VeuY Jﬁ'.’.l‘l A ajl.o.:/ cr).w 092 cr_i._r_jdam:rdl.w cabl? 6«1.9 uLL,a_e
(o 85 S BUI 1 eslizad b ol g 5y (ARELST )
Sal 5 Oloww

J:&J}:—wlﬁdj&a

Ol T i odlal 13T o850 bl i Al (Ol e 05,8 ¢ g shomast 5 ks Lo jilasms
Ol bl Cimmi ¢ ooBlal 53T o8l bl i drly 0o 03,8 oy e
Ol sl A8 (ol 51T ol &Kzils (w558 i dxly Ol a8 05,5 ol gann g0y
Ol ey ¢ odhasl 53T oy cody dls O o 055 (S35 ol
bayat.m@pci.iaun.ac.ir :J s sdies 5 S5 xS o™
EXA VAR YA 7 NERCHUR VR F IR PELVA - VR

AR PC )

oS

Es pal I 0w 5 Al 5blio s ol b . Sitand (5 ilwols_siuss Szl 23 awlio (S (S8 S ins A5 xssw slwlo slo ST
5 S b (S0 pid pi M wlzo (slaoliolis 5 Slaidl v3 gblio ol 13 ol Slowl Sbj i cued] & ds o5 b . il o L0515
ol il oslai ] Lo ST5 Gl o ols 3 35 ts xid oo ro SO b9 I G Aitwd (5 s Siolii (0515 £55 cpol o 2
b U e gisao S il o3latuwl 0 45 35 0 g o T A sl (slolw 23 &5 5183 Lo ol glosw 5 BT fio oldosiis”
i 5 (S T los i) o g o (5100 sl s 55 0 Sl Shaureo iy Mo o 4 05 b uiw] 0390 (OIS a5 (5w
wlio DL Lilsi o Slso ool x iBls Olsic & cxwl ol 0 plas dis j8 SIS & Vs isy i oslituwl ()T s3lassl slodiy i
S50 o SaiwY SU 5 (ds5)) V550 (553938 £55 53 sl subii ol )3 (sl Ao )3 £9ib 90 inad] 4 455 b .ol
] S\ JAS w390 (5)9x0 ._G"ufgl.ojf)lo_)l.é.&ulb BT 5 yloww b odub el (slduwlo sldigai s Ilid o slio
o slio i uwl 039 S ()L cioslio il isl 03 T & s gloww jipdso il il 0aids ylivi Lo iule T ol
losw SdGisai jii 9 S BT slddisai puizad .l Jo)s FO- 3932 13 BT slddisas 4 Lilaww slddisai (sILES
o3 )] 90 3948 LG i 5 4 (s linS o slio yinl il SIS Sl 95 SBT 9 ileaw slodigai s & i SSU/
Lo 5 (s3laisl_pliio | £5.6 5.0 ol 47 183 as Gl 353 il SIS o slio 13 5 s oxidsii b BT 5 loww (i iBls caol

IS (5 piawlio Sy sTlo g

Sogme S Silesl (St BUI 55 ¢ ol o kil anile 1 g AS (lao3l

dodae—
Houston et al., 2001; Seiphoori & Zamanian, Ol aiaen Sles Glaods 05 chns LS 545
5 Laol, sl Gﬂu)u;p‘wa\p.(2022 Yy an LSt a6yl sl o 455,53 Jomn o
Sl by Cndd 5 p) 5 Skl (oS o e 055 I

wbéﬁ)b\;&k)‘)clfdbib‘)"&‘Js/\j J...—.vl:g
Bhattacharya et al., 2011; ) x5 jls,5 =,

O Sl gl BLS (glad 55 S 5 olo s glaeds
o=l Liles S LS &Kl Sl eslinal 4 Jlsls 1) Oludige

S “.5!)_74_1@)'1 Este (63,,LS la g, sk

0)



VeuY J.‘.‘.’.l‘l RN ajl.o.:/ crj.w 092 crg._r_jdamyJLw cabl?wlﬁmuaﬂ-é

Clidmd b amed Als edd ST sladi el )Ll
Lo goi aoslie oSl 5 Olosee L2al531 L &S cozls Ol T
Saadat & Bayat, 2022; Saride et ) ..l o 153l
53 s S S zeslie (i3l e Je (al., 2013
Sladlles Gk 51 s oy SaT 5 Olarw L s3lge
Gy Jaes (6 e DI ST 5 Oloses ccilises o puiiioes
o ol 5 Olaw 45 Wl azils Oledl Guises opl Ll azils
Olgr ol 03 (S by SRl (Jol e Ol e
Bildirici, 2019; Chen et al., 2015; ) a2l
(Saadat & Bayat, 2022; Worrell et al., 2001
S5 5 aee s sla So 4T alS cg w
o=l oSl Olse 4 oY 5 s Sl eslinad (SaT 5 Ola
el 45 18 e e 535 g0 3 e
g g g Sl S s Oliee 5 e
Ol oo Ole ol 53 &S Wilaxstls , Sal 5 Olowws b V555
s SKea 5 Sl LS 5 S ST slas «
Afrakoti et al., 2020; ) .5, o )Ll 0 LSan 5 K5
&1 .(Chenarboni et al., 2021; Wong et al., 2020
Ol a slge l g oS Lsls QLIS 54 Olidew s
Asle SoLsGe (slaha, Sl sslinad K5 (s Sl 300 5 oS
3 ,Skas s 4 e il e 08 oS e 5l e 5l eslin
g = 3 e b s e gl o S
5 LS st ld oS s LaekiS sl
s Ol Olse s LT 5l (65 0,0 S 030 ol
2pi SLt ey SOLSe [l o 4 e 15 o0
s AT s bl (Hejazi et al., 2012)
w338 i Lo o pll Sl =
0355 Ceslie 55 Sl BUI Sl eslizul & das e OLES
L A dp Sl 51 s gae GG oS Canl sl S
Eshaghzadeh et al., 2021; Jewell &) 5,51 .+ w2l 3
L .(Wroth, 1987; Palmeira & Milligan, 1989
S b Sl e B anilS laaiss g
el by o Il OUIL e (g 5legy St S slia
s SO 5l e oslin (215l &8 s Sise G Jl>
et Al e oo Bt b Dy il b
31 s O L el Sy i sl yod s oaglie [yl
(SUIN b gy Jsb ) SUI sl o 5 SUN
Gray & Ohashi, 1983; Li & ) sy i i o
555 Sl 5 Sl 5 S )8 (Zornberg, 2013

oY

Chu et al., 2006; Hausler) s, s ;¢ 0155 oo . 5 oo

& Sitar, 2001; Jaritngam, 2003; Nicholson,
sS4 o S e (20145 Van Impe, 1989

oy alS el b ol S (SO 5 bl o
Chu et ) 25,5 5o 1 o0 s dsb 2l 5 |2l Ol
o3l b coly 2o (6l 2 sl St ol (al., 2006
Slamn h S 508 S i3580 5 SRl GLls o
b s o aslie SRl o se s s el s sl
S Ol P8l e 5050 ol 3500 S 60k
L5 o cchoms St o 1S dal 2 55 L 5l U
A 53 g o3 a0 s (5 g0 D 35 ol s Sl 1
Sl L S ol pluls 5l 30 sbaauyp S2alS Cor e
Hausler & Sitar, 2001; Van Impe, ) »55 sl
Ol aS el s adex 1 s, olesw (1989
Slaeds m Kb Slhas it gla 035 03 LS oo
Davoodi et ) ol 050l i3 i (g5lupslie 5 53luel,
al., 2021; Hadi Sahlabadi et al., 2021; Saadat
& Bayat, 2022; Salehi et al., 2021; Wei & Ku,
Sl il Olews S colr al ol s (2020
S ol S 3 5 Olegw (e Ol Ogemibloden ST
Sl s Sl 45U 5 adsl s SO sl 4 2l
s 3=dsls ;Kamruzzaman et al., 2009) 5,5 . S
oslin s, Shee 55 g b le 080 LOLKen 5 5 i
Sl (60 IS0 Ol L s 2ol s s>
sl Jim b el a2l L Ologes b el s
S il ool Sl b bl g s S
o3l Ol e Sl 5l aslizal sl ey S lads gl ls
doiben 5 Sal o 4,8 15 eslinud 3550 3 0liS Cond
das e 0Ll s 31 aS St Cuols cle 4 Olerws
SPL sl Jols o 5185 s 5ty o so 5
33 comalin 3,8 ol Sl S caslis ol 5l
Sy asl Ve 5l i SEPH oS 5ls i Sl o
Olowes 51l s b Ol (gl 05 ) e 3 S S PH
Asgari et al., 2015; Mohammadi, ) s, sslix .l

2015; Saadat & Bayat, 2022; Sanches et al.,
O San 5 bl (044 (e B 5 30360252018

oLz Sl 5 Olew Sl eslizad L JI S s L (YY)

Caglie g,:“'f.l)_é. g &JT}QL«.:_M:))_&ASJJJD



VeuY J.‘.‘.’.l:' RN ajl.o.:/ crj.w 092 crg.ijdam:vJLw cabl?wlﬁmuaﬂ-é

Sy o ge OUI al e oS Wsls 0L 5wl U
5 Shme) Gl 0l i SOl sla s 5l 5
S S Ol 3lge Sl esliad L(0YAE (O Sen
5 L) lams B Sl a5 35 50 S 3 5l S
Lacsll sl 51 sdms eslinud OF ol plas aysa j2alS
5 e Jame 53 L0l 00 Ly 51 (6,8 o o e
S gy Jaen 53 0T 51 U sla S 40T 51 6,8 s
SV 1 5 OF sdme A5 a4 o OF Z3L3L 013 ausa
Al e Sl cus s of Sl eslinad s
= Sl s el e sl esli il ey o
Olorr 0350 CnBOl S s sl a8 S 50 Jlais
e GaLS 5l 36 (Sl Al 5 0V e 4
3 ok 3,555 Vi b 0T sl b ST 5 Olor
ol SO Ol an sl ol Sl eslizud 4 Oliises
Ol dher ol 514 ol 035 Sl 5 Olos (5l ol
OLLSan 0L, 5 (VYY) 0L 5 She (slalS «
el 5 o33 e 5 (T2Y)) sl 5 5155 sl (Y4YY)
3OS Oliises | lidow OLES .3 5ad o, L3I (Y2YY)
Sal 5 Olarw SLS 55 V35 sl e il 5 Comnl
el 03 4
g o DA s A S L Gl s
o Vi L Sal/olerw Lok o saS s odiS
Ol A sl sl S L s kel e 2
Ol 5 Olsl,3 O¥55 5 S Olye & Sl i Sl L sl
Lol cmets SUs 3 OF Sl )y 4 Combs o
Co 4 s andllae 4 aslsl 3 el ol axsls Ly Sl Olowwr

RGPS & 4.}\.:].1 @Yﬁu \_BL:N Q)}\qw).) d)ﬁ ol

‘;éjadﬁ éw 3 :b.o -y

dwle—\-Y

Obl kil ol g 51 S5l Griond )3 andllas 350 acle
I a5 gty lls el g O3
ol ol Y S s e ol 51 gl pad ()
b O (g 4ils ot ol en 0 St 5d Sluasii
sl aglylV Jsdr 5 S 53 ASTM-D422 5 ke

el

oy

T 4500 e slie 53 DU (5,551 5 g S nils Oy
Bl OLI sl slaas sad 3 el Soglie St okt
le_é Oy SUL S Cl S gl I 2y sl Caglie
.(Michalowski & Zhao, 1996) > .5 . )\ 3

S dlas pla b Ol b odd o5 S mls S
Dgad s b O Kan 5 Kol eslin LB (6 Fodimy
sls 0L G yplae 53 Olaes b el i oy St
o Saeebhds Gl bl 4 ax 5 L Olas ) g2 &S
a3 5 old SLIIL 2y 6,550 o (S 3
Tang et al., )ool asl a5l eas e S nslis
= edle sl Ci S gl SU e (2007
5 sms Sy IS SRl e OF taslie S5 5 5
Dgel e UL el ks, (Xiao et al., 2013) ol e
g OVs5 5 5 Ol Lol o (g s (gles>
b g odud wiey opl 3 e Slallles @ 3L 5 8 K

o SaS o gan CJLA.A Shestial LY 51 S o ol b
3 armen (51 Ol 45 el (65156 Conds 350
A5 Olie Sl edd 0350 3l Lol 03 503 sl
3k 1)) s> 5o Olg 5o SV Sl U gladl
C3L3L B O o SO 3 3 L oS ol SaaY il
0l Ly odos s L Ly cneb 55 01 il 5 035
Gy lamn S04y e 3050 ol 5l S pm oS Wisd e
s9d 53 Ol Qlessse 558 - Ol cpl 53 s Ll
i Sl i b K il e VY
axlpe pbacussdon b ook o S gilg cgr Y
5y il ks L5 e e s 5 oalisd oo
S o sman slge Sl g s ool 5 Sl 4 515 LS
S 5 o baalaSin asle Sz gbaallss dsile sk
Loy gsdame gla,Kaly cmul O Sl 5 g1
s a3 sl ol Sl sdaes eslial sl (i
S e e pleo e L Slasle 5ol cnio
Ol Olo OF 31 oS ol 0 slgnty o lamms S0
slad b 5 bSan¥ ulg o Sl joy Sl eslinl 4
laasls Sheslinal 55 5 oS5e 5 oS50l L 5 (Sa
s James et al., 2011) o sla&cn Ol 4 S
o S b 515 o U ol b a3l e St
Ly o Loy coad 3 esli ol 0l O Sdly
iy Sl eslizal L oban 5 sebel (1F4) (Olikes)

3 e S Sl eslanad OV s Jal.(:ﬂl.»j



VeoY Jﬁ.Ll ARNY a)la..i ar}w 0,93 T.(;»;wdl,.« cablzda.lﬁuw

.

,...bl.. wb Y S

G5 opl s esliiul 5 40

100
80
F 60
E
= 40
20
0
0.01 0.1 1 10
D (mm)
bl aule undils gows X Js.:.
b anle (ST 55 Ol g N Jgi
Y/vA - GS o s JL{%‘
e | mm | Do, s o3l Sl
\/YY - Cc Loil g i
A Cu SIS
VA | KN | Vi S St oy 05
VA | KN | i e St oy 055
'//\T’ - emax J.:Sl_,\, P P . M
A - Cmin JS\.,\;— S S
\Y/E % Oopr ot sy

0f



VeoY Jﬁ.Ll ARNY a)la..i ar}w 0,93 ¢c§ﬁjwdl~« cablzda.lﬁuw

8 5 Sal Olaww —Y--Y
s 2l Olee Sl Gl 53 il 0l 1Y Jsa osly Ol § IS s Cd 55 5 Sl e 51 G140 yas

el 0 onlaal Y )Jéwuﬁ&lﬁaﬁdijé}é&w)&jaﬂ

Gl ol 53 e3linad 5550 Sl 5 5 Sl Ol £ IS

Sy SUI-Y-Y

L Sy sl g 53 3 Gl il 53 el el el S ol Ollas T Gatos )l 3 eslatal 55 50 5L
o st ol o3lined o ks /A 5 0/t (sla a3 x5 B 1S 51 LS e S GU)
el 0 LI Y I s eslinal 5550 DU S50 oliso IS 53 a8 jshilen il o SV U 05

55 5 Sl Olosw albod 5 (K58 Sloo guas ¥ g

Olegw Sal ) ol j/olasia
Y/ Y'Y Y/YY 055 Lo st 033
Y. YAe | Yeees (M/kg)e325 o s o
Yo/q /0 VYN Si0; (%)

a/0 /Y V1/o¥ ALO; (%)

£/ Y Y/AY Fe,05 (%)
e/t - /o) Ca0 (%)

_ a _ Ca(OH), (%)
A VA AL MgO (%)

%3 N VA SO; (%)

_ _ VY Na,0 (%)

Y - WY K;0 (%)

Y/ /LY YAY LOI(%)

sl 3,90 &::.AI J\._Jl gé;'ij QL:-&_,-A’ Al J}-\?

Fl F2 Clasie

VisA | A Grose) SUIJ5b
o/t /A (e o) SUI s
/A ¥/ (Sl LS) wezaVl sk
e X (I K iis canslie

00



VeoY J:'iki ARNS OJL&«; ‘r}w 0,93 ‘éjwdb co)lzw.lﬁuu.,aj

FD=0.8 mm

J:Z:ﬁw|33 sl 3,490 ‘S..'..“.,N <UL JS&

oS jshailen (st ped g3l aslal 5ty el sl o5ls asls|
o3ls 51,5 LLadsht s T el s sl 0lis 1 K2 5o
i 5ol s Jamn slos 53 G
Sl el st B esls QLS VIS 53 0 S ) shilas
SIS e sl dee 2T s 1 Ll e sas (65 s

Sy gm o3l 13 g gmee ST oKaus 3

oS ) gases (5,8 Cwylie ﬂ‘ﬂji—"—*
Vo ysodid bme sla Sog58l 039580 1 ol Guas s
anle SUSS 5055 Ol sast (59 e slads s s
e ulal 5 ba gl 4 Gda bl sld pay el
S g3l 5l paseie lads s L (lawle S 055
BLol L 01 5t sps S wilol St | cilises
Sliie U Lads gas 31 S p 4 O asiie lis 03 8

S8 Lt oShe iy St (5 alb andls 5 g Cusb

o3l Jos ) day b sad (55, 2 sr 5 S5 Rl plowil VIS



VeuY J.‘.‘.’.l:' RN ajl.o.:/ crj.w 092 crg.ijdam:vJLw cabl?wlﬁmuaﬂ-é

L Olers) 51 (bsdsne L odd ol (slad syl tp g 038
s (Sal

L Oless) 51 (Jbsloee L ol (g5l slati sas 1pler 035
S G 5 a5 (S

el ol sl 8 e 5s ol s 4y LIS Sl-Slasl

EW S g 4 oY

sdd (3l 4wl 5 Shas j oo Dl Sl asdlas gl s
Laiabasl 5158 Sl Ll 5 5 o Sal los L
sl a2 S 5
ST Gl U ok s a5 56
S (ST L Olae) L o (3l sl a0 93 05 5
SN

Al s 4, I8 Shlasl 5 o f Jgar

e

Cadle

e Olosws Ao ps

CcC

v_'éj..aw&]w);

LC

LSJ}TJA&OLA)’QJA

CT

jwdglw)é

FC

SUI b

FL

RGN P W SN

zC

33 @u S TLRRCI 1 SV RPN USATJJ.W 4 gl 93
ol 5 e33nla Goiow Sl el s B b o il
el (1799)

Sy Oleww b ekl (ilegr ladiges YT
Sy SUI 5 Kol b Sy

B 5 Oloww  goa> Ol -V -Y-¥

A sl glaas e s S OUL ) e
WSl e 25 G Gl 5> ST Ol s
B8 5n 5 ek VU5 A LN b o 5l S 5Y
05,5 ol il el ealat il ze s /A 5 0/8 GLI
350 YA 3V 3 eld sl Jas slaas sai gl o b ilesl
dos3 A sV il 5 ST 5 Oleg e ol 0 plonl
GBI Calizes glads s i el 3 ool ol 4 § L5 s
ST NGNS PSS oE SPR RARTYL YA g
A 50/t as U OUL 5 Ol ol slad gl (g sel
P S YV IO PN U B PP P N ISP
oo b S i b bl (258 Gl A S -
OLES Olomw L o e sl sl 4 G s il

Sloms Slie (2l 31 a0 DL gl 45 plailan . das e

ov

Sal b Ologw b ok ol sla ks gos —V ¥
sl 5Ly 5 SaT L Ol g 31 asdllas sl
S5 il il U sl ol 51 dlie glads s anls
YA V8 V) e slaObes s badiges jskie cpl 4y
0las 0Ll 53 5 et (sl dos o Lail 3 i (s
ASTM D 2166-87 5 luilel olusl s batd 503 (5551 Jas
) 3 el sl s S (5 e ST ol
e g 0l A S s bl 5ley S
S 3 ki Caglin 513 ol s i S
ol (5ilwg St Cuglis (s dLAﬁ BB RGN (AR v
G el ST Lo s S 51 2y b Olasw b
Cslin ¢ 35380 3lse o s3 A 53 w3,V sl Jee Ol
adped 3l gl dempa Ve ol o Slen diged L08
e el b e slie Sl ek ol WJ ) bl SaT
ol s Olos 53 € smar bl o 88 (> b g
sl Az 3 WY 550> 5 4 gad 35 SIS s, YA
23 Ol am & ool dadisad 53 s g5
gl e glie OV Bl 2y (nle) s s 4
oss 8 Y lgabse cpl sd o i (Sal s Sleew
dops Al s Ll il e Gl oS i L
AL gsed 53 b e il bl Sl 4 leoidlestl Sal/Olesws
o3V D) ol 5551 o a5 S > Sl Ologes ds 53
o O] (Sl Olows o3V L o a5 Oles &0



VErY Jﬁ,L.’. ARNY a)Lm..f« ‘f)'w 09 ‘ng'}wdb cablzda.lﬁuu.aé

sl 53 OUI g S iy Ol 5ol cpl e oS 5
O s 4 035 SIS A3 b sladi yod 3 S S
ol c;l.:.: Oemet ol 035 4 sad (65LA8 Coglie A58
o 2 L8 DU 58 b S e e
0L (g ity (gulid Ceslie 5 ol s 855 b o
Sl QLSS BLI Jyb 5 S5 Aoy S s Lilesls
035 S S8 S b L Ol gl glaa sai s L)
ol LS55 anle 5 Olewwr sladils b SUI (g iy B 3 5

))JMAJ}M C».cju.a aMC,&l{jw\

Golid aslin 53 (S i Sl sl do s A )
/0 Sl ag sldie e b3l elad 55 .ol 0l Lo ged
Sl OBUI ziy (2l 5l OF 51 ey 5 ol odal o Ao s
3V SUl Glads s gl ol sl (65Lhs Cuglie Ll
Censlin e ke 1V b L SUI sl slad ses 0T 51 28
e A sl L GUI gl (sladsai 4 Cod (5 20
Jsb I 5l iy SLI slias 6l o z.;} (el oals OLES
oals QLS (g dy Caglin ;e e A sy S S U
S e 5 sk bt 5 s 0Ll ol oo

el e

i T i1

Lk S A4

P

sEvERERANLE

Rl )

[
CEE R EEE SRR EREIN L FRRRTY

TN T

]
Aslal anata 1

Aviad Strews (WP}

= =

Avial Seres (LF)

U1, LK mum

Avisl Sirsin (%)

" as ' s 2 2%

G .
S e
s
CC=1%, FL=16 pam)|
as ] s ) 24 3
Anial Saraim (%)

e

Axkal Stre

o (hPa)
- FEFEEREE

Aniad Straim (%)

i,
A

LiiEiEidd

CC=8%, FL=8 mm

-

CC=8%, IL=16 mm
' (] 3 4 .
Anial Sarain (%)

ok /8 3 L O 5 Oloes b 0k (63l (5La4 503 0355 V (505 Canslis gla i lesT El A S

CC=1%, VL= 16 mm

' . : P
Alal Straba %51

CE=%, TL=8 |

sl Seren (kP
EEEEE

d 3 3
Aukal Sarain (%)

Facdes VA Ja5 b B 5 Olew b 0dd (53l sl gad 035, V (55l Caglie slagibsl s N S



VeoY J:J..Ll RN a)l.a..ir ¢r‘)~u 092 ‘('S‘..}C"‘“'&"dl“*' ‘a:lawl.oul;lﬂa.é

st S sladisad s S g58l 51 b as s S sl 4
S Glopasi sl 4y Ced (S0 ()L Canslde Ol
Al Kal b o

Oy Kal gz Ol J1 -V -Y-¥

S Lt gad (gl ool iy (55 S — 55 Lol e
Asy el e dE LI ) sl S5 s Sl L e
Sal 5 GLI Gl sladw s Wi Lals sad &l i

a8l Ole L ol Cs slad god i Ly L5

— e %
14 Fed ¥ "
Fon.5
=12 | P e 1
Fo | e H
w . o, Zw
H e o
E B
e A4
L 'l
* 4 - 4
0 RO MR LE= 1% FL=16 mm
L] 1 2 3 “ 2 3 4
Avial Serwin (%) Anial Strmin (%)
ne
" iy T i, -
i ;i S z o
2w i £ P \ .
- P Vi ./"y. e
; - o - \\ )
3 o 2 P
20 1
, LEA8%, FL& man i LCa8%, Fl= 16 mm
L] i 2 ] 4 1 2 3 .

Al Sarsin (%)

Al Sarmim (%)

Fadee /8 3 L OBUN 5 Sal b ol (s5lagy sladiged o34, V (55l Canglio sla 2ol @B s

l

LLe 1%, FLo# i
L] 1 b L)
Anlal Siraln (%)
™
(L
Zm -
E o,
o
i e
T
m
» LO-8#%, FL-8 mm|

G091 Jos Oloy ol FY-Y-¥
5 Olor L 0 (53l (ot gad 5l ool ol il
S 5 ST L odd (53l slats sad iomen 5 S
el s Y S IS5 55 55 YA 3 el (55l Jas
53 GBI 5 Ole b ol Col 505 Sonslis il 531 Ol e
Ao W asd B aojss YA (e 3 0 (651 Jos & 5as
S ol Jlss e SELIRGI IS PR PTPVERS] A4
53 St ol SU 5y D9 ot (sl Jas 45
Cie Dl Sl edas 0L 5050l el o 53 AV 5 50
OLaj 53 0dld Sl 40 god Cunslie Liul33l 53 GBI g

sl & 505§ 5] Jas

a

Al Streas (kFa)

Aial Stress (LPa)

= ¥ 5§ E ¥ B ¥

LEH%, FL= 16 mm

1 £l 4
Aiad Narain 7}

LC-8% FL-8 mm

otk VA a5l SUI 5 Sal b sd (5l slaki g 855,V 5L Caslie slaaleT s NY IS

04

Slaas s b Sl (5l glatisad 3 wlie J1uis s,
070 S Sliie 55 bl 53 355 e sdalie Olesw (55l
VUV O dsb cl ods lulis ag slie Olge 4 Ao s
Ll adls s Shee Gl sladans 53 B e e
S Ay a5l S S pslas sl 4 S
Gt Caglie 508 BUIN b o ool ol sdalin
s Ao A as ) Sl Sl il ol sl OLES |
el aglie ool 0 o gl (55L55 Cunslie 2l 3l sy
0Lz Olepw 5 Kol Lol i Lot gad okl s
Coslie Olow (S5l (Slaas gai 5 Loyl 55 oS as e

Ales sl s 5 Sl (gol (Slad gad 4 o (5 2o



VeoY Jﬁ.L.’. Mol S 09 ‘VSJ‘}WJLN cablzdmlﬁuw

1300 a0
Ty
1o | 18y b
3 H
S | 4
i
3 | =
Bl | 3
2 | - joo
- |
| ™
o |
CO-8% FC-0
[ "
[ as L} (£ 1 13 3
Anal Sorale (%)

7 iy
- 28Dy
N
- 2
/" CC=8% FC=0.5%, FL~16mm

[ ?
Asdal Srals (%)

3 4

(ingshon A S a5 Sl 103 A) B g 050y 5 s Ol b 6k S8 o305 (555 2 S5l s e b ST Y IS

Cdp) s KAl b gy 5 Ologw b odd ot (5lads gas —Y-F

Sl o)s s i e sdalie aS [ shilas 3l Cn S
Sal b odd Cos st yod S35 5 Ao A o5 il
2 gl 5 S5 e S ol LB 5 il
S ol o) 20 55 Olagw b odld oS slads 5ol
Ll S S S
el A Ui Sal b edd oot slaniged (sl
il o3l 0Lz 1y cglie i (Sl gl 4 e 5
e Qlamw L old oo slaas sod gl oS5 s

el eals OLES 1y Ca sl o i Vb 0K

Cs ek ged (g LE5 Conslia o iolesT 51 es S cpl s

ol e s 55 5 SATL S5 5 Olage L e
Sal 5 Olerw sl 85 ilsien slado s Wl 5o
o3 A s\ ol 5 Sl b Ol Ao s ol 0l a3lizul
Oy 53 05,5 ol slastubesl ol oad 4 8 s s
SLasls sas Alas 8 515 s 5550 030, YA sl s
e Gla S 55 da bl 5les S cpl iS85 — i
Ao il sl st S 53 oS ailen ol s

adaii Uy blue 5,8 (s » ete 50 S5 el

fud LT Ao e Y
“ L 1o Ly T
o LO-1%-Fr- 2% e L L =20
. LO=1%-2redn | < 120 LOsE- L=
<7 1O % bl E LSNP0
] LO=1%trse | T 1™ x LO-&%- 2%
E W e—rO-1%-ze-100%| Eome S, - LOEY L 100%
L) =Y z g .
3 e
zm z

-~ P

£ ™ 1008 oy
7 7
l"- an am
£ i

o ]
& i &
2w } -
z :

[l g 00

. CC T
% O % " —-CC-8% Zr-100%
L] 1 3 4 s L] 4 3 L]
Axial Seraim (%%) Axial Stradn (%)

S5 5 Dlam b S5 5 ST Lok s (ladigod 0395 YA (5L Canslie sla ool s N8 S

H

Atlal Strens (kPa)

i

Axtal Stress (kPs)

(£} 2
Al Saraln (%)

!

o T Tr—ais TE-08%
T L UL
P

Avlal Stran (%)

SUI 5 e 55 Olonw b SUI 5 cd 85 (Sl b odkd (55legy slati gad 0355 YA (553 Coslie sl jalojT mls Vo Ko

"\.



VeuY J.‘.‘.’.l:' RN ajl.o.:/ crj.w 092 crg.ijdam:vJLw cabl?dmlﬁmuaﬂ-é

S 5 Sl Ol by B 5 Sl 55 AT b 0 (g5 lngy 5la puit

Slawls S o5 585 s mllas oo ez sk 4 -
Ol Of s oS ws 8513 lesl 5550 Sal 5 Olens
39d> 53 055V e 55 Slenw dged 4S 3 el ol edias
S A ged 4 S 1) (620 (LS s il Vree
Oloy Rl b g g sm ol s o LIS 555 51 Sal L o
au%ﬁdﬁ@jwjaﬁ&.wébjku&)ji&&
Ol s Soal U sdid Cmedl 45 03 4y S Olomw U
Al WY sad 55 55 YA (65l Jes
dwba.uwﬂjwjiug‘)wQ‘f‘w)ﬁL—
e Ao VU A Js b 9o L e L v A 50t has gy s
Cd g 5,5 G 5 S Jas oS s S edaline
osls DL (6 idon guldd Caglio 5 anils 5855 kb o
Ll slaas OLass GU Jsb 5 S5 doys SG oy .l
05 s edss b 5SS s U OUl sl slad sl s
Sl 0l L8 55 ale 5 Olosws ladils L GU (¢ mis bl
&;ﬁwsduuwdljx)}.;:%u}w@}uﬁa.\&ubj
O gas 3 amsl dsle OUI 1 SLSS Lal s U Sl b o
SLasls gas Sl edd Ay Al a0 Slew ol
oo L ol o 4 s0s 53 asmil aslie (g5l oo sl
)'ldzgt_'sujsgf_idljlggdbc_g_\l_g.ufcms‘«_g
L_SJL_;dg:hﬂjuﬁuwbadeubwgu‘;}J})ﬁ\
Ol 3 5l KAl b ol ot (Sladd gad 4y ol (520
SLSG L asg i (Kol 5 Olage S 55 a3 sl
..)\ATW)A{M)A',O S goleg o

i 53 Ol 5 SAI L sl S Sladigad o b -
G g Dl 3y s Clizes i 53 Sz U
@L:;J.J\_J:A_I}léﬁ ol 6)Lw.€.: ﬂu'j.u' CAA)LEA ﬂbﬁ‘ B
oo glie Aoy 01 550> U Ll 5 oo SUI ) g oS 5l OLES
S G S A s ) Ol b ok o 505
s ol shl el 4 5

Qﬁ}un)t})).: de)ﬁ )l}ﬂ)"*‘é} Q\Jﬂ Jﬂ)ﬁ)}lﬁ'a =
Ly adsy ol e o Sl glado s (S (glis
sdias DL ol s slinal St oo s Sal b Ol
e A0S Sl s a8 il e )
sl sy ool e il cl s 4k U blae 55 S (6,
Sal b odd oo slati yod S35 2 e A 55 il
53 s el K )5Sy aden S ol L 5 4zl
S ol badoys mis 55 Oloww Lol oS (ladd gus
Sal L ol i sladd yos gl il G 5l S oS
ol o i (SAl Sl a4 s Sl TAY LB

W

5 O g lie Selul e bl 5 cand ol s
Solid Coaslin (3 sl tlasl s el oy o 55
Olarar L S 5 e 85 (Sl b ol (53lengy slads 50
Ol s Ladised el ol S35 oy 3550 DU S 55
Ll S 15 23T 5 5e 035, YA e o3 b ialesl 5les S
/0l SUI e ol sl alyl Vo (S s O m s
ol o 4SS gshiles couled s an S L s Ao
Slaas sl slm i 5 Olanws (Bl gy S 5 Ao e
Sl o3 5 Sl Ol g S 5 5 Olarw 551>
el 0303 0Lz 1y o slie o i Sl gl lad gas

e (S5 g Slerw ased 53 Bl Ao 00
ol Lo S (g les Coglie (Geo p3 WYY spu A58
LSl Olew ol S s a8 cul A 4 s
53 DU Ol s &S5 50 3 rizmat Dol 05 eslin
Shoss W ssd 5l o e oS 555 BB _Sloger &5 500
LI e 0500 Glars 4300 4 ol 0l S5 4 505
ol o

5 Sl ges 3 BLI ass 0 s Jls ol L
Sl (Al oS sl YA RIS e (55
S 53 Al B O S 55 S pam 3 Sl 450
3l Y00 sgd s Caglie (20581l Sy Cads
Sl iy Jlen Sles dsed 5l g3 8 s S
Al a0 s SOl Ly 4 g L Ol g o
4 g o A ls sl A Sl Ll e €50l 5 2
5 Sleam a0 e 5 S5 0 5 b Sler
W0 3§ b sn eeh eieed 5 el SU 05 5 L
S 3 oS Llas S 5 aglie 3,50 A5 Sl 5 Sl
sl )L, Sl o) Je 8 W 8 sdalin g ss 50 ol
o=l L el Oloes =S 3l 208l Sl =S 4505
3N e s e SU 5 55 5 s -
358 o Olapum S 4 s Sal —S

S S 4o -0
5 SISl S e G2 sz anlllas il o
W e lasle St (g5l ol Olge 4 U5 5
UL s s cdsiy OV Dl sk ol a4 ol sal
Slals SLa (5lis anslie Sl 55 00 edle Szl
S a8 5 bl asse Sl Olaw b sdd Sl s



VEeY Jﬁ'.’.l‘l A ajl.o.:/ crj.w 092 cr_i._r_jdam:rJLw cabl?wlﬁmu.ﬂ_é

Sl T0) Gl e a5 5 Sl e 2 SU
05 Cglie (Al ul G 533 Code s 53 5 e dd S
o asad 5l Il g3 a 534S 5 Al YYO 550

S Ly 53 SLe G f 5 5e Coenl 4 ax 5 L

Seslead L1y eSS Slallas 45 55 5 0 slgdey (St
o3y LS glac S 5 k) w5 S (S Je
Ol 54585 S (o0dls Ol ish 3 S5l Gl
35 SAGs 3ol Do 53 g Sk S b 5 s
sehe Gl L Ol e asslsl 53 00,8 515 oL
e BN b s e 4 Ol s

oty S e g (Gl ¢l 2

cement/lime", Arabian Journal of Geosciences,
8(3), 1439-1452 .

-Bhattacharya, S., Hyodo, M., Goda, K.,
Tazoh, T., & Taylor, C., (2011), "Liquefaction
of soil in the Tokyo Bay area from the 2011
Tohoku (Japan) earthquake", Soil Dynamics
and  Earthquake  Engineering, 31(11),
pp-1618-1628.

-Bildirici, M. E., (2019), "Cement production,
environmental  pollution, and economic
growth: evidence from China and USA", Clean
Technologies and Environmental Policy,
21(4), pp-783-793.

-Chen, W., Hong, J., & Xu, C., (2015),
"Pollutants generated by cement production in
China", their impacts, and the potential for
environmental improvement. Journal of
Cleaner Production, 1, pp.63-69.

-Chenarboni, H. A., Lajevardi, S. H,
MolaAbasi, H., & Zeighami, E., (2021), "The
effect of zeolite and cement stabilization on the
mechanical behavior of expansive soils",
Construction and Building Materials, 272,
121630.

-Chu, J., Yan, S., & Zheng, Y., (2006), "Three
soil improvement methods and their
applications to road construction", Proceedings
of the Institution of Civil Engineers-Ground
Improvement, 10(3), pp.103-112 .

-Davoodi, A., Esfahani, M. A., Bayat, M., &
Mohammadyan-Yasouj, S. E., (2021),
"Evaluation of performance parameters of
cement mortar in semi-flexible pavement using
rubber powder and nano silica additives",
Construction and Building Materials, 302,
124166.

-Eshaghzadeh, M., Bayat, M., Ajalloeian, R.,
& Hejazi, S. M., (2021), "Mechanical behavior
of silty sand reinforced with nanosilica-coated

Y

Lodd oo slad g gl a0 s Lol oals OLES
03l DL | Cmeglin ity T8 sl e lasw

sl
55 5 ST L Ol Ol Sl 31 asdllaa L 0L 55 -
@l:j«s.uu;'-l;ﬁ S gl o lie asdllas a0 BUI 55
g_él.:j\ Lo )3 4,0 ) gl okias olis 353) YAMJ}LAA.‘:}»J
VYV 50> &.ﬁb_'e\ v ‘Q_A}SJ)L;LA:_.N@JW'):
Sl ool s s col S gl caeglie sdo s
S 53 ememad ol 0l eslinal G 51 aS
VIS Py U | L;:Lo.:_.w 4 ged 3 Ul Oljae pped
CHb a G 0 lld Gl 50 (S35 OV 350> 258

Aoy 0 sl J= O.l\l..u.g.w\ ol g_él.:H s> O

ela
S el 5 " OYR8) (e el 5 el issla
solis Sleogast ressup 105 S ey anS Olals
(00) YA slr MOl bosdd ol Ll e, anbe
AY-. e

Q) cp ol QBT 5 0 Sl e 5 pBslom
wlr Mol S s Y S el 0808 sl i)
MN=EY aw (DT

OY48) e Slos Slakw T St
Gl o s KoYl bk gl sUl s
Sl M Sletle gladls 1 36 BL3L glaalaKas
OV as (DY

<ol NSy sl 1S (YA0) e L Obdensm
A5 sl Sislas Dolae 5 mls

O8N )5 o33 smme 5o | n0lilas; ¢ (S
ol (St n sl s S s Sl !
LOYY |, posie O jas pwdige " V555 Ao aiesel Olows
OL)) e sol, s s e slide e 0L S0 -
boodd Sl Vais o2 elies 2l S o
e Vi 63550 adllas 01 w0 31 L3l 5 U
ol s ol wdige M o

-Afrakoti, M. T. P., Choobbasti, A. ],

Ghadakpour, M., & Kutanaei, S. S., (2020),
"Investigation of the effect of the coal wastes
on the mechanical properties of the cement-
treated sandy soil. Construction and Building
Materials", 239, 117848.

-Asgari, M., Baghebanzadeh Dezfuli, A., &
Bayat, M., (2015), "Experimental study on
stabilization of a low plasticity clayey soil with



VEeY Jﬁ'.’.l‘l A ajl.o.:/ cr).w 092 cr_i._r_jdam:rdl.w cabl?wlﬁmu.ﬂ_é

-Palmeira, E. M., & Milligan, G. W., (1989),
"Large scale direct shear tests on reinforced
soil", Soils and foundations, 29(1), pp.18-30.
-Saadat, M., & Bayat, M., (2022), "Prediction
of the unconfined compressive strength of
stabilised soil by Adaptive Neuro Fuzzy
Inference System (ANFIS) and Non-Linear
Regression (NLR)", Geomechanics and
Geoengineering, 17(1), pp.80-91.

-Salehi, M., Bayat, M., Saadat, M., & Nasri,
M., (2021), "Experimental study on
mechanical properties of cement-stabilized soil
blended with crushed stone waste", KSCE
Journal of Civil Engineering, 25(6),
pp.1974-1984.

-Sanches, G. M., Magalhdes, P. S., Remacre,
A. Z., & Franco, H. C., (2018), "Potential of
apparent soil electrical conductivity to describe
the soil pH and improve lime application in a
clayey soil. Soil and Tillage Research", 175,
pp-217-225.

-Saride, S., Puppala, A. J., & Chikyala ,S. R.,
(2013), "Swell-shrink and strength behaviors
of lime and cement stabilized expansive
organic clays", Applied Clay Science, 85,
pp-39-45.

-Seiphoori, A., & Zamanian, M., (2022),

"Improving  mechanical  behaviour  of
collapsible ~ soils by  grouting clay
nanoparticles. Engineering Geology", 298,
106538 .

Tang, C., Shi, B., Gao, W., Chen, F., & Cai,
Y., (2007), "Strength and mechanical behavior
of short polypropylene fiber reinforced and
cement stabilized clayey soil", Geotextiles and
Geomembranes, 25(3), pp.194-202.

-Van Impe, W. F., (1989), "Soil improvement
techniques and their evolution".

-Wei, X., & Ku, T., (2020), "New design chart
for geotechnical ground improvement:
characterizing cement-stabilized sand", Acta
Geotechnica, 15(4), pp.999-1011.

-Wong, J. K. H., Kok, S. T & ,.Wong, S. Y.,
(2020), "Cementitious, pozzolanic and filler
materials for DSM binders", Civ. Eng. J, 6(2),
pp.402-417.

-Worrell, E., Price, L., Martin, N., Hendriks,
C., & Meida, L. O., (2001), "Carbon dioxide
emissions from the global cement industry",
Annual review of energy and the environment,
26(1), pp.303-329 .

-Xiao, H., Lee, F., Zhang, M., & Yeoh, S.,
(2013), "Fiber reinforced cement treated clay.
Proceedings of the 18th International
Conference on  Soil Mechanics and
Geotechnical Engineering.

M.N. James, W. Choi, T. Abu-Lebdeh, (2011),
"use of recycledaggregate and fly ash in
concrete pavement", American Journal of
Engineering and Applied Sciences, Vol. 2 ,
No. 4, pp.201-208.

vy

ceramic fibers", Journal of Adhesion Science
and Technology, 35(23), pp.2664-2683.

-Gray, D. H., & Ohashi, H., (1983),
"Mechanics of fiber reinforcement in sand.
Journal of geotechnical engineering, 109,
pp-335-365.

-Hadi Sahlabadi, S., Bayat, M., Mousivand,
M., & Saadat, M., (2021), "Freeze—thaw
durability of cement-stabilized soil reinforced
with polypropylene/basalt fibers", Journal of

Materials in Civil Engineering, 33(9),
04021232 .
-Hausler, E. A & ,Sitar, N., (2001),

"Performance of soil improvement techniques
in earthquakes", 4th International Conference
on Recent Advances in Geotechnical
Earthquake Engineering and Soil Dynamics,
San Diego, USA.

-Hejazi, S. M., Sheikhzadeh, M., Abtahi, S.
M., & Zadhoush, A., (2012), "A simple review
of soil reinforcement by using natural and
synthetic fibers", Construction and Building
Materials, 30, pp.100-116 .

Houston, S. L., Houston, W. N., Zapata, C. E.,
& Lawrence, C., (2001), "Geotechnical
engineering practice for collapsible soils", In
Unsaturated soil concepts and their application
in geotechnical practice, Springer,
pp- 333-355.

-Jaritngam, S., (2003), "Design concept of the
soil improvement for road construction on soft
clay", Proceedings of the eastern Asia society
for transportation studies.

Jewell, R., & Wroth, C., (1987), "Direct shear
tests on reinforced sand", Geotechnique, 37(1),
pp.53-68 .

-Kamruzzaman, A., Chew, S., & Lee, F.,
(2009), "Structuration and destructuration
behavior of cement-treated Singapore marine

clay", Journal of geotechnical and
geoenvironmental engineering, 135(4),
pp.573-589.

-Li, C., & Zomberg, J. G. (2013),

"Mobilization of reinforcement forces in fiber-
reinforced soil", Journal of geotechnical and
geoenvironmental engineering, 139(1),
pp.107-115.

-Michalowski, R. L., & Zhao, A., (1996),
"Failure of fiber-reinforced granular soils",
Journal of geotechnical engineering, 122(3),
pp-226-234.

-Mohammadi, S. D., (2015), "The study of
workability of lime on improvement of oil
materials contaminated soils around the Tabriz
oil refinery", Modares Civil Engineering
journal, 15, 223-234 .

-Nicholson, P. G., (2014), "Soil improvement
and ground modification methods",
Butterworth-Heinemann".



Laboratory Investigation of Road Bed Improvement Using
Rubber Fibers, Zeolite, Cement and Lime

Mohammadreza Yabaluei Khamesluei, Ph.D., Student, Department of Civil Engineering,
Najafabad Branch, Islamic Azad University, Najafabad, Iran.

Meysam Bayat, Assistant Professor, Department of Civil Engineering, Najafabad Branch,
Islamic Azad University, Najafabad, Iran.

Mohsen Mousivand, Assistant Professor, Gonbad Kavoos Branch, Islamic Azad University,
Gonbad Kavoos, Iran.

Amin Nozari, Assistant Professor, Department of Civil Engineering, Rasht Branch,
Islamic Azad University, Rasht, Iran.

E-mail: bayat. m@pci.iaun.ac.ir

Received: March 2023- Accepted: August 2023

ABSTRACT

Due to the great importance of creating roads in coastal areas in the economy and connecting
highways between eastern and western cities, these soils need to be improved. One of the
conventional methods to improve the mechanica properties of soils is the use of stabilizers
such as lime and cement. Another method that has been used in recent years is the use of
synthetic or natural fibers to strengthen soils. Considering the environmental problems created
by conventional stabilizers (cement/lime) and also their economic costs, the use of pozzolan,
which has a lower cost, can be a suitable solution as a substitute for these materials.
Considering the importance of the topic in the field of improvement, in this research, the
effect of two types of pozzolanic additives (zeolite) and rubber fibers on the compressive
strength of sand samples stabilized with cement and lime has been investigated using a
uniaxial test. The results of the tests show that cement has more effective effects than limein
increasing the compressive strength of the soil. The ratio of compressive strength of cement
samples to lime samples is about 650%. Also, lime-stabilized fiber-reinforced samples and
cement-stabilized fiber-reinforced samples have an increase in compressive strength by about
50 and 110%, respectively, compared to the case of cement or lime-stabilized samples without
fibers. Replacing cement and lime with zeolite does not show a change in compressive
strength, which indicates a more appropriate behavior from an economic and environmental
point of view.
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