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(3) on Evaluation of the Yield Acceleration Factor Induced Earthquakes
in Nonhomogeneous,Anisotropic Slopes by Limit Analysis

* * % * KKk
Tomoyuki SAWADA, Sumio G. NOMACHI and Wai F. CHEN

Vertleat
cV

The upper bound techniqu of limit
analysis has been previously applied
to obtain the critical height and ’%‘ én
the yield acceleration factor of a °
homogeneous, isotropic slopes.

Now this paper establishes an ex-—
pression for the evaluation of the
yield acceleration factor for a slope -
induced eathquakes, based on the
limit analysis of perfect placticity 77—t
which yields a closed~formed solu-
tions for sections in which the
following conditions are considered:

(1) log-spiral failure-plane (Fig.a)

(2) nonhomogeneity and anisotropy :

of soil with respect to cohe- a.Failure Mechanism 2
51on,C(Flg.b,c)_ ¢ .Nonhomogeneity

(3) general slope(Fig.a) Fig. log-spiral failure mechanism with Depth

b.Anisotropy
with Direction

% o

In this work, the material of the slopes is assumed to obey the Coulomb yield condition
and the associated stress—strain relations. The Coulomb yield condition is described by
two parameters,namely: cohesion strength,C and apparent friction angle,®.

It is further assumed that only the cohesion strength,C is nonhomogeneous and aniso-
tropic. A discussion will therfore be given of the types of nonhomogeneity and aniso-—
tropy to be used in the calculations. However, the apparent friction angle,d is assumed
to be homogeneous and isotropic throughout the calculations,i.e. a constant value for a
given type of slope. The cohesion strength C;, with its major principal stress inclined
at an angle i with the vertical direction(Fig.a,b) is given by

Ci =Chp + ( Cy - Ch ).cos?i

in which Ch and Cy are the cohesion strength in the horizontal and vertical direction,
respectively. The ratio of principal cohesion strength Ch/Cy denoted by k, is assumed

to be the same at all points in the medium. Ci=Ch=C, or «=1.0 means an isotropic mate-
rial. In Fig.a, the angle m is the angle between the failure-plane and the plane which
is nommal to the direction of the major principal cohesion strength kept at an angle i
with the vertical direction. This angle, according to Lo's test(1965), is found to be

independent of the angle of rotation of the major principal stress.

The upper bound theorem of limit analysis states that a cut in clay shown in Fig.a will
be collapsed under its own weight, surcharge and each inertia force if, for any assumed
failure mechanism, the rate of external work done by the soil weight,the surcharge and
each inertia force exceed the rate of internal energy dissipation. The upper bound
values of the yield acceleration factor can then be obtained by equating the external
rate of work to the intetnal rate of energy dissipation for any such a mechanism.

We obtained as following K=F( O, On, D/ro )
The function F mentioned above has a minimum value and indicates a least upper bound,
when Op,0h and D/ro satisfy the following conditions. Thus,
aF _ 9F _ JF  _
3@0-— 0, '56-}1— 0 and ﬁ/ro—

The results of the upper bound limit analysis were found to be in good agreement with
the results of the friction circle procedure(one of the limit equilibrium method) such
as, the references according to Terzaghi(1948) and Lo(1965).

0 which yield K; = Min. F( 0y, ©h, D/xrp )
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