LIKELIHOOD OF LIQUEFACTION
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SYNPOSIS

Traditionally, a deterministic approach is utilized in liquefaction
study. Recently a stochastic approach was proposed to study the
liquefaction problem by assuming a probable shear stress envelope dis-
tribution function and simulating the liquefaction phenomena by fatigue
behavior in material. Also, a discriminant analysis technique was applied
to evaluate the liquefaction potential by using the available data for
relative densities and corrected accelerations. Both studies utilize
the probabilistic approach to determine the "yes" or "no" to liquefy,
leaving the unsolved question of how probable this condition will occur.

This paper will study the liquefaction potential based on the findings
of the apparent scatter in correlating the soil properties and the lique-
faction. A probabilistic assessment will be applied to each contributing
parameter.

INTRODUCTION

Earthquakes are reminders to us as to how incompletely we know our
planet. Recent earthquakes of February 4, 1976 in Guatemala, which
killed nearly 23,000 people (1)III, proved that more attention in earthquake
resistant design 1is necessary and urgent in establishing building design
practice.

The investigation regarding the structural behavior during simulated
earthquake shaking has been active in recent years. The findings in the
response of upper structure to earthquake loading will improve our know-
ledge in earthquake-resisting design. The soil, which serves as the
foundation of the upper structure, also posts an important role in
evaluating the overall stability of the structure-soill system. This paper
will deal primarily with the soil problem during the earthquake shaking,
specifically the liquefaction likelihood. The likelihood of liquefaction
in general, consists of two parts: the probability of earthquake
occurrences and the conditional likelihood of liquefaction given that an
earthquake occurs. The former factor has been discussed in previous
paper (2), the later will be the main concern in the paper.

LIQUEFACTION

The terminology "liquefaction" has been introduced to geotechnic
science most recently. The phenomena is induced primarily due to
fluctuating loading conditions. The liquefaction is generally divided
into two categories due to different soil behaviors.
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A saturated soil increases the pore pressure, when it is subjected
to earthquake loading. The "generalized liquefaction” is referred to as
the condition which the loose sand can behave as fluid when the increase
in pore pressure reaches the same value as the confining stress (3-8),
However, the denser sand and cohesive soil usually cannot reach this
generalized liquefaction condition. These soils will show a slower
increase in pore pressure, reach an unacceptable straln jevel for the
upper structures before the pore pressure reaches the confining pressure.
This large displacement condition is referred to as Yeyelle mobility" as
opposed to the previous liquid condition. In this paper, the generalized
liquefaction condition with zero shearing resistance will be connidered.

Recent major earthquakes in Niigata, Japan (June 16, 1964) and in
Alaska, USA (May 27, 1964), stimulate the study of liquefaction among
researchers. Soil liquefaction during earthquakes has been discussed
extensively in a number of recent papers. A comprehensive list of
references has been compiled in a recent state-of-the~art publication
(9). As a result, an analytical method of evaluating lilquefaction
potential has been established (10). In addition, a simplified procedure
has also been developed recently based on the past experience in
liquefaction studies (11). Nevertheless, this analytical wethod usen a
deterministic approach to either state whether or not the woil will
liquefy, or evaluate the factor of safety and/or strain level during
earthquake loading.

Recently, a stochastic appreoach was proposed to studying the
liquefaction problem by assuming a probable shear atrews envelope
distribution function and simulating the liquefaction phenomena by
fatigue behavior in material (12). Also, a discriminant analysis technique
was applied to evaluate the liquefaction potential by using the avallable
data for relative densities and corrected accelerations (131). Bath
studies utilize the probabilistic approach to determine the "yes" or "no’
to liquefy, leaving the unsolved question of how probable this condition
will occur.

This paper will study the liquefaction potential based on the
findings of the apparent scatter in correlating the soil properiies and

the liquefaction. A probabilistic assessment will be applied to each
contributing parameter.

LIKELTHOOD OF LIQUEFACTION

Let Ey be the event that the soil will ligquefy due to parameter &

and Py is defined as P (Ey) where P ( ) is the of

~ probabilicty of having the
event described between parentheses. If E¢,i defines the event thatvthv
soil will liquefy, due to earthquake of intensity 1, then k

Ez/i’Eln Ean3” El‘_.”.-e-.ﬂﬂn”...--“--- {1}

whereﬂdenotest?e intersection of events. For simplicivy, it is
assumed that Ey's, k = 1 to n, are independent eventu. Thus,

Pui =P (B, =P (E1N B3N By . . Nk
P (D) P(Ep) P(E3). . . P(Epn)

Of Pasi =Pyt PpP3 ... Priiiii....... (2)
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The likelihood of liquefaction is then
Py !ng/i fr (1) di - (3)

where fy (i) is the probability density function of earthquake occurrence
with intensity 1.

The critical soil and environmental parameters mostly influencing
liquefaction were found to be 1) relative density of the soil, 2) uniformity
coefficient of the soil, 3) intensity of ground motion, and 4) the water
table depth. Each parameter will be discussed in detail in order to
establish the assoclated probability mass function which appears in equation 2.

1) Relative Demsity, D,

LAY

In the aftermath of Mino-Owari, Tohnankai and Fukul earthquakes in
Japan, it was concluded that soil with relative density greater than
75 percent have little or no chance of liquefaction during an earthquake(14).
A probability mass function, composed of three linear segments was, there-
fore, conservatively assumed as: between 0 to 20 percent relative density,
a constant value of unity was assumed, with a constant value of 0.1 when
relative density is 75 percent or greater, assuming linear variation
between 20 percent and 75 percent relative densities. The mass function
is plotted in Figure 1.

2) Uniformity Coefficient (D60/D10)

Poorly graded soll are more susceptible to liquefaction than well-
graded soils. It was observed that soils with uniformity coefficient less
than 10 are more susceptible to liquefaction (12,13). An envelope of the
sleve analysis of soills most liquefiable has also been presented by some
investigators (10,16). These curves show that soils with uniformity
coefficient less than 25 percent are most liquefiable. A linear probability
mass function was, therefore, assumed with value of unity at U=]l and zero
at U=25 as shown in Figure 2.

3) Intensity of Ground Motion (I)

The earthquake with higher intensity will inevitably have higher
possibility of liquefaction. For design practice, the peak acceleration
level is utilized. Incorporating the vertical component into seismic
analysis, it is assumed that the peak acceleration of vertical components
equals to 2/3 of the horizontal peak acceleration. When the horizontal
peak acceleration reaches 1.5 of gravity, the vertical acceleration will
reach the gravity which will cause the generalized liquefaction condition.
Therefore, the probability mass function is assumed to vary quadratically
with unity at acceleration level of 1.5g and zero at acceleration level of
0.00g as shwon in Figure 3.

4) The Water Table Depth

When the soil is not saturated, it is impossible to have the
generalized liquefaction condition. Therefore, the probability mass
function is assumed to be a step function as shown in Figure 4.
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CONCLUSION .

It is obvious that an earthquake loading is not deterministic
function in nature. A stochastic approach serves better in studying the
soil behaviors during an earthquake loading. Through stochastic approach,
this paper discusses the likelihood of liquefaction which has found to be
the most critical threat the soil can impose to the upper structure
supported by them during an earthquake.

The likelihood of liquefaction due to earthquake comsists of two
parts: the probability of earthquake occurrences and the conditional
likelihood of liquefaction given that an earthquake has occurred. The
conditional likelihood has been evaluated in the paper by combining the
contributions from the critical soil and environmental parameters:

1) relative density of the soil, 2) uniformity coefficient of the soil
3) intensity of ground motion and 4) the water table depth.

The proposed method, objective in nature, can be extended if more
relevant knowledge concerning the contributing parameter is available.
For example, the earthquake duration can come into the picture if its
correlation with intensity of the shaking can be evaluated in relating
the liquefaction. Also, more data collected in the future can be
incorporated into the analysis through the Bayesian theory. The proposed
method will throw a light on evaluating the likelihood of liquefaction,
based on the available information from the field observation.
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