oy WA le ) 5pled qoad )l Ao (mdige ol e &5

90 4 G ja s (5590 (o3 S ok Sl b
39uae £l jal (sua Jalad s¥L 4o

qu.Lo das o ‘-.;.-wa‘ (§dgodano
L')‘).a.c (etige a\,ﬂ (eudigo A K ‘t\:\.n.u u.Lc.J.s N R
AV /00 E s AV/e VY sl s :'@)U

LS

S ook lails S et s s 18 o ol DB s ) s

51 eslanal Ol Jdos (Eay ol el sdd ) 35deme sli) g s VL
Slacad G0 sl wal b ssdss sl 5 am s i) 55 8 slacyse
bl sl 5 eVl 58 Calies slaGes (awdpol 5 CewaVU Calise
ok sl b b sdu e plgl ST e 5 St Sl il
ol ol ot (ol o 5 Ol 5o e A SR s b e sl b
W Sl 5 et ST sl Sk (Jol S Gills o
B LT e N - TYIF IC e NP G S PRV
Al G 3 sy Gl b Sl albralr ssdees sl 5 g 3l gl i
B S S I IR s B R FUTNS I | PN C it SR e Vo BN CE WEL R
Sole Fr 02 5 GG Gl S b sl (Fp 3 ced als 4 a5 L sl

e 0L |y (5508 e

9 Q«.AJYL Q‘ﬁéu 3 gden ;b}-‘ A= L}.;.l:u J:'jJ ‘v.:.,.fa ))IE.'I.W.A = ‘ng")L' C.a-:ﬁjb '«5-4\-:15 5‘.&03“3

Aminpour.geoeng@gmail.com  J st sty 5°



AR 5l ) ylat sl dlor ¢ i gl 3 20 0¢
PRV
e Pl dhoz Sl et ble 3 sl S b e ot D e
S G s Sosbar il oy Oliie a5 5550 5lns Sl &S el SGSTSS
bl Sy gl ol Sy aies v 4 018 o 1) o 03 g ol S b ais
S oS o b Jol By 535S Sl (= o s 5 aasiie
SRR e i N N KR R R SC NPT R SR SO TS
Sl 6l ctkie SosenS slaemdlSe Oliioes buly ol 55 [V ] oo sy 0
Soa o3 LoT LE] YT Y] wlas 3 L 53 b 3 e by Dsbre 53 mbaw
SVslas 51 as (g e o slas b 3l S Woles S 5l caasite bl
et A e (She il 5 S b s L Vsl ol .,\JJ« Coddy ol s
Sladed gy pl 4 s s DL et Solg s 5 S e g 5 Ol
S 30 s b5 Dpslme 3 e e o 0L S b e o il
sS55I s bt o i) L3 IAT VT V] ol 4 S
Sl b S b St ((Solew Ol 55 Golme B bl = 5 o8
DY O] N V] 8] o5 e glamal ol 5o S b 5 Soslme 53 (b
SOl 355 SKmenS ol e i (pded 5 JoleS SYslee J o0 s et
S el Ll Sl i b s DU D0] D] e sy 5
by ool 53 s a5 15 55 50 0 olll 5 Sloes IS SoenS (y ps St
sl IV TDATDATDIV] sl w8 8 g gt Jldows gm0 935 Sliass
Sllps los) abrals 5 (SonnS (gt Jlow VL 5,0 i [V 6,8 5
Graon YT VYT 0L 5 55 Gl los S s 1 Sl Zpsles 3 Ll il
53 g S gla gl 5 (S la Sl los ) el 5 (SoeS (g o
A58 2L Slele & sl
Sheslial js Slidss (gl b fss gltussdow w ax g b sl gladle s

w\ DL g:,wu\ ol ¢L>u‘ ’./"jjj C]LAA DL ‘LEJ‘} db &JLQ DL J_}J}u ;lj>-‘ ‘)il_})



00 sdows eliarl (g ook (VL 50 ) 4 e 53 s )15 o ok S b

LYWVT YA Y] dYE] ebaws o o 5200 bbb ) Oliies 51 & 4
IFET PP YT dlazstls s il o L ot & s [PV 1Yo T Y8T YA]
Lok Sosloms 03 oy ol 25005 b (OILL [TY] 0L 5 ol [T (Yo
S et G S8 2 SlesS sk S B M 0L 5Tl s S e
535 s 5o o ol 5 VU
S bt gl el G Lo ()95 VL e s (G ) 2
(SenS o Dl Bl gl el 0l sy d s Gl 2 60k
Sl 4 S 513 St BlE e et ileang Cos s e Sgas (555
ol o Sl sl tas s 4 o OF GV o e e gy opl bz
b edipml 5 sVL Ciliie glages 5 Llgy ccilitne gl e 30 [YV]
Sladad (gd> Jdod (gl Dol sla Sy b feol> @L:J Colg oo Sl 0 ld )y

sl oS s L &Bab- J}J@u;\}z\ di))}w.b)bcw

o iy

eVl O gde Gas s Hy Cans ol Ui Gas lils B o0 L suls o S
b S b 5B sl cwd Ll s VUl Bl Lol s s Hy
Ll sSm el Slime s Gt 5 slalls ot S llas () JS08) o
o Soson ol Y pegate D35 5 @ plasl Lty P S Sl &5
i) st ol 4t Sl ol (@) Ly g esls i L el ek an S L

AT o e 35
(o ol Sl sk ol gl il S (SeenS e g Jold Ll syt 8350
3Ol Ko il 0l wy p LERZVB 63 5i0ee o b b 51 5 D=0B o3 g

IPFT YV V8] Wles S eslind o s Sbt [KoteenS 8 ebion (S e 33 50koms

1. Shiau
2. Raj



AR 5l ) ylat sl dlor ¢ i gl 3 20 o1

1
L

39w slirl (g Jdow (VL 5 0 g g0 2
2 oMl o gl S5 Lol & gl Lo Jaly, Jlesl 5 i giu e L
oo Gille ( (SoteeS el 53 (658 B s a3l s et 23
DS 3o el By Gllee o b 1 INY] e (gl s SIS
Lasolis ¥ ISS ca (SoenS Sl 8 Slals 5 e e Sle WSS 4 5L
53 S 2l L gdons il gy Jsel el ol gl S A i 0L

Ll e st IS il elad s Ll 1 i a5 s 0Ll (slae S

N (e ,w)
(uy ,vy)
Y,V
@ @y ,»)
X,u -
Gl gy 53 0 ealiiul (gle £ aw OLJILY K3
Y Y
u=2XNiu; v=XNyy M

i=
;(\)112.5\))3“c&\@.@?)b@ﬂv_}ét&%}b@ﬂNi LS‘J’“L""J‘{JC‘);
l{w‘}g—))ﬂwcu.&t{cébwéyl{jﬂjbvbé‘ju%j‘oﬁu;ﬂ‘



ov sdon el o ot VL e s & b 3 s 15 g sk b
Slei 355 5 s 0t Shgtes (5551 S¥slan OF 5 4 558 035 a5 Juke
Sl 55 a5 g gl sl ITULTYO V6] A5l Jiis 5 ot ) sty
XY ot S bopls ol culg 53005 5 oo Jde (7 JK2) 0205 S o) 0
b Soluangs 53 odd eslinal (55— 5 Ay 8 (F) Ay 50 0 035 ess
LYV Y] YE] das o Ol

weleS- y90 S pabud U
2 b S D) gk S g0 s e Y S

F=(o,-0,) +(vz,)" —YCCOSP— (0, +0,)sinp=-
X=(o,—-0y); Y=vr,; R=vccos¢g—(o,+0o,)sing )
{X‘+Y‘=R'

Fo=Aco,+B o, +C, 7, —YCCOSP ="

A = cosﬂ(—”+ sing
p

. vk s
By :sm¢—cos—” ®

C, =vsin Vk—”; kK=\vY,...,p
p




WA Sl Vil (easslem Al ¢ pudign elid e 23 oA

sl dmtn (G35 padS Dot el S5 SenS cla.ﬂ () oty s
DR S FP S S s athe Kol o b bk Slio pl 51 e
LY YO dYE] dol dal s osay s 51 SCp Sl §samme 1 Sl
b o33l 5l eslinad 550 VL (F) Aaly S35 Olge ki ¢3LS1 slas 2153l
LT S bl S5 555 Bl gl 1y SIS 235 Wil e
ok 2 05U

35y 1 plasl i duoes O 2 056 5 ealizad Vb Sl 4515 L Hllas 5o
S ol C’)’Lp\ o s el sl eslanad (DIl g sl Al Ol Coadly
(8) Aaly S pots sk b Sbt (gl ol ol iy il Y] ol Cbio

el S gl Al @ iy ol 3 YV ]
COSy/ COS @
1-siny sing

tang’ = ftang; pB= ()

Saedly S S F5 JSS w5 Sl eslinal 5wl S50 mU o8 bl
sl (0) Ll gy oy s

. ou__OF p_ OF r N,

6. =28 v Tk A=y

““ox oo, kz:\kaax ZAAEZ G

RN SIS L RS YW LRV ®)
oy doy k= oy k= in Oy

. v du oOF o, OF » r N, T oN,

yy=(—+—)=4 =>4 —*=>4C =Y"v. +¥ - u
oxX oy a‘l'xy k=\ 8er k=) inn OX in Oy

o s Jold s ol (Sl J53 B e Ol al 5 Vsl ol
CJ)M | QM\&&‘}: d).ém ;,<4.:Mv')}b“ u\ﬂfmb‘.)\zjjdj@m 6‘0;
w\lo;(ﬁu)‘_;;ﬁ\g:)lﬁabuut:;@ yi)Xi‘jﬁ)w\C,a-LwA

[a\\]{xx}_"[ r]{xv}:’ Q)

1. Associative flow rule



04 D P P (F SR PO DU PSP PPV ARCHEN
{X\}T Z{quuUr,VY,Uv,VY}
{XY}T :{ﬂ'\lﬂ'\q-..,lp}

\ Yor * Yoy y Yir
[a\\ ] = Y_A : Xy : K¢ : Xy

X Yo X Yoo X Yo
Xij =X — X;
Yii=Yi—Y;
A A A . A . A
[a.]=|B, B, B, .. B .. B,
C, C, C, .. C ..C,

Loldl js J&1s ead Shgiaw 5o 55 !
5 oS sl el Ol lamee 53 ol sl Sl ladlie (i S 5o
ol Slgtwe (551 55 sldde (y g0 (pl 3 Ad Ll S L 53 gl e S
S el O SIS s 4 S Sy 35S e5m 5 G5 b ol s
S dalg il Js edd Sgtes 551 5 b b S 0L Gl
W _ [ (6 6, +0, 6, +7y, 7y JIA= [, éﬂ« (0, A+0, B, +7,C,JdA=-

= jAé/lk FdA=F Aéﬂk . V)
0 =th & =i,

b (Ko sl 3 515 0dd Shgts slags 5!
35 A 4 e eld a8 Sl gl S s Sl b S8 s
el (65 51 BT slml ol Son Gy Cod DLl 53 (5580 355 00 oa sl OLa|
o S plir LL ol e e sle OLl s Ssa) e 6l
Ol b IS8 3 SscSs ar Comd ysloms Ol 53 (2330 p gl 558 iy a6 S a sl
oS 535 (Sl S 55 A sbae e Uy s Ui 51 skt [Y] ol ot el

S 53 oy s M SasOLi Uy uij. o Jols 5 oLl gs o S i



AR 5l ) ylat sl dlor ¢ i gl 3 20 .

:Lf.ﬁb 9)\ )}k..ﬁ g:,wa‘ ))Lz.a QLQ.S\ 92 gsj:..;..d aj.f).ﬁ ULJ’J J"‘J" C;\} )J)L.S:\Adﬁib

L;:Mﬁuﬁ).h o L,<.L€.:M~A L;L}(J )LS CJJ ‘M )L:QA szsjla.: DL ij\;

Wl p e Sk S e L YV] sk i (A) s o) sn
W, nemal _ 1z Au + o Av )dl W
d

) _ _
Au:(u;—uw)Jri(u;—uw—u;+uw) @)

B gt
(upy. ury)

Av o ®

x,u

R ol Oladl g3 pdp B 8 ISS

)f))oM&LMJlSCf‘dlﬁf}wféuw}ﬁwMbdﬁfﬁj.ib

MM\y;u«eWﬂJbuu‘ﬁﬂﬁb
j(rAu+aAv )dlz j(r—atango*)Au dl =
d d
W = {d, 1 {x 00
o ={h (] { U U U

A s 3 s g B

B [VV] ‘[Y-\] Sl rSl;- V:G 9 O.Eﬁ‘ L§‘°J§ L;LAC,&JM 9 (i Jg.w) g;:.wﬁb L;l:wab

W Internal
discont



h}| spdoe slial g o (VL 50 ey 4 cnd s s (8 2 sl o b

SR Sl S 2 s e le S Glacs s (OT) e il SVales ol
ol
(u; —u;)sin @+ (v; —Vv;)cosf = (u; +U;)tang” 0Y)
[a, Jix - [an Jix = )
x J=1{u,.v,,u,, v, 0., v, 0, v

-U -0 U o
O

-4 -0 u @
0w - -0 U
H=C0SH;, w=sinf

\ -
tang® tang”
[avv]z ¢ ¢ \ _\

tang® tang”
U
+ - + —
{X\“}: {u\r ’ u\y y u\“f y UW}

Sl 550l 45
L o 3 Skt 03 gdoms Slagn o (SSileiow Slace ju Jold (65,0 Ll 15
Som dl i 43 (0 JS) cl o g 5 B 5o i Bl G 5 G e (BB
Al [Bn] ey cpl 3 sde i OF) il S (Sowsl SS sl
Sor oS Sulorw Ol I 5 Silogw Oldee ods aseia slie Sl o fed=ts

NG|

[am]{x\}: {bv} ")

RN AR
bi-{hel ]



Y4 Sl ) sl sr.h.\JLg;_'- Mo ¢ pdige owlidiopey & 200

[T
* *

< =

S et (55 0 ksl 50 S

* o

b 58 55 b b B 5 (St (50N
O ES MR b s edd Sl (550 £ DM (g5lme SIS 056 ulad
S5A U ol L bl Sl Bl e coonl S cwd a2
s 5 o &y o SIS (V8) Al y c¥lee [Y] 58 aig | s o Slgaos
3l e oL Ele o e (gilig Ulse Cod (gSleaig 5l g cpl o
OT VL = s e oy ool gblze 51 IPV] el = LB Jtls Bl oy, bl 5
el 5 SV sgme il SIS cd Mo bane slabss s 4 S

5l o B e 5 SEN el Sl Sl S0 ($3lasing; ] 3

S S e S

minimize{D, " { X }+{D.}"{X.}

subject to [ \]{X\}={L;>v}= \

X j=1{}
X} ={u\,v\ uv,vr,...,un,vn}
X7 = e A AT A 25 AR

1. Interior points method



s spdoe slial g o (VL 50 ey 4 cnd s s (8 2 sl o b

s s X} sle S glacs . IS Shupoar Lls X fossde Ly, 5
Sl e il (Sl slacs o lymanr s (X, 5 odd sdumer Sty
Shoper S Sl 54 [Br] 5 [Dr] Dy {An] JAxr] dAn ] {Av] fA\]
s N SVslee opl 3 tizes [Br] 5 [0 ] Jdv] @n ] d@xe] Jan] ] dan] sis
aly pes 3 okd eslitul Slowio slias Py e eslizul Ol slaws E das §
el ad 5= 5

b b s (g3l IS OB Sl eslinad 5 Jgme (Sl sla0lis 03 S Ly L
S U ol S a0l el () el dal gt s (V0) dady 5l b
Glailze Jols s {5} by ool 5o [WV] cnl b slas i 5 i slas,e
Ol IS wil 55 b N dlao 57 5 en)ls 5 o o {be} (mlaw 51480
el Ol s gl s IS s el NS 5 e

{=f {{N“ Nsdl}x{u}+{be}T thT NdA}x{u}:. 00)

Shupte odd oLl gV ge B o sl e sl Lame 53 e i S

mls JUSEl 5 Gtnmer slam Sle JSCa5 (Oldl 5 o S Bl caltons 03 gtes

S 'S s b e e el 5 (0V8) Aaly e ol w8 e S0
el ol bt Koty a5 Soilei S0l

Jol s 5 ke e
Pl ol ol oalial Sl 5 b 5 St S St £ 5 S R ol 03
35S s e (S S ol a5 CH S GOl L ole re Jald Lagstn e
ol S5 s Bege (S S (S S b Dl s 5SS
Sl 2O S S e e Gl o 2 s Rl GO ) Olais
LT LYO] V2] Lles S oxlnnd S 58 e S0 o 25 ol

1. Linprog



AR 5l ) ylat sl dlor ¢ i gl 3 20 ¢

Sl e 515 e mle Ve Olall o3l 0o b S 55 (e 51 Gaioss ol 3
ol 0 a3l (6 e 5l Yo 5 80 slaolall o3Il Kle b o ey Ko S 5 s 20
OLES a3 ¥ sl 5 Yo oWl o sl S8 5 S sduie 1 IS o
Sl el Sl Vol ol 3l (o Sle (i) N JKE 53 el sl el
Wle 3lpe S 53 el b eslizad alie Glaoldl 5l (ol g s e sl
el sl eslanal S gline slae 31l 5l (55 0 slaoLl

WA o 035 5 r5n TV ok ol sl Shaul &l L glails Sl
Skl () Bl a5 L dle Olpea ol odd oslinal CaSa e (5 s skS
Al ol s & gLl &l 5 amys £ sl Shol &l bl Ll e
Slesd Sl an 5y alies andis ol o sl 4y YV el el A= Skl
B s il 5l pskie ) Jad 53 () ) Sl ol oy 5 Cewd sl o 4413
(VL O e Gas cawd il Osdde Gas (U5 o 28 oS B sa Hy (H,
sl D 3 R WL sl RSO UIES [T 2R TR LS ISR VNSV I ¥
(O IS8 ol (g oml s Sl o Sl S S gt e

»J.‘.....awm Slasein N gl

Bm) H(mM H(mM ¢4 g Lm R@m D@m)
Vo

\ \ Y Y Y. K K 0

/N >
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA'AV¢ S
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV.A
\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVANG
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA % 5>

< o]

a3 ¥ el b 5 S sS (0 9 S, (Q Ca 65 g pie N IS



10

sdows eliarl (g ook (VL 50 ) 4 e 53 s )15 o ok S b

Cilies gl e o el eslizel (N) slae S 5 (B) Laoldl slaws ¥ Jsd> s
aolall 311 28l b 3y e odis ¥ o 3 4SOk ol 0l a3ls 0L Cotl 55
Slhabes sla sl slal Sl 3 558 e 3L sl e S 5 oL slaws ()
S oLl 038 5SS L dalit w0l altes = 5038 1y il Sl
Slrs i el a5l dal e ob 658 4 oleang 2l Sl sl e Sl Y
Glasdo e 3 it 6o U182 Gl Sb b alie 4 ¥ Jadr 3 g e las
el o sy ot S il

Col g it gla gk e 53 Lo S 5 oLl sluas Y Jgus

LSS i St

CH S Syt

S Sy e

s th=ym th=em) h=vm
n E n E n E
\o° £Yoy AY Y VoAA YTy YA At
Ye© Y4V vi 144 VAAA Yis At
i oY Vv 48 1V A ooy

(KN/MY) sl 55 Cilisen gla s e 53 6L Cod b avslio ¥ J s>

B

CHES s

S G

CH S sk

h =y m) h =/ m) h =y m)
\e° LAV VEVY/Y VET /Y
Y° 41¢/8) qy./q0 48/08
i 044/\Y RN RYAZALE

o s glagiu e 5o b C b B AL b gl e ODl 6l

03 ol ol enlitul Ctl oSG e Calises glag s e 51l ) i ui‘ffv-“
s ¥ Casinl ol sl S s S8 cH e clagtn e VS
Shils cewd GBlLbl 5 o 3 bl Gl s icdd sdd esls OLAS am s Yo sVl



WALl ) Sl o lem or (otige (olidpns 0 Y

LSy el 5l e S Slazis 5 Leolall dse S o lad ot 5 8 (s e sl

Sy a5l ok lasl Va3 SOl sl s el Ll
oS G e pdir Sl sl ot B s Glalldl s (o B 5 glalledl
sl e Bl 0l o s okl Il Sle (S S o e 53 4S5 sba
Cedimly o by b ) B8 Aol L SSlgl b Lol Ll sl

k;».w‘f.a\/o f‘f ;ﬂjle&&).) L}Lq.“ wjgf)f a)‘Ju\ J“j”"";;"jjg)f

33 Vsl 53 S (5 R (L 1554 s e Y S
Vo oWl 5 Y ol ol a0 S s keste slagdn e o
RS el Femle Yo g VYo Ll o e o ) okl a3l a5
CH S e S S Sl (S s e el e YV 5 Y ol s Sa oLl
e )y OLl o 5 5 el 5 e Sl TV i s solall sl gl
£ Jdader 53 Lledd S5y o Sor S Gl e S 4 ol oLl des S ol s

el ol 0ls OLL e e slasidn e s ol eslinal slae S 5 Lol slaes
CH 5 b alizes Lo gk S o Lo S 5 Lolall sluss £ J g

S S ol il e S S gy e Lo g gy e Sz ke
B CH S S S CH S CH PSS S
n E n E n E n E
Vel VAA Yy oV A Y 04A YAY Aty
Y. VY YAQY £4v w4 V) £Y¥A 1 YV
Y qov A\ ivo v YA AR ! YYq

1. Plaxis software



v

sdome sll (g o (VU S0 B e 5 it 05 g gl o b
ol q,;-l},&iﬁp alises (_;LaLg.,L;gui.,a 3l yl:— Sk qﬂ:gj.b @L:; 0 Jsd>= o

CH e e sl Yo e Tl sl ok Jade cpl 53 aSOkar Ll 0l esls
s L;“.\J.{u: shls C’e\j 33 5 34l va”:& oSSy @L:J S S Sl 5 S5 S
el S S (o e 4 S (5505 Lo S5 Lokl ls S i g e
el ol enlanal 2S5 8 S S (g e 5l aslsl s

(KN/M') 315 b e slagsbn i 5 5ok b b glin 0 g

S S Dl ke S S Gk e Lo g (g e Sop e
S S S S
y° YFAL/AT \TAO/ \¥4Y/AL VeV
Ye© AVAVE 4VA/YO qYo/vY 480/
Y.’ v/ AR AN Y/

BL oLl oJLiL.u‘ LS"\""J"*‘ 46}')[{ C.\tﬁjlé )‘..«\.EAJ;CMJYL wﬂjt o LS‘J"
oslaul L;.XMULAI\JK_Z)J ol 0l ﬁ_ﬂ) w;uﬁb_vt.;,\.;lﬂﬂg»ﬂﬂbw

el ol sl QLIS a3 Yo syl T sVl (gl el

XIS ‘hﬁﬁ?
\ ’ < <VA¢VAV€E§37AVA' NI
RUNERERERR

ar ¥ ClnsVlh ol 9 ¥ Gl cd 3 OIS 8 s fe A IS

S Wl ord et 53 50k b B Ol ks A J g

B a qkN/m")
Ye© Ve AVY/eY
Ye© Ye© A\A/YO0
Y© Y. AYYV/YA

2 u.?j:.,jlts A P s U39 5 4=, YV ol CW\ JB-‘J Sl Z.:_}bbd‘m‘b



AR 5l ) ylat sl dlor ¢ i gl 3 20 A

a5 Y LJJJ|J.) n)‘}mﬁ C“"‘"""U’.‘.‘.’.Li g_,.:.:: J)J;- U‘i‘ B el ol eals QLES v&iﬁj;ﬁ
o3kl adls LS ooll censVU s oS codl Sse s el ol ls @L:S
cg_,.“v.:: 3&}‘) “ w ;fl?b 6&1@&\ :U”_}b g).)); JJU’:".IJ J.:J.M.: ol B0y dhdl}-
J.:J:au. A J_g.b— BLIE Pt EY Sl ij s )\J:nl._n o)‘ja.h &L.whuﬁtﬁ 9 qwﬁb g_,.:&
el (G e Lt Oladar 5 oL s 8Ll 5 (g e Ol oS

Slp S Al SBhwl calsee gblgs 3 b o b ol i 4 IKS s
LMV_A RGO I AP QLL4 A ‘_b.,\;- 2 d,.lg.ﬂ cg:,..wbuﬁb aliseo Lgki‘ﬁ) L u;”lAg_,.:.Iv
53 S0l il ot slinad (6) Ay Gl s ol Jtls SISl il
LSJJ)L C.\tﬁjla )‘.LS.A Sl sl Cw‘ 6&12.,0‘ 3.4“_5‘) JZJ“‘J.%\ L “;)":'Lfa aJ\i.J q Jg.&
J:".’.\fg‘ 450 Vo VJ"BM &/-“v-:v ol Cw‘ 6&1@.&‘ Jlﬁ) let'.b) DL C,v.u‘ oJJS U‘:ﬂ J:d”‘)_e\
Bl ez Ve 5 Ve lacd & S S5 e S0l b
2000
1800
1600
1400
1200
1000
800
600

400 7
200 |
0

KN/MY) 52 o b

33 34 35 36 37 38 39 40
(433) 0 ol Jls SISl 4515

Sb wl el sl SWavl &1y Sleii als b cub b Ol A K3
wosd Glr 38 il il laGes 55 g b o b Sl e 1SS s
Sl rorer el el ols 0L O Jsdr Gk (sl il Ll L
2 P AS WA o sass 05 9 4 YV asl fals sl Skol 4l Lo lals
oA Sk b b e sl 38 Ges IRl Ll el salinad CaSe e
b b il as s Ve V_Q)La i S Cedyml 3Ly sl ges 53 il 03 S iy

b b sl glacgd o spls am s Y Ve glac ol 4l 65 e b



14 spdoe slial g o (VL 50 ey 4 cnd s s (8 2 sl o b

sl cul (ol S uly w53 S Gl Soles Al Cdew g0k
il s St Sl gy il dile Jelye 4 a5 L sl b b sl Sl
B g Sl 25 Gas
Sl 258 Vb Cils GbaGas 53 b S b Sl s 0V Jsd s
et bl eled L3 o sk sy sl il sblps b placd
5 Sslie gdu e e Sl Ol ksl Gl 3gdoes Sl sV Gas Ol i

el 0 Al (65 51 slag 5 s Sosls

4000
3500
= 3000
‘s 2500
2
3 2000
:E 1500
z
X
~ 1000
|
500 |
0
1 15 2 25 3
H,/B
555 Cewsimly Gos Ol il s 6,0k S b Ol s N IS
3585 SV Gos S pl 23 60k b b S ek V J g
B HJ/B=1 H.B=y H./B=¥
Ve \YAY/EA \¥A0/Y \YAAIVE
Yo© AV E/VY A/ Y0 LAEVARY
Ye© /e /Y Tee/en

Vo ml cnd bands s Bl U0 Soles gl 58 V) IS s

555 OBl 3wl Sl slalls ol 0l esls LS a3 Vo sV
Shls sl sl 53 5 e Jldde o 5 i shyls cawsVL 5 S 5 sl
o2 e SeeS slaly s B (Sl GOl el St e 5 i
Lol S s cl Sldie op 5 i shls cwndVWL 58 slgsl 5o DR 3
Sl el SILLL Cawapml s cendVU 58 GlbI S g S SelS



WA Sle ) et eanjler Ao (bign bt & 50 \'z

arenS S b5 sdasolis (Soileiw g0l Ol i 83 gdoee 555 o0 M

J‘)\JA.LpL&ngjc j@.\ﬁ@w;.ﬁjw U‘i‘ RGO IS

453 T sl et 3 (B (05 @36 () (Sl glablde 55815 MY JS3

bf‘,ﬁéu‘}})ﬂbl{e-\ﬁi S dd @h’a 2..,.3\.&
et S s Sl S b e Gl By me Dlide e B (8 Slosl s
Lol KK bl sVl 5 sl sy W oy cpl sled 3 ol 552
flie Gl esninl 5 tes SIS G0 w5 s cansVl b Jol il w4y
2wl s el B il i et Bpo iy sl b ol ey
b fgy 5 gl s (g Dol st el sla sy b olgly s
or eekn gla S5y s § s Gl wld dea ol sl anslie aasiio
odd ~Olol Sl Sawl &gl hls edd eslanal St ol ) Jgds b illae i
.gwlcf,uﬁyxsji:sv\ uﬁj@b}j}}wcu‘ Loly a3 TV
spdoms el iy boedd Gl i Sl Jols @l e el A Jsde
al 53 e eslatal (G e 5 awds (Gl ol o3l QLIS S sl Slrasls
L sdome el ot o G gl el o 1 i L alie S Sy
Al 3 s Sl gl sadoee sl s mI ) SN 08 (e ileag
.M\MUW;\}?\&),@&;\&W
areia glrals Jlasl b lialy ol 55 das jed amet 1y (g Ll ool 4l



\A sdows eliarl (g ook (VL 50 ) 4 e 53 s )15 o ok S b

Qﬁ\ﬁM&S‘\Y IS5 a5 bl sl eals OLES ays Ve cwsYL 5 T
ol o e P S O
(KN/M') gl il 500 sl g5 b golgig ooy gl dmlie A Jpitr

sl s il A, olgdy S
“ * (ees) (st o e g o)
)0 A\ \¥En YFAO/
Ye© D AT AT
Yo Yoo ol Y
0.000
-0.002
E -0.004
3
B -0.006
1{
N 0.008
§ =U.
-0.010
-0.012
-800 -600 -400 -200 0

CasVb g ¥ sl ol (sl ey 40l WL alralr—bb S goce Y e
AN

V] Ggm e st ol sla i, b odd il sy gl amglie )Y JS3 s

[0 5k oss oo 4 8 s Jolod bl il sl s [0] 75050 5 [V] 7 il
Tl o3 4 Sl e 5y Sl 2 0l w5 S es g mhae 5 Jsb RalS
Moy Al o asienS 035 mlaw 18l el 0l b b alSan slag 5o

1. Meyerhof
2. Hansen
3. Bowels



WA Sl Vil (easslem Al ¢ pudign elid e 23 \Al

Sl Gasa Cand (V44Y) 5L 5 (VA0V) Goga e gy awds Sole 5 S Ll
NG RCSERUV VRPICIUED | PRS2 | P SR W
el 03 S s et s ols g Sl S b i [V il
s Agly Oog i ks L1 Liasa Caws (VAVE) oils iy, ks ol
RS PR W PE N CRNICIR [P EFAPC g VPR L RC WA
e sl Jal By g el 4B S Do udls ) zE s Job ml
Congml ot S o3 i s el Sl Sl o e s (oS

sl 4 S s
1600

O (CSESS il o i) ol &Ll g,

1400
(V20Y) o Lo
%? 1200 AV ) il
= 1000 | (32Y) sk
N
Y
T o0
zZ
< 600
400
200
10 15 20 25 30 35

(4 )3) o3 oy b 5l
G dala b 5, b gl 00 sl Sed B Alie MY IS
J:JJM. i dwla B g_éw‘ﬂojv\f« LMLA)L_B}AJ{LA 6‘.&9&))0,:.:;_5%\
‘J.ulﬁ.u;,)guuqfﬁuu;ww&.wlauué;ww&aﬁqs&w
Wdue;bg)}mww&wuJ\..»:L@Lflt.aw&uo;)‘aswtb)
MCMJ_}AJ.:LA J“’}) 4.}).;:‘5& e.l.;.) \Vg}g).} ASQL% C_,.w‘ wjfjb)b ‘)L}g’:

e 3b5 sbles oo sl Gy sl sdd Ahl B, a4 g5t Sy b as, sl

1. Prandtl



\Al spdoe slial g o (VL 50 ey 4 cnd s s (8 2 sl o b

N T S T N T T S T S CH IR VN NES T RPJUR RGOV - S R
Dl b gy b 5l 568 e By ol 5o Sl S B lRe 5 035 4l S alable
Slakad (gu> Bt e sl gl Jed e B e aslie VEISE s
a3l FeS Lol el &) hy, ol b S o deasiin b g, 5 Clo
ol o) s 0L 1 D] OLes 5 0Ll ek oo Sl i L
T sl o Slaksd Sl e (5,8 a0 s Sl s S1E (IS5l bl
Lo S osliznl bg S (gludngy b 2 gdoes el (i Lo g 51 V] 0L SGs
SN OLan 5 gl sy 53 el o Ll oy 3l el A ek ol b
S $os8 Jlesl sas il s ool (i o by 50 5 VL Se Ay 50 o
ol ok Sl s gl 51 S (FOA) OLKan 5 ol el s oot by

1800
1600 | T (LA s ) el S )
1
Y 1400 G o a5 ((18A0) UL 5 01l
}. 1200 Dl g, (VAR OLea 5 plal 3
3
% 1000 st
£ 800 e~
=z \
X
~ 600 Ty
400
200
10 15 20 25 30 35

(4253) Cows ol o 0515
aasiio b fg; 5 g Jdou sl B, b golgin o) Al NE IS
st Sl 53 o 6l b b caiie bgas 5w [VIOLISes 5TplT S
w8 s o ol ) Sl g Aol alie gl Lles S a1 glails S L
S palie axa Ve 5 Y el blss s (M) UL 5 plal S0 5y ol sl

s e Ol el Sl g sas Cond 1) (6508 0k b A T Al s

1. Saran
2. Raj
3. Graham



AR 5l ) ylat sl dlor ¢ i gl 3 20 \'23

.))‘} I 4.:‘)‘ u;:jjm Léu;:j) ﬂb@Wdﬁ&y é)jw.b# UL})
uj:‘))kg W(\Q/\/\> Q\)K‘@j¢u\)§j (\ak/\ak) Q\)K&A}Q‘)L«a ufuj‘) Lw A Q)Uﬁ
(Y'\A) Q‘)KAA} Cb U:JJJ dwla L g:,..w\ gL..»z\Jbg_,\.:.; Z.ijb QJ}J,&.& T8 v 4:“)\

& S oms

il gl oS Son cud oo e Ul8 g gl Sl b G ol o
J= s e letig oo A L)) st (Sledi S50 L o sds
358 a5 ot hsly Skl o bt b S0 4 0T VL
Sb b b sy S el Pl Sasl Ll Dl 5 sVl 5 el
sl oS )

b s it b Sl 355 e s ol SRl ol s b
OB L el (6l b B e (s ol ot SR L &S sbas il (0L
5355 Cemaimly 5l GlaGas 53l e S Iy Al 0l b b il Gas
eV e ol a b b B Ll L, (S SIasl sl gLl s e
B OV FICIN TSP JCH JUUFCSCION I SN WPPST (LR TP NUSU JPURCIN
2l b el by eS

o SOkl i 53 60k Cd b il sl e bl 05 S SSE S L
0L b s e S S sl Gl e S s ol 6 ST Ty RalS el
I 3l el sl ol e ) S ol e Jelo a5 O sl
S 5 S sS slaghe n oldlblal 055 S S L A S 8 s e
sl ol ol o SKan S S

Sydowe slpl (= S sy cedd s s S gl bl @l:..} Lol
el plralr ssdoee el 5 i dold Glal) Sl 65 e sl S b
O 8 0A s LSJS(,S p3lie edd &l gy ol s Bl 51 oYL ds g il esls
S gl o (595 31 pwlids 5 Sl ools amn Ll Slakd i L
Sro Sk Sbb (e ilaane b ossdee el i Jls i)y 5o Ll



Vo spdoe slial g o (VL 50 ey 4 cnd s s (8 2 sl o b

bohs fga Cad oleldn Sy Gl el ol by S gileae 4 s
SAo p3le Sl 50 Ghlas 03 5 5pS ol Slo s SeS hils) s arsia
el onls QLS (g0l b bl

@\;.o

1. Das B. M., "Shallow foundations bearing capacity and settlement”, 3th
Ed., Taylor & Francis Group, 6000 Broken Sound Parkway NW (2017)
170-182.

2. Meyerhof G. G., "The ultimate bearing capacity of foundations on
slopes”, IV Int. Conf. Soil Mech. Found. Eng., 1, London, England,
(1957) 384-399.

3. Hansen J. B., "A revised and Extended Formula for Bearing Capacity",
Bulletin 28, Copenhagen: Danish Geotechnical Institute (1970).

4. Narita K., Yamaguchi, H., "Bearing capacity analysis of foundations on
slopes by use of log-spiral sliding surfaces", Soils Foundation, 30(3),
(1990) 144-152.

5. Bowles J. E., "Foundation analysis and design"”, 5th Ed., Elsevier,
McGraw-Hill, Singapore (1997) 258-263.

6. Sokolovski V. V., "Statics of granular media", Butterworth Scientific
Publications, London (1960).

7. Graham J., Andrews M., Shields D. H., "Stress characteristics for
shallow footings in cohesionless slopes”, Canadian Geotech. J, Vol. 25,
2 (1988) 238-249.

8. Kumar J.,, Mohan Rao V. B. K., "Seismic bearing capacity of
foundations on slopes", Geotechnique, VVol. 53, 3 (2003) 347-361.

9. Davis E. H., Booker J. R., "Some adaptations of classical plasticity
theory for soil stability problems™, Proceedings of the Symposium on
the Role of Plasticity in Soil Mechanics, A.C. Palmer, Cambridge
University, Cambridge, UK, (1973) 24-41.



WA Sl Vil (easslem Al ¢ pudign elid e 23 va

10. Kusakabe O., Kimura T., Yamaguchi H., "Bearing capacity of slopes
under strip loads on the top surface", Soils Foundation, Vol. 21, 4
(1981) 29-40.

11. Saran S., Sud V. K., Handa S. C., "Bearing capacity of footings
adjacent to slopes", J. Geotech. Eng., Vol. 115, 4 (1989) 553.

12. Michalowski R. L., "Three-dimensional analysis of locally loaded
slopes"”, Géotechnique, Vol. 39, 1 (1989) 27-38.

13. Farzaneh O., Askari F., Ganjian N., "Three dimensional stability
analysis of convex slopes in plan view", Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, Vol. 134, 8 (2008) 1192-1200.

14. Lysmer J., "Limit analysis of plane problems in soil mechanics", J. Soil
Mechanics Foundation Division, ASCE, Vol. 96 (1970) 1311-1334.

15. Shiau J. S., Merifield R. S., Lyamin A. V., Sloan S. W., "Undrained
stability of footings on slopes"”, International Journal of Geomechanics,
ASCE, Vol. 11, 5 (2011) 381-390.

16. Mofidi J., Farzaneh O., Askari F., "Bearing Capacity of Strip Footings
near Slopes Using Lower Bound Limit Analysis”, Civil Engineering
Infrastructures Journal, Vol. 47, 1 (2014) 89-109.

17. Chen W. F., "Limit analysis and soil plasticity"”, Elsevier Science,
Amsterdam, Netherlands (1975) 399-445.

18. Duncan J. M., "State-of-the-art: Limit equilibrium and finite element
analysis of slopes”, J. Geotech. Eng., Vol. 1227 (1996) 577-596.

19. Michalowski R. L., "Stability charts for uniform slopes”, J. Geotech.
Geoenviron. Eng., Vol. 1284 (2002) 351-355.

20. Michalowski R. L., "Limit analysis and stability charts for 3D slope
failures”, Journal of Geotechnical and Geoenvironmental Engineering,
ASCE, Vol. 136, 4 (2010) 583-93.

21. Aminpoor M. M., Ghanbari A., "Design Charts for Yield Acceleration
and Seismic Displacement of Retaining Walls with Surcharge through



\a% spdoe slial g o (VL 50 ey 4 cnd s s (8 2 sl o b

Limit Analysis”, Structural Engineering and Mechanics, Vol .52, 6
(2014) 1225-1256.

22. Aminpour M. M., Maleki, M., Ghanbari A., "Investigation of the effect
of surcharge on behavior of soil slopes”, Geomechanics and
Engineering, Vol .13, 4 (2017) 653-669.

23. Aminpour M. M., Maleki, M., Ghanbari A., "Predicting Seismic
Permanent Displacement of Soil Walls under Surcharge Based on Limit
Analysis  Approach”, Earthquake Engineering and Engineering
Vibration, (Accepted, In Press).

24. Sloan S. W., "Upper bound limit analysis using finite elements and
linear programming”, Int. J. Numer. Analysis Meth. Geomech, Vol. 13
(1989) 263-282.

25.Yu H. S., Sloan S. W., "Upper—bound limit analysis of a rigid-plastic
body with frictional interfaces", Int. J. Mech.Sci., Vol. 36, 3 (1994) 219-
229.

26. Sloan S. W., Kleeman P. W., "Upper bound limit analysis using
discontinuous velocity fields”, Computer Methods in Applied
Mechanics and Engineering, Vol. 127 (1995) 293-314.

27. Lyamin A. V., Sloan S. W., "Upper bound limit analysis using linear
finite elements and nonlinear programming”, Int. J. Numer. Analyt.
Methods Geomech, Vol. 26, 2 (2002) 181-216.

28. Shiau S. H., Lyamin A. V., Sloan S. W., "Bearing capacity of a sand
layer on clay by finite element limit analysis", Can. Geotech. J., Vol. 40,
5 (2003) 900-915.

29. Hjiaj M., Lyamin A. V., Sloan S. W., "Bearing capacity of a cohesive-
frictional soil under non-eccentric inclined loading”, Comput. Geotech,
Vol. 31, 6 (2004) 491-516.

30. Hjiaj M., Lyamin A.V., Sloan S. W., "Numerical limit analysis
solutions for the bearing capacity factor Ng", Int. J. Solids Struct, Vol.
42 (2005) 1681-1704.



WA Sl Vil (easslem Al ¢ pudign elid e 23 YA

31. Kumar J., Bhattacharya P., "Bearing capacity of interfering multiple
strip footings by using lower bound finite elements limit analysis",
Computers and Geotechnics, Vol. 37 (2010) 731-736.

32. Sloan S. W., "Geotechnical stability analysis", Géotechnique, Vol. 63, 7
(2013) 531-572.

33. Shiau J. S., Merifield R. S., Lyamin A. V., Sloan S. W., "Undrained
stability of footings on slopes”, International Journal of Geomechanics,
Vol. 11, 5 (2011) 381-390.

34. Yang X., Chi S., "Upper bound finite element analysis of slope stability
using a nonlinear failure criterion", Computers and Geotechnics, Vol. 54
(2013) 185-191.

35. Tschuchnigg F., Schweiger H. F., Sloan S. W., "Slope stability analysis
by means of finite element limit analysis and finite element strength
reduction techniques. Part I: Numerical studies considering non-
associated plasticity", Computers and Geotechnics, Vol. 70 (2015) 169-
177.

36. Raj D., Singh Y., Shukla S. K., "Seismic Bearing Capacity of Strip
Foundation Embedded in c-¢ Soil Slope", International Journal of
Geomechanics, Vol. 18, 7 (2018) 1-16.

37. Griva I, Nash SG, Sofer A., "Linear and nonlinear optimization.
Society for industrial and applied mathematics”, George Mason
University, Fairfax, Virginia (2009).



