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Seismic liquefaction and flow deformations

W.D. Liam Finn', R.H. Ledbetter ', and M. Yogendrakumar

ABSTRACT

This paper presents 4 nonlinear finite element method for
calculating the displacements 1n earth structures caused by seismic
1iquefaction. The method is used to evaluate post—liquefaction behaviour

of gardis Dam.
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pore 4and 1n a thin seam of clayey silt or silty eclay in the top stratum

clay in the foundation. The thin layer may be seen clearly in Fig. 4
' _ : : »i X | : ) P ‘
The liquefaction potential of the sands and silts was evaluated using
_ sing
1985) and the Chinese

geed’'s liqueraction assessment chart (Seed et al.
criteria for soils with plastic fines by Wang (1979).

residual strength (steady state strength) 1in the core was

be 5 kPa (l00 psf) based on Seed’s correlation between
(N71)gp and residual strength

The
assumed toO

corrected standard penetration resistance

shown in Fig. 1 (Seed and Harder, 1990). From a variety of studies, the
residual strength in the thin layer in the foundation was assumed to be
S, = 015 o' vy (Woodwara Clyde Consultants, 1989). The original

strength of the thin layer was taken as 100 kPa (2000 pst).

The large differences between the initial and post-liquefaction
strengths in Sardls Dam resulted in major load shedding from liquefied
~lements. This put heavy demands on the ability of the program to track
~ccurately what was happening and on the stability of the algorithms.
Therefore 1t was imperative to have an independent check that the

computed final deformed positions were indeed equilibrium positions. The
ost direct check is to run a conventional stability analysis on the

deformed position. If the major deformations occur during the
earthquake, the resulting factor of safety should be greater than unity
because some of the deformation field is driven by the inertia forces.
If the major deformations occur relatively slowly after the earthquake,

the factor of safety should be close to unity.

Dam, the residual strength values
value of- k7.5 kPa (350

The initial and
Very

In one  analysis of Sardis
specified above were used, but assuming a minlimum
psf) in the thin liquefied layer in the foundation.

final deformed shapes of the dam for this case are shown in Fig. 4.

<ubstantial vertical and horizontal deformations may be noted, together
in the weak thin layer. The static

stability of the deformed shape was analyzed using the program UTEXAS?2
(USACE, 1989). This program uses Spencer’s method (1973) which satisfies
both moment and force equilibrium. The factor of safety was found to be
close to- 1.0 It is also interesting to note that the criticaleslip

surface for UTEXAS2 analysis exited the slope near the location suggested
by the finite element analysis using TARA-3FL.

with intense shear straining

The reliability of TARA-3FL 1n predicting stable deformed shapes
studies with wvarious assumptions about the

was tested by parametric
steady state strength in the thin liquefiable The  factorsS Ok
tions were determined

safety of the undeformed and deformed dam cross-sec
using UTEXAS2. The factors of safety for the undeformed dam are given Dby
the solid sloping line in Fig. 5. The points give the factors of safety

of the post-liquefaction deformed sections. The steady state strengths
lue for the layer or an imposed

in Fig. 3 represenc efither a cornstant va :
In the clearly unstable region

minimum wvalue when S, = 0. 015 0 -5 _
han one for the undeformed sectlion,

the computed factors of safety for the deformed sections Wwere in t_:he
ical error band associated with

range of 1 4+ 0.05.
assumptions about the

UTEXAS2. Many results of this type, for different
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variable
when the minimum St

~ritically importan

' th
design purposes from
derived from laboratoly tests or from

ble to determine the loss in freeboard associateg

with various factors of safety based on the origlnal configuration of the

dam for various residual strengths. The variation of vertical crest
displacement (loss of freeboard) with factors of safety of the undeformeg

dam are shown for various values of residual strength in Fig. 7. For the
first time a designer has available the deformation fields associated
with different factors of safety for a particular dam. This information
is helpful in interpreting the implications of a given factor of safety :

It is also possi

CONCLUSIONS

Deformati l
tion analysis of earth structures with liquefied zones using

T
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a very useful complement to conventional slope stability
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Figure 3. Typical Section of Sardis Dam.

=

[
Qllllll.h...
‘.l-.l.-..--h..

I
___.-miﬂﬁu- .-!‘u——-----ﬂ-----fd---

Figure 4.

Initial and Post-Liquefaction Configurations of Sardis Dam.
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