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Geotechnical engineering limit analysis using finite element method

ZHENG Ying-ren, ZHAO Shang-yi, KONG Wei-xue, DENG Chu-jian
(Department of civil Engineering, Logistical Engineering University, ChongQing, 400041,China)

Abstract: The analytical method is adopted in classical geotechnical engineering limit analysis method. It cannot involve the
stress-strain behavior of soil and sometimes assumptions needs to be made in advance about the shade or location of the failure
surface. It is not suitable for heterogeneous materials, especially the rock engineering. So its application still remains limited. With
the development of computer and computing technology, the limit analysis finite element method was put forward. With the strength
reduction or load increase, the stability safety factor and failure surface can be obtained directly at limit state. It is very practical for
geotechnical engineering design. This paper studies the limit analysis finite element method and its application in the slope. tunnel.
ultimate bearing capacity of foundations. Through a series of case studies, the applicability of the proposed method is clearly
exhibited.

Keywords: limit analysis finite element method, slope stability analysis, ultimate bearing capacity of foundations, tunnel stability.
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Table 1 Safety factor from different methods
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A 30 35 40 45 50
FEM(DP1) 1.72 1.58 1.44 1.34 1.26
FEM(DP2) 1.47 1.34 1.21 1.12 1.05
FEM(DP3) 1.39 1.27 1.16 1.06 1.0
Spencer 72 1.39 1.26 1.15 1.06 0.99
(DP1-S)/S 0.24 0.26 0.25 0.26 0.27
(DP2-S)/S 0.06 0.06 0.05 0.05 0.06
(DP3-S)/S 0.00 0.01 0.01 0.00 0.01
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Fig.1 The failure surface using continuous contours of
equivalent plastic strain
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Fig. 2 The failure surface using continuous contours of

displacement
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Fig. 3 The failure surface from Spencer method in Slope/w
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Fig. 4 Geometry Model
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Table 2 Safety factor from different methods
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Fig.5  Failure Progress of rock slope

3.1.3 fE LA S e SR A v
A GEIRIAR R 73k T LK H e A B I
SCHAEERE L ROHED T, ABANRBEHES 00 Al TRt
HETI AT EAN R B SR AT B S S5 R A AT AROK
ZE5t, NIRRT PSRRI o ol 3T AT BT
MINH, A BT 25 8 LA i SR e i i 3L ) A
Fs MNITUERAF S S IS (R AR, &
ATRAE LARAE TR R BPIR S R 3R 10 - B 6 0 R
A7 BR T S T2 2 ) S35 22 T8 SC i 24 % 1o
TRIEWAES A6, LR S,

B 6 RHRIGAREIREEIE ) A0
Fig. 6 Landslide thrust pressure distribution from FEM.
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Fig. 7 Bending moment distribution
in pre-stressed cable-pile
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Fig. 8. Shear force distribution in the pile

00 M|

3.2 FEshEE N A

28 BRIRIA B2 2 7 925 mT LR R sk b 56 (1) A B 4y
B IBARLPRAS AT BRIGIE  AR th m] DL R SR Hh i
W BR AT, A WA T 243K,

T NI 2% T b 5 P A B 7 ) ) A B
HEAIIET Prandlt fiff, X —AN K52 345) T HATE
PO JCE R, JORRER AREE ) T DU A R
TR ILRE BN -

q, = ccot go[exp(n tan @) tan’ (% + %) - 1}

Eo=0M1ENT q, =@+ 2)c

B 9 R PRI

Fig. 9 Finite element mesh
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Table 3 Calculation results of limit bearing capacity

. Prandtl . FIRF IR
o/(" ) TR HIRITH: (%)
0 51.42 52.19 1.50
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15 109.77 111.90 1.94
20 148.35 151.75 2.29
25 207.21 212.08 2.35
30 301.40 310.00 2.85

M 3 TR A, SRR /T AR T
LIS BN SR 4 25 71 5 Prandlt i B s 0. v EAR
AJ LLR AR I GBI 0 PR~ 11 B AR PR R — e DT
fii DP #EN, P Al R .

10 A AR BRI (P ERTBUT R B AL RS %
HE (p=0), 11 A AR BRARZS i (1) SRt A0 =)
SRR RS BB (p=07), 12 4
NEAEDL NI Prandtl AN LA o 1 ik T ]
W, AR PR BT A BR ek i R X5 Prandtl
fil AR T AR — 3L

B 10 frBREEE

Fig. 10 Diagram of displacement vector
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Fig.11 Failure surface in limit state from FEM
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Fig.13 Failure sliding surface in limit state from FEM
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Fig.14 Diagram of displacement vector
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