[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

VAN Dlis) 5 5l ¥ o5ladh cpgm Mlor s uikign (olidime ) 4 5 YoV

YU jlocas HLaad L 33,58 (bl g yda (o) (§ Hleuds

A5 sty peunige 8 suSimily g KaaT s < (ALK Kb
Wéx&gﬁ‘-mam‘d ;&;TMQM‘J IJ“}J\}BG.L{‘.
sopelae
bm‘d “_;I-UJ:-\-Q-O u..\.a QM‘J ‘OJM U.a.ud.ledo QJ; u_;...ul.‘s...‘ﬁ U‘JA‘S

Grode S s
(SES) Sla Sulse cwaige Sload oS 5t o8 Sl (b sl
ISUVALIE- ST AMIVIE 3l s g b
o WS>

beless b OF 0T 55 &5 codl SB 2ol gl (85 Y sl L L Gy 5

Col g okd GuyF S 5 4 pbdil G b 5l sk e 5 YUl LS
0355 5 Slegs 5 S Olys 5l ddu ol opl b asde S kile o B
2 Kghop bl Oligs b lrys &) s o g ekl D sl SLS
035 el 0T 4 o5 i s 574 0dkd POl S 51 glosg dyl b cnl s
LG5 oo Gub 3 edd sl Sl — S5 gl s 358 0 SN Slegu- S
Sl S 2R3 5 SEI g SO i b caglis ghils (S J5ls e YL LS
Jaol il pol dlis 55 digd o Jowe SISl g Cu g8 ol g e by
B Gmon e oSl 0dd 35 )l 53 S Jeles 5 YL LG L Guy s
S DL L GayF b eddabnl Olegw — S5 gbad g DI b1 (5)ls S 51 fool
w3 B0 gt pl 3 0dd I3 ok gas (535 o kdplonil s sl 5 (b5l YL

)Lﬁ L.» J‘.’.)JJ CJL:LQ.G g,,s.'u ‘5\.&&"#51 )| AJﬁi S ddy @\:3 4 4?‘93' LJ ) 0l


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

VOA VAN Glis 5 5 ¥ osladd cpsmn dlor  puikige i e 4 425

dozr 5l oo S S 5 (S5 Oleo g Cu gl g Gl el YUl
ki plp pdkir U sl Sl agl) 5 Sk sy S (g 0 Cuylis
Sl 4 pbcaws 6l YU Sl LB L GayF sl palds 55 0LL s ol
Oa2S VL o b 51 (RbST Gayp @l bl ) S5k Sale s m

el 0k 3l T9n Lid 5 Ol s HLid (O HLad () sble 01,93 Sy ) giile

Wlo Ll g A Ologw =S O st o 3 5me Y JLEB L Gy 5 1 AdS slaoly

4o dle

23 gy Sl L OG5 e50 iz b s Sl O L oS ol ) cGuo 5

IOSES (S 5 (Sep Slasie s compe 5 03,5 358 (S5 S OSES
Caslin 5 oS ¥ b IS8 i 5 Gl O s oS aia spde LS
Ead 3 Gy b 3l S Olsea sleed Gy 1980 aas 53 V] 55, YL Lo
GF e goka 5 el bl oS L e S8 S ANl 5 gl
L Lol S b3 5 oS Caslie 5 0l JSOaecn 5 OO Ailen ol
o IVl S m Aol gl s s gl s Gou 5 ode Olaasine &S
loslg GoF LV LU L sy s Sl VL LS L 505 S B, ol
3o S o) Slss 5 6ol S s sl Gy Gt Glp ol Sl
o3 eodd sl b sleasdl sl gy 5 oS med s oSSleg Glaptes (K2 o3
Yo 5L L Gy Ghoo gl bl el 5 sl 15 5SLl Ol [V] Y] el (g3l 55
53 Olaram S 035 sl 5 Bl 2 sl ool VL s b 0L Sl eslinad U
DFTAYT Ul 5 2y Jl s 0580 plad 0o 515 38 w0 1450 Jl 55
LGy sbeias el aue) 5o eddpll o 20 5 bld iy 4 a5 L [7] [0]
ot (gl sdas D8 A 5o sy Sldes pl Ll Gl pteans NSl jLas


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

Y b LB L G535 s & o) Goles vos

IV Il (S SR sy Ol —S (S ol 5 0 lS S s 4 gt
SRS CUPURNE LY

53 G5 e Sl VU LB L G5 o) el et (1w S pten
ﬁl;,_;\ 5GP O e A L Objes (Ol L 5 el oo Laas (s ol
355 ealimal (Bl g Vo 5L b G5 6l e (LSS (s A8 0
ol S S S 5 508 s e 5 WL (et ) ) eslinal b sdislon] 052 Jab
(slals e 53 e Sl VY GOy 5 YL St L slaS 55 e Sl AvL ¥r)

ol dasie 5oL cl JLw S (et 03 =Sl Il 9 s :Jlw 93 o
SlblaS) o308 glga 5l by e Ol 2 Vb e LSl )5 Sl et
SV e sl 3 sddaloml Ol S 05 e (o3 8 bl Sligs e
3 O Cnglin o e 56 aS wxils | pm

Goop OF W3 4 a3 VU L3 L G (ha) on et s () 1l ampas
3551 o2l 15 Ol el b G5 ol Sl 5 1pn o ilsne Jlwts Ol jon
153 8 (2, Olgea U5 o b s ool 1 253 08 e 5 51 55t S 8
3,8 5l gl o Sy Sl JulS ) gbay Ole s

(i oSS ool Do ~Sb Caaslia 5 Sllas sls bl ) Jsir
S L Gus G b 00 S e Jules S sba il sl Sl ad s
s S 3PS L Ol DY Ol (S g 5l A le dinees S50 VL
ke ol sl Vo] Goog ool st s ol 0ISVL e (D s (U
Ologwr & Sl oned a0 sla) 5 31485 3oy 35 5L23 51 A5 ke L (el S SS 5
oM w53 @ 3 5ule a8 saza ol peans G55 3l OAASYL £ O Lo e
LL oo e o5 Olyee 5 1s SLAE b el (bSO 25y S5 ol S5 gla el 5
33 Gau i LR a tedd S5 bl ke oDl cbiman ptes 53 Lol A5 S s

51 LS Gap sl Ot VU &5 0lss e Sler & Ol i dadsl sl


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

% WA Ol 5 5l ¥ o)led cpm o s pudign (wlidipm 4 425

35 e b 5 L O Slis 5 OF Gladsl slaws 5 slel gla zalyl dgn o3 Ol e

Al 5 g e 53 Wb Sl SLEE L Gay 5 5l ealiud
S5t el Ol el S nkS TR s oS Sl L ss g ) Jled
S GaslES 5L s e o ;r:;U ssbeas 3 50bul 3T oliul 3 05sld 3 ailtag,
Slr oried 5 55 Cennill amis bl 5 byl T 5L 5 DS Ol (slacyes
Sleily il 3l ) 8 smmn o sl Oel 5 0350058 Slts s, Mo J 28

Dl ,le
7 F g e o 93 (R P s
S Y0 HFTRTS PTRJ U Lo pelaw 51 2 VeV (2 b 55
e o ¥ e e R e Fe N HERCOR PN S
(TP IR AR DAy, il 5l gl
S YAV Lzl dsb
[O]YL LS b 5oy 5 et 2 Flhas o 2al)l Sogdome N J g
G sla bl A=l IS Jhwso Jhwans
B ol e (MPa) PW’ PW Y -00
; ol oo (MPa) -0 Te-00 \-f
® 03,53 &l ea (MPa) 35 o o3zl V=AY V=AY
e (Y rmin) PW PW Vi)
% s e Y i) 5010 Veeoo 0+ -Y0
03,55 5y (™3 i) 335 b esliz oy =
3 e (mm) PW PW VA-Y/
f,? ol o (mm) VA=Y Y/f-Y/f Y/0-5
o glad;b slaws PW PW \-Y
Ol ss sladl slass Y- -y 3
e ss 3 Olasw 4 f o YA B AN Bssae e s
&) YeesOes Feeshees OreoYres
S &5 Forsiees VO 00 VO =50



https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

Y b LB L G535 s & o) Goles

sy i o (rpm) et Yooy YA
sy 0425V (™7, Y-A Yo VeoYO
o ksl O gw J-E.S
Shod,s glas (m) /0= \-Y V/0-Y
Ll glas: (m) Y=+ /A V=1 /0 \-Y
Olowws S Cnglie
Slawls slas= (MPa) YooY V/O-10 YooY
o s (MPa) V0= V/0-0 V/O-V/O

598 g0 o3l i (sl p g (ol PW

L".w\f.)dﬁ.li )J;AS;{‘M MQJ:.W) G ‘(s é)l}ﬂ.)ﬁ ‘U)L:.v ‘)lijé-'j‘ Ao Slos| LS‘J"

6)\3_).:);\3 ol C,._GL (J:.ﬂ VO ij‘-?‘) L;Lp‘.,\.ﬂj.,\.\;)bﬁd:;gs.u LgL.a_ﬁ s .,L..:)\J_e

ezt by b Conslin b oy g &Y Koy G005 (S 31 B OIS

(Bsd saasgdow 4 ar g Lo o YL Lg)\;fp}f Cli..a 0oy aushs golull 5 5l

ol el o sslatl Olsea Vo 5L b G5 AusS eddpbnl a5l oedigs

.MJ@QLL}\)JM&L;)lJﬁ;ﬁeJJW

990

980

970 wwﬂq{l}{
KB

960 oao T 00, K

950 ———

K oﬁrou'ﬂo-ﬂ-.,u' -
O -y Jo-g g0 .
e ) k)

Andesite

Fine Grained Soil

Coarse Grained Soil

Diorite

[VO] 4w = ‘_;Jlaﬁa_,f 03 gdoes owlid gy Connd g N JS.&

byl YU Sl SLEB L Gy

Caslia 5 ks L 51 55 Oldes Sl edel Costy Ol S glad s Slos goas


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

\741 WA Ol 5 5l ¥ o)led cpm o s pudign (wlidipm 4 425

o G F A 03,8l Vb e (Gaop LS L S VL LS Gy sla sl w
Skt Slosas 5 Oligs Olarm & Of Gl izmen 5 UL JhE 5 slaes Oly50
ot (Satls 5 NS 5T Gla bl s &l @ a5 b 3ls (Ko e 3 g5
Ko 3l Olagms & O o 5 s 5 Sl 2ol ainge 5lbe 03,551 Cozay ¢ Jome S 4 S
e s lales plo!
ol Cole g ioledl GoyF esgdoee 43 S wdige Slaseis )

L sty @l lls «md 8 dal e plwil ol VL JLES Gy Of o oS S
bl G p Joee S S 0T 51 el ey sy Y S s s 5 e sl
LY G ghls 45w bl S8l gl ladlaie 5 cpl 5 asl ol S alie L
SLbl ol Gy pll B ey nl s S5 FI0 sl Ges g b o)
e sy IS Ao g p L0 S et sdalin 5 Olepn — S slad s
A e wilsiis 5 Wi, S S i s o (s3] oy s5sdowe 3
el Szt GV L5 oS e et b e e ) B s slaaY
CL-ML, CL/CH, ML/MH o3t L USCS (stusih i 5 il 31, oSl
03 K3l o anle Lol jen s gY 3 i 5l aS dlsciis slaS 5 gl e esls OLES
Sl 5 (g Slasie e o 0l GM e b gduaid preew
Loy (Gmert dals (Sloy A Jawgze L3 5 iolesl s i wlsy, cbaSLE
DO]Fe 5 YA Yo X0 s le o ja (DKl klS) St 5 S b o,
(rilesl @V SLES o3 e 53 syrge o) SB eslis Slesgar s n o p
ool ool a5 s plonil eSS ahiols o glaGes L3 5 SlaSun 53 3 luliul 354 Sialesl
S oo 3 3kl 358 Jlesl mls 4 e b [VF] ol o 03,551 ¥ Jsd o
O eSS (olid s S350 L g 55 5 csibosl VL HLEs Gay5 e ey
sl I gl YO -


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

Y b LB L G535 s & o) Goles vEY

AV I A IPIPPHIC S

T6 T4 T1 slaald as g li> byl oS ms bl 5,5 ool 5 glates,
55 Gdes (6,20 0 LalS oS (20 0 Gosay TS T3 T2 slaaileS 5 2 V4 /0 Gesas
Goo 53 wilsiiys (T Alas BY K5l g0 10 /0 aaleS s o3y ey S5
D] By oy &Y 4 2 F/0 550

O3 5 02V oy Jolt 5 sla bl ot b e oialosl saaileS Gy 55 5o
SN Slesw 0 Of s 5 Olegn o3 less lis of s ool Hla (gL ssle
Y odsdr 3 sd ey eddsbul Ol S glad st Sles st g5, OF JIL Al
SMas 5 Gy Ol (23S s a0 Sl andl WS Gy gl il

.w‘cﬁa.})_}]g}wdl’w

sl sty S gy 5 S

Sl (ods Gs5 ey S5 55 48) 0 0 Gesas TS 5 T3 (T2 slaaileS Gl bl

S S ahoba slages 5o g i as LS50 G 5l 5, TY ssds c0S
Jot| e Sl Yo o 85 slal 4 Sk gk sed ool b e 53 5 LS (S e3ll s
S8 glalse YOS 53 g e Sl VO LV Ot j e Sl badses Aol s S
T6 5, T4 T1 sbaled s .ol o onls OLaS « Sok sk sai 55 5 eddaboul Olawws
A 4 S Nias (6 S0 ske Shgsn pSeske g (Slakped il G5 s 5 S pl 3 oS
Sladas 5 5 Choas b gai CakS ol ol Sl wodsl s laeyre ¥ S s S
GoF O m 30 B s a8 Sladisad 5050 lis Ol 0l 5y 55 3L s
55 Ol ks Olerr S gla0 s Gl bl SLES5L 5 ot 4 S balS ol
o 53 Olepm S gladgie b s [VF] Al (Sl g e S glages
sl i o bogie hwge bl ol odd S3Y Jsdr s kil 5wl

Al Cewdds o VY 5 V/VY 390 b 5w s cld s


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

g

2
il
\.w. 91 Q= VA V~A Mg AL AES .m V. £ 74 b L Q0N bt Q0L
Mu w..—.. -0 A Py Ad A Q4 ,v.. _h 400 QL \ 200 At 4000
W 1 Q= b0 V4 Mg A AEY -m .V. - Al L Q04 e “Vi4y
Y 1 0 4 4 Mt e G g 0 A A 04/t 0/
.» Al R T - N AL e -m .V. 04 DAL L QN EET EE ARt
WV 11 Qg VA VA Mt AL Q4 V.. - -4 N4 L Q0N Vit Bt
LM w T /T T/ Ieq  wmr/cm o Ieq T | Ieq T | B /18 mo/1g ol
> T e s f0F P2 _ | |~ e fam I3 e o=
2 = e ! 2 - R St
X ' = e - pomal” o P o ' - mnamy 2 = mansiany o g
M
e ) . - & - . -
5 IR L ol AL B UL T e L
=

a—R0L - Qa/h — 4 & Da/d — 4 A

— T - _

A =000 i Qalt \ i Mala — 4 Y

i —0 e i i — 0 e ™l \ - {

L L \ \ NN vy Wk i i

el -y .Emvm e - H.mm?.n B - .Em?..n

77 THD

=7 THD S EHOD

<rép 4 AR (70 afc e o A 0 ) L0

\2ai

[ 22-50-9202 Uo 11I'Fe nup'9T0E 0 WoJ papeojumod ]

[0°2'2'€'88€T'/€898222 T'TOOT 02 :HOA |


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

Y b LB L G535 s & o) Goles v#O

T2, T3, TS a5 sbald &l Sk s gei of jorty Slopw— S sl g ¥ Jse
(Vo]

D] TL, T4, T6 &5 sbald 5l sadabd 3 sbasjie ¥ K&

b5l YL LS G5 5l ol Slasw ~ S g0 s o g0 sy

Sl T6 TS T4 T3 T2 TI 5 8yl

VAR SRR VAL W VA A R VA o 00 VD s VA - SR VAT S € 11} JPH Y VP - SR PR

Gy sy ks b g
(m)

AR \AY — YTy — —-— \NY



https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

\edd WA Ol 5 5l ¥ o)led cpm o s pudign (wlidipm 4 425

b (apmeSS )l sl 5 a0y a3 (555 VoL b Goyi sla el il i
Vil Gy b s oslieas ileds osls 0L 0 5 F ISl s glals god o 5
b3l VL 5L G5 5l e gadae o hlesT cae (SOle S ol )
slailesl bl R TO LTI GaleS ¢l 5 grameal (5 L3 uoslie Jam g2 .25 S plon]
Golid Conslie Jaw gio ol enas o ilesl R Sl o S350 Jadr 3 eddplnl
s g 5 S (il puslie Jols il @ a5 b el sel £ Jpdr 53 i
Vo Jgder Lkl Cowsas /TF 5 +/08 (/) S el Cwglie 4 AS Cwslie
O Gaoy a5 8 0oy oo ) o S (SUG 5 (S Sl par i
..,\AJL;G

blast aas 0 0L (ghme S ol Coglie (55, 1) Loy JLas U £ IS
S golad Cwslio A Jsdr s [Vl sliliul glales sias QLS abais 8 4 5 sas
Sl PUSE 3 sz e My 4wy b JKGLKe sy 0l 633 e (g g
el 0l 03,510 5 ¥ Y Glad g

[VF] 3T Ol =S (Glal st grameals (5183 Cnglin Lo g .0 Jgikx

oSk T6 TS T4 T3 T2 TI O 55 boleds

Va/8 e vy v v (kglem?2) sl (g lis e slie L i

[VF] szl (o lid Conglin b anslis 5 L5 p SRl B F s

Solid w aiS caglie oo (kglem2) golid cuglie  (Kg/om2) iiS cuglie el Ot biled

/0F \Y/$ vy T2-2 T2
/04 \Y/8 vie  T2-2 T2
Vale YA/$ 4 T3-2 T3
Y Y¥/¥ Y/ T3-3 T3
DAR YA/$ vA  T5-1 TS
YAni Y1/ v T5-2 TS



https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

\%a'%

Y b LB L G535 s & o) Goles

au
<
auw
o )
re B 1 _—
| o) | - , © & - 8 & ol
| 2l | | = £ ..N, au
= | | | . N o
W le ! | 2 w ® )
| = | | © . © a o R
F——— e — === — — — — — 8 0 b — e = . 1w :
I i | =y | ] fa) - F-%q-—---=-===-- £ .
! ! ! 2 - ! E| 3 - s % | 3 3
| | ol , = | - [~ ¢~~~ ~——=———717 2 5 b1 B -
= w, * i Y - 3 ! iy 3
| | o! o B | a F ke | . kS })
Fo-mlmmmdemo k-4 8 3 F------ 4= —Hen M 3% 5 | 1 e 3
| | e g | E H * 3 | - ww
| [ & | = [ =
£ —_ = i | @)
| = | £ | .ﬂ Q - s m | M
L __1* 1 le [ IF e G M\l..m | N :
I | T = F~ " e "1 _e ~—~ 1 L Y . R N PPt | w0
I I I * K EJ 2 ” X3 /.w
I I I I I
I I I I I
I I I 2 . L . - K - | . . -
@ < o - © @ < o - o Ko} 8 o o o ° -
- - - = - - - S K 2 2 S ° ° < 8 2 2 "
e e (W) e et (W) ) ey e g9 o 609 (LUDBY) by emfem @09 o =9 (UDBY) )
3 3
Bel
o °
o 2 Y ° , 8 3
T T e | | | | | - | Y)
I I I
0 I I I
| | F——t—————— === —H g s ! K
- [E=R = o~ N ..M | Los R 0 ! |>
I A S =8 ep ) R o S I p e | Y
. I I El F-¢ 10— —— e -——— 8 . | | | M, F——&———— eee——38 I
, , ¥ ! 3 R 0 ol | o 3 ! El N
8ol 2 5 ! o 3 PN e ! 5.
F--- -t ———f w § F-—71-~—~"~~"===- 485 : ¢ , * 14 ! 8 3
_ | K
o . | B or | g g E
E Lo e e———_ 48 I I I . 18
| | 5 TS © 20 | | | w B | ° :
\\\\\\\ 4 _1-__|=8 R F ) 11 = I N
I I | o I I | |
| | F--q--------- - 8 .MJ I I I | 2
I I I
I .
” ” W o .M I L L ° | S |.wh
. o L L 8 . . -
e = 8 - = o« = = - =° Dg 35 g 2 = s 8 =8 = =° :
= = s = = - = [ NP S’ MJ
. o efen g o =409 (LUDBY)
s by emfe g0 £ b0
e W) et (W) 0 e (uofy

JF sl

&

[ 22-50-9202 Uo 11I'Fe nup'9T0E 0 WoJ papeojumod ] [0°2'2'€'88€T'/€898222 T'TOOT 02 :HOA |


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

YEA

VAN Olessy o J:J_li Y AJM B .\l> s s bge wu;”a)' M_J...'&J

4-2 T T T T T
| . x| 1 [ I [
3 3.5 ,,Jy=0'6334e00937,LL,,LL,,,L,J,L,,,
3] I I [
3 o5 . .
3 9 2 | [N |
. ! I
3 3‘1"?7 T |
o b |
9 0.5 4 |
0 L

L) Slégs jLad

AL G5 Slhes 3l 5 5 S (S (K38 sl o el ¥ g

I b

Gy Gyl S
Y «/ovo-+/+0  UCS (MPa)
YV g ¢ (KPa)
YO . ¢ (degree)
0 -V0 YA (%) | siee ST
£Y0 Y/VO-V/O ot (KPa)

s 03 S (5 7 ST (5,L0d Caglie A Jgd

GL) Sl gs Hlid | el (8 o3Il (golid Coglie Hldds | ol 3] (e (SoLED Coaslie jldds | O gt olad
¥/0 V/ YAY T2
11/0 \/Y v/a4 T4
\0/0 Y/¥ Y+ /VA TS

wdlzes Slasl jo WO Jhab osd 5 B0o5 5 S5 Gl i b e ol o
Sl LS P50 b IS0 w a5 Ll s Gou5 o)) la el Sl S 85 g
Gy WS Ll cdas e DL Ty Bas P Ot 50 Cuplas s ap o paede Ly, &S
S5 ol Caslie (Cligs SLE a5l b a5 058 ams Olgs in el Olig
g b Cpaen S e Iy SRl ) e 4 Olegn — S S0 s () 5
LS 3pgr 5 SRl el Vo Sl SLES L Guy S8 S s Ul Vsl w
Son S Cuglie 4 Oy (Sl ol o by sl 0l e St SO 555 (sl el )l


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

Y b LB L G535 s & o) Goles \la

halasl YU LS GayF s el 2 oL g e (g 3 (ool Goyp sla sl A dgds

350bar < P, <400bar ol s
100/it/min < Q, <1501it/min s s
P, 2 15bar ol Les

LS =5~75cm/min 505 sl 0425V, co e

RS =5~75rev/min 55 sl Shss co e
W/C=0.7 0l 4 S o

Caglie 5 b 4 ol sl el S ISEe 5 LT Gl s L

3 gd g St 3 Ohged T Sl gz Bl s 55 5L s e

Jlasl gla oo 55 aids 53 e Bl O Blo= 4 Gy 5 laoly 03,51WL cs u ialS @
ol ol Joee 5 Gl wlbscips ¥ 4 ey Y

alacdys g,\éﬂfm.dl.ajl&u):) oo aY el e s ) gLl s Gur LS e
(oo aY pieail, Sl

SN olss a5l G o2 3 Sl ket Gy e 3 s s anle Dl @
uif“ﬂ uT shls sla iz s LS

3o oml o Yo dbadns b 4 ) Sl e s Gup glesl, g e
53 o s uldl ke azds VU 00 Sdeay ey Y by 3 iomes
oS sl e

VY VL) Sk el O Hgkieas & dsd o 5 50 o sla el Sl esliad @

(e
b3l YU LS Gay 5 s elel b g A (g 3 ool GayF sla sl A dgds

Sl a bl Ol e al els Olge
V-A cm/min ssle 0AESYL s Ve liter/min PE )
ol
VoA rev/min sle Olyss s s V¥4, bar Hles ’
% — Slagw 44 O o \Y.-)y.  liter/min 2
B <l
W mm ol Js s AREAIN bar Hlas
Y — A3t sl \-Y m’/min -
I
% mm Cles Jib s F—A bar Sl



https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

YV VAN Glis 5 5 ¥ osladd cpsmn dlor  puikige i e 4 425

S S 4o

5 Sl g gie las )8 (sl (galamil 5 Ol Sl ) SOV Sl S L 55

ol S sl HS e sy Ll (S e S S Sl 035 S50 35190 31 GOk 3
SLOse Zaslie iy nl SeSa pres el eslind LB S elgl s )
Gisy Gl b p Sl oas opl ol b LB el Csas Olarem S
(oSS g e (SEly s S S50 s b BB (sene G
ol bl Sl le K5 5o sleasl sy 5o o008 lsa Sleslil b5 ol o
A3 Gy el purd (S ssdee lad s Gy Slles plxil 4 Olg s )
Ll BB s S0 68 a sl ol s Goe s OF plasl 5 ey o 316315
5 S slalad 5 baolastle ooman 5 39350 pwe) )y Sl SIbI s Os g
50 W Sl DL L Gy 8 elal e Sl la oss b & s O350 S e
sty 48 5 5 Conslin 5wl (600358 L Ol S 31 St OF 4t 3 45
BRI P P N e P vy WP S Ll e
5 Sl Slosar (GuF b sl @ cwglis 5 ki a5l L, ol LS 2
GO s Slosas g5, Mol ool 51 S a 5b s o) wly e S
IS e b S Sl LT Gl sk sl pll el Olepm S
sl B by e bzl b Ol s bl sl 2l ol 5 Ll
Lol (S ilin O30l b S 65 b i Slader aSipla ax 5 b pires 353
2ol e Sole Glew Gl 3 e 4Y SKoagry OIS woar g by L3 S
S bl ke WU LA 555 S cealaBl 5 8 pwdige Sla s p Lol
sk (el Goy 3 9alaa 5 A eslizal Ll gt de 3 OF Cenii U 2S5 o sk
S S35 Ol o n Slr 3 50k Ao 3 s sla by (~1b 5 50 Sllles
w5 S Lzl S bl e S s WlE e Vo Sl SLS L GioF S

e e gl 3 555 de Sl sl s &5 38 et Ul e ) e


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

Y b LB L G535 s & o) Goles A

2l il Aoy YOr e 5 VAYD

S g g
e OLBD 3,00kl il OF Olojle Oladige Sla3 51 OLL s
CS 5 (e oolo 583 BT el Cles sl ki S8 (Slos 5 OlnSs
SO 5 03505 L 1y Lo G ol plil s o SES) St Gl e Sl
OWse 5 Aslol 51 il copamen 3580 S5 sls H13 Oyl s 1) a3l

@Lbo
1. Nonveiller, E.; Grouting in Theory and Practice, Elsevier Pub, (1989).

2. Shroff, A.V. and Shah D.L.;Grouting Technology in Tunneling and Dam
Construction, A.A.Balkema , Rotterdam (1999).

3. Schalfer, V.R.;Ground Improvement, Ground Reinforcement, Ground
Treatment Development 1987-1997, Geotechnical Special Pub. No-69,
113-129 (1997).

4. Kutzner, C.; Grouting of Rock and Soil; A.A.Balkema, Rotterdam, 1996.

5. Xanthakos, P.P., Abramson, L W. and Bruce, D. A.; Ground Control and
Improvement; Wiley, New York (1994).

6. Kaushinger, J.L., Perry, E. B. and Hankour, R. "Jet Grouting:State of the
Practice", Proc. ASCE Conf., Grouting, Soil Improvement and
Geaosynthetics, Feb 25-28, New Orleans Vol. 1 (1992) 169-181.

7. Hayward Baker Inc.Geotechnical Construction (2004),
Www.Haywardbaker.com

8. Poh, T.Y. and Wong, [.H. “A Field Trial of Jet Grouting in Marine Clay”,


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1388.3.2.7.0 ]

Yvy WA Ol 5 5l ¥ o)led cpm o s pudign (wlidipm 4 425

Canada Geotech Journal 38 (2001) 338-348.

9. Kaushinger, J.L., Hankour, R. and Perry, E.B.; "Method to Estimate
Composition of Jet Grout Bodies”, Proc. ASCE Conf., Grouting, Soil
Improvement and Geaosynthetics, New Orleans Vol.1(1992) 194-205.

10. Covil, C.S. and Skinner A.E. “Jet grouting a review of some of the
operating parameters that form the basis of the jet grouting process”,
Grouting in the Ground, Procc. of Conference Organized by the
Institution of Civil Engineering and held in London., November, (1992)
605-628.

11. Bell, F. G.; Engineering Treatment of Soil., E & FN Spon (1993).

12. Linson, M.J.T.; Foundation Design and Construction, Longman
Scientific and Technical (1995).

13. Bergado, D.T. , Anderson, L.K. , Miura, N. and Balasubramaniam, A.S.;
Soft Ground Improvement in Lowland and Other Environments, ASCE
Pub (1996).

Slods &S 5 (3 a0bub 3l L ed A cb «Jet Grouting iloil s SN Y
OYADSES) St SO g

oabie padige &S 0 Gl A b o] SGip S S F apled (Gilindite oy [55700
AY 3T eds Ol

16. B.Nikbakhtan, M.Osanloo; “Effect of grout pressure and grout flow on
soil physical and mechanical properties in jet grouting operations”,
International Journal of Rock Mechanics and Mining Sciences, No. 46

(2009) 498-505.


https://dor.isc.ac/dor/20.1001.1.22286837.1388.3.2.7.0
https://c4i2016.khu.ac.ir/jeg/article-1-340-en.html
http://www.tcpdf.org

