\2'2g')k..w.gu;\Yva)wcfjba)‘)bcr)mjCam:rdl.wcabl?JAPMM
oB EE oY S el e K15 el

(320 S ey (g 3l 5 Dlosw b

JJA_’}:—J@J&&‘W

Ol g5 oS 5 Olazlos 0dSin s Ayl el S st gl 5505 03 e 5 50 B3ls 3 mns
Ol ol g (ol s 5 s ol Sl S e Glslial & Slas 2
Ol O, g3l 5 S coly Slidios S e lidsls (ol BT Lae
I.Rahmani @bhre.ac.ir :J s stins 5 S5 531 o™
EXEEL JRRENIVR VR T2 VAR YRR IO P

\—\/\ w

oS>

I35 5 lac SIS Ulgic 4 33 $3 0Bl sad] lslpS azes SDIS 0dib (oY S5 (S Ao (SO S i1
s & o ol 3 o I . 5 Ol g0 Slool s wo piaw ol AXU i law s i lwfslw sl L 03 i a9 oV S olsi o
3908 5 lows b 0 ZMol (I pl ol At 2y xilaw il 00T i 4y) JulS mals 9 pV ST S0 3liiwl bl
Io—azo sIiiiS o slio ‘5muzgu)7,;,£s.ao Rl Sl 33 g (50 ol wlwl s b ol stV Ylsic & 55 (Sid=o (5 ronls
b oddbemils ooV STB & S Yloivi golis 5 dib plxil (Js) OF 5 VA V) cilio 5057 fac sloplo) b (5250 ) oisi
LA g5 b Aiiwd IS )93 s (S i (S 970 ST o glio il Glagn b 0l i S lg0 4 i (iAo (5 rark (539,091 5 plow
4648 auio Ulsic & Ailsiso oY SOSB (pei Fdre etk (3558 5 Ulesw b oddbiuds o5 0V ST s SO L5
Priiuso pal i cxoslio 50T Elis wsssmo B SO iolo T w1538l Aigub 03likwl I3lis 13 s piw SB0L) SIS S
TSR o6 @l G p il S QL L (Sidmo s rah (53538 5 Olaww b odbinnds oo wV SO s 3 pac ji
s b oMbl 9V S8 5 Sidzo (5 pasls 53948 5 loww b oAbl o9V S il 0dub didbw ywlwl 5 Lwlawl s
A7 i o) s lw ) i lw )3 004 ol i il oslsiwl 9 iiw S 59 o sl sduplio prizxad 5 A LIS L

el | gwlwl po ) b wlwl sldLY ) osléiwl (sl i Vg jd=o e (s03bo 9 Hloww b o
ovbol o b bl slodsY Sl S M s S o (s rail (pr95 (s03Lo 5 ploww b

63\.‘47.3‘ 9 t;.% 4....4~L5.a gd.bu ‘5‘;6:44” U':}" a.}L& gdl.q.;.w ndjﬁy 61} cg;,s:.Ja :‘5-4\:.15 6“03'}

4.3-\.:.3:—\
Slaeslaw Sl s o plawil Ga 5o L S 5 Y Lis 5 bl dasun deilssg, @SS sln 2s0Y
bl 4 e 5 4 45 a0l IS 5 S Huang et al., ) ool 5,0 bl 53 OLs Shee
335 2 TGS s Y Flae 5T Gl s Al S iy s31g0 1y | 30 Flae Ol e el by (2014
Slrosliwl wdd oy Y o103l sl o= 4 x5 L Jol Hlae ol L5d s Y Ll 5 e b Liled s Y
Pak, et al., ) ol 4l 05330 55, el slye ol 5l Ade (Druijf, 2016) sas Lt 5 LU sz, o3,V



Ve e Ol AYY ol CSAKSEN crjmjd,\mﬁJLw ‘ablzua.lf«muwa_é

S D)o Al o 5 20 Jsema g, S L o35
Chan and Shahri, ) 55, ;80 0808 slas 5,8 55 e
Cilises slaasY 3 edi s s Y slse Sl eslizul (2016
slge ool eyl gbeo 8 51 (S pdhaillan) (g5les,
bile SO Gl Shs 035 ol 4 ax 5 L il s
IS w255 bl gaY Olse 4 elde S
owamar ol o5 n YV S Gl 3 Oleww 5 Sl is
2 8S 0 518 ¢ Jaes 3 BT el 4 culis U
sy se e sdows 4 g Lo Tl nd gl
Gt 3 Vg el delar gLy ops Sl eslizad 3 28 (gl
Laslslay 03 gas 03,350 5 015 eddies slab ylsn dlassl
.(Duboiset al., 2009) . ,ls 1,
GBS 4 kB AT s e o)
Rl bl sy Yl s Sl eld oY S
Sy G258 raman 5 (C) Olopw L S s canlllas
L ool sbaaY Olse o eslinad gy (N) s Sdkee
Aol 5 op S s 53 Ul 4 el 0l planil el 5
Golid Cuslie glajibesl ccaslis i gl
il il (Sl pod 5t plonil (5 gmn SO) 0l e
OF 31 g B S 13 ) 2 2550 0B 25 Y S1=
SRl el s e IS Caslie s
Call DS S Sher o el ) St
Sl omllSal sl 4 0Ll L3 s S el (e
old wlyl oolaBl 5 o5 canslio 0l aslllae Co Sl

R

Olar o b Sl G, me 2alS Gua Lla sy & 0
Llatls b gl Ks b ol Sl Olajea sesli—ul &
Rahmani, Sadeghpour Monfared and Aghaei )
oslizel 4ub 4 Duboiset al. 2009 a5 (Araei, 2023
bl Y Flas Olpea el b oo gl s Sl
opas SP Sl com gl al Aty (g5,
s Ol 3l 250 2555 MolaAbasi et al. 2020
(S gl el a3 50d 1S G 1 5 L
sl 3558 S 5 5 Thomas and Rangaswamy 2020
S siLiuet a. 2020 (o 3T 5 ok 50D 8

Cotlw 5 Ol LU (eSS opl5 55 @ 5es gl (2011
Osdea VO UV A5 i e el 2o plss 5w s
Chan, Mizutani, ) »s 5 s ed 3 o5 ,Y St xS 2
(and Kikuchi, 2011
(oY S s Cobl ghls Lsdi s oY 315
b pa Y by b el asle (Druijf, 2016)
Siham et a., ) 3l sba 55 Cudbge b Al s o
Bl 5 gusliS s (sl gla,ls (2005
(Duboiset ., 2009) ; (Pak et al., 2011) loowsens
Sl s (S5 55 G Sy 4 x5 b Lsd ealin
L Lol o wtige glas )8 55 25N Blas Sl eslic
Rahmani, Sadeghpour Monfared and ) s » <o
Ssr 3 ool ms oy oo (Agheel Arael, 2023
iy o el gl S e s (S sl S
(Code No. 268, 2003) il o codiiyauns i 31 Gl
S5 by Slse 5l eslizad (Dubios et al., 2009)
3ol iles S sl (gilus, elal Y e 1) el
«(Kang, Tsuchida, and Kim, 2017) :4 sai 5! ) ladllas
«(Shinsha and Kumagai, 2018) «(Kang et a., 2017)
Koz S eslizul Oleww 3l s (gl ((Zhang et d., 2020)
Sadeghpour-  2021) el Gosp e S
sl is, (Monfared, Rahmani, And Aghaei Aragi
s o b Al S 5 oY s con i
& T Ge Sl S I s S Wlesls Ol
Rezagimalek, ) 1,15 50 e ol 3l aSl cdans S3e LS
sasn o s (Huang, and Bin-Shafique, 2017
Gl ol 315 oLis (M uhunthan and Sariosseiri, 2008)
LS 5 e gbasle cui 3 bl I F S
slas )8 s de fesl e gl gl glanle
S eslinad 65 8 el 0328 eddElE 050V s
S8 el Al Y s S 54 @l sl
s ey Goss5 53 oS (63b5 JMde Olse w0 0T 035
oY sy sk e b cnlie Ll G as o) AL
« .(Porbaha, Hanzawa and Shima, 1999) (1l .as
sanY aels 5 bosw, Ol toslas 5,8 S Ol e
3008 aely sl Gl b Hlas Olgpe o 1y Los
Sl ekl s oY S Ll s (Siham et al. 2013)



\FXR3 Q\:.....’U AYY a)l.a..l cr}) 093 crjm}CAMyJLw ‘ablaua.lﬁmuaﬂ_é

SOl S L Olam S i gad (b sba 255
AghaeiAragl, ) ol asl oSS ans ki Jsb 5 ey
bss > b sl (Asvar, and Barkhordari, 2024
ol Canslin e 3l aasb a1 (6 obm Olopam S
Mansoorzadeh, ) les ;o ¢ (UCS) et 25 5505
sl .(Mahboubi Ardakani and Aghaei Araei, 2023
ASTM 5 ASTM D560 ;l eslitul sl 4 caasliopal 5
3y g 0303 e (55l Caglia il b DEBY
Josdly 52s Ol e 4 53 (Code No. 268, 2003) YW 4, .50
e Gl oo 5 subil 4ol ilvss gbaaY cus
el wls 5 O SU S S 03 5al

e 3l S (e SO Sueslie gl el 055
oo agslws, Lb Jeos oub b Al oS bbb
SAIS 28 ol (sl b s aS el | S
2S5 GBS 4 Sl S Ced Do MR
g o

— Gd

MR Il
ST

5 Ole 5 s Sl Zeng etal. 2021 o 55 os
il S o g wodS Sle 154 5 51 PoONI €t &l 2021
Gl 5 (S oy SiiS S e (hash 1S
ol saY L 55 sl (BHRC Report, 2020)
35 KL s ely 53 ealinul (gl Ol b odd S
Sl (ot ol 83,1 0 g0 Ol &1 dan oy 3355
ol O KLES Sdme ey 5550 53 0dd 11 gla o158
Lile) OSUS Alme Lol an o ok 3558 S| S
Conglie £33 508 4 ((BL3L Sl byl 5 annsls S
Ll olPl ol bl e 5 IS (gL
=k (AghaeilAraei, Asvar, and Barkhordari, 2024)
AghaeiAraei, Asvar, and Barkhordari, 2024 s
A PRTN: ITN [PPSO S PP
CASie Gl 5 b8 Sl sesl oo solid caslie

.J;..i_;« Ol U Cw\ Bl ‘fil.} e JZ.A\S

M

RIBTR

(S e MR

5L<:.w>)>@l?m)l.;_éﬁQj}é\ngjxﬁJ';:}‘Qa.\&j:j,bungLiéJ:ibﬂ):d)}m&;:jlw)wéev_élﬁ\&u:Gd

(Od =Gy = Or) (5, st (S LE3

(Mohgjerani, Nguyen and Glavacevic, 2016) ..l (&r = & &) pdciS i S &

S Ll g0 0y (g3, OSU S e 5l ol
S b L s il Sl 5 e i)l
AghaeiAragi, Asvar, ) il e 5,2 Y GV 0 VIV
Jsldes sl 5 Js ;5 (and Barkhordari, 2024
Cantero, Hester, ) ol 5,8 £ B oo oK las o
s Bl s w050 Ll «@nd Brownjohn, 2017
el 35,8 o il IS HL LS B (g S il
L Lged s skl gl S b An et al. 2018 iay
0 5 Y s5d s b gt 5 S ooy Glls a0 sulS
Aghaei Aragi et al., 2023 (ioman do Sl o 58
Y sl el sl 1y a0 5N e (ISl S
Wl 03 503 bl oS5 3 UL bl ged gl 1y 5 e
Y bl b Sl Sk s 25500 0 55 s ol

sl 03 50 g0 5,80

Gl (S e e ) lessl B
bl gl s Al e o sean 1SS L AT
b od oo dlesl 6500 o) » aslraan N5 5105 SO
ook s A Sl Gl sl ) U Gl gl
B R Rt T P
el el g 5l B adlraen gla L5 (g ) peaa
5 Sl (o Glat S 5 st s Jlesl i ped (555
S o3l gy gmma (hle3T o3 A5 e (San ez
CMR s 5l SOLST sogmmenn SilesT onl ol 15
Hilbrich ) (Nguyen and Mohajerani, 2016) s 5, .» ,\
.(Zhaehjoo et al., 2018) .(and Scullion, 2007

ML (Sealis Comle a5 b oS 353 235 b
3ok, 08 O SUS slags s oS = ugi ol oLl
el p o S b s (o8 5 ol dile) 0SS clael,
S S S o 2 S 2 SISl ks



\RX¥3 ut:.w.,l: AYY GJLM: cr_gb 69 ary}%dlw ca:lzdmlﬁuuwaé

J"“C"—"‘"‘J wdabjjﬁ-)}_.«ilﬁ U.:&r.!) MDJA QL_o.:u
Sy Jow o G o, Sl i 5 s Y

(e

Formaignn Orections | 3ure 5721 oo
Verw b

§
J
L~
Tl
%3

&by L8 @ cﬂ.@a; 3l g0 -V
wonY @las VY

oY Flae 5l s onl s a8 4 s Y S
Sl Jomlw 5o Bl ol Agmd Sl Gann 5 s U

LF:_;J.&YJAAC,.:QB}A\ Jﬁl.w‘uﬁwbﬂuﬂ)‘é@l}

L el ol sl OF St 51 g opl 53 &S s 5

' 't T B
RS _Zaas
P {f AL /

e

Y. S B30T Ovegie- Ve den 82017 Guvge | Temmasilne  Bepania

[ e

it e
s | v A
|

&‘a.)w)&)adjﬁYkS‘a'whﬁ&u.\ JS.&

Sls oo S TE 50l Sy s Lol 5l sslil (s
Sty g a8 Gl p ol gt s Jled o
BEVESH PR, &jﬂygfb- Q..ZL@\J?;AY Jgdijz NG|
OLEs codal s o5,V ST S 53 5 ol g

ol 0l 03l

o planil 01l )3 &S s Y Slles 0 S5 5l S

RTLISY A o E SN WP SN TV (P S E K PR |
b s b Sl S Ok V) Slles
Syl 3 Jelow g8l Sy 53 g edd Sl oy Y

wl@éuaﬂ)Sj\é P S 6}1)6\1 B

sl 0 g OF 51 sl 5550 S 48 (530,6Y oo ¥ K3

¢



\RX¥3 QLI.W.:U AYY o ke cr}b 69 ary}d,w.?:db ¢a>l>,d~i:—sul.bL,a.é

aJ.J S s u.)}}gy S .Y'JS&

55 =1y [SKee PGD Lt 5l (6,80, b 0155 e sl
ASTM D 6913-04 5t sllas siuails elad 15
ool 33 e (& =P (e Sy 5L SLs )
Vsl B, b s SP-SM Ol L e s, el
ASTM D4943-5 ksl _ulul ;355 o sueis A=Y
AASHTO ) ASTM D4318-10 , (AASHTO T92) 08
s 4 PGD Sl cladilsy, (AASHTO T90 , T89
S 6 (8 1S5 3 el esls 0L (sduails) ool

ANONPI) Wl (g e

35kl b et gl suails rlesT bl

Skl gdlwaib (TAA g 21) ASTM D 1ayy-- ¢
(SP 5 SP-SM (wlis 5) dmie (s bl 5 5 Y
Glas Il bl 5 sl o A-Y il gy bl oo
ASTM D $¥\A-\+ 5 (TAY 4 20) ASTM D §4¢v—+A
ol G o5 Sl gailss, (Tae ST A 2 1)
PGD S (guuasls Hls 5ai (NONPL) 5,100 (6 o S5
S galaml oy ailaie S Ll 5l ol sal £ IS s
wlr) bostba s a0 (VS0 sl elss iy 168) s

wuéw}cuﬁbwjéjbjk(oﬁ&j%_w]

100
90

jum—

80

r/

70

60

50

015,38 duo >

30 J
20

/

10 .

0.01 0.1

(o o) Sl o3l

b A 5A Y56 09 Y S gandls lased b IS



\RX¥3 QL-M.,U AYY é)LMiI cr_gb 69 ary}%dlw ca:lzda.lﬁuuwaé

(Olorw 3 (Fha (5 pochy g (503l D333 b o) (Sihan (5 oy (8 o0l Y-F

5248 80k il o oadlle b 5 ol Sy Il
Jj})wldwuubwl&})wlwﬂ}@
el (KNIMB) xS 26 5 555 shS VY B A OF o gensis
YN0 Sl S glaasls s a s ¥l i o csb,
s03g e b ol pl il Ao 3 VST O s e s
K55 e 5 0550 St 3 sl okl 5 b0l
2SN S5 G e 395 55 4 s o Ghle 3
3l S5 S B L 5 sl Al Ola L L85
a3 e G e S S sl i 5L sl
S 653 5350 Jam oS glales 5315 0T 015 e cal ol
G-fe los jolya5 gl Shsesle ol sl S30LLS
o 55 o cpl e el s Sl .\ljfd:ﬂ..« Gz > +00
Sluarb A=Y 5 S S a5 ob el LB S

.;)))lS«.LAS\;'-Jii: Sl Kl e ‘}:..u‘l

Y Sl @ el s i onl el Sl

o 3 (oGS e 53,08 ) (€) Ol Lo 5
S a8 4 gesle oS N) des 5y 58 esle
S 0555 53 S50 S Sl Gdns a5 soole
a sl gols Dy sy a3be oyl (0 IS el ol
S w4 s 3l 5 silaly 5 S ol S Ole
oS el s eals ol Sleslan il (gLl 545 00
e slie Y plss | Oles 5 s lammn (S5 T a3
S 05l A3l el Sl S0 5 b 2 02
— Sk S5 bl esle ol i ul e Ze Wl
4 e o iS5 RS1sL sleya g el G
S ol I Olas codd Jleb Sl b s 550
Slae podd sl slab gl 5l S el
Ol S sladeal sl IS a2 8 sk a4 s S

SR opl 05 4By LS 4 Gdae ey p g gesle 0SS

St 29 Y S (59, 0dd plowil a5l e bl b -

S WD (oo e il 0 S INVO 0T 2y
O USE) ol (oS e

oS5 bl V-t
ASTM D 1557-12 sz 5ol oS15 ilasl el

P 333 5 do 3 WL PCD S agy Cosb,



Ve e Ol AYY ol CSAKSEN crjmjd,\mﬁJLw ‘ablzua.lf«muwa_é

176
175
T i / \\
= /
S AN
> 173
D
o)
N 172
pa
5 \
171
1.70 \
1.69 \
1.68
10 11 12 13 14 15 16 17 18 19 20
Moisture content (%)
PGD S (sodd Mol o515 b3l s A JS&
@L:"-:*“" g:‘.u}i_“_i
VY/%T)MM\WJWMlM&;ﬁV QL.:H)JUJN;SL}&L:%_;@LAJ@L:MS\JJJ?
¥ dsde o el sy OLES gduaads L s .l (Us s S 5o LS 5l b 0y Sials ‘@Lﬂ gl bl e e
i) St £ 5 S Bl 5o esliul 5 5 PGD s\ 5 (S Sl don Yo o SKos ) cnl 53 cand 4 PGD

Al e (ST S Jol il o8 sl 0L plewd Jialosl (puomon

PGD S glerd slabgesl b ) Jod>

(10 3) oot a0 go31 gl okl ole
V4/40 O & J 2 055 a8
YAV (S02) (rmubons A1
YV (A1203) e JT 1S
o/t+ (Fe03) yal 1Sl
YY/41 (Ca0) (s sl
\ (MgO) (s e 45
.Iys (SOs)  wlalgus

(Poulos, 1988) 4+7. 51 S Ol S jldie gl Oly S Ly ofsY Jgdar

] (4p,3) Dby S Ol 5
S5 s Sl S 4+ G o-
Sl e or LY
e Vo b



\FXR3 QL:«..«JU AYY G)Lm.«jl cr}) 6593 crjm}CMWle.w ‘ablaua.lﬁuw

C10 5 CO L8 C7 5 am sdd T 2338l £5 5
Soslas b e Ll 5 55 555V e 4 gl il e
CHUW P - PO T 0 L SN PO P =l L
eSS V1880 CLONO. 2 & by sl Cnslin o 2 2y
e SASVEVW) CBNO. 2 4 v 5 (0 2o Bl
M) C7NO. 2 & Glae jliis 0 208 5 (e e Slo

el (o ol o SAS

(UCS) 500 Jrslejl-Y—
G 0l o5 PGD ol sy S8 sy 8l
o e Sl 1110 il 5 e Bl e s L (slad e
5,18ka)) (UCS) g, ime S (g5Lid Canslin sla ilosl
ek i U a1 3 (ASTM DM2166/D2166M-16
S 3 by LIS 4 Ol Oljpe bl 5 (gL23 Conslia
Olows dopa Ve 58 AV Gl ke gl L ged
Sl Olarer Slado s 5l plUS a5l aised ¥ sl sl

4By L8 4 Olepw Aoy lad  lad el Ol sie S osli

==¢=—=C7No.1 —@—=C7No. 2 C8NO. 1 ===C8No.2 ==#=C9No.1 CINO.2 === C10 No. 1

C10No. 2

14.00

10.00 /

Strength (Kg/cm?)

A
e

/

X

<
=
/
6.00 / —>
|
4.00 ———
—

2.00 ‘///
0.00 E

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Strain (%)

Fassle V0 k3 gyl Olaw 0868 palie b odd s

ol sl canlis (C9) Olos demy3 4 3l eslil 0,
Sl e Sl Ve 53 1) ,0 splibial glalgoul & g0s 53 0y,

A astle L;))TJA& 0,93 A

PGD S go54, V 14l g2l ladi o3 UCS zale3l EB Y S

b OP) el 55 ,Y S glsaib a5 L

(¥ Jsa-) (Code No. 268, 2003) YA 4,5 a5
Y S e gl el o3 (C9) Slaww Ao s5 4
V slasisas 51y UCS (nlesl sl e 3L
07 5 YA slad s ol (gl a8 sls OLES ol 5L (5035,




\FXR3 QL:«..«JU AYY G)Lm.«jl cr}) 6593 crjm}CMWle.w ‘ablaua.lﬁuw

(0355 YA 5,51 Jos AYA) CO-28d NO. 1 e 3haze (0 Ghls sl gl sladi 50 UCS tlesl s A s
sl Sl (b o Ukl aasl OV 5 ol 135 0N 5 YA Y 655] fes e b (C9) Olowws Lo y5 4
55 C9-28d (slad 505 31 28 CO-56d (slas 5o );ﬁ@;t_ﬁﬁh@:s YoV Sl o VG s e LS

(Code No. 268, 2003) WS- 151 o5 (512 Slags coslin 555 (slaskeoys ¥ St

AASHTO Group Unified Group Cement Percent by Weight
A-l-a GW,GP,GM,SW,SP,SM 5
A-1-b GP,GM,SP,SM 6
A-2 GM,GC,SM,SC 7
A-3 SP 9
A-4 ML,CL 10
A-5 ML,MH,CH 10
A-6 CL,CH 12
A-7 ML,CH 13
= C9-7d No. 1 C9-7dN02 ==0==C9-28dNO.1 ==—C9-280NO.2 ==b==C9-560N0O.2 === C9-56d NO.1
25
20
< 15
g 4
<
s
jo))
§ 7N
& 10 Ww
5
0
0 05 1 15 2 25 3
Strain (%)
Fasla Ve s 6115 CO (66355 01 5 YA Y (514l grul sl 305 UCS ialajl gl A JKa
Sl ars L) Gase ondy 5 sosle 5 ool €O (slasigoi & by UCS bl b 4 x5 b
ol sl bl s gedle (pl G ae Sl Sl ol by s els 555 0T e 53 4 ged e slie
Ologws Ao ;3 & plaly ol by sl Olocw O35 Ae3 1 Caslie Aol (N) ks (5 oy 58 (so5le 36 03 05
ooliiul 5550 Olages 5lhis 3l o3 Vs il 0l apm 55 P8l ¢ 3 ms Ola e falS 5 PGD St oo
(N) s (s oy 058 ool Lo 5 PGD S o sl el s 4 b b atis S (N o ol 3l eslizul o

4 Sl e Olo 5l 5 s 350 055



Ve e Ol AYY ol ISAESEL ‘rng,m:.dtﬂ ‘¢>l>.5-l.o4.at~l,,a_§

JKs 53 N 5 Ol Lo ol S slad yas ucs S Sy s gesle Bl 3 ds s ) g ek Ao s A
UCS) (5SS Canslie adn Sl ol 151 4 Sl Sy oo (Sl 5 p 32,8 e eslinad (N)
01 5 YA V) Cilise (65 Jes slaesss glils slad sl ©o3le V. + Sl AL + PGD Sy S 5 PGD S
x5 b Llodd anglie £ Jgdar 5o 0l sl S 5 55 5 (o9 68 S 13 s 250 CBNL Olgie b Sine (5 5oy 005
3 (N + C L) Ol 033331 b s S 05 o il & Gt s b s sladpes ile3T 5l edel ks =
bl (Ses bl il o K0S 4 |, PGD S Cosby s il acslie LB Olopws Ao )3 4 L el S

Aas g Rl el St S 5 St 5 S e a3l bl Ao j3 A 3 gl pl Sl s iy S o

== C8N1-7d NO.1 ==t C8N1-7d N0.2 === C8N1-28d N0.1 === C8N1-28d N0.2 ==#=C8N1-56d No.1 === C8N1-56d No.2

60
50 I\.\.
4
E
9]
(=2
< 3
ES)
jo))
&
%]
20
10
o
0 1 2 3 4 5 6
Strain (%)
o glae LS)-’TJ"'& 0,95 )15 CBNL (glail gl slawi 503 UCS u:g‘l‘a)i @L’S A JS.J':
(cjﬂ}a‘_‘:}bﬁ C;_,&S 1) 0 9 Y S G4 gl sk g3 (UCS) (5, 500 Cunplian ainieg £ g
Curing Period C9 C8N1
7Days 10.70 4351
28Days 19.20 37.82
56Days 14.90 52.43
(‘;‘g)j) ‘.._.5."...»}:.9 TR w‘.:.S S glie S d’&ihﬂ —-$-¢
slad s (595 (\iﬁiw,}ubj)pﬁ@)&&x;ﬁ) ol ol LsLaQYJ;Ji-iSW; Coont] & a5 L
ruj\ﬂd—;u\\/o &u:)l}):.adﬂuh kb 4 slal gl Ce glacS 5 LAlS 6L Ols s s e 2
6)}“‘_}«.& 65)})}&&42}@%@.3}2}[{@4}}&3 s 6)&%)@)%6)5W}$PGD S ‘53.)\_.:
JSs 55 ITS bl W 2 sk, BB s 55, YA ol sl —ul Wbl C8NL 5 CO clausy s

sl 0 4l 0 J st 5 ) shin ol el 44 oond ASTM M496C/496C -



\FXR3 QL:«..«JU AYY G)Lm.«jl cr}) 6593 crjm}CMWle.w ‘ablaua.lﬁuw

=3¢ C9 No.1 C9No.2

8.00

—#— C8N1No.1 =d— C8N1 No.2

7.00

6.00

5.00

4.00

i
P

Strength (Kg/cm?)

3.00

2.00

rd
=

1.00

0.00

0.4

0.6

0.8

1 1.2 1.4 1.6 1.8

Strain (%)

CBNIL 5 C9 slasi 3os ITS Jhalejl s N+ IS

(Kg/lcm” e ) 0B 99 Y S o)) YA lal gl sk gl rzﬁwﬂ;w’;.isu;m Ky 0 J gl

Curing Period
28Days

C9
4.63

C8N1
6.92

(TS) 32 s UCS (la bl gl wnty (samlin —0-%

Seia YA ol 5 i i8S caslie V s o

Sl ol el alie SaSG L el (sl el
Olos do 33 A L ol bl 05 Y S (40 ga ctlons
SIS (54 pa oS Cnglie .ol a8 S 51 3 L (CO)
e ey s el ko3 ) 5 Ol s s AL
Olowws — S (g 50l 3l 2w dsys 00 350> 53 (CBNI)
Ao ys A lyls (4 ged (6 5lid Coglas .l (4l 5 V/E4)
oo (CBND) Sums (6 oy (s (go0be A3 ) 5 Oloms
A Y i 5 Ol Lol S op Y S (g4 5es
(C) Do — S (g0 505 (slid S glin (ol 2 V/AV)

3 el oIS sl Sole el 41 s
slr a0 (UCS) gy mn ST gLt cnglis
Coslis iy ool o azls , CBNL 5 C9 455, YA
bl 850 53 0S5 a lp etel Sty (g aslie)
S Canglie o 03,551 G gl el 2
Jos SO 4 5ai 55 unslie ol Sl tgolas e slie @
S slie Cand 31 Gy o el ol ol 513
Oloemws oy Vo slyls o 5o ulid Canslie 40 2iS
S L e O S AL e (dep s Vv 3 d) s
205 5 e s S5 CO e CBNI

Fr A E s b oS Cuaglhe 5 (65l Canglie diny gl (Saslin N g

Stabilization Method

c9 4.63
C8N1 6.92

Indirect Tensile Strength (Kg/cm?)

Unconfined Compressive Strength

(Kglemd ITSto UCS Ratio (%)
19.20 24.11
37.82 18.30




\FXR3 Q\:.....’U AYY a)l.a..l cr}) 093 crjm}CAMyJLw ‘ablaua.lﬁmuaﬂ_é

A 5 sl sas L5 5 (IS Glatuglie Comd shmlie .V Jpdx

Stabilization Method ITSRatio to C9 UCS Ratio to C9
C9 1 1
C8N1 1.49 197

AR gy geed eyl -8

(O 2l ol Blinl g3lusy ) YFE w25 ol odal €I a e WSCBNL 5, sl Sisamaxrs L
oy 3l b oS 48 e 0L (Code No. 234, 2011) ol Lodans 55 ,¥ S S 55l cxld WSS
5 Al sbaaY) 3ls, Jlae MR s ol sl el OS5 o8 C s s s
AASHTO b3l 3145 Lleis AST 5 ol (gl (YooV) TYev=a4 g sl slabwl elal 5 Loy (g3,
sba¥ Hlas 5 S 2 WY MR L sl T-307 Sladses s55 » (TS Sl (5o e bS]
e 6l ASTM D4123 il 5 ol 5 5 el fo Jas e Sl W Yo a3 U glaslp il ulde Syn
Sl Wl gl 31 ks saliz ol 153 plnil Il W] MR S8 30d MR) (S o b olin 5ol plndl e s
wuaS bl mer b ol OB g3y, b CBNL w505 ¥ ke p b bel ot CBNL s s
A 0TMR &S el e bl oY (¢l » 53 6 CBR S ilS 5 5 Sslize 651 Jas ol L wlids S5
(ISl LS V1 Y/AY) o ia (Sl e LS Ve00 L b bagso i LI KL i a) 5,0 05 Y S0
o el SAS Ve s O Jlde a iy 3505 (650 b g gamme 53) ol atlo (Jasie 5 oS s e
Shde aeS ulal 1Y (ol ol (UL VTV Ye) SIMR) Sdgr » e b palie i S 515 2lasl
2 eSS L oy OTMR o5 ol A+ CBR o3l s A3l e JIS L LS £Y 4 FA L5 YV /Y
S Of ldie ande 5 (JKLLK 1Y) el sdd o5V lme S (go3s NS L3 G e
(ISl YVE,09) e e Bl o S5US VAL o Sl S 53 esliial gz 2V ol s Ol o
Joder s bl 5 ulal 3 sl (gl slas ol 553 0 DA 3 e plail AV-TA-VAAL0 B3l 6 jled b (i
sl 0l A A ol 5 K coly Dlaios 8 0 Cotla 3 5 ST 555

((Code No. 234, 2011) Y¥¢ 4 ,25) Slawl g3lug, pwluln) 5 pobul gaY b ol a5, )5 4 MR slie A Jgi

Layer Resilient Modulus (Mg) (Kg/cm?) Resilient Modulus (Mg) (MPa)
Minimum Maximum Minimum Maximum
Subbase 1050" 1400 102.97 137.29
Base 1960 2800 192.21 274.59

3 & Caed el 85 W05 S e sl 1y Jslte 35 sdd S3slael Kos ks aslnl et BB b Ssde el ey sy slel s

gl edois LaasY

2505 L (JSalBl £ e /FA G VY /Y e 28) BN £V A BTV Y MR) el ) gl el
sl b sabomD) VY a5 e gy, YW a2y 5 se aeS A b alie 5 (JSoliKe
b ISl YE80 S ) i slagsslawss UK Sk s 5 i (A Jsu5) (CodeNo. 234, 2011)
C8N1 «((Code No. 731, 2017) (JKLKs W taiy 5 ool Sy s eslizal Gl edd ooy 1 Sk 5o3 (MR)
R Sl el i el saY Ol e @ Ll 5 L e omomer s cealio ol _liul g3las, olal 5
RSN Sl ool s MR Stiger oo o slie (gauslis



\FXR3 QL:«..«JU AYY a)l.a..l cr}) 6593 crjm}CAMyJLw ‘ablaua.lﬁmuaﬂ_é

S R e

s Yervere o5 bl )y ad
Vsl Gl sl 10 Cul s S5 L
3 dsle 5 ool (g3l 5o il s Sl n (6 e Bl
el S ol gl (st SLw YO Culi S pioeen
(e Gy cp s Go3be 5 Ola b 05 2V S S 5)
CxSe e Ctlw gl dl_m O Ay Sl Ol o
3l ey 1y (ool bl 5 slaaY (1 6 0) (5L
oS Sl s bl 5 bl Hllas (o s 055 S
S e e R S s S YT
g el CaSe e /800 Sl elad 5L el Rl
xS 03 VAV 58 S oS 5 e s—ane O35
Lodd S s 2Y S 5 S el by
Aol g aSe e /00N Jidas (5 ey g e3le 5 Olae—
(bl s bl gy Culbe b sl L axr g L oy
5 ol baloe o pa cad 0la05s 5l 85 L
Sl caSa e /800 Ja 2a) JUs YAYAGYY il elid 5
el e Sk s el (el s bl bl
I EWANVE iy ol s 5 elal b jlie o e
eSS el i/ bl il gl e s
Loy3 Vg Oleew oy AL g Y S ds s 4) sl
Sl Gl onl by 258 bl Guas ey n g gerls
Skt b el Sl s sesls 5 Olow oS5 5 A
VOA S gw) s T ey e 53 s oY
Sl S e el G eSSl S
S JL, VAN il 5 oS 5 b pln S e
P EF e S5 5 e 4 Sl S5 0L
Al Ol A3 4 5 25 Y S bl S
53 2 Y0 1, b lig 81 ss sl JL, YogY XY
el 5 el S S e S LS
Sl Se s ol e Sl e Sl VA Ol e
Sl orzman 2l 1ol s Sl e Sl )V OIS e
¥oly Oler deo s 4 5 s St S 5 camslin gl
VSl S5l e S L K o e Sl
et 1y ol s Sl e 5 AT 055 e Ologos L5
oo e ol Lol Sl kS SO el s e ol e

el & g olas

e sy galatl (B awslds) Com -0
Olge 4 55,54 Gl oY S o
(gf"l"‘")i’-} \i d"L"l

S B 3 Gy lea B claa gl
d—ols Jold belse ol s)ls (Ko 0SUSS Julse
5ol s bl plas (sudils a3 mbe s s Jum
il 5 S ey s el 5 Ol il
03 g Fsslaasl Ol Ll 5 b 0SS las sl » 5o
el ol s S8 Sl (5 yeals cp g ool (5,58
ki 5155 Aoy YV B esle opl 3l eslinal gslasil a0
Ol ials esle cpl 5l eslinad s oo 0l 05380 o
Sl e iy 3 A3l e s lames ST 5 1
el il A S mlas o sl 05V GlalselS
S 4 bl 5 bl lae il OF 2 0553
eole Sl eslil 53 Ll 35 3 0l 5 ool 2 b il
Ol i Hlae b 4 (L S ey s
St s LelSas b b e il 5l Sl S
o 03 Il Ol SRl 03l Ad sl e Lael
S Tl BITE e (e 2 kS a ol sl 4 et
@osle 3l eslial b bl 35 S o U 5 15n otV Cslus
Cola S VEE s BAvrs sde pl Sdas ey (n 5
B0 5l 5 (i hss 00 (e S35l e s
S 3 sl e lS e 51 (G) JS3ES S T
J3ES Sl Ve 50w s gesls o3l b o5, opl S
e 0 3 s Ay o e e kS a sl
0 cms oy o s pesle Yo B0 il gaN culbis
Jla Vs 4 s 558 slaely jee ool o SLW Y
B Y0 aoslr joe ¢ s (gosle 5l asleul &) 50 53
Flmas glacad 5l s saly ) s Ju T
G s o5 rle k) Ol s gadlaie 3 (5Ll
Cope a VT Sl 5o Gilealy B ras Hlas sl
5555 gl sa 3l a5l opl s cmul S5 0bLs ceul )
b et ol og y dilaie 4 ol 5 5 ol Hllas
RO PR PSS
by Oseken Yo 05 a sals Olaces oad
Osaben Yot t0losms 2l Vot (Gihas (6 oy (55 (So3le e
Ju



\FXR3 Q\:.....’U AYY a)l.a..l cr}) 093 crjm}CAMyJLw ‘ablaua.lﬁmuaﬂ_é

(V¥ Clgs )l Sceasd) oly s 51 o shS S bl ool 5 slaaY i lu 0868 slabs, obasl amslio & Jgut

Cost of 1m® Road

Construction
(IRRia)
Conventiona Base/Subbase for Pavement 4,678,179
C8N1 as Base/Subbase for Pavement 7,086,615
C9 as Base/Subbase for Pavement 3,543,307

b gme 3 Ll e 5 s s Glaoly (53, slaaY
SIPGD Sl s gl il e ol sl ailee 5 00
5 eSS (S 5 G S e s 53 Ol Olow
el ol el deslin ol Sdes Sk oy go3le S
i iS aa sl (g e ST (ol uaslie gla ile ]
ALE I gt Gl a5 i
e Sk g gosle Lol s slaasised (55 0
ool G Sz i palie S Gl sS 4ol
el sk 4055, 0N YA e 55 CBNT slassai sl
53 ok ol 5 bl s slaaY ool 550
s by oS gan) Ol VY 5 YTE laaels ol
= 5 (Code No. 234, 2011) il T sLasls,
5 (Samlis .l s 03,51 » 1, ((Code No. 731, 2017)
e a3 5 g e slenl s el el (olaiil
PGD Sl (s4503) C9 sl 4 CBN1 s 5 5l enla
ST 0 4 15 0T (23 e 5 (5 Oleg b o s
5Bl S Gk ol rlpl ol es s A
oY SLE Sl S0 ¢ln 1) ool a5 sl
el o3 gad bl et i )8 sk s Sl e
Sl Aol sla el ool 4y 4z 55 b ol s
PSS e 5 et e S 5 ol LB e
3358 S,k i | 2l Sl &)y 4 L CBNL

.Jﬁf)\fa wbjw)ﬁé)jﬁ

Sl 55 e (Gt 5 SST 5 Lis o8 iule3l s
(W&L&Mé_}&mﬁb‘é_}@r@_&) ’g_..wa ‘a\_)
ol plowil SL BT b 5 e BT Ol ezl

Sy 15,06 DLl (e Sl dhu g s S

Cost of 1km Road Construction

Road Length (cm) (IRRia)
78 5,997,665,385
110 6,442,377,373
o 3,851,420,652

S0l A Jads Sl edel s gl polis oLl
St S 5 3 bl ulul 3/ bl s Ctlw o,
Coglin 4 a5 L.l (C9) Slomw o34 5 s Y
Ol bl 25 5 ol slaaY sl S 5l il
@bl Cose S 5l onl plo 310 3 g5 O 51 eslinal
5, ks s pEbe Sl e sl Ll sl
Jome o Gl lms m 52 5355 b s e glaay o
3 P SR 93 Sl el pled Glg t plr s gt i
AL S b e sl (CBND) 5, oS 5

bl i/ ol Y ol Godes e ool ISKET
(0Ll Boe) S 5 el Sl (1 o3l a,Le CBNL L
(’5(’»;}:"]’["' PGD Sl Q)ﬁ Lf'}:"”'))': (Y 9 Jzn_)J
53 (Gdne ey on s goale 5 Ola) 20,5 pll—ae
LS e 0Ll 1) 8 (gilenly Jslize 5 Lz 555 b aeslis
)'\ aale ol “J’-'\ C,..GJ__,.»)\ Qlj:vv,c 798 WA JLL J)‘)ﬁﬁ LUJ.':"
Jiu Ja._;mw‘ 5] ;Jﬂyi u,:..als‘; sl 23 A}-Ijﬂy Sk
s G es s K05 Ol g w185y j2aS s
3 fl.v a)'U

S 4o =1
Sk Sledd s Y S sl Clls rasn ol oo
Gn S 685 & )b il 53 gl e
R S B SPSPES PR R
Ol w0 Ol 3l esliul 5 (A=3) wlss, o5V St ot

}Mmb@ﬁﬁ:ﬁﬁf&b&b&b}}iw‘
b godd oY Allas o e B s (il
(embge oy S s eslinal Cgr SV o b w5 Olou

O 31tk gy o8 A ploi) AV-TA-VAAEO P sl L

s ol Sl prees aalel o Kl S e



\2'2 uk,w.,l.? ;\VY’ a)LA..j: cf}b 092 cr)m}CAMyJLw ‘abl?dmlﬁmu.ﬂ_é

development. Office of deputy for strategic
supervision, bureau of technical execution
system and asphalt Institute of Iran, Pub. 3, 2nd
ed., (in Persian).

-Code No. 268, (2003). Instruction Manual for
Stahilization and Construction of Embankment
Subgrade and Pavement Layers with Stabilized
Mixture. Ministry of Roads and Transportation
Deputy of Training, Research and Information
Technology Research and Training Center.
Management and Planning Organization Office
of the Deputy for Technical Affairs Bureau of
Technical Criteriaand Specification; Pub. 1, (in
Persian).

-Code No. 731, (2017). Design, Construction
and Maintenance Manual for Highways
Concrete Pavements. The Ministry of Road &
Urban Development  Construction and
Development of Transportation Infrastructures
Company Road, Housing &  Urban
Development Research Center, Deputy of
Technical, Infrastructure and Production
Affairs Department of Technical and Execution
Affairs, Pub. 1, (in Persian).

-Druijf, B. (2016). The use of additives to
stabilise dredged material. M.Sc. Thesis, Delft
University of Technology, the Wroctaw
University of Science and Technology, and the
University of Miskolc.

-Dubois V, Abriak NE, Zentar R, Balivy G.
(2009). The use of marine sediments as a
pavement base material”. Waste Management
(New York, N.Y.). Feb; 29(2):774-782.
doi: 10.1016/j.wasman.2008.05.004. PMID:
18640020.

-Hilbrich, S.L., and Scullion, T., (2007). Rapid
Alternative for Laboratory Determination of
Resilient Modulus Input Values on Stabilized
Materialsfor AASHTO Mechanistic-Empirical
Design Guide. Transportation Research
Record:  Journal of the Transportation
Research Board, No. 2026, Transportation
Research Board of the National Academies,
Washington, D.C., 63-69.

-Kang, G., Tsuchida, T. and Kim, Y. (2017).
Strength and stiffness of cement-treated marine

8—‘ oA
-Aghaei Aragl, A., Ghazavi, M., Lashani Zand,
F., & rahmani, |. (2023). Modulus of resilience
under road and runway stresses for base soil
modified with cement and lime. Amirkabir
Journal of Civil Engineering, 55(10),
2065-2090.

doi: 10.22060/ceej.2023.21624.7802

-AghaeiAragi, A., Asvar, F., & Barkhordari, K.
(2024). Evauation of Durability and Dynamic
Properties of Treated Silty-sand Soil as the
Road and Runways Base Material. Road,
32(118), 1-26.

doi: 10.22034/road.2023.425627.2222

-An, L., Zhang, F., Geng, Y. and Lin B. (2018).
Field Measurement of Dynamic Compressive
Stress Response of  Pavement-Subgrade
Induced by Moving Heavy-Duty Trucks. Shock
and Vibration, 1-12.

-BHRC Report. (2020). Assessment Effect of
Polymer-Mineral Nicoflok Additive on Soil
Stabilized by Cement as a Materia in Roads
and Airport Runways Application (Persian). In
Road, Housing and Urban Development
Research Center.

-Cantero, D., Hester, D. and Brownjohn, J.
(2017). Evolution of bridge frequencies and
modes of vibration during truck passage.
Engineering Structures, Vol. 152, Dec. 2017,
pp. 452—-464.

doi: 10.1016/j.engstruct.2017.09.039

-Chan, C., Mizutani, T. and Kikuchi, Y., (2011).
“Reusing dredged marine clay by solidification
with steel dag: A study of Compressive
strength.  International Journal of Civil and
Structural Engineering, Vol.2, No 1, 270-279.

-Chan, CM. and Shahri, Z. (2016).
Geo-characterisation of dredged marine soils
for potential reuse assessment in civil
engineering. ARPN Journal of Engineering and
Applied Sciences, Vol. 11, No. 11, June,
7193- 7197.

-Code No. 234, (2011). Iran Highway asphalt
paving. the ministry of roads and urban



\2'2 uk,w.,l.? ;\VY’ a)LA..j: cf}b 092 cr)m}CAMyJLw ‘abl?dmlﬁmu.ﬂ_é

Geotechnics, Vol. 7, 59-70. ISSN 2214-3912.
doi.org/10.1016/j.trgeo.2016.05.001

-Pak, A.; Rahmani, |.; Moghaddam, M. and
Derakhshan Nik, P. (2011). Dredging - Volume
I1: Guide to Environmental |mpact Assessment.
Transportation Research Institute, Department
of Transportation and Marine Technology,
Tehran.

-Pooni J, Robert D, Giustozzi F, Setunge S, Xie
YM, XiaJ, (2021). Performance evaluation of
calcium sulfoduminate as an dternative
stabilizer for treatment of weaker subgrades.
Transportation Geotechnics, 27, 100462.

-Porbaha, A., Hanzawa, H. and Shima, M.
(1999). Technology of air-transported
stahilized dredged fill. Part 1: pilot study.
Ground Improvement 3, 49-58.

-Poulos, H., G., (1988). Marine Geotechnics.
1st ed., London, Unwin Hyman.

-Rahmani, 1., Sadeghpour-Monfared, M., &
Aghael Araei, A. (2023). Behavior Comparison
of marl and dredged soil stabilized with Electric
Arc Furnace (EAF) and Basic Oxygen Furnace
(BOF) steel dags. Journal of Civil and
Environmental Engineering, 53.1(110), 55-66.
doi: 10.22034/jcee.2021.45077.2019

-Rezaeimalek, S., Huang, J. and Bin-Shafique,
S. (2017). Evaluation of curing method and mix
design of amoisture activated polymer for sand
stabilization.  Construction and  Building
Materials, Vol. 146, Aug. 2017, 210-220.

doi: 10.1016/j.conbuildmat.2017.04.093
-Sadeghpour Monfared, M., Rahmani, I., &
Aghael Araei, A. (2021). Various methods of
stabilizing dredged and carbonated soils. Road,
29(106), 11-42.

doi: 10.22034/road.2021.123064

-Shinsha, H. and Kumagai, T. (2018). Materia
properties of solidified soil grains produced
from dredged marine clay. Soils and
Foundations, Val. 58 (3), June, 678-688.

doi: 10.1016/j.sandf.2018.03.003

-Siham K, Fabrice B, Vincent D, Nor Edine A,
(2013). Beneficia use of marine dredged sand
and sediments in road construction. Arabian
Journal for Science and Engineering, 1-8.

dredged clay at various curing stages.
Construction and Building Materials, Vol. 132,
Feb. 71-84.

doi: 10.1016/j.conbuildmat.2016.11.124

-Kang, G., Tsuchida, T., Tang, T.X. and Kalim,
T.P. (2017). Consistency measurement of
cement-treated marine clay using fall cone test
and Casagrande liquid limit test. Soils and
Foundations, Vol. 57 (5), Oct. 802-814.

doi: 10.1016/j.sandf.2017.08.010

-LiuY, ChangM, Wang Q, Wang Y, Liu J, Cao
C, Zheng W, Bao Y, Rocchi I. (2020). Use of
sulfur-free lignin as a novel soil additive: a
multi-scale experimental investigation.
Engineering Geology, 269, 105551, 1-10.

-Mansoorzadeh, S. M., Mahboubi Ardakani, A.
R., & Aghaei Araei, A. (2023). Evauation of
compressive strength and stress-strain behavior
of materialsfor base layer containing reclaimed
asphalt pavement. Journal of Transportation
Research, 20(2), 129-146.

doi: 10.22034/tri.2023.391322.3140

-Mohgjerani A, Nguyen B.T. and Glavacevic
L., (2016), “Estimation of resilient modulus of
unbound granular materials using Clegg impact
value and field stress levels. Transportation
Geotechnics 7, 115-129, 2214-3912/ 2016
Elsevier Ltd.

-MolaAbas H, Naderi Semsani S, Saberian M,
Khajeh A, Li J and Harandi M, (2020).
Evaluation of the long-term performance of
stabilized sandy soil using binary mixtures: A
micro- and macro-level approach. Journal of
Cleaner Production, 267, 122209, 1-18.

-Muhunthan, B. and Sariosseiri, F. (2008).
Interpretation of Geotechnical Properties of
Cement Treated Soils. The Federal Highway
Administration u.s Department of
Transportation, July 2008, Research Report,
FHWA Contract DTFH61-05-C-00008,
Compaction Control of Marginal Soilsin Fills.

-Nguyen B.T, and Mohgerani A, (2016).
Resilient modulus of fine-grained soil and a
simple testing and calculation method for
determining an average resilient modulus value
for  pavement design.  Transportation



\2'2 uk,w.,l.? ;\VY’ a)LA..j: cf}b 092 cr)m}CAMyJLw ‘abl?dmlﬁmu.ﬂ_é

-Zhaehjoo N., Tolooiyan A., Mackay R, and
Bodin D., (2018). The effect of instrumentation
on the determination of the resilient modulus of
unbound granular materials using advanced
repeated load triaxial testing. Transportation
Geotechnics, Vol. 14, 190-201.
ISSN 2214-3912.

doi.org/10.1016/j.trgeo.2018.01.003

-Zhang, W.L., Zhao, L.Y., McCabe, B.A.,
Chen, Y.H. and Morrison, L. (2020). Dredged
marine sediments stabilized/solidified with
cement and GGBS:. Factors affecting
mechanical behaviour and leachability. Science
of The Total Environment, Vol. 733, Sep.
138551, 1-16.
doi.org/10.1016/j.scitotenv.2020.138551

-Siham, K., Fabrice, B., Vincent, D. and Nor
Edine, A. (2005). Beneficial use of marine
dredged sand and sediments in road
construction. Conference of Waste Engineering,
Albi, France, May.

-Thomas G, and Rangaswamy K. (2020).
Dynamic soil properties of nanoparticles and
bioenzyme treated soft clay. Soil Dynamics and
Earthquake  Engineering, 137, 106324,
1-10.

-Zeng LL, Bian X, Zhao L, Wang Y J, Hong ZS,
(2021). Effect of phosphogypsum on
physiochemical and mechanical behaviour of
cement stabilized dredged soil from Fuzhou,
China. Geomechanics for Energy and the
Environment, 25, 100195, 1-11.



A Practical Solution for Using Persian Gulf Dredged Soils
Stabilized with Cement and a New Mineral Polymer

Masoud Sadeghpour-Monfared, M.Sc., Grad., Building & Housing Research Center, Tehran, Iran.

Iraj Rahmani, Assistant Professor, Road, Housing and Urban Development Research Center,
Tehran, Iran.

Ata Aghaei-Araei, Associate Professor, Road, Housing and Urban Development Research
Center, Tehran, Iran.

E-mail: |.Rahmani@bhrc.ac.ir

Received: January 2025- Accepted: April 2025

ABSTRACT

Finding beneficial applications for abundant dredged soil has strategic importance. Dredged soil
can be used for a variety of purposes, including shoreline protection, Apron construction, access
roads, park development, and more. This paper investigates the feasibility of using dredged soil
from the Persian Gulf (obtained from the construction of Shahid Rajaee Port in Iran) modified with
cement and a mineral polymer additive (N) as road subbase or base layers. For this purpose,
unconfined compressive strength (UCYS) tests were conducted with different curing times (7, 28,
and 56 days). The results showed that dredged soil stabilized with cement and a mineral polymer
additive has better UCS than those stabilized with cement only. Due to the superior properties of
dredged soil stabilized with cement and a mineral polymer additive, dredged soil can be used asa
borrow source for the construction of access roads in ports. In addition to UCS tests, the results of
indirect tensile strength (1TS) tests also showed the superior performance of dredged soil stabilized
with cement and a mineral polymer additive. Finally, examination of the results of the resilient
modul us of subbases and bases made of dredged soil stabilized with cement and amineral polymer
additive and dredged soil stabilized with cement only, and an economic comparison between
traditional methods and the use of stabilized layersin road construction, showed that stabilization
with cement and amineral polymer additive is a better option for use in subgrade or base layers.

Keywords: Cement, Dredged Soil, Minera Polymer Material, Stabilization, Technical and
Economical Comparison
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