VAR Sl 5 5l V osled ol Mo s pmtige (omlidipme 0 35 vy

R G oy s S Jlad 55

| PVITIREN PP [ Y R Y LM X rsoblaaal as
Oloee (pudige 85 S
Ahmadabadi.m@ gmail.com
Oloae (oudige 858 alae a3 ol 1 ,u8 e
ISARVAO- I MATE <85 15,6
:e.)._&

5 SWasl sk s bl slaylns Kbl Jld 5L a5 5 floes i ol s
a3 ot Lyl nl 53 el ok @l a5 550 Skl sk SSLE (iman
oS o8 Gl g Dol SWoles gle ol Sl BB e 4 s
b s el ol slgily OV b gn Bl Dlala s Sles s pmaen 5 Slee
Ol G o) el el b aglie Oliims e odd &1l lals, ol b Jols
oS hsls 5 olms 2l s s el B (ol wda b Ll lakad b, oS das e
sl s s S Cilises lal i gl oy ol SUT ed sl s w0 | (SeenS
Sy el e Al Sl (Sl Olps 5 S Sl Ll sl 26 5 50
G O Jeol e Vsa b sl 0,8 s els Sse 4l Dl ST Sl
i ey S g s a5 bl Sl sl S Jl L s B Sl
Die s ol i) s Sl Soml i dmly A e 5 ool a2
el 00 &) gl b L le slaslges 3ol s dalons (gl e 5e b

Sl - et Sbe il Sl iy (St b L ble s Bl s tsbdS glaesls



Yvie VAR Sl 5 5l V osled o)l M s pdige (pulidipme 0 35

PRV
el ST 85 pign 55 Sl Sl o Sl Bl slal s s Jled HLis dl=s
SnS 058 gl mmmen 5 Slms s S s s duln W6 slaslas Gl
o b (1857) (Sl sl ol el 055 4 sk 5 lails slaS s Jl o
B L Sl SoenS o5 SO1 55 Ly Jlps 5 S Sasl Ll 5l ks
sl s 5B Gl sln L LS T sl bl osle e 45+0/2 Jslae sl 15
03,5 araloes 1y 5lps r 5,0s 5Lid S b e gl OW) 'CylS pimen
!
Sl OW) Cals = 51 aslizad L (18Y1) PSSl 5 " sisisze (1474)" sl
sl 1y s oals Jlad LLEs ¢ St 86 St 55 a5 Sobalad Ll s
G50 0> SeaS 85 hsly e gl ladul, (VAVA) LIS oo cpizes Liles S
b B slaslps sl b Sl w8 (70F) "y Gl 8 Sl ISyl 5 Rshsisn
WLgd Ll edul s K3 4 oS Il s Lo g bl glayles J= cpl b s S sy
Jsls iy 3l eslizad b (Y0 A) Y 58 ool s Bl g Qe 4 55 3550 S5k
sl &1 oy J cpl bl 03 S a5 blo 5l 3505 Jlad HLis arlows 4 (s>
058 dusly 5 Al G i Joee OF 3 5 ol o3 glails bS5l b s s ol
S Dol (o5 Lo Dol oy 3l sk opl (gl sl ol s o SRS
ol slgig iy sl el bl sl exlanal 81 Slakad g 3l eamen 5 0sS
Sl ln o o 5 (S8 o8 Lsls Jld JLis w35 5 duln Ol e
Fodaly @B e 4 Sl s oot bl opl s sl s 4 bl slajlgs
oo Sl mmen 5 Gl SeS oS gy s Dol Vsl gl o

oladasd L)QJJASMJ@ Qud@uﬂ‘ @L‘J.WHM >%Qﬁm‘y}nﬁjzdb‘ Solalas

\.Coulomb Y.Matsuo Y.Mononobe ¥.Okabe
8.Chang 7.Ghosh



b slaslgs 2 @ols sl 5 (AU (St JLs L8 yvo

Z

Cowd 1) (RS o8 L5155 Sl o)ls JLid s el 36 by s L il
Bly el 530 5 305 b Sl 5 St cilie Lyl s sl iy onl 8SOT s 351
ol Sl oles Sty ey ot sy (S St les 5 S Sl
DLad s Bl Dladad a5l ol OaVse b slos 38 R s el s
Lol Al Jon 5l b 0l ey p S g 00 a3 Ll Sl sl S1 Jld

6bd:w&}jjwb|ﬁ&b6hj|ﬁ:&bd
);W\V:uém)@w)lﬁ;w;jue Of ;2 a8\ s pllas bile (55050
JJ[&A)'ﬁ)fJ)A& éb‘)b)‘ﬁ}jbﬂ} LS}):" Z._:_\ijSJ}JL;A u.ﬁjﬁ b}& M;Jlé.:
L oo S oS dmis 5 3L (D) OF o sses e 5 s o Shaul Lsl;

il o 1y B asly

2P St o S 53 g, dol N S

Il bl gt o g ABC oS sl 5 oy, Jols oS S50 2
1 cos (8 + B)cos(6 + a)sin (B — ¢) o)
2 cos? @sin(90+ 5 -0 — B+ ¢)sin(B - )

1
Pa:Eﬂ-IzKa, )

di e aS

cos(@+ B)cos(6 + a)sin(B - @)
cos? @sin(90+ 5 — 0 — S+ ¢)sin(f - )

Ka,(B)= ™)



yva WAL DLl 5 5le Y ooled cpylgr Mo s pudige (ol 4 23

Aol s edd 4 S gie By cond (V) daly 5l &S o0 s ool Skl Lyl 2
&T@Mbb‘)ﬁ)&b&bdb)‘ﬁ)d‘jMoﬁ&i}b ‘Jﬂf)‘)}

AB*.,/A(1+ AB)(B-C)
C+ABC-B

(¢)

B =¢+ Arctan
:OTJQAS
A=tan(d—a) B=tan( ¢+ 9) C=tan( @ —9)
Ji‘;ui‘)) ) ol ‘U‘b‘ (""B)\ﬁbb&lﬂ)\ﬁg JL‘.‘)JL:J \-AJ”J&CMJY‘}&&)J
o3 &S &S0k ol odd Ll a3 YO U s 0 bl ol p dle JLid ol o

ol o Sl s SWausl asl5 5 S ke Gy Ayl 555 e

0.9
*0=2

0.8 s
mo=2

0.7 0

S b LS g s Y S

Ka,/ Ka

0.6 ?:1 S ol 6‘.1‘3} &5|ﬁ VSU )‘_,.1.5 “ JJ_LG
co= il Js
0.5 8 1 L;\,
0.4 K65
0.3
&
z :g;m 460
! A5 165
< =
g 505
.;; 3 LEE10
i o
& & [ [:H
's o
5 Bl ne2
S Dy |
< < 2 % ] ¥ "

20 bl El % Ll

Angle of internal friction(¢, degrees) Angle of internal friction(¢,degrees)



e sl 1 615 Sl 3 (26 Sl b LS \AA4

e ]
g B
£, PRI 060
o ’ : \
H .'/’_;-_//("l*5 3 N T
3 D B0 3 P
AU= ; + 1 _
57 1 =15 5 i
B s §6=20 € |
° i

2 5 1 50
& g
<C 4 - k3 l

) % Kl % [ 2 5 kS kS 4

Angle of internal friction($,degrees) Angle of internal friction(¢,degrees)
Sl Sl gblss lp les g dol gl p lgs Ksend o8 405 ¥ ISS

s

s §lp (SosenS o8 4l 5=A¢ oAl (8) daly gls Y IS s
ot a ol asiia § S 3 oS Olor el et esls 0L Gl slacad U
5 hey e e e 4 ol d 5 Ll e alS Sl sl SLAS Al e 1581 Sl
Ao $FS Slles o Dles p o2l Sl Wil Sk Jot SKasl Ll e
Sl 5505 Lol b bl s sols L5 58S Wy £ IS 3 eimeed o
el e a3ls L2 S sl

07
06 |~
\
05 ~
™
0.4 ™ N
b N AN —h=10
- S N\ .
E o3 ~ N =20
\ \ th=30
0.2 . \ ®
O\
0.1
o \;A
20 40 60 80 100

-0.1

Angle of wall {8, Degrees)

S p Jo s Sl &l5 Al b bl slaylgs Jlad jLad s o 2ol Ky, L |G



YYA VAR Sl 5 5l V osled o)l M s pdige (pulidipme 0 35

Inclined
Retaining Wall
~a

Ma;Jbu‘gﬁ Jaw.oJS:.
B ok SEL 8

S esle slaslgs sl slid 5 KenS o Lol 5o Sl S ey p ke &
UMI:);LC))M Q‘.’.‘)é el ol ¢>l>)lJ5)\)i; Q.J)\d :X.L.al.ém_o Jg‘:'d‘l']‘"q u.]a?
e jlad ales <l 3 Ay Sl cily St s S8 o8 gl dols SV¥sles
T e st Skl S s S
1
Pa = | 3 B+ 4|1 (8) o
b x5 5 e 8(B) 5 f(B) pls ol s s

_ sin (8 - ¢)
TB) =G0 -6+7-F+9) o
cos (@ + B)sin(90 + @+ ) cos (6 + B)cos (8 + a)
cos > @sin (B —a) ~ cos’Osin(8-a)

g(B)= Or)

(V8) daly 3,8 53 Jho pln g edd b S Gute Ba cond (1)) el 51 S 550
bl e sy Sl s s b bl sl (oS oS Lsls Al (51
oo bl oY s sl s w1y (S 058 bl it [ gbay dlaly opl -

ppdeslinad B=0 Wyl 555l el e i ol sl s 8 o a5 ae

)#’B —q
— |DE(IG-A ICIMD—- KE)|=—-|GE+CM
2(Flm2[ ( O)+1C( B)] Ez[ +CM| ()

LT e Cowsa ) Jstr 31 08) Gsles ol



b slaslgs 2 @ols sl 5 (AU (St JLs L8

Yva

(18) Gdsle ol o N g

e Lyls, e Lyls,
A sin(@ — ) F cos(8)
B cos(8+ ) G cos(f3 —¢)
C sin(f — @) [ cos(6@+ )
D sin(ff—a) K cos(f—a)
E cos(0—0+ f—9) M sin(@ -3+ - 9)

S sl s Slasl dgly il b (S o8 Ll Sl L, 1 K8 s

Spd gm0 dss oS &S 0lan sl ol o3ls OLES HU e s 5 b S 53 3 (520 VSl

Dl 355 53 S e slajls g bl ol o asls OLES Lo Slses syl 5LE3 s

4 Sl Gl Bl s 3 B sy 3l LSS S5 38 I SeS

el Y 5 S s sane

0=10°, 8=2¢/3, y=20 kN/m’, H=10m, 6=20°, q=50 kN/m’
65
g 0
Q=
gu 60 1 kN/m2
L I
- - *
& 55 | a5 = q=50
s am il kN/m2
o L} >
o e o
dg) 50 e " . q=150
5 T kN/m2
— " e
= LI 2
ER
b T e
[} *
) 40
c
<
35 T T T
20 25 30 35 40
Angle of Internal friction (¢, Degrees)

Sl sk 5 b Sl 03 Gl p P RIBILB Bl aig, N S



VAL WAL DLl 5 5le Y ooled cpylgr Mo s pudige (ol 4 23

(a) (b)
500
300
450
250 \ 6=0
— =30
400 ot
200
$=35
_\— .
£350
£150 ous < outs

300
100 \
— peas

250
50

200

1 4] Q0.5 1 1.5 2
d/H ’ d/H

Sl Sl asly (D) Leis b ole Slms 5,05 5Lis 5s bw ol L5b v S
)lﬁ.:gfvfi:(C) S

UbJ.:l;J BL) aalaiwl )90 J‘ﬁb Slasein Y d}.\’

S bl O3 s 3l gl St “5l S
BLP 5 e Sl et das P S SKhel
55 (3 S s e e () A S

B SR P BT (4253 (=r (ax,3)

(gr (oS (ax)3)
100 20 20 20 20 10 0 30-45 (b)
100 20 20 20 0-20 10 0 30 (c)

A Slad iy, elul bl sla,lgs oo

:V-'.‘)b (Y) Cooond DL [ 4:\‘)\ 6\.&4.:‘.&)3 éJUG.A

gy
A Inclined

Retaining Wall

i quM;ﬁMAJ&&
J;_L»‘sLAJI_,ga)a




Bl syl 2 65055 5l 3l B Sleal b LS

Vi Xl :
1 j Xai Xa3i
Hi =
i
. I
Si hx 9:
|
I
1
J;“’ 4 p
L b=—"
X4
Hi+1
".
Xyitg =
B

i andad 55 lag s doles A IS
sl S .w‘oﬁwﬁ&‘@wQM@ﬁ&b)\ﬁ)&d\ﬂ/\ﬁ))
DOl sl N ol Sladas

=t (Vo)
n

1

T e et 3 Jaulg 319 K 55 el 03ls OLES ol s ¢ Slilie Loy, el

. - jzl h O

" tan (B)
X, ={i hj}tan ®)
2, N

j=i+l

X1, = tan (ﬁ)
_ @) (\4)

" tan B
X, = h(i)tan 6

(V)

(Y+)

.)MJL;« Cawdts o Jalyy 5l asked 8 035 5 X dsls ¢ yuizean

X, =x1 +x2i_x3,._x4i (V)
' 2 2 4 4

W, :{(Xli — X, — X;3) +0.5(X;, +X4i)}hi7i

(¥v)



VAY VPAS s 5 ke ) eolacd ol o, piige (olidines 4 25

‘QJLAJK«AQJJG‘)\L;/\:J)UG ‘EJ\)J‘MJAL;J)J"(‘/[)V;BMdgjjiwbwd\f
Glaly 5l il o5 31 daki a3 w6 L OF olid s o el 03 slis (194Y)

LT e sty 3

V. =y, - tanh(au + b) (YY)
COW I PYREN I (PP
u, = L (¥¢)
<;
V3 2K,
a—2tan(5—6’)log( m) (YO)
K +K
b= (log —4—2%)/2 (V)
(gK;_KJ

@\,:.cm\hJ&;L;{Um,la;wydaﬁwz;;u,gldjbwuxvp@b;,;

Jﬁ&gﬂ{_ﬁﬁ‘)@)}»&‘b Ka)Ka
2

T
in( —— 6 —
sin( > Q)

K, = (Yv)
cos( @) + \/cos( 8 ) cos( %— 6 —@)sin ¢
K, =tan?(45 -2
“ an ~( 2) (YA)
Z
e
e _Sl_
a, Mot pahv 595 2 @8 A5 miS N JSS
Yz
Jr
K2
z Kg_
LI -3
e

V. Segrestin



b slaslgs 2 @ols sl 5 (AU (St JLs L8 VAY

MKJLPQy}PuMHIAL;‘f tf';f QA}L}J{J}LA}J:JJJLQQYAW&L)JL
a b0 550 O geY g0 3 SN ez 5 Ve (F) Jsd ol el g sy aliee

ol 0 &1 Lz

A Oladad g, OV g g OVsles slaas ¥ Jgd

Y g sles Yslas sldes
H, n Y F =0 "
N, n Z F, = n
S, " DM, = "
P, n S, =N, tan¢ n
----------------- 4n 4n

Wl 53 Vsl
ZFX =0—— H,—H,, +S,cosff—N,sinff+ P, cosdcosd+ P sind Q)

ZF s =0——V 4V, —W +S, sinf+N, cosf—F, cosdsind+P, sir -

ZMO =0—VX, +V,, X, -WX; + M _M X Zhj+ﬁ +H
’ " ' [sing,  cosd j==i 2 ™)

Siz[Nitan ¢+Cli]

¥v)
l,=h,/sin B o)
3 g axkad a5l ool s Pi wa.‘f.JSP
P = Z P, (¥¢)
i=1

035 ek el (550 V0 Sl G sln s oy sl il S e 5 SenlS

S5 5 e et &l A VY IS s ol el esls OLESVE BYY sl S



YAt YWAS Bl 5 ol ) o)l pler b s punbige (ulid e 4 25

S s oml S il S50 S Joe 5 A AalpE 50S s sl il
b gl Ky wlie Gy, S A Sawl Ll GBI LTY IS s a8 e
S ol Cl el -\t IS s el Slesl oS a8 Ol by Sl
Goe il Rl (Sbewr a8 ramas 5350 Ul 3ls LIS el Cel S
syls Jles Sl tdsr ‘51.&6[5-):45&_“\}5544’?)\? D50 P S et oS S

Cfmﬂ‘ﬂj\f)‘ﬁs 6Yb4ﬁ)))‘ﬁ)ﬁ

Inclined wall

¥ J"”"d’fé’ﬂ@b}'“p
g ;|J’“-9Jf\'°a‘|ﬁ'=
c

y=20 KN/m2,6=2/3¢, p=30,H=10 m,a=0

o]

-1

-2
— 8=20

-3
— 6=15

N e

Height of wall (meters )

a5 =

0 20 40 60 80 100 120 140
Ac tive earth pres s ure (kN/m2)

HSM di_g) ‘5|j. &L«ﬂﬁé%%}‘} Qlﬂ.;'u" ‘5|ﬁui‘..'$@j‘,3'.\" JSJ’A



Jb slaslas ol b 5l (AU (Sbal dld L VAo

y=20 KN/m2,6=2/3¢, 6=10,H=10 m,a=0

Height of wall ([meters )
IS
7Z
).
L

0 10 20 30 40 50 60 70 80
Ac tive earth pres s ure (kN/m2)

y=20 KN/m2,5=2/3¢,b=30,0=10,H=10 m,a=0

/2 — =0
o /4N
AN
T:g; :\\ \ — =20
NN
g NN
i} o SN N
5 \ \\
10 \\

Active earth pressure (kN/m2)
HSM U:'-’J ‘5|Jg S L;J}—...? Q'maﬁ' ‘s‘fﬂéjj R¥3 JSJ
BE) chia LS‘J‘. ol CJ}UA& J..J @))3 C).: O e )‘j‘.’.b 2 3)‘} 6}ﬂ3 JJ‘ J;u



YAl VAR Sl 5 5l V osled o)l M s pdige (pulidipme 0 35

L}'«'L‘ ‘_;Lh)\ﬁb (.;\J" Lol -5_5—‘-:'@ )‘ﬁ) C,VU L )\ﬁ} B ab)b (_5};:-’ ‘,—'\ JN 3 ol

i{picos(5+0)x[ihj+%]}=pacos(§+0)><zc (o)
i=1 J=i

n n hi

,Z::]{p,-X[]Z::!h,-+ bl 0

Z

c

pﬂ

Gty s gn p oo s 5 S S Ao

bocdisls 3,08 Lo e Gilr lajlps 5 Jlo Glassle el 5o Ll glajlss

S osliad b el i ol s Lled s g5 3550 FoS mimgsale mle 53 J ol
Sl (oS 058 hyls 5 b LS s oty (SennS oS gl i ol J sl
O S oS il Slakad s Gl e S & Sl 8L S S
Cwd 4 Sl poayly lis &5 Jals Vsl (i g b 5ol P 8l axkad (gsluas
OIS rass plo ml b ol ol olgdn Op¥pe b Como o p s shien el
S 558 e ol il edd ailie (sl Ll d s Bl 5 5B Glaglss Sl
Slp e dsls olil 5 A8 o) (SoneS 058 Al i moeen 5 ol 1 30
Lol w5 a5l sl ol Gzt s st po b (S o8
b alaly pl el s A L Gl laslns 5 ols s e bl s
Glr gl Walys S Bld s s 5 Sl SWhasl Lsl5 5 e it Ol
O Sl (sl 3 g g0 ail gy L g odal sty 5l 395 b (SeeS 058 sl Al
OAd s o Corge sl,m 55y a5 das e 0L C:L.J o el ol aslie L
oo S5l 5 S e Sl T 3 e 5o Sl sy Gl LS S
S das e DL GBS opl @l sde bralr OF el e b s b

)‘ J:'.L‘ 6u)‘ﬁ> » Sl Jl}ﬁ )L:..‘? @)jj céﬁ@ bJs.iJ V:L.é L;Lﬁ)ljf} BE AD:QT &JM?J.:



b slaslgs 2 @ols sl 5 (AU (St JLs L8 VAV

3ol s Sl AT (s Sl ahE cpl b 5 S e Cand e b e S
ol Aol s sl 5l ol gl s G 51 S0S
Ll ol 5l Jols sl o bl 5lss sl odd €Ll Jals) Como oo slaees
@ L OT 3l s et aslin (sl Ll 5 3 3B glasl s slp el w1 Ll L
53 el el plnil sl 5 sl ol Gl Jle s sl aS (Ye0A) oS e
LU S s bl s Sl el s edd szl sy 5> mlS s
Bgly 5 Sb Jlb HLad o ol OF 51 S ol s ol ol anglie Sty
Sl J ol bl glablie Loyi oslis Jiasy 3 8 00 Sl (S o8
el Gl Dol B 5l Soml S e 4 Bl Sladad B s Aol 55
03 el Sl sl SLS 58 alee 5o B Olalad 5, s 5l AL vkl
Sl 5 OW) CalS gl sy b olgndn sloins bt alie 15 0 sladsir
S (SnS 058 asly mizmen 5 blo Jlss sy S8 ol e gl (T00T)
;...U,;l@L:JVJ}Jqﬁ.mr.ma_g&;}JPJ{B%JEQ))SJA@LS.QMM
(Yo M) S sy o S0 g5 55 b algnig has 55 hle sles sty b JLd
s g O elia jpalie 5 s oal el sad LI 0AEA) T 2 S 5 T SIS
23 CL.:LJS_eI Sladas 3, @L"’ ok S 3 G s Gl 4 dadr o
el ok aglin (Y0F) Sl ol imensn 5 (0887) (5 5 ol sy 03 1)
ol b ediles S il lps s St b SLaS s sl plie S 5 S e pss an
ﬁ@u)\;rsa,?,suu&Qﬁgawuuu;”ﬁwaﬁzwbﬁmdu

.Cm«‘ﬁ) Jv})

V. Caquot Y. Kerisel Y. Das ¥. Puri



YAA VAR Sl 5 5l V osled o)l M s pdige (pulidipme 0 35

(S wa‘g dﬁé‘ Solakad U.i'-‘g) :\....).L:u £ J}v\’

LEM: Proposed Method (Based on Limit equilibrium)

HSM: Proposed Method (Horizontal slice method)

a:0°,c=0,5=%¢

6=10 =15 0 =20
K B8 Z K S Z K, B Z

a c a a

¢=30 _LEM 2317 5216 3.33 .2022 50.16 3.33 .1743 48.10 3.33
HSM  .2309 50.75 2.08 .2033 489 1.81 .1806 47.3 1.48

¢=35 _LEM .1804 55.09 3.33 .1522 53.07 3.33 .1259 50.99 3.33
HSM  .1856 54 2.064 .1615 52.2 175 .1394 50.55 1.47

LEM .1386 58 3.33 .1124 55.95 3.33 .0884 .5384 3.33
HSM 1473 57.25  2.05 1254 554 174 1050 53.6 1.47
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LEM: Proposed Method (Based on Limit equilibrium)
HSM: Proposed Method (Horizontal slice method)

Coulomb: Coulomb (1776)

Chang (2003) Chang:

a:0°,c:0,5=%¢,9=0

LEM HSM Coulomb Chang
®=20 4379 4396 4379 4261
»=25 .3608 .3622 .3608 .3456
®=30 .2973 .2985 .2973 .2793
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LEM: Proposed Method (Based on Limit equilibrium)
HSM: Proposed Method (Horizontal slice method)

Coulomb: Coulomb (1776)

Chang(2003) :Chang

@=0",c=0,6=29,0=0

LEM HSM Coulomb Chang
0=20 50 50 50 50
O=25 53 53 53 53

®=30 55 53 56 56
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LEM: Proposed Method (Based on Limit equilibrium)
HSM: Proposed Method (Horizontal slice method)

PG:Priyanka Ghosh(2008)

C-K:Caquot and Kerisel(1948)

a=0",c=0,60 =10

5 LEM HSM PG cK
0 432 400 433 420
=20 0 360 359 360 370
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¢=40 [ 141 142 142 .150
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HSM: Proposed Method (Horizontal slice method)
Chang (2003) :Chang

P: Das and Puri (1996)-D
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¢ (kN/m?) D-P Chang HSM
P, 443 440 446
c=0
50 51 51
10 P, 314 313 318
i 50.6 53 52.6
P, 190 187 190
c=20
B 50.6 54 53.7
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