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Devastating effect of earthquake on retaining wall
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Preamble and Background

Design of retaining walls under seismic condition is very important in
earthquake prone areas to reduce the devastating effect of
earthquake.

Evaluation of earth pressure under seismic condition is important.
Estimation of passive pressure under both static and seismic

conditions are very important for the design of retaining walls,
anchors, foundations etc.

Research on static passive earth pressure is plenty whereas the
same under seismic condition is still lacking.
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Force-Based Analysis

= Pseudo-static method
Limit Equilibrium methodMononobe-Okabe (1926, 1929), Kapila and
Maini (1962), Arya and Gupta (1966), Prakash and Saran (1966),
Madhav and Kameswara Rao (1969), Ebeling and Morrison (1992),
Morrison and Ebeling (1995), Choudhury et al. (2002hi#uRao and
Choudhury (2005), Choudhury and Singh (2006)]

Limit Analysis[Soubra (2000)]
Method of Characteristig€umar and Chitikela (2002)]

= Pseudo-dynamic method
Steedman and Zeng (1990), Choudhury and Nimbalkar (2005, 2006)

Displacement-Based Analysis

Richards and Elms (1979), Prakash (1981), Nadim and Whith®88], Sherif
and Fang (1984), Rathje and Bray (1999), Choudhury andh&kar (2006)
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Pseudo Static Analysis
Mononobe-Okabe (1926, 1929)

Failure surface and the forces considered by Mononobe-Okabe
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Mononobe-Okabe
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Seismic Passive Earth Resistance

Subba Rao, K. S. and Choudhury, D. (2005), “Seismfzassive earth pressures in soils”,
Journal of Geotechnical and Geoenvironmental Engineering, ASCE, USA, 131(1): pp. 131-135




Typical Design Charts
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Seismic Passive Earth Pressure Distribution

1 F. y
—=]is P lacement

A

7

kB ’:l:
IR n ¢ '-,L\IA
-

1

i

1

o 11
e '
X |
1

)

Choudhury, D., Subba Rao, K. S. and Ghosh, S. (2002Passive earth pressures distribution under seisio condition”,
15th International Conference of Engineering Mechanics Division (EM2002), ASCE, Columbia University, NY, in CD.




Typical Results
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Design As Per Seismic Code

IS 1893: 1984Part 3 (Bridges and Retaining Walls)

« Using pseudo-static approach to evaluate stability of retaimails.

* Compute seismic earth pressure using Mononobe-Okabe equations
» Dynamic increment of earth pressure will act at mid heigtteivall.

« Effect of dry, partially submerged and saturated backfill isictamed.

* Range of permissible displacement is not specified.

 Soil amplification has not considered.
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Eurocode 8 — 1998

* Based on modified pseudo-static analysis.
-

» Compute seismic earth pressure using Richards and Elms) (h&de!.

» Permissible displacement for sliding and rocking movemiettiteo
wall are considered.

¢ Included non-linear behaviour in base soil and backfill.

* The point of application of the dynamic earth pressure ineném
is at mid-height of the wall.

* Soil amplification is considered.
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Seismic active earth
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Choudhury and Nimbalkar (2006)

Choudhury, D. and Nimbalkar, S. (2006), “Pseudo-dyamic approach of seismic active earth pressure befd retaining
wall”, Geotechnical and Geological Engineering, Springer, The Netherlands, Vol. 24, No. 5, pp. 1103-1113.




a(z, 1) = g sin [wft — (H — 2)/VJ] a(z, t) = gsin [oft — (H - 2)/V}]

Where w= angular frequency; t = time elapsed; V, = shear wave velocity;
p = primary wave velocity

Q.(t) = jm(z)q (z, t)d B 4nzgtan — S [2mHcosw] + A (i — simt )

where, A = TV, is the wavelength of the vertically propagating
shear wave and { = t-H/V..

nya
Q) = J‘m(z)a, (2 dz}= 5= . tana —— >~ __[2nHcoswy + A (sirwy - sinwt )

where, n= TV, is the wavelength of the vertically propagating primary
wave and | = t - H/V

The total (static plus dynamic) active thrust is given by,
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The seismic active earth pressure coefficient, K, is defined as
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The seismic active earth pressure distribution is g iven by,
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Typical non-linear variation of seismic active earth pressure

k,=0.5k , ¢=30’, 5=@2,HI\=0.3, Hh=0.16
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Effect of amplification factor on seismic active earth pressure
a(z,t) = {1 + (H—2).(E— 1)/H}a, sin [w{t — (H — 2)/VJ]

k =0.2,k=0.0,0=33,5=16
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Comparison of proposed pseudo-dynamic method
with existing pseudo-static method — Active case

- - - -Mononobe-Okabe metho
—— Present method

+ + Centrifuge test results
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Seismic passive earth
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Choudhury and Nimbalkar (2005)
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ical non-linear variation of seismic passive earth

Nk, = 05K 0= 30°, 5= ¢/2, H/x = 0.3, Hh = 0.16
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Effect of amplification factor on seismic passive earth pressure
a(z,t) = {1 + (H—2).(E— 1)/H}a, sin [w{t — (H — 2)/VJ]

k,=0.2,k=0.0,p=30,5=16
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Model proposed by Choudhury and Nimbalkar (2006) for
Seismic Design of Retaining Wall considering wall-soil inertia

Proposed Design Factors for Retaining Wall
by Choudhury and Nimbalkar (2006)

; K
Soil thrust factorf, = Kae
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Combined dynamic factoF,, = F.F,
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Typical Variation of Soil thrust factor F,
Walll inertia factor F, and Combined dynamic factor F,

k=0.5k,, 9= 30°, 8= 15°, H/TV,= 0.3, H/TV = 0.16,
H/TV, =0.012, H/TV  =0.0077
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Soil thrust factor F_
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Typical Results

Effect of angle of internal friction (¢ Effect of wall friction angle (__8)
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Comparison of Soil thrust factor F;, Wall inertia factor F,
and Combined Dynamic Factor F,,

Present study Richards and EIms (1979)
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Concluding Remarks

* Using limit equilibrium method and adopting both pseud-static and
pseudo-dynamic approach for seismic forces, comprehensive results
of active and passive earth pressures are obtained for static@n
seismic conditions with wide range of variation in designarameters.

active and passive earth pressure coefficients,
point of application of resultant earth force,
effects of shear and primary waves,

wall-soil inertia are considered together,
design factor F,, is proposed for wall design.

* Present solutions compare well with existing theories for stia case

and very rarely available seismic cases. In most of the caspsesent
study generates new solutions for the seismic cases.
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Concluding Remarks (contd.)

OApart from the approximate pseudo-static approach, consideringhear
and primary waves through the soil-structure with variation of time
can be used to get better solution by using pseudo-dynamipg@oach.

* Point of application of seismic earth pressure should be compad
based on some logical analysis instead of some arbitrary setion.

* |S code must be revised for design of retaining wall under seism
conditions.

Hope to build ‘'STABLE Earthquake Resistant’
Retaining Structures in Soill
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