows Lialidl 00 5 o glusl a4 les
S8 a5 85 8l L5 B335 b e ey S 55, 515 il el e [Y0] 83 e (S alind 3 slo i
L8] 055 o it sy 0oy o 1o paed (ygs ST Iz ial3él el 00iiS prbno (sloayY

st S dged gBw ol 4 e saiiS mee (19938 (S ol el low (09381 45T cslosls lis lalllas
o2 LS 50 Jes 50 opl a5 0l oo (Seglin l yieS ilFlaz &g S oS 5 e 5l edeliawods Caaglie ggaze [YV] 50,5
o S izren 5 Wigd oo SUIl g S SIS o jiin (St Sl osinz 03l G plgie 4 (Slorws Slge 5 i oo ol
ol el (Y959 dlge b osdios (oS mdus [VA] 05l oo (o285 slaS 5 50l b g bl @ile (S50 Sl o &
G5 GRlBl a e BleSSg5 slaaY (59933 39 oo (KiFnS (5570 S 5 (hp Sraglile o jpane (55Ld Cuglie
Slee Coond 50 b LS55 105,18 e 005 o0 S oudd L8Se) (LB Saeglie bl g AtV oo o Sl
SRS (o8 Fy iy S yg0dy @ldiged iz 5O CanSD il oo Gl SSTas Cuaglie WIS ge Jaa 1) (E5,ST 9 GRS (i oS
slaay ba bage bl Lludl 5l 6 xSe> ol cal o 098 o0 dtazr ) LSS5 sloa¥ o S &5 O j90n
Ive Y] el LSS g3s

N EYF amio AF+Y Sl ¥ 0 5lods Ve 0,99 (oS lu g0 lu wikign i g 3 — ods 49 pid



G191 0 3w (gwiigo oo sioleolo

bl s izman 5 Glos b 0adians () alldi; SloSB Sl )18, axce; ;o ok sl Sliios (95

cod by, S geglie )18, gw,yp 4 (Sl Sldllas sz ginll ol adpdy O g0 allaz Ojgoa JLlSSe; sladd )

63y Ll 5o pliwar U Wlgee o) S SOl riizen wlaiSls LSS 85 sload g plesw b Co lojpa S

- il gl 51 sl b a8 sl T 1 ons gy ol 5 pslite ramds a3 8 Elailleos |y (3legs slobs) o Slas 5 4zl

mdes bulpd )0 Glesw boalilondd () (sheglie [l 5 JLeasSS o35 cniSmdd loa A i g o) p & (5,970 S5 slo

69y b 53 gy Cusb, Sl 5 5 Caans )3 ey S gladigei giluoslel b ogi 4 g 09h il alis glacash) 5 5]
235 8 ey 050 S LS, g0 Slas

G ilwdiges 9 alan Glasin -Y

als gomie 4 Cewl ouls ol (LS liwl Gl 0l (SO05 40 gl didlaie 1 ol gl jo eolaiul 0,90 w, S

oy SO Jgaz 50 o a8l asls oloks] =l jshies g SIS a9 g ol 5l sl GIHY SSS o RIS

dged (G9, o 485 g0 GL\M QL;’;)"L;.)'] @LJ Ol 2 egdle Lo (6,105 ﬁbmsx\g u..low)o CL lge 4y ,la5 5 90

Y Jgox el oo LSt AlO3 pgiogd] 0T 5 SI02 pakis 9T 5l Baae )y SIS a5 o ls ol 5 Vs a5 0,50 oy S
Ade slas glglyd cud i as ]y eolaiwl 050 oy (SIS cdims LSid yole ple dsys

100

80
S
S
[«5}
£ 60
= 4
[«b]
g /
[«5}
o

40 /

20

0.001 0.01 0.1 1
Particle size (mm)

ooliiwl 090 (wy S Wlyd &9 595 oo 1) K&

uu)dl:‘_’a:uubaa&.‘)\dgéa

Jlade b S5
¥ (/) Slgy o>
Y50 (1) & yoo3 o>
V.0 (1) & joo aials
AN (1) axte Casb,
VFY @riem?) ;Slas Ses pgase p,>
Y,VY (Gs) o9 JE>
CL (sx) (saimaib

N EYF amiso AF+Y Jlo ¥ 0 5lods Yo 0,98 (clu 90 jlu (cwikigo (i g 3 — ods 49 pid



G191 0 3w (gwiigo oo Joleolo

@MJ.JUI uan‘ﬁd.vJUG.o é),.ogv)g_ﬂ.’; OMOM').@LLC:Y J,A—?

odidd uSis dwo s ot oS 5
5.y SiO2 gk 9151
VAP Al,O3 (‘312-‘-:-"5"—' S
VEY Fe,Os Q.ﬂ S|
V-4 Ca0 pels oS
\Fg MO o 5ot S
VA COz Sty 5 gyl

oolatal Wglite (SSle Slasin b lygp b oniiatdl hlasSSs) g4 90 5l (gl cnl 5o gebad 5l (o) ssbaie @
Slasie 5 C85 Ojpo el Vo XV olul 4 LLuSS5) sl aiged 63, 5 (ae (RS Glalol a5 caul S8 4 03V ay0 5
3,50 GleblinsTgy (Sael (1= (giomie ¥ IS0 0t (pend RLLLSS ) S (o 5 (o285 Caaglie Jd 5l LT (Sl
oy FeiehS YHO g V-V L plp ol 285 Cwglie 4 azgs b g elel cnl pweane Glas 1) gl cul o eslinul
5y50 Gl bl g SulSe g Susud Slovgas plo Joiz loss (6,138 aL GT25 5 GT10 s 5oy eolitsl 3,50 (slobylinSss5)
ol oy a8 T 54 S conis Gl 35 Oless S5 10 90 ol losw uizred 20 oo LS | ool

Loy S35 Silln oL s ¥ Jgr
GT25 GT10 JSis5 £

b YO @r/M? ) whaws a5l p,>
\Al Y. MM) calses

YE.0 Yoy KN/M) Sl st Canglite
00,¥ VO,V (KN/m) oS s

AD AR AIM2[S) ahaws axly ;o (6 pdsdgis
YV - VEe - (N) S #lygm plp 50 Caglie
200 .Y (mm) w34, ks

26 ——— T
24 ]
22 ] . ]
20 , §
18_- 7 _-
16 , ]
14 -
12 ] ‘ ]
10_- s _-
8] : ]
6 , ]
o :
] , - - GT25| -
24 ]
.

Force (kN/m)

1 T T T T T T T T T T T T T
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Elongation (%)

O3 ()l 50 ooliswl 3590 Sleb w655 (Sl GiS— )b (Gt ¥ JSb

N EYF amio AF+Y Sl ¥ 0 5lods Ve 0,99 (oS lu g0 lu wikign i g 3 — ods 49 pid



Of 21 03l (quigo (ool Jbeleolo

SE (JolaSS955 L oo e g Glowms b 00l Sl (g diged )85 2 (oond o515 9 Cagh; wo)s U omp jolaie @
s Caglo ) g 03 VP S o g s T Ay gl Jalds Cilizee gl ) dws y0 Fe oya3 I 5l b, S5 e,
10 g S Caoww Cagby G110 (sla Aiges g diin SLiS ogate ()9 50 At Cugb, sls la diges .abud solel a0 YE 5
oy S bylie wises g oan | oluabl (gly it (gjle eslel (0,lakinl 1515 Linles] bl 1) doys 8¢ o oST5
Dot e b 0 s, o 5B A 6 log5 35 Mt s Kbl sle 4 1S 5 el T it sboye
S8 ST ol e (5l i S S e B 5B K8 5 s ¥ 5 B ¥ b s 38 55
ol S 5] ot o35 1) o b bl e L V) e glis) g e e YA LLab y (o306 S (gl ailyins] (B )0 o guanns
S g (Sl L5 el b ST Slilas 5 o 4t (ol alind B o st o S 090 5155 o ol 45 oa
WY)lez 5o g plo g aVaw 3 hLaSSg) 4¥es b cadzhus 6l diged Ll 4858550 0ok ye ) S 4 (Sgyue
aalsl )3 288 18 (Sliwl (S15 cou Sl 590 55 50 hleSSess S 5l Y 2 G ol aSa; B JBD (5lee
9 Baigad g o ooliusl (5hl a¥g0 51 e, YV VT WY (g5l Jas (o y0 o digad Cughy (pols sl g y5ed 5| (5,5l sl
3O Egezme 50 a8 )T 118 oaliigame (5,)lid Cwoglie inlejl Cod sall solel sladigad o 5l ey ol (5lag S gdadle 4Y oyl
Sl 3 diges Te olas Slaculsl as0,8 bl cilizee Lulid 5 oy S5 gladines 59 6570 inlos] Y Lidghy ol
olawi yizmes ad alslu (¥ g Y90 @YST Sl ¥ 0 g LLuSTs55 £98 90 L) ouls mhace )l 50 aiged VAL lus 8
Lo sialoj] colas wings (lomms 1Y 5 0 F 535 a0 1) polanas b o s il 40 digas VAR 5 00 st il o digad T
ol S 5 Sl Sl 45 CES Sy 4hio p fedan T UK Jloel 5 5 LS S bl o
e ¥ S S ol 0y 10 5l 6 pgme i) e by sy Kt s digms a5 cdlyaalol ooy b imles] bl s o, lastind
A3 oo (LA oadgld sladiged )3 1) JlaSS5 65513

H/4 I
H/3

H/4 I
H/3

H/4
H/3 H/4 I

ooy gepbind () ety ¥ 90 1 o0 gpbund () A ¥y b o0 et () Jo bS5 35 (o9t () 5o igad 55 el (55051, o ¥ S
a5 955 ¥ s

H/2

H/2

v

T w9 S =Y

‘OW)}«W ‘_s)l.\ué wgl.c.o -Y-

Ded e Glitd 1y eaiiSmdud e Glesw aliee glado )0 b sadcat sladised & by e (15,555 loges TS
2,5 o6 005 iR Ceaglie yiolBl Al (0 g gy dged S POt A yomie Gleww duo,yd ioli8l il aseine 45 4sS les

! Unconfined compression stress (UCS)
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