g AR s 2 A A BRSO R AL 2

BEE TH
(FERHEBE S ¥EBFET, 63 100080)

WE: LHARE SRR FEATE R R R ERHET, FEMFREIN A FIAGRRE Ml E R LT
WAAEAREWL . HHTXEARM BB A THEEROBWE, 83— TR @ RN
SEMFMPBENAEE . SIANBFHRY, MAETRESZERMZMEERR, HIRUEK
SRR — RIVEHEMRN R, BAPAFERERSAE, FETUREZ2RAN2R
BRI R BN ARG TIARBREF M, DU & R e & 2 0
M RAF BB RXT T R KR LT R T I AR E ST e RIIRE .

XBIR: HL0%, WRTE, BHAK BRELH

1318

A FEE TR R ik 2 £ F PR — A2 AR . X 7R Ll Mohr-Coulomb 585
AR, KERESRE TERE LS, KBRZERY. ZAEFEREHARELEN: (1)
B EPIHRR P E R (2) B FRAEIFE)E L £ Mohr- Coulomb #ER. {HRIETX
HEXENFE I AEEAEHEAEN, TEESHEERKRE UK ZE R, FmEHRREF
EEPEENELEZRMARNEELE —ENERE, FRBENFETH. NERRMEHT
BEMEETRETURLHEZHEN, BRUHIEREMAEN, BLIEITEERME LM
BAMAERSE. ATERIINBREREENE, B aEINeEnE&MHE: () WESE
WM EEE ERBIN HARESEXA T LR AERNTB R, BI&HRERN S AGRE
X Mohr-Coulomb #EN; (2) £tk aA=4Hr A,

J.M.Duncan®lA H 3% B 230 @ 4400 57 (30 Spencer ¥+ Janbu %) TEAEMIEN T 412
FEHaR, 3t HitE BB M Z AT 12%; H.S. Yul A A 2478 5% fR 4 18] ) 1R & fE R R,
IX#eH i (U Spencer % Janbu i, Morgenstern-Price 33:) T B4 REBAEIT 5%; HE
XERSHEFELROBREFEFE -8R, RAEHEI AW FEHEMLT BT ENT
HAERLZRATE LRI —MEBRT R R E.

Z.Y. Chen F1 N. R. Morgenstern™*iA Yy, 7EWE S EMAMERREIT, xt&HRMEE 7T
ARBEFITEH RN 22 RBEREFNHD . HEARMZREHARERFIARKGEE
ZUESMAEEREZ RKENEANRBERIAR S MR BRIEEZA, & AR 1
&5, 0 Sweden EVRMAFEHEHEDE, HATEWMER I PEEM, XEFLEES
R RSB L KR EAFRNRE. B, 45 Bl B E S RIRN T
— MR R I FEA NS EELAMNSRELZME, BEZERYNIRBHEN —MREE SR
R AE R AR, SR G RAEALUR K E KRG, (BN T R ELEML &, &
SEERANFERBAE SRBEMNE. AU R R B THRIT.

RIS — AR IR PR AVE DA & B & ARF A EN R, @YX
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ARG ARAERI H L2 RYOBETEE, HITE02 WS, AT
RS LE B A AF AN AL T VX V4 R, A — S5 R 7 vk AT RS R A iR 22

2 EARHE

SRS Y 53 61 R SE R SRR S AT RV L RUE R R, W3l b R il i
KA, WEEE LA N, . Y10 F, R&BEER S X, YA Y, %, ULRREE
EHRERY, ERLBRERWE 1FUR.

B1 USSR EHE

Fig.1 Schematic diagram of a general slope

MTSBUARKERINHEER L, NNEAXHEEZEBEBERNMSNERT, &
WRAERRBBIRNREITE. RUT—BEE AXENEBIHNZERE K AR
EHE KRR SRR ) N At HAEE TR SRS b e ER A AR A ROk
MIA=1/K 5 A BERZAREITRALON, BN LB R FERE, AR
3 B A BT T B S BN A T A R AR R B BR BT . (H AR TR R e BN
FRER, BeiddlRed st R EEARRRE TR L TR B RS AT
. FEAXT R HRIA A AT B MIBTIR T, A SCAT BAE ST 4 405 BT T R A SR A

(1) #BHPEEG: BANERK XA Y F RN ESE, XHLARZMR 2n NS
MAREM, n AR HETE.

(2) B SHAE R _E 2205 £ Mohr- Coulomb #ER, HEXA

|F|=(c/,+N tangp)/ K  (i=} 2, - n) (1)

XHP: F, N, ¢, LMo 33 hiZ&REAERE LMVIRA. ERh. 8RR Z3B3E
HMKEMEREMA, WE 1 R,
(3) &RIEN AT R Mohr-Coulomb JEAR &K, HEX A

lY|<(ch + X tang)/K (i=12 - n-1) ()
Ab: b ARFRAMEREE.
(4) R R ERE _EAGEF NN .
TR RE M I R A A A E LR A (1)~(4) TR R R T B KSR P REL
HEEAREMHQ), QOPTHTRERMKIAF,, ¥ HARRMMN, KA ELELA R K
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#, XSBHEAKBEREREGEZRATEERN. KhrRE R EZ — & Mohr-Coulomb
M F, YK ZARERRZEENEN . AR — RS, &SR H— RIS AR
SR ARIR AR AR ), B I e 2R MR BT REUR BB % 2 R EUK R R Bk
EHaEZEREW L. TR,

SINE R R m, HAEWT e X

(1) 2O ZHEAER, BN RSB R AN T ER RN, S R8im &
TN BTS2 A BT R 4R TR B

(2) BUBREZISEEER, EETREENNMENTREER, WrBEA R m
HE SR BEGRR S BERRIER THERME R LB m . FHET R
m RN | AR AR BT AR IR B

FEMCEAL B, ME 2 NEXENRERB KIS, 0

m_ (K)= max m(K) 3)

Mo (K) = minm(K) @)

KQ3), @F, FREHMIRERELELERE K HEET, IHEHELAREH)~DH
BEHNARAF, N, EKZEREADY X, BoHERE. N TAENTERE K, AREH
(D)~ LM, HbTRERASER, B
XAARKMATCER H 5 7 3 T R m,
(B AT LAkt A8 R B 8T REU | KB M i /ME
m_ Hm_ . FERE), @HHBER: 4 I
—IAWIEEHE R ERECE K BRHE, B
EEhEKRE N EEBEN UK 5, W pT e
AR5 AN AT (B E S B S E T B s
YMEEHEMZ LB K EEEME. BTE
2RBK RN, FMXZE 2 MR EE, Pl My,
IR f— ek, 0 T Uy T LU ot P -
ITRIE. TRAAZE -RERH K o, HATLL K o K e
MMk m_ (K)Fm  (K). AE—RIILE B2 mK
AE K0, ginT LR AR AN B m (K) -K Hi 2k Fig.2 Relation of load coefficient and safety
Mm,, (K)-K iz, w2/,

HEEENRE m-K HERBIRBHN, HLREET € I 2R EREN &
HEHIEE, FRmMEEEOENAEERTAZLE, NLLREZEEHRD, BENREREH
7

m!

AENK,, K SRR
mmin (Kmin ) = 1 (5)
P (K ) = 1 ©)

LI ASZ ISR SR T AR ERT Z N B MERM B KEFT | B, i pr
XL 2R B AN ERIRD . BRRERE. NHAREAREMN, WREERHK
HIEREYE A
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K. <K<K_ (7

M FRARRERMNE, MR ERRIE S FE, TAWRLEEIETE, AP
HETIIE. o4 Janbu A TARRIMENE S, s RAEEE T ARRIE T S 1R IR LS
BYERAFE Spencer U 'Y, AR ARAMERIBAL, Hb R LRSI £, Hit
HERDARR PEHERRERLTN, PhE—EMiRE,

3 HEMER

B BRI TR AN, SKEEE BN L2 REIE M £ TR AU Rk —
RIIMEHEIR &, R0 EEIERBEKRAER  (K) Fm_ (K) .

3.1 SHEARIRA

ZIBWNE | FrRpig o THENRE R K, HRBAEGR K ZRIKER 53R n &R,
W ARE A — N AL, ERNERLE -1, W o NEZHE LRSI F, n AN
B ERNER AN, i1 ANFRBIER D X, n-1 MRREATIRA Y, K& R m, C
MENENEENEAW, . BMERKRASAKCFFRRRMA o, . YRR [ FNEE
h

X B R A AT 2 AR I ) = R A AR
DURBSLAREM, BEHRUHEBIR FE
FIFEET AT UL, SaAREMNE:

(1) I P&

© BANKRM X T INF L P E TR,
Rl

Fcosa, ~N,sing, ~mg, +X_,~X,=0  (8)

@ MBI Y J5 EE O TR,
Hp

Fsing +N cosa,—mg, =Y+ =0 (9)

@ BiESHEFE R

WFEMN MEHERSNLERENZ
B EEREA S, EARA (v, W
@SR E TR, g Mg, FEHGAE B3 &S HLREE
Ay, WK 3 B, HZERTALKRIE AT O Fig3 Schematic diagram of forces acting on slices
WA FEnE 1 i), AE

Z(E cosa, — N,sina,)y, —Z(F} sing, + N, cosa, —W,)x, —qux,yi’ +) mgyx =0 (10)
i=1 i=1 i=1 i=1

(2) Mohr-Coulomb 4% {4 3 &2
FA&PEshm b, H3 M2 Mohr- Coulomb 454, E]
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cili + Ni tan ¢i
K
F: ¢, [ Mo aalheE i RRNEFER . ESIEMKE R EEA.
() EHEMEMH
ZIREEIY) N Y, Mk e /) X, A5 & Mohr-Coulomb 444, Bl

o+ Xt
ELLj{ELEEEL (i=1 2, - n=1) (12)

F= (i=1,2 - n) (11)

M=

A b A ERMERE.
[RIRS, AR e THD AR 4B 2 R ) Y SR DAt IR B 7

>N, 0
‘ 13
> X, 0} =

TR MR ZERI K, EQ®)~(13)MAREEMREIT, AU AT AR o 26 f
RIS BAT BRI m B KA m,, M ME m, o BIEHE— BRI L2 R K BT RS
REWAE m, Hm o BREHRLE m,, (K) Fm,, (K) KR, — BB ERETRAERMES
RERPMNNXR, BTHYARRBRIXR, HMRESKE:

Mo (K) =1
Mo (K) =1

ERBBRD BRRERE K, MK, . BEEHTERRE -ESKTEMZLRN
K, HEBMRHUNT 1, MEEEENE 24> K ERBT =403, BAH2WERENE.

3.2 AARFMHRK

R BRI RIREE, BAT DRITREP SN RIR E & MR L8 P&
BRI RN T E S R, AR RAEN TFEERER K, EXMHERLT, &
A LARIGE AN 20 R A R R A AT R e S i . T IS 2R A AT R R 28, A0
XF AR =AU ATV

(1) EAXEE, FE THET W LY REH)~(9E, U2 ZBEMRELRE K,
max] ©

(2) ATTEIUE A SR & FER - &SR B 4 R E, DR THARSE
HF(O~@) PRI e iH E 4 R Em, RANARERE L. TROSMME,

(3) Bt —LH BRI P 7 3T AR RO~ FIE S, Bl LR R &4
&, WMiItEERERIER, WO BWELREMN), 2), HIRETERE, HEKER
WRETHCEHEMEM, ALK N Spencer 72 @ {UHE &R x, y Fia &M
134 _E Mohr-Coulomb 4544, XFR.FANV-#rHE 7%, T4k Janbu 5. TREIMEZES.

4 B

) PR TR S ST R BRI, SR AR AR K 0 38 A SO T4 45 B A 2 S/ 80 P B 0 32 B B ) 3

(14)
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WX 2 FEBL A BIEATIF R, IR 2 MEBIEAT BARSHT.

4.1 HHl1

WED 1ICHATHE, BIRUKREBF N EERELNEH. NE 4Ry —EES
RREHBMKILSE, BEEMA@=30", FEHc=882KkPa, HEy=00kNm’. HHEHIEF
T Bt $eRfE 4k BC A& E LB AB. CD 41/, H P xS BC M LAd4s . iR
BRERBRBEN N g=1092.1kPa, WNZLEEBBEELEK =1.

4.2 B 2

Bl 2 —ias™, mE s Fin. D — R, ERA 0 =15, FiE S/ c=20.0 kPa,
BEy=19.6 kNm®,

yi

= . 1KP:
q‘ 1092. 1KPa (10, 20)

0w
__.60" 60°- A X

30°46°

(20, 10) (30, 10)

45

y - //C
D
4 HH1RER Bs #l2 RER e m)
Fig4 Schematic diagram of example No. 1 Fig.5 Schematic diagram of example No.2[6](unit: m)

RENEHAREIS%, HHERIT:
4.3 BREFAHREH

4.3.1 HRAREFMF(1)~(4)HTE SR

EREHLAREH)-@ONERT, 2MEFNTHELERSHIWE 6, 7 Fir,

HHE 6, 775, ERRARZERFRAMEERFMEN, 2 MEFINBHRE m WE
ERY K 2R BEL LB . BH 1 HERKNBRZERE K, MBI L
RY K, HE 20%EH. B 2 HBRX. BORERFNFEFEL. XRBEHSSEESR
FRRIRREIT, FAHRRPEEAER T HHEEROZEREPRE TS E LR K ZEE.
R “ARBXTEEERAERE, REHLSCEEAFERY, HNMRESRKML
ERAKR” IR A EBEHE.
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Fig.6 Relation of load-coefficient and safety which Fig.7 Relation of load-coefficient and safety which
satisfy all constraint conditions of example No.1 satisfy all constraint conditions of example 2

4.3.2 BRI LA R AN

BB B A R FEX T H AR, Ay 2 HLETIHE:
(1) EHEEENZMFNRET, 8 T8 FEEI T ESRMEW, HEERNE
1, 2 fizme

R HH RS PEE RS R
Table 1 Safety of Standard Example taking no account of
some force equilibrium conditions

&MF Kosx Konin
a Unbound 045
ap 1.25 0.00
a 1.04 0.75

¥E: “Unbound” RR EMATLMERK: o RAEBZAEKREHRBLE x HaTl
SR HEER: a BREAFBERERFBLE y FHAPEHEENMITELER: o
FRUAEKFEEBE N FE NI EER. TH.

K2 BB 2 BIAEHPEETHER
Table 2 Safety of the second Example taking no account of
force equilibrium conditions

%1 Kinax Ko
a Unbound 0.14
a, Unbound 0.59
as 1.81 1.24

H& 1, 2 M EE R, R aEEFRRRT:
© FRx, y HAKENTERAN T EERREREER, N8 TERFBAT R
KBeREOHESRNANERSRT K, BN B8RRGSR, SR ITEE
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NVEFLN
@ T EEMEAM, SRR I T R RS B A B
W, BREMERTE, BEHETERMERSEBRSRETES R/ NI RS,
(2) ¥ AL % 1 P18 ARG IH % &2 Mohr- Coulomb £ ERIIRE T, 55— T4 B4 4 f
WHAERMEW, THERWE S, 455,

R3 BHBAEEMLHNIEER
Table 3 Calculation results of safety factors of example No.1
without considering some rational conditions

Gl Konax Koin
by 1.04 0.85
by 1.24 0.82
B 1.04 0.68

TE: by R AAERFREER N X0 MR ELER: b RPARERER
(8] ({1 A 7355 2% & Mohr-Coulomb AR HITHEEE R by Rm U AERFRREVERM N
N>0 BRI HER. FRE.

R4 HH 2 BMESERFFNHHEER
Table 4 Calculation results of safety factors of example No.2
without considering some rational conditions

%4 Kinax Kain
b, 1.70 1.68
b, 1.96 1.64
B; 1.70 1.68

& 3, 4 WItELSRTTM, TELIEE SRS - PE AR E Mohr-Coulomb 54

F:

() FRERBF=ERNAFENTEERILVFRARW. W 2 MEFIRRREIN S

X WIS, 9 Fir. B8, 9 FHIBAIRERE i MERIE i+l MRZEW X T, A
ABRRINZ TIIR/MKN) . RGeS T AR T, X2 M AESEXRNT K, FIER,
K, &S 22K

mE 8, 9 AT4N, UAEREKWHREER S X0 B, FIHEHm (K) Fm (K) e X
MR R ZRM A S a4 X RE LA, BITEXMER TR EERIN
77, BRI ZE AR SCHI BB A R 1 22 4 R BB &5 SR R 52 20 R TR AR (D~(4) I T E SR I
GRE—HN. BEWNBEZXFER FAREANITEESRHBINN S, BIELRIEE X
<0, MasTHEEREESHTELMN.

(2) F&RIAZETHE Mohr-Coulomb &KfAFSM T HERLSFTHERKIIHEM, HLELLR
HHBERET X, RHEEZEREN ERARNEENERS, FEitx FREESEETRST
WX — & ABEEEAMREZ S, DATEE RN NERBITEALEGBEFHAIRE.

(3) WM EER AN AW ST HERm AR, WHEE 1 iR gL R
B /NRITT R R, BRIIX R b ST AT B R — AN 5 i
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Fig.8 Forces distribution of the X; of example No.1 Fig.9 Forces distribution of the X; of example No.2

4.3.3 RIR-FEERIBE &M TR RIRE

FHEFIELE AR IR P EVERBUE ST RETORINRE, ks 2 FB Tt

(1) AHERBREMF)~@R, SN THELN Spencer 7%, BIEIEARBERIETHE & Ri%
R, 2ANEBIRITESERINE 10, 11 Fim(ms, , m, 5535 SR 2R 5
BERBMKR, EANEHERELE m  » m,, THBERIE AR ERT AR S LS
FHKEFR).

B 10, 11 /40, REREMEXNERNEE, Wi faEsHE BN %S R R
K, FMAEMER Spencer VERT, WAZRXTIHE HRIFIREIN 4 RO ERTHCSEM LM,

200 [ 2.00 (
175 L7t
150 e M 150
125+ Vo 125 ¢ Y .
2 100 Tow NN\ N % 100 m.,"" ‘\\mm
0.75 + 0.75 ¢ \ A
050t 0.50 | \‘\
0231 g, =080 0.25 ¢ Ky, =164 K =196
0.00 0.00 .
0.0 0.5 1.0 1S 2.0 2.5 0.0 0.5 1.0 1.5 2.0 28 3.0 35 40
K A
B 10 EHl 1 3% /2 Spencer AR E M m-K sk B 11 EA5) 2 i 2 Spencer KA R &M m-K #i%
Fig.10 Curves of load-coefficient and safety(m-K) which ~ Fig.11 Curves of load-coefficient and safety(m-K) which
satisfy Spencer method of example No.1 satisfy Spencer method of example No.2

Q) ZRWBEKRL x, y HFW I FHEFHFIEHE _EF Mohr-Coulomb #ENE, SfRN T4
SPEHE RS, 2 MNERIREERE 12, 3 Fim(ml,,, m., RAEEEEGTEREES RS
REMIRER, EANLLEREBLE m_, ,» m,, 7 HRRAAEATABL R R R 2R E 0k
).
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Fig.12 Curves of load-coefficient and safety(m-K) which ~ Fig.13 Curves of load-coefficient and safety(m-K) which
satisfy force equilibrium in x- and y-axis of example No.1 satisfy force equilibrium in x- and y-axis of example No.2

X T2 2R LR EIHIFI, 861 ZEMRE ERESZ 3 64, TR 12%;
XTEE 2, REREN ERATLUMERR, R EIELE LSRR m-K Lk, RN AR LA,
RMERTERES I E R RN LR EREELHE. KRNI~ EALE
KT RR B B RmKHI A

5 451E

AN RIS AR e R . TIRRAMERRIBER, 8 XM EIS R R T E7AR
R PRSI T HE RN, &RER:

(1) FERRPEEERT, WA SEEEFRRE, FEHRNLEREEG R R
HHRRIZER.

() FERMRTEES, &k x, y HHKEDTFERENAHERNERRATE, Wit
R TFER R ZS EAT#AT 4L -

(3) A FEREDRERIEHC G EIERARIITIE, DA RIS DRI P 4R/
Wk — IS BN AT
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Some assumption conditions of limit equilibrium
method for slope stability analysis

Huang Menghong  Ding Hua
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: Different inter-slice conditions and lackage or approximation of some equilibrium conditions
are needed for slope stability analysis with different limit equilibrium methods. Errors exist when
considering these assumptions in calculation. Therefore, it is important to understand the error range and
the influences of the inter-slice assumptions on the safety factor. By introducing the load coefficient, a
new method for slope stability analysis based on a series of linear programming problems is proposed.
The method transforms the problem of estimating the lower-and-upper bound for the slope stability of a
series of linear programming problems, and the lower-and-upper bound of safety coefficient using the
functions of load’s coefficient defined by linear programming are determined. In this method, no
extra-assumptions are proposed, and the rational conditions are full employed. So the given estimation by
the method will more realistic and practical, and the influences of the inter-slice assumptions and
equilibrium conditions on the slope stability are studied. These results should be useful for the better
understanding of the different methods for slope stability analysis.

Key words: rock and soil mechanics, limit equilibrium, load coefficient, assumption conditions



