[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

WA Ol 5 5l ¥ oledh oty Al s pudige alih ey 4 53 Yiay

So50 duu

6.)"""'.)‘6"‘3 39 L")S.‘.u.o ‘al‘) C.'Al:qzsi;"s :)SJ.A @‘JT@GT Ua.t.m
23S 5ol (Fas sl 15 g s ulae
GOl 5 (Saus o)y Sladal 3S 5ok pliblib cadls sua
u.'sé PR R ‘C)‘J-G:’ szl :QJ‘:)‘)J-.&‘; u.uLs.c S
VLN e QNN 3 )3 13,6
o.L;S.?

S b gp nnSTE nals b3 Jlasl glais 3 glo s S llas s 3
e Gl g B Caglie [EalS Esl 5SS slaails 4 Lol ud s 5 Lkl
L spdie odalie () pmmte sla iles] 53 S Loy ol Ygame 358 0 IS
A );Bg ailome Sl phas e ) s S e Ol ‘Bg WJljle oSl Lasls
o bl 31y 35 8 o 1) (g mmean latlesT 3 sosme (1S I e
4¢f Sis By aclows sl edd sl g5 55 SIS el 355 e eslizad Rowe s 5
B N O R R oSk s Osl glas Sl &4l;
S 3 Slesy Ko wlae Sl &5l ‘¢f WS 35 DL B 5 oy sla el
Sl i G5 S 3 5 ol e Ll b sl b3 Yoo KPA 1 508 S 5e S 5 e
S bl cls 58l Gl (655 Cand Dl s R B
e B G e Ay b SoenS e (5S 5 SASs s

Gt dadls s (o, K Flas 1S slaosls

aghaeiaraei@bhrc.ac.ir J gt 0 ki 557


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

AR} VWA Ol 5 5l ¥oosled ooy o e (ol 4 25
PRV

A ey Glais s les S Flas s |85 Ll Oad 5>
SLy sl s cla.d 03 4 baaly S e e & c!Lm Rl os S cl plaes
S ms e 5 [V ] oS asSssdme glasis x5 [V AT fo] ] Y]
Sl clew) i Caslis [halS Cel 5SS glakls o Lol oud s 2 5 ladils
LT DT D] 5580 @y IS8 s Sl 5 (s (2803 Ll 5 53 4 ped L]
Sl oL sbal 5 e 2805 b3l 53 e oS15 o badils s IS s [YO]
D] s p5 0 0dts 2505 b3l 55 (sl e i

Clews a2 S50 Alas s bl G e old plnil Sla s el olul
b b ol 3,558 llas i slis 51 5ot 55 laadsS 05 15 S50 bl
Laals wlad e 53 S5 el G clow cnSs Laxls olie «ls 53100 5l 53l
OS5 el L) 5 s o3 o3I 0 S bsgr e g 55 s Ll
LT SRl baals 63100 31 L a8 8 mllas SIasl &1 slie oS pous
oGS Sleas baails o3Il il b oas S 58 dl.m 55 Sy LYVI Y] ([Ye]
UGS O S e edd 2S5 sladised b e [YO] [VE] el
Hgd oSSt e 5 esls DL 5 g Sl el ASe) (sladd gel

el S 5y Aol 5 b ales sl (3 cnSa e else 5l S
i ol s ol S O 3 O3 S Ao s Bl S i wsed S s
Shedd 1SLas @y cl sb s b sladisad s wled e, O3 S
Wl 53 sk s sdpe S 6508 BT Lo ol Caslie L gla S6
Loy pled (bl sl oS > cpl 5 S oS > Soal) Old oS 558 0 Sl
2 onl 2l asde Sop i S a5 Sl cnSls Jlie 3, W 5 KK
Ghulls azm il Sk S ek pes 4 Gl DS S b e glad s
Ol s Sl 568 wpel e Al 5o s laesd sl il el BS

.Lbnw g:'-l‘j—" Q‘)JW}OM}& Q\)wabﬁ 6\.&);:4


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

G o ieledl 53 Slose Sl D3 eSS s ARRY:

iy onl Sl ol ajls sy O3 CnKd e ond 5l iliie gl b,
oo 0N Fosle i, (08W) T ga 5T i, (04T T LT i sl dssle
Sl Hatls (04W) POl i, (08A0) Y rsyla s, (0AVA) Tola sl 5 71 e
a0 MSa il S Ol 6l oot Sl b3l 53 aesy sk By Lol
s S an s Gilesl 5l a5 L3 bl 3310 S s Sk atls ol
b o dsliee S S5IL1 o g9y ekile SUL Aoy Gl &S Cld O el IS
5311 SN (5 sile U do s i oy Wy s Wy adaly cpl 53 S AW = W — Wy,
Aoss Dot 5 AWy e olis fgeme oo By ol olesl 5l 5 LBk
03l 5 (Slosd LS s oS ol S0k s el io By b ds 555 0 1S
S S el 4 Db eled 8l ool S0l 5l ) By VL as o
lodss S sl snlazad SN 3 oS o510

52 (B) bl canSa [axls 5 cnsls 550 6,803l sl o) lis ol 5o
L |SEEPTNpY u;}ﬁ‘)u;ﬁwdl‘m Sl sl 53 Gogmee S Sl > 0 s
338 o lICD alesl cow (glo K e

oA oy c“-o.a.ﬂ Slasin
el ol WY U 3 ek ey Sl S Flas Slaseis 5l gl
Wl 0 plonil S5 35 50 Slasiie el g 5 Sla Rl dae g b I i
s ol oS15 lesT b gy Susby do)d 5 Py S Rdls STl
ASTM s,nkl oolal gl )b exli Jilesl s amles (ASTM D1557)
el o Gl bl il sl il (S slakils Cujlie 5 ol D573
Flar ot CokS s sl SbesT nl A plil ASTM C535 51t ol

B0 S84 (e aline SIS glyls oS

). Leslie Y. Lee v. Farhoomand ¢. Hazen 0. Miura

1. O-hara v. Hardin A. Marsal


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

g

“

AFAr Ol 5 50l ¥ o led Lr:;.i.,\l’,w.)..«.n wld gy

ARRN!

BVH= @ - V1T =90 (TETD INLSY ©1F7 + 00 €6¢ < +7)

N o

S sOICCC R A D =0 UMW P 2 % 4= AT, %= IA ¢ %A= AW, * %Ly =IA ;¢ %A= A0y
¥VV TA XAk - b \ oA 4 AY T 1rEE i
TSHAV ¥ Ad S b [o S SO AT ,M
b T - 13 — — t.
1540y "W AL Wb Ab 0 -Hr SHEOD et T
OHVY ) Tk - i " a3 VA Ab e 1 i &
v
TAOYY A ok vA o 50 . . Y
b [N - vy i i s =
TAOQFY . WL Vb T Al 10
TAIESTH Tk T3
VL AVA 03 . s
1ATES'TE m e
TIHESTAH ATk T e .
— AL AUk 33 0 A3 oy LU I B e B N -
phh i
TNESTd 350 A . ..
- VoA 3 ARF s ety Hef
nasTd Ao gk
¥vd Wik . AL Wb d ,wa
oL £k LU B 1p (R e T
wve ¥ AL W 153
ik
zad A VA A0 A " A A % e o
savd ] ViA 030 VA 3 Al AA 0 N R
Aqg v Wik w3 A v VA w h e S
Asd AL ¥k 04k A [ VA v L . i
1d vA N Wk A v v W b e E s
| . .
() &1 Sl I o
£
il [T Rt " , D () . oA T4 VA " Ea
(004} Pl A 6 . I
b raal L | il e | | ween | e

<TEP | T T v e ey

[ 20-20-9202 U 1rJenyy weisAs wo.j pepeojumoq |

[8'T'2'S06€T'2£89822¢ T TOOT 02 -HOA ]


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

G o ieledl 53 Slose Sl D3 eSS s ARRAY%

laotabesT &yl s 5 besT 5,

Gl 5L 2o se guails & biws gl Sl K las s glao3lul s
S dns 5 et (S35 Dosein S SIS o et U5 Gi b Sl bk pes 2L
Ladpes 5,5 B (gl SOl GlacB 5lbus b yloes g usb, b 0Ad b s
cycle/s ils 3l 3 5 s8aS 3l S Slr s el Ceand Ty bl eslind
Lo 50 S (S S ot 6500 SHISSE SRS Sl el s Sesliad 1
o5 3 rmy Lzl 08 5 o VL laaY sl GRS e s ol
5 Sogntem adaizee VU & ol 51 1sa 05 O Hpe b 5l s adss 5 COy 58
5 B8 sl slalss Sl 1m 005 s L (S 2565 e (5, Sy
Ml ol (St 3l 035 IS e oS ey 180 1 S 0 5500Sel Bl a5
Ll b cod JL o kgl s 5 plail 5L 2 50 adlrann JLS Cod sl oS8
D aids o e e /0 0 L J 28 (5 S O st UME L 2550 e LS
003 8 Olojn Doy goots 500 o kS 5 W6l (g me bl ki S
5 S o geo 4 gas (G Shuails o3l gl 5s .ol

03 et = RS S Sl e Jold (5 e sl tlesl il I gl g
2 G S dphe edalie JS,sba culedd LI BAALHLas ¢l ) IS
Lo g b ad S50 las das b e GRS S sdoe 25 il L (Ses S dlasd
557 Ol Gusme SN S et Slasee 3 pBLE 5 el L, eSS gdeee S
St SRS aiiS ssone 25 I L sl e 55 T s e 0L
Ak e

CSs et s (010 max SSI= hol sl 5 ol Sl ks ¥ IS
Sl SOl ez e Ol 1y glilns, 5 slopa K Wlas ¢l (By) Ll
Al o 28 (o) /0 max b By 3555

Slo K llas § 55 53 oS Spdome S5 ply o3 eSS Larld Sl IS

SRl 310 GRIIL Sl B, s 2181 s esls ST s e OLES | slasleag,


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

VV4A

AFAr Ol 5 50l ¥ o led ) Mo | wkige pwlidopmy 4 38

el 5 (S sl xS s (sl i 5 48 b e

étml{w\_b)z Slo K élﬁu 6lﬂBg G oS 3 9dee A5 5 &l 3l

o 3 Ll Sl ol Y5 1 (S s i Y0 ol a5 BB slailss s

ol oS 3 gden LJ':MJ u’-"".’.\)'g‘ L LA“‘ LELQU’:““:

ev (%)

3500 1
BAA1
3000 -
2500 *
— KK
© 2000 -
o
=3
o 1500 -
1000 - /s addhddhdddhhdhdhhkddhhdhhdhddiddddd
500 -
- PO N .
0 T T T 1
0 4 12 16
€1 (%)
—e—ECP:50 kPa - ECP: 100 kPa —&—ECP: 200 kPa
—<—ECP: 300 kPa —%—ECP: 500 kPa —e—ECP: 700 kPa
——ECP: 50 kPa —-m—ECP: 100 kPa ——ECP: 200 kPa
—<—ECP:300 kPa —%—ECP:500 kPa —e—ECP:700 kPa
5 4
4
34

0 4

€1 (%)

8

BAAL wlas oo 555000 o8 S- 55 laggomie ) S

-

Sosomdw pulel 53 O3 CuSs ot ld s
s o Sl g gmmatn Jialosl b s Sl CuSle s fwlos (gl g, caslsl s
o35 5 L 08N L) 6551 e ool Sl eslizad L (Yoo ) o 'Sy
S5 parer ol Gk sl W) 1 s 25 alaly lale plas sl oDl S

AL Bl s et Ol (6331 48 e GUBT g > 3 L2 5 S ol

). Ueng

Y. Chen v. Rowe


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Sogre d i3l 55 (gloy S plas ol s o) 2

Y144

8 .
A Blasting-test results
. {\IlluviLi_m—_le?thr_esullil )
E - er limit (this stu
. 7 F e ngver limit (this stud%/)
g
= 61
©
=
€5
4 A
3 ,
2 T T T T 1
0 3 6 9 12 15
Bg (o/o)
Bg ﬁ'ﬁ BL (ﬁ )max Q‘mﬁ Y Js.f-
o 3
15 4
]
(m]
o y = 0.0033x + 5.9369 O
12 1 e e R’ =0.2188
o ml
—_ o g
X i
o\; 9 O 5 g
m - A o
6 g B 4
% = E—l o O Blasting
'DA A Alluvium
31 N y= 0~02038X +3.0548 A — Linear (Blasting)
R*=0.2977 o - - - Linear (Alluvium)
0 T T T T 1
0 300 600 900 1200 1500
o5 (kPa)

O plp 3B, Sl s ¥ JS3
S 3 gy Dyt Syt Salell S ol b s Sepl @ e L
452J.<,;\JJ;,.;@nmm\dlaﬁ)&w}vsu@mgﬁ;ﬂg}&}wduﬂbg
45(...9‘}&ﬁﬁ&)ﬂa)}begﬁS@)jﬂi‘f&Q’u&j@?ﬁd)lj}.&é})mm%w
Sb 5 F Soses L s s & JKJ'JV'A Loaly cosla 5 badls Jasad glals él..a.a B

S sy Wk e a5 s Jlesl S o oS Wls 5w T e 5o L, )


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

\Yeo WA Ol 5 5l ¥ ol ooy dlor s ptige alidi ey 4 25

50 S5 Ny S1issle o 0] SSlas Lol Gla i amino LB 4l (5 o

)‘JQL&;QU}J F3i 9 Fll-z.,b.qu-bM@jﬂd@wjéujw)ts:}a&)l{(s)ﬁ

S

N, =F,;sin 3, + F,; cos j3, <)

S, = F, cos B, — F,; sin f, 4

25 0k eolS e ey G i il St SR LOS AL S, S
S, =N, tang, )

Sl 53 1 e 5 i alralr OUy STl &l g SWhsl Lls @), &S

35 0k by, plLOls o L0U,; plals Oy, (g35es 50X, i3l slaad 3o AL

ox; = ou, sin f3, (t)
dy,; = du,; cos 5, ©)
ox; =y, tan B, QY

S S s OF 45 das Eo L owled 3m 53 baals (253 osdle o wils 82 S
b alls S Sl Sl ke o Fy 5 F), g ot plan
F, 0y, — Fy;0x, = N, tan¢ﬂ&/ti +E, ™)

Sl T e 53 obd cuSa Jsb s edd Gyae 51 S Mk OE,
fols (V) dslas 53 (1) 5(0) () o¥slas u Sislr b ool O, olralr

F,0y, — F,,0p, tan B, = F,;0y, tan j3, tan¢y + F,,0y, tan(/)ﬂ +oE, W)
oS A e aw sl s s ga dsb Al s wled sldws ke By 5 1,y S
b $opee abrals s 5 olsd Gl by (oS 5kw OF 5 0 O] Lol

WP g s Ol e

o

Fli = n2;13 Sy
_ %

F3i - n,r:2 O


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Lg)yuuvgujf)zélgﬁJQéMQ!)b@@f)ﬂ \Yed

&, = O

dsles 55 (V1) 5 (00) Q) SVsles o Ssls 5ol JSlas ol S5 25 S OF,
fels )

v

0,0¢, — 0,0¢, () tan 3, = 0%, tan f3, tan @, + 0306, ;1) tan @, + OF,,, (m,n,n;)

9 _

’

p

=0E, = OE, (mnyny) SI .l Glals bome oo 53 oo S 3105 17,75 S
O, S 5,5 5o bals o Aty s ails S 1 s 0k G S 55
3y o Sy pds (V) Wsles &y OF Js o7, = (M3 11)) 5555 55
0/0¢, — 0,0¢,1, tan 8, = 0/J€, tan f; tan @, + 0,0 1, tan g, + dE, (\Y)
S5 5 (P =(07+205)/3) by s 55 Jpeme bl a8l b
T3 ok (O7) daly 05 5 0] sbr « (¢ =01 —07) 5

P+ 286 —(p'=Dyser tan B, = (p'+20)Se, tan B, tan 8,
3 3 3 08)

+(p’—%)58]rn tan g, + O,
ol V) Ay 055 LS L
(Vo)
r,tan(f5, +¢,) -1 . OFE,

[§+;rn tan(B, +¢,)] p’de, [§+;rn tan(S3;, +¢,)][1-tan S, tan g, ]

LU 08, (08, =+ S Do om) Slis ol gla i S S5 aid 3doe = s
dxi_g dyi‘dEB L;J} CJJL&J b&xl 9 @71» L&?B))Jéw 39 Ldgléf CJ_}L&J b
OE, 108 o le (08 =8 I m) g S 3 ol b s p Sl

23 edd Gy 3G F S S0k S edd hs dEg[dE; 4 (10) slas ol S
P, bails oy Sasl 15 oS 53 slgeiy VAN 5l ol 2 3 s CenSld


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

VY Y WA Ol 5 5l ¥ ol ooy dlor s ptige alidi ey 4 25
¢f¢)ﬁ Nl Sl e s s e ) @G A
Slls Jame 53 e 53 LAl sdome (5T Sl sdd Giw 551 4 LS 0@,
5 plsl 8 8 s O (sle S pllas Sl 45130, & ol S5 a4 oY ol
35 Glop K Flas Sl Ll5 @, 48 sl DL b el S5 CSls
GRS 03 5 Sl e Ll sl boda Yoo KPA 1 508 S5 ediS s s sl i
Slls o355 5 JS i (Ji (551 s Jol bl ol Sl e DI
Bl (ER; = F,,0y, | Fy0t,) 550 ool ol olas 50 8 53 oS Az a5 Sles
S 03 i sl Olg e d(ER)IAB =+ 553 SER, Sjls by L syl
S obear sl Casay 1 551 Bl el Il 3 sl (B = B sa)i ol
Blas g5 cas Lol Sl eslizad U ool B = B, wib ER, = ER ;5 e

1351 Csts Sy |y B s 1, polis [YE]

r,=(- dgv)/tanﬂc ()
de,
B.=45 —9,/2 %

S A s G (B Cote 04 63,0 S spdons i e N SAE, &S
el gentn SialasT s dE| 5 gmen
Sesleal 5 (00) Dobee 3B =B.50,L 0,5 OV) 5 OV SVsleo 56l L
T e 3 5 et ol 15 e (i el s Slle
M)
de, . 9
(1—d—ﬂ>tan2(45 +7f)—1 ) dE, (1 +5ing))
2 1 2 1

de . P de . @
S 0=y ant@as ) pde s+ 0=y an? st + L
[3 3( de‘l) ( 2)] p 1[3 3( dsl) ( 2)]

o o de

) CgeS
&


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

G o ieledl 53 Slose Sl D3 eSS s \Yey
G By ladls conSls jamli 4 Ol o 1) O3 cnsls o83 sk G (6551
aly 5 Ak I3 (dE) o (55 GlB L (B) Jlujle coeSls ol sl

503 Sslea ol s ng/dé'l sdE,1dE| o o>
dE, = fpdB, 1)

.(YnniJYhiY Lvrde"‘w|)|JJ~;i|> Sl WLJ C,.Jl..;ﬂ g’)i))AS

F1 i
¢ sy, du;

.
|——— 73

F3/'

o’y N,

i

6}\.&;‘4&}0)\&# 6)3?#4—.» 43}«.;)) ﬁ'bw): 6\#4\5‘3 6}) d)yud\..e)w i JS..‘;
Ye] A] ails g3 wled 50 5s o YKo ks 9 bag e Ol g slo,l aills K& s
(Y"i gmlaﬂjh}“)‘)xi‘)
S ORIB s S s o5 s edd w8k 8BS Saudly Wi ki S
Lo epde Sosd Shom I 4 badls 5l golaas Sl O, Sl (dp” 5 dg ) s
e Jods ps daba OA) dal, (04) daly oSl
(Y+)
B = (dader(2+ L -y anz s+ 2y
o TV TN T ey 2
—1ldp’de! } /[ B(1+5sin ¢,)]
Sl dEp fsle 5 3T Gl 53 (B) dljle cnSa (a5l bsle b ol 2 Ly
el ol b3l dsb s B aSepl @ a5 b5 (V4) il 5l Cilises (g smee (gla 25 S

). Indraratna Y. Salim

2
7)

P
e/ ) n?(45° +
de/



https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

VY8 WA Ol 5 5l ¥ ol ooy dlor s ptige alidi ey 4 25

Gl (g3ledie 1355 oo dnlons (V0) Al Sl il (g5 e gla 2 S g1 2 B, 3las
Sl i 5 s S is 238 1 B s 5 lie S Sy pmntn sla Rl
315 0L Olaghadoens (glo 55K dily d (SO sl 5 Sl o 3 el g sl
s S5, (S3load 53 lin Sl Sl 51 eSO 1l SN s Joe &S
o Sl S Sl esliad L LY gLl dsls Jae VAT YT D T 515 (sl s s
2SS B3 et S ol NS
£, _ 2siny

v

= - ¥V
g l-siny

e b goludde sl s 2 e (V) el sl a2l o8 sl S3ay 25N
Jle 55 O8Y) sl 550 parie Jool (65080 & 5 Lol (Shsicsn ol
SLgicsn dde & Ol5 e ) Calls 586 (g Seslll bl [YV] S picse
Slsladie 53 SIS bl Olsea B Sl Kos w558 LS oS 5l 5
S Gl odkd oy 0 diS 3 gdeme gla 2 plod Glp &S 55 x5 LalwnSs
FSon i b5 ad e dEp 5y e (55 2l 50 S 55 palie SV pllan
oy ok eslinal @ slie dal cosay dE, 6l S S Gla i S sl 3 )

B

Wl Gl e gl
SIS gdoee S S 3 o (BS plp 5y Sl Al ol s 0 ISE s
a.x;.:S>j,\>uJ"¢JC_E.~,A)> Slavl &l5 Sldde .ol sis <1l BAAT dL.a.A«_LL:w
el o s Jho S (556 5 el elal
0,0,

, , (xv)
o, + 0,

sing =

kPa} 00 S 3 gdoue L;LQUIMJ Lé‘]" ¢f Sl z‘.’.ﬁ\) SERY J"‘J" a4 v.“;— ek

val‘JgCM-J\JJJ:»:JOJV’SJ}JN6LAJ:MJJJJ.:EJJ€‘)LEJLQT6J:S/RCJ}L@}\"

y. Plaxis


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Lg)yuuvgujf)zélgﬁJQéMQ!)b@@f)ﬂ \Ye0

0r B8 spdome sl 25 5 (V ISE) BAATL mllas ez joii- 255 25 o
o3 Y sla i S s 1y ulh e 2l Ve KPa

VS ol plst lals nSls Sl sl 3 (5SS s S
s diSsgdome S 5 53 (Gosme S sl 55 (VY Jse b b)) CL.._?\ asly Ol s
b)) gLl kgly Sl slie cwbad osls 0l BAAL Hlas sl ciloe
L lagsladds Sl ool polie b s il (rdast b H e e a3 Lot
o lml 53 a5 00 sttt SOl N JSS Gllas 3l eSO Il SLgd S e
O Al e s (ols e Ral) e plSl e kel (Saps cle
ols 1 gLl S e 5 0L P Ll SO 5lrs € gas Al oS 4 pad (Sl 0 iS5 sk
(,S oSy gdmme sla iy Sl Lol 254 Sy gla i8S 5 sh) CL...?‘ ode
gl 5> O S lie (2alS 5 gLl 51 b anglie Jiul31 55 €y 5t &S 8 51 it
el P S S 055 3 gLt LB slakils Sl G s sdome ey Y sl S
Gls Sl bl s e odaline S5 (5580 SOl 51 Vb o diSs gdows la 2 s
Wl 3 g Ll CnSCE 5 VL oS 3 gk 25 oy LSt bl o

e o 0L 1 BAAT wlas (g5 55 ¢l 03 cunS (5551 Sl VIS
S (@35 e Gogme LS 5 ediSasdoee i LRIl L aS spd e aa>dle
S5A o (S S Sl S a3 s e edalle S 55 4SOl 5l e 00558
oo o3l b opl 3 pde SEea O e 5 005 Vb G 4 Lol S sl oS
HB Ladls lrals G oo eyl JLolis JL (S8 slai S wan 3 15 3l Lk
ghe 03 CeSa S35 R S R g i a5 s Wsed 53 IS >
3 L Lls e O e oS ol Sy o LB S 53 oS diSssdons sl
& YU oSy gdome sla 25 5 S LSl L5 05 s 4l CeSKE DS 3 e

ol (,5 s LiS 3 gdeme (gla 25 CJa.W)JJ:EJﬂJU.a S P e e G (655


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Y

AFAr Ol 5 50l ¥ o led ) Mo | wkige pwlidopmy 4 38

60 -
50 4
40 1
-, 30 1
]

20 ECP:

——ECP: 700 kPa
10 A
0 T T T T 1
0 3 6 9 12 15
€1 (%)
30
20 A
10 A
5 0
10 €1 (%)

—=—ECP:50 kPa

220 A ——ECP: 100 kPa

—&—EGP: 200 kPa

—<— ECP:300 kPa

—%—ECP: 500 kPa

——ECP: 700 kPa
-30 -

BAAL mlas 5, 5m j55 plp 5o plod! iysly Ol s 1 JS&
1600 -

—=—ECP: 50 kPa

—+—ECP:100 kPa
1400 1 —— ECP: 200 kPa
—<—ECP:300 kPa
—%-ECP: 500 kPa
1200 1 —— ECP:700 kPa

£ 1000 -
£

0 3 6 9 12 15
€1 (%)

BAAT mlas 5)0m 55 510 55 cmSd (55,51 Ol i V IS



https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Sogre d i3l 55 (gloy S plas ol s o) 2

\Yev

oo OLES |y s llae oS ad 53 OF il s Ep/By dal, A IS

CEM @ bl pl pend b sledd oL gls al ol

o e el s a5 b K

Sopee S Sl a s CeSs 8L slie Olg e S 3l gla i S

.4 J.Q.») 3,5 dsls

AAT
300 - BLSBIV-1
o BLSBU-2
270 1 y=0.325x + 66.5 X BVLSBIi-2
: Mo
s¢ 240 - e
"’g 210
E 180
< =0.208x + 11
= 150 ¥~ 'sz . s 116 y = 0.0643x + 20.31
=4 = DX+ R? = 0.9855
= 1201 R? = 0.9985
& 90 -
B y=0.0197x + 21.187
60 7 R?=0.554
w
30 M
0 ‘ : : Fi=09733
0 300 600 900 1200 1500
o5 (kPa)
120 ~
T ER y = 0.0627x + 20.005
110 A 4 BDVS R? = 0.9954
B BLSBU-1
100 % BVLSBII
® 90 1 - BLSBIV-2
E 80 1
E 70
o i y=0.0214x + 18.987
g 60 < 0A2017x+42 R2 - 0.9535
8 50 R?=0.25
o5 40 1
U\? 30
y=0.0165x + 12.367
20 4 R?=0.9199
10 1 X —7Do1x+8
R?=1
0 T T T T ]
0 300 600 900 1200 1500
o3 (kPa)

O 21z 53 En/By dal; A IS5

alisee oS S gdoe L;Lhu,:w DS Soee u,:.;J,S

3 gd>ee J”...S J«J‘)ﬁ‘ L PLY )}*:Lfﬂ odalin ASQL;;

J"‘f )} EB}WO‘UGJ‘) \' JD/\;A
e e Ol BAAICJLm sl


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

VYA WA Ol 5 5l ¥ ol ooy dlor s ptige alidi ey 4 25

53 ad e 2 Wsed Ll Ll (51 eSS (30 Yl gla i S s eiS
Wl (oS S S8 31 lesl ST s sl glag L]

2 i dlle Case pasls ol pl s giledie plasl sl el VYIS

0SB a3l L aS 5 e sdalin s e OLE | (Cute) JSus Il 5 i S des

5 -
—a—ECP: 50 kPa
——ECP: 100 kPa
——ECP: 200 kPa
—<—ECP: 300 kPa
41 ——ECP: 500 kPa
—ECP: 700 kPa
3
R
o
[as]
2
1
0 T T T T )
0 3 6 12 15
€1 (%)

BAAL fllas g 0m 555 lp 0 Casd 555U Ol puis A IS

1400

1500

— 1200
£

£ 1000 @3- 500kPa 1000
= ,

g, O%=300kPa ; 800
S 500 G3-200kPa 600
:um 64:100 kPa 100

200

oo

20 10 5
Dilation Angle (°) 30 15 Axial Strain (%)

BAAL o Las 555 55 2l 5 Ep s Y i 1 S
5 Gt bbbl Glal g ol cuss jaxle ol Y odsr o
WO el el A1) S (65 El oemes 5 Y0 Jse b bigsludae
L golgnig e 48 335 n sdalie sl 0 &1 (53ludie i b el 51 Jol B, A lis

sl Bg e 4 3B Jed LB b


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Gzt 3T 3 lo S llas I3 K e

\Y+4

S _,.a;-l..z j.:u.a L.-rbu 6‘,3 ‘A‘_;JL-“J-M c:\:a A J}-”

Ep/By*\++
I s 0 Bg (%) 3
Sus Ep) o« (KN.m/m’)/(%)
el . slz Gl . 3 S
o £ o3 (kPa) (kN.m/m’*) g
I3 " e s f T s BR
Slo gy Y.+ kPa ANy (Kt Sl
Gié< [ES-TWAE S ol |es
3 [E%4 [E%4
Voo - £.0 %% - WV
Yoo B AA ay Y
0er N VoA Y4y i Yy
BLR 2%
Voo VY \YA §4 i rY
4 Y0 s 1Y int YV
\Yoo Ve avy - tL.0
Voo ) £ q
Yoo v AL 1
BSV £1.0
0 N N Vi Y Y
Voo VY \Y VA Vo Vo
o 14 Yt - (K
Voo .t 1.0 YV
Yoo \Y.Y oF A £.8)
BDV £
[ VY \Y qyy ALY ALY
Voo Y i Ve VY AN
\Yoe s V.o - Yo A
Yoo 0.0 0.4 YYq £y [ARd
BABS e ) Ve VX LY 23 Ay
4 Ve YA o £y A
Voo - AA - -
Yoo 1qr
Lo Yol
BDZ ot
one VEAY
Vs \qee
Ave YY\.
o VvV i Avt
Voo Al Yoo qv
Yoo rA A% - Yoy
BAAL £4.0
Yoo £ 3 oV Ve \¥.0
o o 0 (NFAd YYq Y
Voo ° ° VY Ya¢ Y40



https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

MK

AFAr Ol 5 50l ¥ o led ) Mo | wkige pwlidopmy 4 38

i Ep/By*\++
OIS Y Bg (%) 5
; SeseS Egs e (kN.m/m°)/(%)
glan ¢t , slz S ) 3 L
e s (kPa) (kN.m/m°) §
Iy - e 7 P 7
oy Y.+ kPa Sl (Eetewml) il
‘< [ER-FWMESY [RE-FWHESY
o3 ok ok
Yoo B vYY B -
BAAIl-re 4.0 -
Voo \Yeg
o v
Voo N
BAA2 &V
Yoo Wy
Voo Y YoA %)
Yoo £ A £\ ht Y Vo
T v V.o % Yt YYY
BLSBU-1 123
Yoos V.o AY YFA Y YAA
Voue IEA 4.0 Yoy Yo VA
Yoo ° £ (B K) i vy
T 1 v YA Yo VA
BVLSBII-1 v
Voes AY AL ¥ £\ X3
Voue q AV £V o o).
Yoo Ay oA Ay il Y'Y
T A A AL 0q X
BLSBIV-1 vy
Voes AL q v q) AL
Vo q.) AA Vo Y TA
Yoo 0.\ £ 0\ Ve N
hte Q¥ v Y Y. VA0
BLSBU-2 £1.0
Voes AY A0 AN 1 Yo.i
Vo 'Y 4 \Y.0 Y8 Y 3
Yoo Y YA LR " Yo.\
e v q.y Yeo £y Y
BVLSBII-2 14
Vous 4.0 [EKY A 3% £04
Vo 9.0 A [Akd 1 %
Yoo iy 1A YY. Yo YY.0
e AR AY [3%3 0o ov.
BLSBIV-2 vt
Yoos Ve Vet A A AYY
Voue IEA VoY 1110 "1 A
Yoo - - £y B -
AADY1 £ .
[ R V4



https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Sogre d i3l 55 (gloy S CJLmQ!)': CnSE syt

AAR!

Eg/Bg*\++
R [PY Bg (%) N/ (%)
Ces 8 Egst e m/m o
el . sl S i i 3 5
g | oy (xPa) (kN.m/m’) il
o ~ e I Z.. -
[CLScH) v++» kPa el (oo $) st
‘< [ER-FWMESY [RE-FWHESY
o3 (R ok
Voo vy - \YV R
Yoo oy oy YA oy oy
AADY2 fer TV A YA 481
Ve ay ay AAV VoV YoV
Yoo YA - -
AADY2-re Ler v ary
Voo (B ud
Voo Y.0 Y.0 1 \YE \YY.0
AABG AN £ ¢ ¢ ova \to \EA
Voo 04 04 Youn V14 VA0
Yoo _ AY N
ADBS2 Lev £y - YY.
LY - 0\¢
Yoo - W
ADBSI1 Lon £y - Ya.
Ve A AN VoA
Yoo Y -
AAA 0 g W1
Ver Vv
80 BAA1
—a— ECP: 50 kPa
20 —— ECP: 100 kPa
—— ECP: 200 kPa
- ECP: 300 kPa
—%—ECP: 500 kPa
10 —— ECP:700 kPa
4



https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

\YVY WA Ol 5 5l ¥ ol ooy dlor s ptige alidi ey 4 25

30 §
BAA1
L]
25
20 —a—ECP: 50 kPa
—e—ECP:100 kPa
,‘ —a—ECP: 200 kPa
g | * —%—EGP: 300 kPa
.E15 —%—ECP: 500 kPa
> — ECP: 700 kPa
10 A
A
X
51 X
0 T
0 1 2 3 4 5
By (%)
[

od (1 byl St il o 1 3 53k gLt gl Al )Y S
(Cuin) Sl (o

14 -
12 -
<10 -
? 8 -
3 <
£ 67 *y = 0.9979
=) y =0. X
4 -
o R? = 0.9098
2,
O T T T T T T 1
0O 2 4 6 8 10 12 14
Bg(Test) (°/°)

S3ledbe i b Sl Jol By alis N Y IS

R Tens

3l CE’" A (YY) sl 65 P Jol sl eslamad b ladils 5l Al

Al e Sfals (O’;/U; Jmax s Bg ol i


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

g)yuu_ﬂvgujf)zélgﬁJQéMQ!)b@@f)ﬂ \YVY

Slo Ko lan 1y A 33 oS Mhe RIHIOL ML SKI B, e
Sl glails gy et slie 51 5 Sl

035581 S (65 ) JIle o (S smee 598 5 ediS dgdeme A GlBIL @
Py

s 3 gmy st Alaly il wllas SomS dbsd 3 05 EB/By o @

VL oo i Lol S sl oSt (551 e S S Sl S o 53 @
S oS 3 sdoe (Sla S Cod LSS (551 ¢ el Sl oa O 5l 5 63
35 3l 3 W15 e OF e &S Al e RS (Sg sosme sl S 5o
'Cﬁ"\!u. oS dgdems Sla Uy WSe p AEL 55 05 L0 Al culSE O
B Y T T SR - R [ M S OWC P |

Al 5l 4 pad s pludl llle coSls g6 IBIL @

d'é)-’j
L;amujid)b&\jdjuﬁw)émsob@lj.:.brﬁ;]ah;u&ash&\.bﬁd‘

338 g S oy s oS A plonil STSS 35 i

cl:a

1. Aghaei Aaraei A., "Back Analysis of Deformations Induced During First
Impounding of the Masjed-E-Soleyman Dam", M.Sc. Thesis, Department
of Civil and Environmental Engineering, Amirkabir University of
Technology, Tehran, Iran (2002).

2. Aghaei Araei A., Soroush A., Rayhani M., "Large-Scale Triaxial Testing
and Numerical Modeling of Rounded and Angular Rockfill Materials",
Scientia Iranica, Transaction A: Civil Engineering, Sharif University of

Technology, Vol.17 (3) (2010) 169-183.


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

VYV E WA Ol 5 5l ¥ ol ooy dlor s ptige alidi ey 4 25

. Bilam J., "Some aspects of the behavior of granular materials at high

pressures, In Stress-Strain Behavior of Soils: Proceedings of the Roscoe
Memorial Symposium", Cambridge, 29-31 March 1971, Edited by R. H.
G. Parry. G. T. Foulis & Co. Ltd., Henley-on-Thames, UK. (1971) 69-80.

. Hamidi A., Yazdanjou V., Salimi N., "Shear strength characteristics of

sand-gravel mixtures”, The International Journal of Geotechnical

Engineering, Vol. 3 (1) (2009a) 29-38.

. Hamidi A., Alizadeh M., Soleimani S. M., "Effect of Particle Crushing on

Shear Strength and Dilation Characteristics of Sand-Gravel Mixtures"

Vol. 7(1) (2009b) 61-71.

. Hardin B. O., "Crushing of soil particles", Journal of Geotechnical

Engineering, ASCE, Vol. 111(10) (1985) 1177-1192.

. Hazen A., "Discussion of Dam on Sand Foundation", by A. C. Koenig,

Transaction ASCE, New York, N.Y., 73 (1911).

. Hirschfeld R. C., Poulos S. J., "High-pressure triaxial tests on a

compacted sand and an undisturbed silt", Laboratory Shear Testing of

Soils, ASTM, Special Technical Publication, Vol. 361 (1963) 329-339.

. Indraratna B., Salim W., "Modelling of particle breakage of coarse

aggregates incorporating strength and dilatancy", Proceedings of the

Institution of Civil Engineers, London, Vol. 155(4) (2002) 243-252.

10. Indraratna B., Ionescu D., Christie H. D., "Shear behavior of railway

ballast based on large-scale triaxial tests", Journal of Geotechnical and

Geoenvirnomental Engineering, Vol. 124(5) (1998) 439-449.


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

Gzt 3T 3 lo S llas I3 K e \Y\o

11. Lade P. V., Yamamuro J. A., Bopp, P. A., "Significance of particle
crushing in granular materials, Journal of Geotechnical and Geoenviron-
mental Engineering", Vol. 122 (4) (1996) 309-316.

12. Lee K. L., Farhoomand I., "Compressibility and crushing of granular
soils inanisotropic triaxial compression", Can. Geotech. J., Ottawa,
Canada, Vol. 4(1) (1967) 68-86.

13. Leslie D. D., "Large scale triaxial tests on gravelly soils", Proceeding of
the 2nd Pan-American Conference on Soil Mechanics and Foundation
Engineering, Brazil, Vol.1 (1963) 181-202.

14. Marachi N. D., Chan C. K., Seed H. B., "Evaluation of properties of
rockfill materials", J. SMFE, Vol. 98 (1972) 95-114.

15. Marsal R. J., "Large scale testing of rockfill materials", Journal of the
soil Mechanics and Foundations Div., ASCE, Vol. 93 (SM2) (1967) 27-
43.

16. Miura N., O-hara S., "Particle crushing of decomposed granite soil under
shear stresses", Soils and Foundations, Vol. 19 (3) (1979) 1-14.

17. Plaxis7.2, User Manual, Brinkgreve R. B. J. and Vermeer, P. A.

18. Rowe P. W., "The stress-dilatancy relation for the static equilibrium of
an assembly of particles in contact", Proc. rock society, A269 (1962) 500-
527.

19. Russell A. R., Khalili N., "A bounding surface plasticity model for sands
exhibiting particle crushing”, Can. Geotech. J., Vol. 41 (2004) 179-1192.


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

AR AR WA Ol 5 5l ¥ ol ooy dlor s ptige alidi ey 4 25

20. Salim W., Indraratna B., "A new elastoplastic constitutive model for
coarse granular aggregates incorporating particle breakage", Can.
Geotech. J., Vol. 41 (2004) 657-671.

21. Schanz T., Vermeer P. A., Bonnier P. G., "Formulation and verification
on the Hardening Soil Model", International Journal for Numerical and
Analytical Methods in Geotechnics (1998) 281-296.

22. Soroush A., Aghaei Araei A., "Analysis of behavior of a high rockfill
dam", Proc. of the Institution of Civil Engng., Geotechnical Engng 159,
Issue GEI, Paper 13980 (2006) 49-59.

23. Sudhindra C., Venkatachalam K., Soni M. L., Sivakumar N., Sharma P.,
"Large size triaxial shear tests on rockfill materials for design
parameters”, Proc. 56" Research and Development Session, CBIB,
Hyderabad (1991) 29-34.

24. Ueng T. S., Chen T. J., "Energy aspects of particle breakage in drained
shear of sands", Géotechnique, Vol. 50(1) (2000) 65-72.

25. Varadarajan A., Sharama K. G., Venkatachalam K., Gupta A. K.,
Testing and modeling two rockfill mareials", Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, March (2003) 206-218.

26. Varadarajan A., Sharma K. G., Abbas S. M., Dhawan A. K,
"Constitutive model for rockfill materials and determination of material
constants", International journal of Geomechanics, ASCE / July/August

(2006) 226-237


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html

[ Downloaded from system.khu.ac.ir on 2026-07-02 ]

[ DOR: 20.1001.1.22286837.1390.5.2.1.8 ]

g)yuu_ﬂvgujf)zélgﬁJQéMQ!)b@@f)ﬂ \Y\Y

27. Venkatachalam K., '"rediction of mechanical behavior of rockfill
materials" PhD thesis, Indian Institute of Technology, Delhi, India
(1993).

Sipipise ot 5 b g w30l o (LU ¢ L by ‘.Cu\j&u’l YA

OTAD S 5 Ol b Dl S 50 ¢ Sl o] 5 o i llas


https://dor.isc.ac/dor/20.1001.1.22286837.1390.5.2.1.8
https://system.khu.ac.ir/jeg/article-1-368-fa.html
http://www.tcpdf.org

