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Why this Topic?
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Devastating effect of earthquake on slope

September, 1999 Ji Ji, Taiwan EarthquakeSeptember, 1999 Ji Ji, Taiwan Earthquake
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Preamble and Background

o Design of slopes under seismic conditions are very important in 
earthquake prone areas to reduce the devastating effect of 
earthquake.

o Evaluation of factor of safety of slope under seismic condition is 
important.

o Estimation of pseudo-static factor of safety of slopes are available in 
literature since decades, however, the dynamic nature of earthquake 
forces in terms of PGA, period of shaking, shear and primary wave 
velocities, duration of shaking, amplification etc. are not addressed.

o Mitigation techniques like use of properly designed reinforced soil 
slope under earthquake condition is scarce.
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CLASSICAL THEORIES

Terzaghi’s method (1950)

Newmark’s sliding block analysis (1965) 

Seed’s improved procedure for pseudo-static 

analysis (1966)

Modified Swedish Circle method (1968)

Modified Taylor’s method (1969)
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Terzaghi’s Method (1950)
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Forces acting on triangular wedge of soil above planar failure surfaces in 
pseudo-static analysis
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Newmark’s sliding block analysis (1965)

Variation of pseudo-static factor of safety with horizontal pseudo-static 
coefficient for block on plane inclined at 200. For φ = 200, block is at the 
point of failure (FS = 1) under static conditions, so the yield coefficient 
is zero. For φ = 300, and φ = 400, yield coefficients are 0.17 and 0.36 

respectively
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Newmark’s Method (1965)
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Modified Swedish Circle Method
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Modified Taylor’s Method
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Sarma (1975)

Model of rigid block on a sloping surface

•Factor of safety and displacement along a failure surface depend on 
geometry, strength of material, pore-pressure parameters and magnitude of 
the inertia force.
•Total displacement is proportional to the square of the duration.
•Both the factor of safety and the displacement are unaffected bythe 
inclination of the inertia force.
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Sabhahit, Basudhar and Madhav (1996)

Model slope with planar failure surface and horizon tal slices 
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SHAHGHOLI, FAKHER AND JONES (2001)

Model reinforced soil slope with circular failure s urface and 
horizontal slices and forces acting on i th slice
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WARTMAN, SEED AND BRAY (2005)

Pre and post shaking profiles of slopes 1–4 showing deformed 
spaghetti strands (near vertical lines shown in sof t zone [upper

portion] of model). Pretest geometry is shown with dashed line and 
localized shear displacement surfaces shown with da rk solid line

(dashed where inferred)
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Model slope with circular failure surface and verti cal slices 

and forces acting on i th slice

D. Choudhury, S. Basu and J. D. Bray (2007); “Behaviour of slopes under static and seismic conditions by limit equilibrium 
method”, Geo-Denver 2007, February 18-21, 2007, Denver, CO, USA (accepted, in press as ASCE Special Publication). 
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Typical Model Slope Study

The following parameters have been considered:

Unit weight of soil, γ = 20 kN/m3, 

Cohesion of soil, c = 5 kN/m2, 

Height of the slope, H = 10 m, 

Soil friction angle, φ = 350, 400, 450.

Angle of slope, β = 200, 250, 300.

Horizontal seismic acceleration coefficient, kh = 0.1, 0.2, 0.3.

Vertical seismic acceleration coefficient, kv = 0, 0.5kh, kh.
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Typical Results
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Typical Results
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Pseudo-dynamic approach using Horizontal slices
S. Nimbalkar, D. Choudhury and J. N. Mandal (2006); "Seismic stability of reinforced soil-wall by 
pseudo-dynamic method", Geosynthetics International, London, U.K., Vol. 13, No. 3: pp. 111-119. 
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Nimbalkar et al. (2006)
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Typical Results
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Typical Results
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Typical Results
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* For design of slope under earthquake condition, recently developed 
pseudo-dynamic method proves to provide more logical results 
compared to conventional pseudo-static methods.

* Reinforced soil slope provides more stability to the existing slope 
under earthquake conditions compared to the un-reinforced slope, 
provided the property and length of reinforcement is properly designed.

* Use of horizontal slice method is found to be more versatile than the 
vertical slice method, in terms of Reinforced and un-reinforced soil 
slopes are concerned and to take into account the changes in soil layer.

* Any analytical design of slope under earthquake conditions must be 
validated by preferably dynamic Centrifuge test and/or shake-table test. 

Concluding Remarks
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