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SLOPE STABILITY ANALYSIS WITH NONLINEAR FAILURE ENVELOPES

WANG Jian-feng
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: The nonlinearity of shearing resistance in soil could be explained as “interlocking” or “dilatancy” .
The dilatancy is generally stress level dependent and it lies on the stress range of interest in particular problems,
especially for slope stability. Based on such a concept, analytical expressions for the nonlinear failure envelopes in
terms of effective stresses are critically reviewed. They are classified in three major groups as power type,
parabolic type, and hyperbolic type. The nonlinear failure envelopes can be obtained from routine laboratory shear
test and triaxial test by optimization technique using commonly used SPREADSHEET software, and then they can
be used in limit equilibrium, stress-stain analyses, and the development of the constitutive models as better
approximation than the classical linear relation. On the base of Janbu's generalized procedure of slice(GPS), an
iterative method that incorporated several nonlinear failure envelopes in the SPREADSHEET setup by the authors
is presented. The basic principle is to transfer equivalently the shearing resistance of each point on the concerned
nonlinear envelope to the Mohr-Coulomb linear relation that is tangent to the nonlinear envelope with relevant
cohesive and frictional parameters. Finally, an example is resolved to show the methodology that how the iterative
technique is used.

Key words: slope engineering; nonlinear failure envelope; slope stability; generalized procedure of slice(GPS);
SPREADSHEET template; optimization
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Fig.2 Error-in-variables approach applied to failure envelope

determination in Mohr space
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Fig.5 Schematic section of in-situ shear test of Boyangwan

landslide
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Fig.6 Large scale in-site shear test results on the slip surface

of Boyangwan landslide
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Table 1 Calculated results with linear and nonlinear
failure envelopes using Janbu GPS method
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Yunyang county

B, a=0.05g); (2) “TW” tf: ZMWH T RKABEER A 2~3 mo

— i, Mohr-Coulomb .25 5 BEvHE AL iy 17



* 5900 -

HAT D1 TR

2005 4F

SR, X TR E ISR .
A PR e R R L A i 5 A SR N R S
5. ZEHWIE 8%, SEUEVER AR TR
TV L LG AN B A, DRl e 3 e )
FINKEXEL 7 EE T,

5 & %

AR A 2 0 FEA 5 AT LLH &5 1 BT ik
PEo stobimn s, JORSE RN e . 8
R TEE BRLG . —RRRK, A AR
I N AE F Y SPREADSHEET, ] LUERf J7 (3575
AR AT R IA R ST S RARK, DR
254k 5 Mohr [3 (A FF1E 5 H AR ek &, T LT (L
AP BN [F) Rt B A2 2 . ds HH Le i B 1 4%
PEARMTOCZR, RIS S B[R ) 7 AP B
P58 4 55 25203 Mohr-Coulomb 5#EZk &
IR, T LA (PR b SR AT e ki B R AR
M.

& Z ik (References):

[1] Charles J A. Correlation between laboratory behaviour of rockfill and
field performance with particular reference to Scammonden Dam[Ph. D.
Thesis][D]. London: University of London, 1973.

[2] Charles J A, Soares M M. Stability of compacted rockfill slopes[J].
Geotechnique, 1984, 34(1): 61 - 70.

[3] Charles J A, Watts K S. The influence of confining pressure on the
shear strength of compacted rockfill[J]. Geotechnique, 1980, 30(4):
353 - 367.

[4] Charles J A, Soares M M. The stability of slopes in soils with
nonlinear failure envelopes[J]. Can. Geotech. J., 1984, 21: 397 - 406.

[5] Maksimovic M. Nonlinear failure envelope for soils[J]. Journal of

Geotechnical Engineering, 1989, 115(4): 581 - 586.

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Maksimovic M. Limit equilibrium for nonlinear failure envelope and
arbitrary slip surface[A]. In: The Third International Conference on
Numerical Methods in Geomechanics[C]. Aachen: [s.n.], 1979.
769 - 777.

Lo K'Y, Lee CF. An evaluation of the stability of natural slopes in
plastic Champlain clays[J]. Can. Geotech. J., 1974, 11(1): 165 - 181.
Maksimovic M. New description of the shear strength for rock joints[J].
Rock Mechanics and Rock Engineering, 1992, 25(4): 275 - 284.
Maksimovic M. A family of nonlinear failure envelopes for
non-cemented soils and rock discontinuities[J]. The Electronic Journal
of Geotechnical Engineering, 1996, (1): 1-62.

Zambrano M O, Valko P P, Russell J E. Error-in-variables for rock
failure envelope[J]. International Journal of Rock Mechanics and
Mining Sciences, 2003, 40(1): 137 - 143.
Janbu N. Slope stability computation[A]. In: Embankment-dam
Engineering, Casagrande Volume[C]. [s. 1. ]: Krieger Pub. Co., 1987.
47 - 86.

Low B K, Tang W H. Probabilistic slope analysis using Janbu's
generalized procedure of slices[J]. Computer and Geotechnics, 1997,
21(2): 21 -142.

VLA Bt T PO FEATT 9 D S . =0k PR X 2 BH L Il 28 01
TR BRI AR A [R]. TP KTLRR Bt 1 R BRI 5T L
SEHG 2, 2002.( Test Center for Chongqing Rock Foundation, Yangtze
River Scientific Research Institute. Consulting report: In-situ shear test
to Zhaiba landslide, Three Gorges Reservoir[R]. Chongqing : Test
Center for Chongqing Rock Foundation, Yangtze River Scientific
Research Institute, 2002.(in Chinese))

USA National Research Council. Probabilistic methods in
geotechnical engineering[A]. In: Committee on Reliability Methods
for Risk Mitigation in Geotechnical Board on Energy and

Environmental Systems Commission on Engineering and Technical

Systems[C]. [s. 1. ]: [s.n.], 1995.8 -35.



