% A4 55 1 T RE5 xR ¥E IR FROP RO Vol. 44 No. 1
2022 %2 A Journal of Civil and Environmental Engineering Feb. 2022

DOI: 10. 11835/j. issn. 2096-6717. 2020, 186 ek T A 3 R RIB S 47285 (OSID) ;

E] " -s

i B 55 T AE T Lade-Duncan 58 JE W vp 328 )
ZE ) Ay B HE 5

HRTREN X R ML A, T E A

(1. HEZIL RSy BAIEFE,BHE 710032; 2. BRZEILKRY BB ELX LI AFEIRTEEHE,.HE 710048)

i EANERIRPREAEGBLE AR AEFTE TN, 5B P 8 5% E G
o) BT @ & A& T Lade-Duncan 5% B £ W 69 £ & A % & AN SMP, Lade-Duncan, AC-SMP
Far L Mises B Z AN PRRHG-FER S TREAEDN, BRHEIE TRREZANG £ #FHLE
A AR B miE 2R L PR E S L RSB R H 4&‘5?—5@ Bt 7ot b o7, 4R A
B, Mohr-Coulomb 3% Z /AN B X K H B P £ B 460 % e, 848 545 R Aa b Sl b 0UAR 4% F 5
SMP #% AN . Lade-Duncan 32 Z AN X &S 2 5 At EH KD Hra . it F 2 E 488 Mohr-
Coulomb 7% & 4 W) & 338 2+ 0L ; AC-SMP 5& M )~ 3L Mises & E AN E— T N ERE A EEH
AT ARG 35 L3569 LB /) Ko A28 i A ?@%Jﬂa‘,;%bﬁﬁr\ﬁﬁm TREHEEHLEAKX
s 3L Mises 3% /N f£1E A SE B A 693+ F 4 R Ak SMP 5% & £ 1) | Lade-Duncan 3% B & I &
HEIE M I,

KR FEETREEN; PERS; LET

HE LS TU432 SRR ERD : A XEHS :2096-6717(2022)01-0020-08

Earth pressure attibutes and applicability under plane strain condition
based on principal stress condition in Lade-Duncan strength criterion
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Abstract: In the engineering practice, the retaining wall and foundation pit could be regarded as a plane
strain condition. Considering the influence of intermediate principal stess on the strength, we obtained the

new plane strain strength criterions by substituting the intermediate principal stress relationship of Lade-
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Duncan strength criterion into SMP and Lade-Duncan, AC-SMP and the generalized Mises strength
criterion, Based on these modified strength criterions, active and passive earth pressure models were
established, and then extended to cohesive soil. The theoretical and measured values were compared and
analyzed. The results show that the effect of intermediate principal stress on earth pressure is significant.
The Mohr-Coulomb strength criterion fails to consider the influence of intermediate principal stress, and
therefore the calculation results are more conservative than measurement. Considering the influence of the
principal stress, the results of SMP and Lade-Duncan strength criterion are much closer to measurement
than MC. The AC-SMP and generalized Mises strength criterion can describe the earth pressure of the
retaining wall only within a certain range of friction angle, but when it exceeds the applicable range, both
are no longer suitable, The calculations of the generalized Mises strength criterion, within the applicable
range, are closer to actual data compared with the SMP and Lade-Duncan strength criterion.

Keywords: plane strain; strength criterion; principal stress in Lade-Duncan; earth pressure

PR HESUIT 42 55 (R A R ] 4k 0~ 1 1 AR

1 A e AN
P A S A P o 0 P AT THYE RREEN

50, Rankine + J& J1 Bl 2 3 F Mohr-Coulomb
S PN 1 Y, s 24 AH IR b 32
JIXF - ARAS By B (R 520, 55 SN A SR L L A
1) 380 - 1 B8l R i/ X 2R 2R
BREE IS 2R T AN T R B8 AT 5 2
P R R T O e T T
F13RIR 456 WY Gt — i B S 32 0 ) ARGk =X
S T Rankine 3 2h 1yt 2 761 M 1
AR L 454 Lade-Duncan 58 JE v DU A1 45 %00 4 JBE
I N U N (LTI o) I A SO R i B = A A
TIPS BT SMP 5 B2 ofE ) v 32 37 g 264, 11
T AN B s R T, SMP g
#EN . Lade-Duncan 58 B #E |, AC-SMP 58 Ji£ #fE I |
J7 S Mises 56 FE WD) 45 2% JE 21 v 32 3 756 58 BE Y
DR, ZE AR 7] — AR 32 B, 5 ol 185 o D 1y
REAEHLAS B A9 3 9 BN A 80 3R 1 5 B2 RN
{BEHA 3 0 ) KR AR [R] L R4 R 5 S L
PEAFAE—E 22 521 . AR DL B WF9E & B, SMP 5
YEE FH T 26 1 £ . Lade-Duncan 5 & i 1] J2 AR
Pimb + A1 =l g R ) it LA 15 2. AC-
SMP 3 B U] A1 X Mises 58 B v ) 5058 F F #%
+:19, Lade-Duncan 58 B fE I 32 1 g 2% 44 5 SEBR
T AR AT 2 F HKHE Lade-Duncan 58 & fE )
B Ff S0 T SR S T LR T A B EE DU 4
FRRI R/ o%:~ 1 i o w3 =X o i 11 VAP AN A B S 85
IR A T PR S SR TR LA
GO IE T T2 T 7% 5 R 9 ) T A S 0 2k
Bl A R AR 2 3 I B A HER 1

A AR R R T O S B S R ) 2 A BT AR R R
I 5505 LS EcZ i R &R . BT,
B - 3 57 A 5 B E 445 Mohr-Coulomb #fE ]
SMP #EN] . Lade-Duncan #EMN] . T~ X Mises #EN] . %l
XK 4 235 [ 9 Bl (AC-SMIP)

1) Mohr-Coulomb 5 & 1 ]

o1 = K03 (D
AH K, =tan’ (45°+¢/2)
2) SMP 5i Ji eI
(61 +0y +03) (010 +- 050, +-0105) _
010203
(ZKP—Fl[g(Kp—f—Z) 2

3) Lade-Duncan 5& & v |
(o1 +05 +03)° _ (Kp +2)°

010203 Kp
D X Mises #EN)

(06, —0,)" + (0 —0)" + (061 —03)* _ 2(K, — 1)*
(0'1 JFGZ +O'3)2 (Kp+2)2

D

(3

5) AC-SMP 3 Ji& vz 0|

(61 _(72)2 + (0'1 _63)2 JFI(I,(GZ _63)2 _
(Ul +62K1)+03K}))2

2(K, — 1)
9K’

2 FHNEFHTETIEEENDN
EHETEHERWHLEN

A5 i JEE I DU 478 38 [] — o AR 56 88 ) 77 7 22
St AR A 5 R A DU A% P B Y R T

5



22 r RExHE L

% 44 %

FEREFEM 220 o 1T AR 25 B b 320 ) 3RaA
Foidh FHPERF Y UG TR AR ST I A% 2%
P T AR B AS 2 0y 320 ) Rk T2
S5 S E A A X L 43 AT 2 B, 3£ T Lade-Duncan
iR B8 A DU 14 v 320 s SRR A A R M 4 3k 1A
IR g v S g ) AR L, Hegeah =y

_ 01 1oy
2

A ¥ Lade-Duncan 5 B #E W] R (14 b 32 1
TR K O FCAK(2) ~K ), BRI A5 2 I T[]
SREEMENIY R N E N ) R R R IAA, R FEI L

R, 4 oy =y (A v B BT, 2 K-
T BB TT IR EED 5 FEARAS [F] 58 B2 fE 0 R KL /b 3=
NS R R FIRA N R ES LIRS Po=0,=0,/
K, [AH, % oy =7z K th W3 LR ) Py =0 =
Kooy “FEINASSAT T o T A A i B2 o 0] 45 31 (1Y
F 98 TR R (D ~ Qo) R,

2.1 ETF Mohr-Coulomb 32 EENHFEHEELESN

Fah+ET

(6)

02

Pa:63 :al/Kp:yZ/Kp (7)
Wesh L)
Pp — 0, — Kp(73 — KPVZ (8)

2.2 EFSMP E#EENMTETENTLEN
B OO LAK (2 AT
o3 __ Kewr + /27 — 12Ksw + Kiwp
(o3| 3
itqj:KsMP:(2K1,+1)(KP+2)/K})0
[RI 3, A LA 25T SMP 58 J3 v 0] 39S 1 1 28
+ET.

—2 (D

P, =0 = 0/K,sw = 72/K,sw QL))

K@MP+ 27 12K§MP+KSVIP

. K, o= 3 —2,
P+ s
Pp =01 — KvSMPGS - K]rS\/IP 7= (11)

2.3 EF Lade-Duncan 382 EHENEEMTTES
B (6)1JQAJC(3) S ElE] r=!

03

P 27Km+ 2 /R, — 27Ky —1 (12)
A:Kip=(K,+2)°/K,.
IR
P, =0, =0//K,ip = 72/K,ip (13
ﬁqj:KpLD:%KLDJF% 11) —27Kip —
e IRNE)
P, =0 = K,inos = Kyin¥z (14

2.4 EFI X Mises BEENPYFEENTTES
FaL (O ICA (D paf g

o3 —2+2 V6Kwus 3K s

o - — 2+ 3Kws ‘ (15
AP Kus=2 (K,—1D?/(K,+2)%,
Fsh KT
P, =0, =0/Kyms = 72/Kpms (16)
AP Kpms= 2+2*/26+K¥M15 3KMIS°
e+ s
P, =0 = Kymsos = Kpmis¥z an

2.5 ETFACSMP 2B ANKNTEEEETLTEA
B ORAK (5 a5

Fah T
o5 _ 5+ K, +6K,Kacow +3KiKacowr —2+/(5+ KD (1+2K,)°Kacswr 18)
o 54K, —9K:K rcswp
st Koo =2 B D
FahtET)
P, =03 =0 /Kpac = %2/Kpac a9
KL K o= 5+ K, +6K,Kacswe 3K, Kacswr —2 v/ (5+K,) (14+2K,)*Kc svp
! 5+ K, —9K%K acswp
Besh %) A [R]5i BE AR B AR /N T2 ) SGFR  i] LAAG
P, =0 = K,acos = Kpac¥z (200 FETHBEMENMES IR K, . LR

3 ETREEENMEHFELE®
NEENRBOH

3.1 EhETEHRESF
A Lade-Duncan 58 B EN T & 3207 148

JEVENAS 2019 2 8h 1 K ) R K, BEEESEFf1 o 11
A, AN 1 BT

H 1 AT LA Y A8 7 1 AR 25 R T 45 5 B
HENIAS 2 i 32 30 e ) R B P9 EE 8 A 1 15 R
R PR NS £ 3 1 R BUN BRI N



% 14

FR—F . FBREEEMTAT Lade Duncan 3% N b £ 0 464 £ )% /) B 338 R 23

Ir ~e— Mohr-CoulombE i)
a— SMPHEN]
—+— Lade-DuncanfEN]
AC-SMPHEN]
—— ] X MisesHER]

081

0.6

0.4r

02

10 20 © 30 40 50
ol
B1 EHTEHEBENEZANXR

Fig. 1 Relationship between active earth pressure

coefficients and internal friction angle
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Fig. 2 Relationship between passive earth pressure

coefficients and internal friction angle
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Table 2 Calculated and measured values of earth pressure

under different strength criteria at 3. 8 m
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