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Active Earth Pressure on Retaining Walls Using Slip-line Method
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Abstract: The slip-line method is commonly used to solve the limit earth pressure on retaining walls, but to date, there are still a
number of problems which have not yet been solved. Based on the limit equilibrium theory, the backfill is considered to be an ideal e-
lastic-plastic material, which obeys the Mohr-Coulomb yield criterion, and is assumed to be an ideal continuous medium which is iso-
tropic, homogeneous and incompressible (or non-expansive). Various factors of influence are considered in the calculation model.
An elastic overburden is proposed as a replacement for traditional tension cracks. A new concept “stress singularity” and its stress
boundary conditions are introduced, and a statically determinate and solvable mathematical model for the limit equilibrium problem is
established without considering the stress-strain relationship of soil. The slip-line stress field in the plastic zone of the backfill is solved
by using the slip-line method, following which the active earth pressure on retaining walls and the soil reaction on slip surface are de-
rived. The geometric and mechanical similarity principle is first proposed by dimensionless analysis. The results show that the slip-line
solution to active earth pressure is generally always greater than or equal to Coulomb’s solution and coincides with Rankine’s solution
or the classical Coulomb'’s solution that satisfies the non-singularity conditions. Hencky's first and second theorems are not generally
applicable.
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Fig. 2 Mohr's stress circle at point P
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Fig. 3 Mohr's stress circle at point M
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Fig. 4 Mohr's stress circle at point N
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I JIET R A TR IR AT S R

T
>0
tan ¢(¢ )

py=C, +21,0,(p =0) (49)
BRI (40) (2N (49) 5 R HA 3 A
WREBCAIE, BT T — > 5e B JC R )
PR, PREER(x', v, p', 0) FRAMARALHT
R 2oV 137y, Al R FIRTH A 22 702K i o FUAs AL T

Pl = Coxp(26, tan @) —

BN TG T S a. B, . 8. 0y 1y Koms,
BB =00, XPRTF o, . 8. 7, 1,0 WX
(37) K= (38) , MUK Ak % L 1 37 ] % 4k Ry 52
PrIgReL N 1, ek (16) 58 p,, BUEE
i/l g <

q cos’B

cos °8

RIZ_R/Z
v M (50)

cos &
W a LM B IR L £ s 140 A vl 42 T =X
2

P. =v(H —h)p,+

pL=pu—m,tan§ —

~ 23
:7(H _h(i)r’B"’qCOS

cos @
ro=ryp=p —m tang (51)
SEBRI F13 0] B R A
o, =y(H —h)o',+qcos’B

ry =Tg

o, =y(H —h)o,+q cos’p
Ty =Y(H —h )T, (52)
Kb o/ o 7 WIS IE R I FIEY N T, A

o' =p —R' cos?26

o,=p +R'cos26
7'y = R’ sin 26 (53)
MRIELL EICE NI, KT E3h H kiR
AR RE R U] 7 2 AR R PR AT 3638 25 W) [R) A
Mo, By @, 8. m. m Moy S, ML L
AL, ARRLRECH P (H —h,) Z HAE; X TAH
IFil RS T A0 o 14 T A1 B 10 T3 AL, R 70 2% ¢

wﬁﬁﬁmm,zﬂigﬁﬁgmzagfgﬁww,
RIS y(H —h,) 2 {5320+ IF Sk
J:q(H—h)—5B =anml, M EECN T 5

sin « cos &
(H_hU)Z Z[:B{Eo Z:XﬁiIE%, ﬁﬁfﬁ@mﬁijo
1 c c,
1«“— [— —_—, :v =_ 2w @ u & r—
- '}’(H—h“) ‘ V(H_hn) 1
iy T AEBILT 3 Al
0

S 1 AP a. By @, 8. ¢’ c.
g AHAE, WIEAL S 2sAR L, mi HiER gy, E5)
TIESREE . B LIRS BR B =0, ¢q
>q, WAL, WAL T
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HEL 2. AWANER g<q,, WENJIUTH
AR TE SRR a, B, 0. 8. ¢ o M%.

Wi 3. BHFAREN a, B, @, 8. 9 m K
ns AHEE, WIERTHE SR ED A A5,

MRS X0, Y#0 B, tn] % e R 95 i
ok, MFLEEL X =Y =0 fiER, DL
HAh 0y y BUE E AR F a0k 25 8 55 DL L X
(42) . 2(43) Fsmic o Bim],

6 JLAFBI

T LA — S B S BT 4 R

H1: YHy=0, g=q,, A=w i}, HLF—
25

1) E3h SR A AR, BT LR RRR Y
OUA AT IRAL , — s B AT RS

2) I RECI XA 0 S8, B p. 6 ZbabAH
L, o B BIBL N HL,

3) NIX P BIHHL N EHLHMELET A S, Bk
BIEBL LW p. 0 (HAZE, o 8L X E IR e
&, b A, AR TR R

r =rexpl —tan (0 - 4,) ] (54)
VL P N 1 Dok IR Gk & X e N Y A A
flo FERIML, M A =aif, TXBKK—5KB W
B

4)Hencky 2 — & FUE H] o

5)Hencky % @ HURE2EH, (VT I KX
B IEBLA

oR

3

_OR. 1
AT ar cos @

W o RSLEIA R, AN ETT K OR, TERCE I
Jo = SOmBeA KR S &R

B2, ¥6=p=0, B=0, A=nif, AUT
—eZEis .

1) F5h LR Lt i

2) I Xa I X e ny 11, BT R Z ]
p REMAALIT 0 AT, o WL B L
NHZ

3) I XM BIHHANEHLHMALT A &, B
B LI p &M AT 0 A7E, o LN
BOK, [BL.0h A S R, X5 A==, IIXiR
el —5% B IBHL.

4)Hencky 2 — & FUE H] o

(55)

5)Hencky %% @ HIAE2EH, XBRF I IX
i B iR 22U (55) B E R,

NYFEH, A BAO0, WIBRES 4 g5 T
Ah, T LS,

B3 ¥a=n/2, =0, ¢, =0, §=0 i},
WY e, =c=0 H A=aif, RKICHHLHES G
WAMPECHE L3, ALITNEE:

1) E3h - R R &M .

2) T RS RN N, o LR
Ve

3) I IXiBAH—5% B IR LL,

4)Hencky 25— & HiE H .

5)Hencky & —EFAEH

S04 Ba=n/4+¢/2, B=0, c,=c, §=¢
W, HIEBLm S5 SGiRI8 J W EC L3, A
DI 458

) Fsh+ R R, 5% BC 1+
7153 A R E R

2) I XA XiB{E AR AB, bt AB 25—
% BB,

3) X MYER J13, o IERELEHN B IR LN
B

4)Hencky 55— & #id H] .

5)Hencky £ — & ARG H o

7 B

7.1 &A1

HPI+EE H=10 m, ¢, =c =0, ¢ =30°, HAfth
S8y, q. a. B. S IMOTHEER LR 1, A
AR R ES R J1 5 Sokolovskii (1965) Ay
LG, 246 =0 BRI 842 —3, 1Y 6 >0 BHA L
W2, Xk Sokolovskii (1965 ) 3 3h 4 1% J1 i1
IS i 53 BE N Ry b 20 T — A cos 6, A
I BLMR TS TEMECH, A= MW
Horue—5,
7.2 HEf)2

HP+5E H=10m, ¢ =20 kPa, « =95°, B =
10°, y=19 kN/m’, ¢ =15 kPa, ¢ =25°, ¢, =10
kPa, §=10°, RS Mg, HALRWT .

1) 225 WA R 730 I n =49, m =17, 45 5UEEK
3185 4>, AB 15t 45 AR EE AT B, RS
3] g, =64.816 kPa, h, =2.396 m, A =211.384°,
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Tab. 1 Results of active earth pressure of Example 1

HEsE R Sokolovskii (1965) FEC i

v/ q/ o/ B8/ 5/ A/ P,/ P/ P/
(kN-m™) kPa (*) (*) (°) (*) kN kN kN
0 20 90 0 0 180. 000 66. 667 66. 667 66. 667
0 20 78.5 0 20 180. 160 78.107 73.397 78.107
0 20 100 0 10 210. 322 51. 461 50. 679 49.015
20 20 90 0 0 180. 000 400. 000 400. 000 400. 000
20 20 100 0 0 200. 000 328. 444 328. 444 324.338
20 20 84.9 0 10 180. 122 413. 875 407.587 413. 875
20 20 78.5 0 20 180. 160 468. 643 440. 380 468. 642
20 20 90 10 10 180. 000 419. 424 413. 052 419. 424
20 0 90 10 20 192. 838 341. 349 320. 764 340. 022
20 0 83.6 10 20 180. 038 399. 559 375. 462 399.559
20 0 95.2 10 0 180. 078 334. 407 334. 407 334. 407
20 0 110 10 0 209. 678 242. 602 242. 602 234.110
20k E WE
D 10° D 10°
g
LR
i{WW\\\\ 29.191 38312
KB \\
KK =

i kPa

&7

HEl2 HHHEER:

P, =211.975 kN, FE 3l + & J3 5315 DL K i 410 BC
EW R IR 7 (a) s, T EIE i
W, Kb BB L Mg n =25, m=7,
2) 3CHik [8RE —FK o TR LR 148 BN 1ri g
240, R BRSPS T A RS LR S
filt, HIHE L5 N g, =68.391 kPa, h, =2.587 m,
P, =203.700 kN, Fzh+FE J1 5040 LA K i 241 BC
)RS3 7 (b) e, B 518 7 (a)

Hfii: kPa

(b)
(a) RXiBBLME; (b) ELHE

Fig. 7 Results for Example 2: (a) slip-line solution in this paper; (b)Coulomb’s solution

FRITRBEAL A £ D5 BE(E, B E FE3h R TI
TR AR/N3.90% .

3)VEM T IE 7 (a) 3L 1 BT A S 37K
Pl M EEZMF, = -1 N, F,=-6N, %B
RN Z A My = =8 N - m, F[UL, XLEHh T
BTV R 3 AP AT

4) ik — B RE > W], Hencky 55— HI55 —
SE BRAE X LA T
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1) 38 51 HE N 787 5 S LR 7 i A5, AR
YA ) B T i AN 6 75 SRV T — AR G R

2) B IX PN Ak Ao i R R T T A O R R IR 4%
1, N JpababiEsk, YRR TRV X L0 e A A 0
ok IR P L

3) F3h LR — R SRR T T
e, W ek R AR A T A S UE S 5
LR —E

4) P 5] 8 TLART 7 27 A AL 1Y) 78 2 25 2 24
a. B. e 8. n. m Mo, M

5) Hencky 5% — & B AISE — 0 #UR HAT 3 i 16
FHAE

6 ) P IR P [ 51—~ BRAB Ak [ AL, T o RS 2
e Z I EE R, B 5 B ISR A R fa7 2%
A2 IR, WA RIS B LA .
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