w32k AW
2010 4

= 1+ T
9 H

i

‘ﬁl’
oAk
Chinese Journal of Geotechnical Engineering

Sep.

Vol.32 No.9

2010

BRI SRS EH RN B 5 b

P, A, RE S, DR, s

%, THE

PRGOS AT, e BRI 4300715 2. REN CARSERRAN TRER, HIK 400041
He

3. PRI B F WG TREEORBIF PG, FER 400041

OB BRI R I S S (U, B R IR BRI AN B, XA O b A s R AR T
AR, BT 780 kA, S RHE R B R D) AR BT BT AR RS AR, AR
SCBRAT W ZE o AT PROTH T SEHE e A I, R BE - EACFAE R, e AR IR I, S R A B A

ARG T EAEEHE A AT . A SO AT BROG T A (0 LR R 22T T 00T, IR SR ITE (AP
1%+ Spencer i) BAT T LR, UM T ROV AEOL NV SLAE 80 ARMESL P A3

KR ABRIGIE; APHHESV:; Spencer 2 MEJEHES)

HESHES: TU443

TEER N VPV ok (1985 -

xjb0137@163.com,

RTINS, WAREARES LT, HRANE AT LA BIRIN (I A ISR R e R AU, A
T ARGUH SRR B e R, A RIS R EAT e 228, B Bt A R BN R, A AR IR B R R
SCERFRIRES: A

Ol AT R A A a8 KRR, £ BB e R B, PE IR 2L R

XEHS: 1000 - 4548(2010)09 - 1380 - 06
)oY WIERN, R, NEEA AR E o B A B ALy T 9T . E-mail:

Comparison and analysis of landslide thrust by use of finite element
and limit analysis methods

: 1,3 . 2,3 2,3 . s o1 2 1:..2,3
XU Jiang-bo~, ZHENG Ying-ren™~, ZHAO Shang-yi”~, FENG Xia-ting , YE Hai-lin"
(1. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China; 2. Department of Civil Engineering,

Logistical Engineering University, Chongqing 400041, China; 3. Chongqing Engineering and Technology Research Center of Geological
Hazards Control, Chongqing 400041, China)

Abstract: The traditional limit analysis method is commonly used to calculate pile thrust, but it can not take the pile

deformation into account. This method assumes that the deformation is unrestricted, the sliding force can be put into full play,
and the calculated thrust is active stress. When the pile deformation is restricted and the stabilizing force can not be fully
exerted, the calculated results are inaccurate. When the finite element method is used to calculate the pile thrust, it conforms to
the pile-soil interaction principles and it is not the limit analysis method. The result based on the pile deformation may be active

stress and the corresponding thrust distribution can also be obtained. When the pile design safety factor is small, the anti-slide

cases.

strength of rock and soil is not fully exerted. The finite element method has some discrepancy with the traditional method. With
factor, indicating that the finite element method to calculate the pile thrust is feasible. Several factors for the finite element

the increase of discount factor, the rock and soil reaches the limit state gradually. The finite element method agrees with the
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traditional method. Based on the experience, the calculated thrusts by the two methods are the same under general design safety

=]

method to calculate the thrust are analyzed. A comparison between the proposed method and the traditional limit analysis

method (unbalanced thrust law, Spencer method) shows that the calculated results are consistent or inconsistent under what
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Fig. 1 Calculation model for slopes
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Table 1 Physical and mechanical parameters for slopes

w R i mm wem

ki /(kN'm %) /1%5 34 /kPa /")

EEIN 22.00 1x10”  0.35 28 20

i 22.00 1x107 035 20 17

A 26.16  8.18x10° 0.28 5000 39
il 25.00 3x101°  0.20

%2 FEVTEFZFITESRINEEHED
Table 2 Landslide thrusts by different methods
HAL: kN
Wit % 100 1.05 1.10 115 120 125

ARt 4356 4528 4743 4995 5259 5543
Spencer V£ 3600 4050 4500 4900 5300 5650
APTHE D)%
CRASREEAME 3397 3838 4256 4628 4973 5292
FR R0

&3 FREITEAETIR

Table 3 Comparison between different methods

P es
o 1.00 1.05s 1.10 1.15 120 1.25
M
AN V- # #HE )k
R o 2 s
ST 22% 15% 10% 73% 4.8% 4.5%
ARk
Spencer £ 5 0 10.5 0 o 0 o
B 703 17% % 5% 19% 13% 1.9%

(2) 5 R 5 25

ARV EARE 2 frR, SHnEkR 4
FizR. UM RS 3 mx1 m, FHRHEYEE )2
SR 40 BRI =204 20 m, AEK 30 m, H
FRAEHER 10 mo

2 iHERE
Fig. 2 Calculation model for slopes
&4 MWRAMYMENFSY

Table 4 Physical and mechanical parameters for slopes

pi EE BN wk mE o
/(kN-m ) Pa Lk JilkPa  fH/(° )
BEEUN 21 5x107 0.4 20 30
s 21 5x10° 0.4 5 23
A 27 1x10° 0.2 1800 37
b 25 3x10° 0.2

%5 FETEAEZITESEIMNERHED
Table 5 Landslide thrusts by different methods
AT kN

Bl 24z 100 105 110 115 120 125

RoFfiTie vk 1408 1468 1523 1574 1620 1662
R 588 & A
)
Spencer i 1410 1490 1570 1630 1700 1760

H IR IGHE: 1479 1513 1550 1581 1615 1648
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Table 6 Comparison of errors by different methods

Wil wag % 1.00 105 1.10 1.15 120 1.25

AP AHE 7 1%
CR A o
#HEEREOYS
AR IT:
Spencer V254
PRI

48% 3.0% 1.7% 0 0 1%

46% 15% 13% 3% 5% 64%

(3) TR

% 3 Mk 6 ATLLEH, Bl e e Rz =115
INf, ARBR 3 Mt 5 AT BROTIRAFAE ) 22 BEAR D, X A
T TR FE RN, RIS T AR, BTEARH
A BRITHIARL R Bkt A5 R — 8. iRt 2 25
<115, g T R R A BB, A
AR N, KA BRICIE TR, e A i 2R
MRS, HUHT 384T 7800 S5, Bri bE b Jo 4 KT
PR AR K I D0 . PRI B e S5 AR B 20 A
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SEA M) o — B LT DU BE A BT 2 4 R AAE
1.15~1.30 Z[f), FUHyHE 2 200 ] LUA 2R AR 2 o
2.2 MHEEXFIENITE AR

HH T Bk (R A 2 BRI AR AR T, A AT e
TR A B BARZS BRI sZ b oA o, T
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F 1 AEERERTHEHEAN
Table 7 Pile thrusts at different pile heights #.{7.: kN

W24 R/ 5 1.00 1.05 1.10 1.15 1.20

MR 3m 4197 4428 4651 5073 5270
BEE 3.6 m 4356 4528 4743 4995 5259
PEJE 5 m 4350 4560 4736 4979 5348
Spencer ¥ 3600 4050 4500 4900 5300

* 8 FRIMEEIFR THEHENIRE LR
Table 8 Comparison of errors at different pile heights

Vet 2ea 2k 1.00 105 110 1.5 1.20

ME3m536m 3.6% 22% 19% 15% 0
ME3m55m  35% 29% 1.8% 19% 1.5%

WE3.6m55m 0 0 0 0 2%

(2) WESHT

M58 8 B, WEJEA S HE ) A K.
FEVE V224 BRI, B JE AR A X} 4 ) FEA B 50 5
M A RER N, BEJEXHE D) R AR,
B BRI —F, W22 R8T LIS K, ik
R BE AT, #RVEA TR B BRAR S o

I S 7 o 4 5 N I 1 = XN
PUBHENIEE N, Vs TR AR — e AR T, BERTK

SR IEHED DT RIEER U NE, St 2 e R
BEREE R, MRS NI EERCR P e B &
S HIRE S ) A A
2.3 FEARERARXTRFNE N ITE AR

PO AR AR 2 BRI A A2, AR REAE
FARIEABIN ARG, AT S wRE Je HE D TE 5, R
S A SR AN TR (RO (R A, 3247 BR G voHSmE )5
A1, ISR HTE B

(D TSR

R 9 TREIMAREFR THRHED
Table 9 Pile thrusts under different elastic moduli of piles

HA7: kN

Wil 74 28 1.00 1.05 1.10 1.15 1.20

BEARTRE 1} 10" Pa 4077 4298 4480 4840 5147
FEARBAE 3X 10" Pa 4356 4528 4743 4995 5259
BEARTRRE 510 Pa 4349 4557 4830 5078 5549

Spencer V% 3600 4050 4500 4900 5300

R 10 TREMRER THFHEIRE PR
Table 10 Comparison of errors of pile thrusts under different

elastic moduli of piles

Wit e R 100 1.05 1.10 115 1.20
Wﬁ%% i gfoll(j: P Gav 51% 55% 3.1% 21%
Wﬁi% i gfolg: P Ga 61% 73% 47% 73%
Wﬁi% f 57011()): Pa o 1w 18% 1.6%  5.2%

(2) THEAHT

K 10 A F AR RV R AT, BEAA IR BE
TR 110" p I, HUHEAS RS HE AN T
K FLSEHE 310" P, VAR IR S HE ) o MOHE
oG, BEGHE D B AT A RIS RO, AT
JUAT BE R FH VR Aff ) SRR
2.4 EMRSRAEN FRFHENITE A ERIE I

P T3 A AT 91Dt 2 B i AR TR AR T, ARSI OA,
BRI AR T R BE oo, A ] Be Al H AR IR A 2K
BRORES, DA mapk 4 v 8. 1 et &) — %
A F AR TRRE, fcf locat B, S
W B3 BT i2adb AT LA

(D) PWHEEREE (LR 1D

F 11 AEIBEARIETHEHES

Table 11 Pile thrusts under different elastic moduli of landslide

Hf7: kN
Wit s 25 1.00 1.05 110 115 120
VEIKBAME 1 X 107P, 4356 4528 4743 4995 5259
VRSB 3X 107 P, 4575 4610 4994 5221 5488
VARSI 5107 P, 4818 4957 5224 5436 5612
Spencer ¥ 3600 4050 4500 4900 5300

(2) TEAHT
M 12 £, MHFRWIF 2R, bR b
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Table 12 Comparison of errors of pile thrusts under different

elastic moduli of landslides

BT R .00 1.05 1.10 1.15 1.20
3 R | X 107
*ﬁk$??i107¥)Pa 98% 8.8% 94% 83% 6.4%
Mol p‘“—x 7
‘Hﬁiffiio7g)Pa 48% 18% 5% 43% 42%
A KT 3¢ 10
{H@E§?;?07g)P“ 5% 7%  44% 4.0% 2.2%

2.5 EEEEX AT NI E AR

(1) BB =3 R 554

HIF AT R AR A, RGO, 3
Wi L AR, AR BEAE L ARIE A BB ZS, DA
SRR J HE DT BT S o (H 2 B s A2
LR, IS T AT R A ZE AR, K
FHARTFI KD SRASE 10 AR ZE BRI, 9l A m] B T
T RGBS N ORI . T T B4 — AR H A
[ R s, R HAT BROCVA T SR IR e ), RSk
BRI LR VAR A AL I B 1 s,
WL 22 KN ER 13 P

* 13 WRAMYNENFSY

Table13 Physical and mechanical parameters for slopes

e HE . i s RR AR

/(kN'm”)  iE/Pa kb Fi/Pa F/(°)
BIEEZN 22.00 1.00X10” 035 28000 20
W 22.00 — 0.35 10000 10
Hotk 26.16 8.18X10° 028 5x10° 39
Bk 25.00 3.00X10'° 020 — —

(2) LR
HI3 14 W LUE Y, MRS 2 R BT, bR
JyBEAT T ARG KT . A BT, B
T SRR G K, T S W AR RO M BRI, R
TR NI T AR B AR AR TR I O, BEAA RE
i S FERORREFE AL AS » BT LLBT AR 52 IORE e 41 9/ o

* 14 FRIBTERETHREHES

Table 14 Pile thrusts under different elastic moduli of slip bands
FfL: kN

Wit e A28 1.00 1.05 1.10 1.15 1.20

WAL 1X10°P, 8355 8651 8883 9091 9388

AR 3X 100 P, 8173 8394 8459 8613 9140
AR 5 10°P, 7875 8085 8290 8350 8854
Spencer V£ 8200 8500 8700 9000 9250

F 15 RNEIBREEREEHENIRE LR
Table 15 Comparison of errors of pile thrusts under different

elastic moduli of slip bands

Wb h 2B 100 105 110 115 120
T PRBRATE g i SATE

! ~19%  17% 2.1% 1% 159

1 10 f%5 Spencer % 9% s & & >

T AASE g Y A A o 0 0 0

033 5 Spencar 1. 0 2% 28% 4% 12%
L £ A N S L 2 i A

WIRIBONAEE 0 49w 47% 72%  43%

I 2 f%5 Spencer ¥

A SRR AN ORI AR R
5 B (R N T I o T S i AR R A 2 —
AR FE G IER, VAR S A =
FEHG P B0 2 e R EOC TR T L1, HE
ARG G HOTE— 80 M 2 4 R BN
A RICH LR R TR AT AR, KPS
S ) =Tty S PR BEAH 2 ORI T ST A
A EARRARZE — DN EEE SN R SE .

Il S — TS AR IR, i e e MR i A 2
BN, i S T RO AR ) S aE . Bt
BARRPNTET 115 0, HEHHE 4R S kgt
TREREA—E, Mt 22 RPN, A RITHE )
AR R TR HVE AR, R Z i S
PRREARZEANKIN, SR AR R R 3R 153 1 o

3 4 T

(1) BB AT 715 545 R S AR R, 3
RALTBH AR AR, g TR, 5
O R BB s TR R Tk
GRS RERT, SR A TR R A 8+
JENZIAM IS AR AN ).

(247 BRI 5 0 BR AT VA S5 St 2 4 R g
K, Wi EREIET 0, X EEEYLARR
K, HRITCHSLHMIE B o0 o (YT BI BER
[, AR BIER A, SRR AR 1 2

(3) HEFEAS et WL S e D ARSI AS K . i 4
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LR /N TR R IHUEAE, i A R Eo A
B R, IR 5 R R L 7 A 2 (1)
WG g S AR

(4) IR A RECR, BERHE DBk
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