£eq WA L T 5led condlen Ao dign oolid s bt

S <o ol ga y3 0auis g yrius pals cudss i
Sl g i (slada ya jo o gudin y 9o

Ls;"JL.'TJ C;Jt:"'T bJ; ‘U‘J‘@s b&jﬁ‘d fu_‘:\SJ ‘_s.la.n)k-é-
AAYIYA By ERVARYA KRG\ PR :'CUU

LS

Soble sl sladsbne 5 Jhie O s liS G ks laple sy ol

Lol Sl Cod elipdesgte S S a5 ol 2 JamalS Ao Yoo
WS st edse ST e S gladigal pd 0 ) 2 Sl s 5o sbasr gl
Vlad o 5 aie OT b baagad Glanal L St 5 5 laast o b g Sl
Syse KLl Ve L o u.:@ul (..:_,<>u" a5 Uyl Aoy Yoo
3l 2alS Esl g ,enlS (clad sles 31 eslinal das o LS sdelnsa aLIRCR Rt
spbe ki O L a3 SelS Ol 5 ol S 4 Oy 5 bt
Jilis oo b Lol Dl R il sl SN U3 S ke 4 g, ) S sba
el L o 3l Al L Wle sdidy Oy Jals 4 SOL wushy doys
bty SU K2 i 5 e 5 Sl S o Leses (LI o) 5 sla s

s e ) Loys A g b CL.,:\

)Ll).'.u Afl.j..\—d»)): 6uﬁmﬁ ‘&;}};L;Lmo-f; ;J}J.....:lf La&ﬁ()):ﬁ L;u;jl;— "5.'\._.'.15 6‘.&03“3

PRVP)
5005 Sl P Jedly o 3550 BB oSl 4 Yjame ol 50 SlaSl
Gble ofsa Oler 5l s o LSl ol Cusby Jlde oas Jhoay L3
ol ok i LaSLs ) dewsar a5 bl [V]Wlosls [id g 1) Sistany 5 Sax

raeesi@Uut.ac.ir  J g ok 55°



WA Sl ¥ aled eas)ler Mo pudign ulidie & AR

2O S et S o A sk DUl Ol B e S (2 me 50
Sl Lo &upa (S el et VLI 53 353 e Lol (g el Lo laesla
5o ol JUml bylas o laolSss 5 dlaesls daplaxstle « o pdps s glasSE 5l b
Sl ol g 3l G e cpl a8 Gl sl 03 pes dle 53 Vs 55Ul 4 550
DT YT ol 558 nl 53 olb 5 ks S ol e a3l 51 56 4Vl Lav e
S plesle o canl 355 5l @S s Gl LS ol ke, 5l ds 5 S5 cxls
g5 sk, Ol alax 3l (s3daze Jalge ) o Jiia s)5,5 sde W Wl s
L8] ol i30S ol oy el 1 ossi s Slge sllie 5 Lo Ol (S
Ol ialS 5 Koot dmls 0 Ll b LS ol ey ety IS, ba [0]
IVT T b oo Rl 51 o sb
sl 03 calises OF S iash ax g 3590 o)len LasSts Sl aiws opl gilew
ot o 5 Ypeme Wl oy Jedly SRS 5 S ol Ol b (3luay (510
Olowws dile pleand gl o8l 51 ol o Sy 5o [A] 5)ls sy SSIG
L SLst wslge opl 035500 b aS(gysba 558 0 eslizal 03, 5 (0 xS (Sl
Do 03 Rl G S s el bt sl iST as) S sl
Sy Sl ge anb 5 o geme BU e Sl alge 035531 L 5 L Jlesl L (SULSG
S S st s el GRSl S SIS ol
Jlasl ol ok 83ly 30 Sl @3latl 6,0 5 (Salw e 53 45 la i)
S L s ol By sl slpdp e S g Jlse S5 S5 glaat
P e Sl Cusby (Rl 5 e e gas ALED L s S e S b
iphe ekl S 5t b S Ol S ey g cnl 2sde WO
obEl 5 oy ey el Cel Wlg e S ous Sis 5 5o slaas
o5 el ol OIF asn 3l sladle s apd edisde e S
Slssles diles S s 1y St 5 slaat m G e okipde) s oSl

S s Bkl o5 Sl 1) e g g S Sl el angh ladisad OIS s,



(AR Koty 5 slaesm s ezt sie Sl K ol ediS 3t mle CokS

el s s o 1) O sl Sushy @ Oy B &50 5 ol s dlasl L O
Redle (LBl 5 a8 esen a5l e S gladised 5o Jes opl ST L aS L s
DT I8 b e a5 iS50 B, S8 s e 5Ll 5 oy 5 Ol ials
sl pde e St S 5l pladisad g5y SE 5 5 laas el b lesl 5 s
5 s 3 B Pt O iy gt £ LT B Jlesl Sl ey oS il
Ab oo S 5 5 slaas bl b 0blen 5 Sl s DNV b e 2alS 5Ll
IRl LS i S et edipde e S Gl pladised g5y e lajl e
> ol St IS k5 Ol o 5 Ay o G285 SLE oy 5 S5 oa Sl e
Iy gl u] CutS 1 OLn 5 o VY] a0 ol Sl 4y 5555 dsed s
OIS ass oemes D] oS s olisdpssn o) S S o5 0
St S sy oSG e Ol ok e n b OLSar 5 Gl wle 6 K03
3 s SN S WS el sl b S 5 bt b edisde ) s
3303 515 S G ate O CdS 3l o sl 4 Doy (Sl 5 oY slaas sl
St S Sl J g s | S andls 5 b SO 5 Bl [VE]
oS 4 Oy 53 (e Jole st apls &5 Win S (6 S amatl 5 (oo 2 o pdp 5 550
kS 4 L3S (5 Sam sdaze slailesl plnil b 0L 5 Byl [V0] AL
S LRl 5 s Dol Al 5 sl & Doy Obe) 53 1) et L (sie O
5 S ol S A S and ol OIS Gagn [N )l s edisdp ) 20 S
5 S INVFDIV] S o s oSk GlaoduVT ool class SO
S Saka sl a el S g s s geslie slaghbl elnil L OlSes
o LIY] Ll lS OF sl 5 03,8 ot S (S5 ol o5 il
oS5 Gt (g mdS 5 JSbl a ea ) St s a8 s S et DL 5 G
3l Slass ol s Al Sl s Sl agly 5 b Cwslie 5 Al
350 55 Bl 05SE s se DLl bl VY] Cnd o Sooda sl chle

6u4>ﬁ d}b)b W) dudb' Lf‘ﬂl"j”‘)g;‘)j; up‘ffw;})%ﬁduekyiﬁt



VWAL 5l ¥ 5l anlem or (potige lidpon 0 Y

Sl 5o 88 Lzes sle Sl slases acp Sooder el 05 Spe SEE 5 5
S aden Sl VT Ll S 3 03ssde 5 (S Glapaie slags el S35
b My amo bans s o Biee o col JT OS5 5l s i els
(S1galy ole 5l 08) (S LS 5L aslis 5o SLS 5 opl g o 2505 Sy jlaes
Sge Sl (Ko iao b 5 (5505 Gl s il (5 e 1S Jamacey s i Bikes
shle 53 Jol> &j 5055 Seaipd 9 ke SO 6‘-’“91 ls e S u;.:\ﬂ
sl gladle s sd eslaal 0,8 5 S il LS e laessm 55 Cewsss
ol yies st S SLEl s s pol p s 5 Sis s e
OIS sy ars 2y Gl 5 oliSG A mle (sdie ml) cile Lyl s s
ol w3 S FIYOT UL 5 sy 5 [YEFD T 0LSer 5 G il e Sl il
2 oAS G Ris e Ol 3 pmelS (55l ST 3 05SE das e 0L e )
a5 8l shcda l b el edls e p S ) LSLEl 5 ey J,:wl:ﬂ
S ol 5 s ety 5 s pedS Gl ST b e Sl Sl
Jeiliy b 0T gl Blin 5 olt Sl U o St 5 5 (laest 2 53 sdipibe g5
Wl Dl S 5 S 5 5 glaes x b s ke O 51 AU SLEl 5 ey
S5 S bedd ag S lakiged o ARSI Slao el asn ol s
2l 5 038 ol il Bl b Ul sladslos ) eslid L Kol
2 KA S ol ol ol 5 o T 50 i o L ol

M‘OMG\)lQ#)jMM@‘JJ‘j&»JQMwLﬂ‘

b by, g3l
S
Sl b Gille) bavgie g i) 5 ShB L (I SE) ) S o e S
35 s ety b oyt SI ag shte o (V1] 5K sipai



AN Koty 5 slaesm s ezt sie Sl K ol ediS 3t mle CokS

i ag slab sl s ASTM-DA546-08 5 luitenl b gillas Wl 33T o, 5 Ol
S Olgea Gy 1Y 5 (88 YAy bglsie ol ag glab e 510 o
Six g 5ot Jlesl Gl [T 0SS Gtuail Slae b Gillas odisde ) 2
Gillae (G 1Yy 5 IS TAY) Lol S (Sss 5 (SO clasiia s Ol
odi olanl Sy ol edalie LBV s 3 & i e ASTM 5l L
CH) Y& wtozadly ol b ey g5 51 (USCS) e shuaid (s oll
St ol anty S e Aoty 035 a3 e 0L 3 Ikl (S5 2ol 2 o

s VAN 0T ags cusb, 5 KN/m3Vyvy

ol ealiiwl S é,’v&j Aﬂ& olasedn N J_,.b

Sldde apseio

v () sy A=

. (1) & ot A

v (1) o aLi

Yoo Yoo Sl g5 Aoy

M g /00X Sl 585 58) (s Ol Ao
%% s Ol Ao

CH (USCS) uoe el
YAV O () si5 oF
VAN () apts o sb,
VY RNIM®) iy St o 5 055
Y/Vo (Gs) o sases O35

ol .Y

o ke st A SO S Culis 5 VIS andesd gl ol eslizad Jade O
b Jo S Jsloms bgs 55 5 T 055 G 5 bidsas 4 ¢l O ol S5l
A eslaal B s g slackale
Jj,«:lf Y

53 doedS i Sl OF 53 3 e hen st VT esle Olgens Jg el
4 Dl ) OSB3 358 o e3lial 0 5 3lossls mlboo ¢ plod slaals S



VWAL 5l ¥ 5l anlem or (potige lidpon 0 $\8

Sl Sl 3b st eslitul Js madS 358 o e o 351y ol OT (gl
5 Kl eul (@em®) VY s bl of etiSa s A el
Ao Yoo Ve glachle U Jy S 5l Grasn opl s .l (CP) Vorr s S
glaclale G sUlss ol oS ol S5 a p3Y A eslind Glaio OT b oz soze>)
Vo sV ol JEs ad abus ez S0l &) gots g pedS Ao)s Yo 5 Ve
Jslows gl Ko pSss s ol (QIEMP) V080 5 V/0Y e J e A
el VA VY0 s 5 55 T 6 3 S s VA dos Vo Ul 5 VE/A Lo ys Ve
il ek gai dugs £

FeS U INE Cugby lls o ol s (slabadi ) ol eslizal ek poi 45 G 5
St axls gy, ol (KN/m3) Yoy Lo S LRSS IT N COPTROVP o
53 A OBl (g Y0 5 GBS TAY) e esliad St skl (ST 5 s
o 53 5 el A Oyt SO Olatle (WS15 o Sis asli
Cosby ol 035530 L ek yai ol (gl [YAT YV] 5,05 6 5 b Grliprs Sk
ssbiea 5 AE elilu, peie St axld (g5, obl 108 Coyb; Olmea Sl
3K at > Sadly 3 Cele Y Sey S S s Sugb, 25 05
K3 s Y 5B G BB eSS lakisel 4 glp s LS
S sy ol s Sle (VU s an old a1 b LI asle 5 > b
R PR KES SN SCHN [ GEPER) JPC S JNCCRUN g VR P I S B
C]ad 23 A eliad LIB s sl 055 @S1e gl 45 2 s SOl
oo 3 oS e s Sl EalS ) shien ses 035 (Sl I LS B s
oSs G 5s (Sl oS15 s plawil by a0 a3 o sad b eslind 0l
GGl e by a5 e 5 Sl Y e el Db Ll g oIS
5> (KNIMP) Yoy sl Ko oo Sy 055 4 Ok slatea (MM/MINY V/0

(g Y Osls 13 51 s s ol Y e gl JKGLAS Ave Ol 4 ol



t\o S 5 5 sl 5 edisdes e S S ol oSG s mle CokS

A Jles!

sl i)
S il Y
oL ail ¥
el el
G,k amis 0

¢ ‘5_)}9;.4& nK:.w: A

Lo god L (511 ek o3lital (ST CIG Y S

CPE
(01 565 =5 o7 12 s i

\/
]

A'A'.I
W
R
o

A VATAYAYAVAVAVAVLYAV,VAN

omm,;duu'ﬁdwu_;u,mcwl‘..;,a,&w;&gudwxJs.:
A

o..x.ic}\.w|r,$;do\§:m:.0
s J 28 slos gl o b plowil (g1 5 St 5 5 slaast o dlesl ) slaey
5> S0k A5 o3ls J pens oS olSis 53 ek (2ol Sl 5 5l 5l B s £0
Sl LI S el ol (i ks G sl bl add ool Ol Y S
e SN S LJ Py LRGP PR VNPV L0 RSP g
5 Gl i Sl Jsane oS oS diles oies ) LS (6, Sell



VWAL 5l ¥ 5l anlem or (potige lidpon 0 Ak

Sosome JSE a5 (25) ;Se3lll 5 (S0 poal (Jslsite amis 53 W50 (8 5
ilo S lel G sbyl ol s sl Ol s ol e oo 270 ) s L (63 500)
b oKas i gpn pasie gl lald sbwl sk s ol clLB L
ol 5 slaast o 0Ll L3 alaie OF s gl S5 o a5 S slaast
les Luld 055 el 5 00E Ble (g3l S Sl oS Gl exes
5o olSaws alaie SIbI 3 0k e ooty ] Slds 1 asts
b3Sl s 80 il les sl Sl Oluebl 5 03,5 oS (gl A eslinad
.ﬁe}m‘o&&bmb‘j))gwé‘nuiu@j‘k&i}éuﬁﬁ
&é}jdhﬁﬁf\

Jlome 5 o OT L old Gt laiisns 655 S22 5 5 sbaas 4 gl tales]
Ulsea haie OF b ods( i glawised 5 055 ploil e slads ;s b S
3ol bl ke ol slailesl gors 3l Jd s eslinal el ¢l mr e
S ols 3 sddag Wl S (B a xS L3 0 S 5 5 0l ST
Il shS Ve Sl 0 ot e oS ol 53 4 ged 3 el G2lesT J ponas
S b S e 4 Odews Ol Sde S G Rt Shaie OF b s A3 0303 )3
s G L adde ) se 4 s Aol Jsb 4 555 N spd 55 5e Slaesls
O35S Sl i3 80 Gles 5 JSKLl S Ve Sl Olea b o 05T s 5 2o
w Sl U us ¢ Sl dgad cpl Ko i 5 Cusb, Loy oliie jsbas 5 Al el
a3 S S S,y Vossde S 0s S ol bl b e, 10 e
sl OLL 31 ey als 5L 5, VY sgde Ol odeay S 5 5 4t &irb.;,l
5 DSy B gy ol ST s a5 Ol 5 s il J S L Todme s
3L sl LB 5 5 Ol

o Sl S el Ol WL s dd sl V.:.(>J Baws Sepl a5 L
Oeme 5 S Casby Aoy s S Ced Dl e kel e sl

Slailesl plnil b Olejen St 5 5 slast i (b 53 oSlEk o5 Sl s oy



AN Koty 5 slaesm s ezt sie Sl K ol ediS 3t mle CokS

g ool el ek ped il (S ol 3 S 5 5 glaas 2
A5 S5 4SOk A5 eals 13 ke Oles 36 ol Jpene oS slaelSias 3 5 el
(St o Jlesl Gl pl ol ol b gd 40 5t > Jlesl w506 s oSais
S Olon 36 o 5 edapdlol wSou olas il glos Lol 3 b 051 4 Ladi g
e Jsene r,:ixi iy w0 g 5 4 > Jlesl gl aslsl 3 5 Las eals JUi!
oo T3 o Jsame 5 edizdhol oS slaelSins 53 b i3l g Sl oy s
IS b (ple LB 5 pss Ol e el KL dalee sla S s
5 amle OF oy doys 5 edd 2ol Jsens o Sou ol 3 3 ge (lad sl

A dnlome (V) il 3l eslinad L 0T o e

AV _ e

- V)

V_0_1+e

P03 S e RS Gl s e e C S Al S AV () Al o

)J&&JM}SB@)‘W%}QeOJVO 5 Ky 5l o 5l de s
GoS o3l 4 sl Sax 5 5 glaar x5 AV (g, Soslul gl ol il g3
AE eSS eslinal b Jgene oS olais 53 ol eslitul 4ged a3 k5 Ol
L st ooy O oS ol S5l Ay sad pLEL) kS Olgpe i
Dlee (1) Ay 1 ealized b ol (5, So3ll glin)l 5 b slie b 51 AV aulos
0 Szt by gty Gl SSle Hsbe il a1

S ealad L;;)w V.:.>/\.>J 6LA‘>L<S-:J L ‘-;Lﬁl 44‘}4..: ML.:...A 44;.}4...:

@La
V~j\~ 6LAJJ_L>=A‘)JMAU‘L¢M‘_§M“ LSLAM)NleC));GLDY’ }g.w:.jﬁ
.w\omﬁl)\djw“/.u)b
35 e i Sl 4 el Cele VY G308 L ospd e aidle SOLs

Sladi sad 5 Aoy YANO Jhie OT L oddG phtme €sad sl 2l o5 sl Lok

1. Gauge



VWAL 5l ¥ 5l anlem or (potige lidpon 0 E\A

Loys YENO 5 YV 0 ol b5 JapmdS doyn Yoo 5 Ve Jgloes Lol ates
Aos3 V0 Jshomn o3 it diged ol oo ol o8 il oo 4 4z 5 Lo
oIS A 4305 & Cared ks )3 £ g pedS o3 Yo Jglons b 5 o3 VY Ul
bl S oy 5 Jewsly 5o JsmadS clle (05 L clasl 2alS Jaie T L

RO PN L PR

30
25 @ L J
; 20
4, 15 )
Q) —— i
10 —.— S
5 —— J, S
0 t t t t t t
0 50 100 150 200 250 300
(csls) 0L

S Aoy Yo gV Glad gone 5 ke O sI50 SRR

15

10

AN AW
RAARE

IS is Ao s

110 1 )
=0 L. I

-15 1 J);W:Lfl\'
+J}f%~l§%V'

-20
Sl Cow JUd i3y 5 Jlgn sas o b S 6, JKS i Aoy b S
JISul s N




£\4 S 5 5 sl 5 edisdes e S S ol oSG s mle CokS

Slaas o Jsb 5 sl oslinal S glad sod (55590 SO 0 sdasglis £ 1S5S
0 Ll Ll ar s bl JBGL S Y L b e S S
S ol 0 5 ks Dol e T L 0BG it gl (5o (S S i
23 005 Ol 258 e iS5 pl 5o SOl el 03ls ) pAbeiS S0 0
L s ol 53 AUEI 5 g Slie 5 Sl a8l (2 ) a4y S 0
Loys VUYO 5 VAL Jly i sa ol p);)u,zt,.};\ S S - RNGIU e
Yo 5V Jgloee leslinal ol piibeisS  ISG 00 Ao ps /00 S0l oS el
(}M&ﬁJJOMuLd;&ngLMJ}AJ‘;}JweMLLaiJf\.i):éotg-djmlpr
e e 5 53 ALE 5 s Sl 4Bl RIS a5 Ol il ol
3005 Olpr o 4 3 Sl (BB )5 ol g8 Baas0L & el s
Sl VYO Ol 0 5 2l o b s pedS o Vo gl b 0dlB 3 s & 505 5L
ol Rl vl o5 VYO 5 V0 S Js S Ao s Yo gl SLEL 5 65
O sl o5 Ol SR e gdle g peeddS Jsome Sl eslinal o5 550 oo (6 S e
o A pl s s st e ALER s B s L SO 5 S sl sl
.J)l)ﬁﬁb“@}@w\;jj)m:gd}bww
o8 Jeily (i 3 glaat o dlesl bosgd e sdalie £ SE s 4SOl
e 45 355 pn edalin laast o sl (5l L s Al e 2alS el g St
23 Sosba Ll Al SELEN 5 )5 BN Ol cpon 58 il St SR
Ol pl Js S Aoy Yo 5 )0 gl 3 ¥ i 4 s hie Of 0 i3
23 gl S ale BLEI L 0aS 551 36 e) 8 Olse 5 s o O T
b § S s SOl b el ol BLEl jsldie ey Jsbs S
250> oS dopn Yo g Ve gladlone St 5 5 slaws o laslasad 05 e
N s o5 el St S lae 4 oS ol 4B S 13 ke T s s
Sy S Ohd e s JamdS el 53 s e el 5555 bl i
cLS:J.SJo 3554 (S5 e slals Sl el eslinal 6@&)&3}0%&6}&
Yo dshme Soosba ol wdl 5N oad do S SRl LB L L)



WA Sl ¥ aled eas)ler Mo pudign ulidie & AR

S eslizad el o ol 3SUGE < poy5 Jomilt Olin (5505 b Jg S Ao
5 4Bl SRals S s 5 glaast o oldad Js S o Te do s Ve lad lome
sl odny daled Sl a0 5555 0l eslanad S (glads gos

el Sy S5 S (6 S0l 536 L S oS At Ol S SO
wlin gaaisel 3l 00d S 5 5 glaast o b b b Ol o ¢l
Jsguagﬁ,m;wﬁpj@u;mo6uJ§~:J>QI@udsuuw¢|dudwﬁ;
el 0l WSl sy

L ke Of Sist 5 5 slaast o (Sl 5 )5 Sl e & Bl 0 sl IS
A bt (0 S a5 b das e Ol dss Vrr s A O e CLMl_Ia}Ja;-L
03 s e DL VA s il s Ao VM casb, L Ayl S cass &S
Al Gl g cod by GRIEIL 5 S e S S S e
VAV s e s oy YT b LB bl 4 5w o sl s aSsba
)‘J.gtu‘L}d)}%d‘)}ﬁﬁé}ﬁd‘wwcq}\oJK.LAJ.AD.-);L?.J\M)JG
343)&5@)%)4;)\»)@,23\{)&@&1‘)38MJ\&Z}LA}B@J&\{.JJ‘J
Lodese /W 5 aon V16 Slaie 4 C abais 15 b b o 2als OF s o
S O e O e A R LUKl -prpy
D3 plal Sl s 5 D il 4 b e 15 0T Jolss d 5 Cusby 5wl
YA s o TYA L plp e el Jolis cnd 5 by D e s 5,8
E abi 4 U asl [ials @ Jodss cud 5 Cugby (S a m dlesl Lo
Vit o 0 S g cl v/0 RS i 5 Ao VY dqubJSM)J
5 At ol s als |y Jsls e 5 Sushy Sl gy Oles 45 54 e sdalie
g oo e Sy gbbarls Ol g (O 5 00 S E glaat
Lo it 5 5 Ol hd o L g pr Gilae Sose T 0 a8 1 3 S sba
sy gLl byl s el 5 Cughs Sk S ke 5 Sl SIS
Al e BLET /A



IAR]

0.9

0.8

0.7

s

0.6

0.5

Sist 5 glaast i 53 edisde g St S ol 0diS B e mle CokS

il AT W
— A gl

— e gl

10 20 30 i
gk s by s

s > b (2Ll 5 )5 S pms) Cusby deo s b st ol O s L 0SS

P



VWAL 5l ¥ 5l anlem or (potige lidpon 0 Yy

2 AUEl 5 e iS5 s Sdy Gl s 45 55l e edalie 0 S ) n b
L s ol e s onl 5 col Okl Aol glls KoscSy b hin) slaas
534 Lamdy il Liphoe G an LB b ol daes xSl 0
5 oLl s Dol gy SOl cisl sdaline LB #po0 & 5 o0 gl S
s S s 45 das e 0L LSS ) e ol S Olele 003 Ik
Al S Wiles ISs Clsl sl
o S Ll s e s S8 e o 55 ) St Ol 5 e | e 5 Sla s
52 S s Ol b ool o Dl ess S sba cadls Sle i o et

el LS (She) ot i 53 5 e LSl 5 sy 85 (Sl e sles) 5 1

! = iseu
0.9 - ceee@oee i b.ﬂ\_(.:&bl‘i
J IS TN 5zl
408 1 Il 10 S s
; T JspmdSU¥e 5 sls 5
10.7 7 Iyl X0 &“,o\.ﬂ
............. ARE | =
Rl [— nos Sege
05 4 — - — gt /,,
4 — HTA ,"
0.4 — ' ' ' '
0 5 10 15 20 2 30 »

Susby Ay

P (P8l 5 8 S ) Cusb) do)s b i cond ol Ol T IS
J el X3 Yo gV gad s 5 ke O 003 St 5 5 Jge slaas >

Vo5 ladle 5 shie Ol 4 by e olg ol 5 )8 Gla e T ISS 5o

33 JspedS Sl LSLEl 5 )5 Sla s ol 0l 033 DL U5 S Ao s
osad cplasls Slaan b IS lasls gl @upsx\a;)\;,@q,u,@ﬁ;
LS dase 0L 1y (BLEL 5 e (Rl Sl Sl 53 oS Glad sl S
iz 5 b 2le 8 3 b e B M DA el ul Bl

Qﬁﬂ‘dwhj;‘jb;d)jdbu Cﬁ)gwhuuﬁoﬁwr&ji{)ﬁ)\bwwﬁ



AL Koty 5 slaesm s ezt sie Sl K ol ediS 3t mle CokS

&

oo
SGosbar Sl ol 5 (o) GLSE (2 pasin oS Sl Glodidy SLEN 5 055
o SasSE O3 asls il Bl s pege 8 S pledias |55 sla SIS &
Llodal s dsles S 4 355 Glbl G0 sl 5 OIS LS wyls e 5U Ygans
53l Bl gl sl 5 0SS LS e S5 Cusbs (5 53 LSl 48 B
s b 3l S ol L ol S5 S S 2wl o 55 ddoms Oy O o
Gsl= S O Y bl s dsls s w Slal Sl cpl Sl B S o oS
S8 caslas LY @ ws S bl 1y )y o3 SLbl 5 cl esg SlasL il)l
S Ses o ez 3l godaze belse 4 4Y ol Culis ol G ,ee (DDL)
ﬁl: Cod Y pl Culhs 3 i gl Saes o 5 Sl 4 (b b
S s e Glajlle §yn corpe cdelan glaa o adlr 5 andls Glag s
Sl Ko 5 IS0 Clale SIS Crge Sl ol 8 Yene 5
53 3 ek o O3 d S0 Olala o sl 3msn 1y eS|, Olazlu O
b e s S ey s ol SOT 1K Sl s Ls ST, -
003 o3 o Olse a2 Ssba) 3503 (Ko O O3 o35 o 4 Sl Ll 2
O 8 s SoB il el ehy e Az a5 (I s 08 AL S e
Odr dows W S50 Olasle = 55 a8 5 S (5,8 Ol8 o opl ol (WL
G s o5 Q).LS,4.:_'9\4“J’;.alsojsoﬁjchw‘;w);a\)sbwjﬁubs
Al e ials st S
S 5 ol Ll o s St 5 5 slaast i bl (5 e 4l Sl sl
Lo o3ls O3 mleil olKaws 3 ek gas 4 By dited (S pamel 5 S Sl 38 g
DS 5 Ay gl Sl 4 b a8 e 35k T lad s a4 mle Bl Sl s
Ly gn G prieen Jg S (5l ST 5 oo OF L b gad 1200 51355 e 31 S5l
SIS oy O 4 Sl iliie S SIS el s i3 sl mbe il
Clay o cislae 4 Cubis by el O 51 508 s edS slad o



VWAL 5l ¥ 5l anlem or (potige lidpon 0 $Y8

Sl Jg S CBle 1 calies 2alS ul 5 s sk e 50S e O Sl eslinad
Jbles W05 olattle & Jy S (ol OT L ol G atns sladi sl ol ol (b o
O Ll 5l 3015 g 53 oy pebane SEalS KUy 0 S5 Do 5 S o 1y
o opl 53 85 358 o sl S B ane mle 5 Ll A gad Gy (Sraml S sad
S5 g 4SSosba 2513 5525 € ged 53 4 T mdS lad S0 & 2 lge Ol
ST L 0dd s 300 (51 St 5 5 gl 2 LSS L Bb Sl e S e
o5 el SRl spd e o8 S e DLS Ol e ke
Gl SosG w ld Ol 5 Lt > 1SS 51 50 ke O b ol B it 4 gas
5 Gl 5 PIY] 0L 5 Sl il SIS tagn slatasn Lo mls pl oS
JsmdS sl O b0l anme sladigad sl o3l e [Va] 5 [VE] OLISes
Ll F5e e bt o SO S Sl gl S esde
WWUSG&.{,«J{L&);C@&)4},)>L{c,ﬁjb)¢)\m£wdé)bjl
5 paie 256 U (0ad i) 26 il Sl s S el e St
D) oy opl s Gt o e SIS S B (0D 5) e RS e
Sl il Vs a8 Wby ) (Gamie gLl arys G s o 53 o 55
5 Vs 5 [YA] s 5 e alex 5 ilie OIS Shas 1 ey onl e Ol
55 3 e gla 0550 ot 55 Ol e 1y LY cpl 5l Sl S 0L [0] sl
5ol L Sas Al s S olestle Solew 55 0k 0 55 Six Sl
Slp 0 a5l e o K d A sdaline £ IS s SOl s LS
Sdslow b el dies slasisel sl ¥ m 5 Shie O b eddG ke @
55 S s s cad Sl s Sl s e e ol a4 Jg S
0T 5 5 iSe il | ased 0t St ST s Glae oay L S
Sl e 2l s Gl el e e b S SR s A el
Lt Gilate by Cusby 5 SIS e Sk e e gl o SIrO

1. Hysteresis



Yo S 5l 53 skipes e SISy ol e S hie b okS

Lo ol S5l g3 s Sl bl 5 She as x2S 5530 Jol> amt oyl
sl s Bl Wlas s lily 5 Sl QLSS

g i 3K a1 sl sde s s e LS Oy SOk
el sk 55 s Sles glaedsn Slasl o 38 gl LS ) gleg
L LS pl g ol (go5,0 s Slisl Gl g5, cul 13 a5 laosle
DLl (Sas 5 el IS (el ST L Ol b Y] aSle Jsems sla s,
Lopn HsSde Slas, bawlis 5o &S ol e 5l (il soladl 4
00 Cule 5 sz e S 00 S Gatese L S 5 5 g o gl =l o ls SApS
P Do Al o ge e alnil sla jtass e i) cnl el il Jol b
jem&webbb&ygljjmclf&)bg];\ @ s ol 53058 b slil
BB Sl ki wsl, S 5 glas x5 Sl ey Jeslzy 0T 3
G O0dey 5 Sb BLE 5 Jeily s BB RS i ge e cnl ) Jeol
s mdS sl T Ol o ool oo o SApS Six 5 5 slaest sl s sl
s ey eSS (slls 4 bl 4 |y ixio (sl maizms 5 Laiils IS 5l an S ol
o3I Ll (3l 5 Ol & ol Jamny s Jilos 038 Bloud b 5 313 JUSH ckieon
DS

S S 4o
S S obEl 5 o5 Jeily g oS Jsbe S s U8 0l s
Lol s 5 A s Sl e b s St 5 5 laast o b s odipdp s 52
55 Stz 3 oSG aee mlbe Ol ey Jbis NI P P30 G P WP =l
M;wqwcbﬁy\.@wu@&ﬁ@-
uLalSaMo:L&;JJ\;‘- bwwb—jéjjmﬁﬂaﬁuv-ﬁé‘h'ﬁ\ﬁ\b\
PP W B RSP I I P P RNV ARG PHS PP E g



VWAL 5l ¥ 5l anlem or (potige lidpon 0 AN
4 Skl das e 5y S s JYRCHCIN-L VI COLPUES SYCI | E R BT
A oo =y (LB g a5 dolS el oML s
oss 5 R Cond Dk Do pALE o) 5 Gl s S Jol il Y
L3 LAl 5 po8 Ol o 4hols sl laas 2 53 &S das e 0L Cosby
5ok Ol ol glaast x> 3 b anl Jials ol ol baas > 2131 L e
55 e Db s edd ol lews ey pd e i b Ll g
:FL;AJML.;J@ sy opl ol Sl s 5 b e JalS s S
sas0lis aie Of b oanglis 55 s malS badloms 5l aslizal 51 Jol> IR
i OF 5l eslitad Gl 4l Gged il o s IS i EalS
sosls Jhals e Of @ s 1) Kix 5 5 laast o sl bad o ) ool
s sn Ml T Sy (5 2L S Olos ke 3 0k 3p s 5 St b

@L'.a
1. Gourley C. S., Newill D., Schreiner H. D., "Expansive soils: TRL’s

research strategy, In Proc.", 1st Int. Symp, on Engineering Characteristics
of Arid Soils (1993, July).

2. Jones D. E., Jones K. A., "Treating expansive soils", Civil Engineering
57 (8) (1987) 62=65.

3. Driscol R., Crilly M., "Subsidence damage to domestic building, Lessons
learned and questions remaining”, London: Foundation for the Built
Environment Report, Construction Communication (2000).

4. Hanafy E. A. D. E., "Swelling/shrinkage chatracteristic curve of
desiccated expansive lays", Geotechnical Testing Journal 14 (2) (1991)

206-211.



LYy Koty 5 slaesm s ezt sie Sl K ol ediS 3t mle CokS

5. Fredlund D. G., Rahardjo H., "Soil Mechanics for Unsaturated Soils",
John Wiley & Sons, NewYork, USA (1993).

6. Marinho F. A. M., Stuermer M., "The influence of the compaction
energy on the SWCC of a residual soil, Advances in Unsaturated
Geotechnics.Geotechnical Special Publication”, ASCE, Colorado,
Denver, USA (2000) 125-141.

7. Ferber V., Auriol J. C., Cui Y. J., Magnan J. P., "On the swelling
potential of compacted high plasticity clays”, Engineering Geology 104
(2009) 200-210.

8. Estabragh A. R., Rafatjo H., Javadi A. A., "Treatment of an expansive
soil by mechanical and chemical techniques”, Geosynthetics
International, 21(3) (2014) 233-243.

9. Rao K. S., Satyadas G. C., "Swelling potential with cycles of swelling
and partial shrinkage"”, In: Proceedings 6th Conference on Expansive
Soils,New Delhi, India, Vol. 1, (1987) 137-147.

10. Chen F. H., "Foundation on Expansive Soils", 2nd ed. Elsevier Science
Publishing Co., NewYork, USA (1988).

11. Dif A. F., Blumel W. F., "Expansive soils under cyclic drying and
wetting", Geotechnical Testing Journal 14 (1) (1991) 96-102.

12. Tripathy S., Subba Rao K. S., Fredlund D. G., "Water content-void
ratio swell-shrink paths of compacted expansive soils”, Canadian

Geotechnical Journal 39 (2002) 938-959.



VYRR Sl ¥ 5t oms i o o pnige mlidon 5 YA

13. Siddiqua S., Blatz J., Siemens G., "Evaluation of the impact of pore
fluid chemistry on the hydromechanical behaviour of clay-based sealing
materials", Canadian Geotechnical Journal, 48 (2) (2011) 199-213.

14. Estabragh A. R., Parsaei B., Javadi A. A., "Laboratory investigation of
the effect of cyclic wetting and drying on the behaviour of an expansive
soil", Soils and Foundations, 55 (2) (2015) 304-314.

15. Zhao N. F., Ye W. M., Chen Y. G., Chen B., Cui Y. J., "Investigation
on swelling-shrinkage behavior of unsaturated compacted GMZ
bentonite on wetting-drying cycles", Bulletin of Engineering Geology
and the Environment (2017) 1-11.

16. Estabragh A. R., Soltani A., Javadi A. A., "Effect of pore water
chemistry on the behaviour of a kaolin—bentonite mixture during drying
and wetting cycles", European Journal of Environmental and Civil
Engineering, published online (2018).

17. Chen J., Anandarajah A., Inyang H., "Pore fluid properties and
compressibility  of  kaolinite. Journal ~ of  geotechnical  and
geoenvironmental engineering", 126 (9) (2000) 798-807.

18. Kaya A., Fang H. Y., "The effects of organic fluids on physicochemical
parameters of fine-grained soils", Canadian Geotechnical Journal, 37 (5)
(2000) 943-950.

19. Graham J., Yuen K., Goh T. B., Janzen P., Sivakumar V., "Hydraulic
conductivity and pore fluid chemistry in artificially weathered plastic

clay”, Engineering geology, 60 (1) (2001) 69-81.



£Y4 S 5 5 sl 5 edisdes e S S ol oSG s mle CokS

20. Singh S. K., Srivastava R. K., John S., "Settlement characteristics of
clayey oils contaminated with petroleum hydrocarbons”, Soil &
sediment contamination, 17 (3) (2008) 290-300.

21. Di Matteo L., Bigotti F., Ricco R., "Compressibility of kaolinitic clay
contaminated by ethanol-gasoline blends", Journal of Geotechnical and
Geoenvironmental Engineering, 137 (9) (2010) 846-849.

22. Singh S. K., Srivastava R. K., John S., "Studies on soil contamination
due to used motor oil and its remediation”, Canadian Geotechnical
Journal, 46 (2009) 1077-1083.

23. Estabragh A. R., Beytolahpour I., Moradi M., Javadi A. A., "Mechanical
behavior of a clay soil contaminated with glycerol and ethanol", European
Journal of Environmental and Civil Engineering, 20 (5) (2016) 503-519.

24. Estabragh A. R., Moghadas M., Javadi A. A., "Hydrochemical Effect of
Different Quality of Water on the Behaviour of an Expansive Soil
During Wetting and Drying Cycles", Irrigation and Drainage, 65 (3),
(2016) 371-381.

25. Rosenbalm D., Zapata C. E., "Effect of wetting and drying cycles on
the behavior of compacted expansive soils", Journal of Materials in
Civil Engineering, 29 (1) (2016) 04016191.

26. McKeen R. G., "A model for predicting expansive soil behavior", In
Proc., 7th Int. Conf. on Expansive Soils (Vol. 1, pp. 1-6). Reston, VA:
ASCE (1992, August).

27. Nelson J. D., Miller D. J., "Expansive soils: problems and practices in

foundation and pavement engineering™, John Wiley & Sons Inc. (1992).



WA 5l ¥ ol qoassler dlor mdign (e 4,55 AN

28. Lambe T. W., "The structure of compacted clay”, Journal of the Soil
Mechanics and Foundations Division, ASCE, 84 (1958) 1-34.

29. Dineen K., Ridley A. M., "The soil moisture characteristic curve. The
influence of hysteresis on its measurement and interpretation”,
In Proceedings of the XI Pan-American conference on soil mechnics

and foundation engineering, 1013,Vol. 1018, (1999, August).



