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Soil Liquefaction in Padang due to Padang Earthquake
30 September 2009

Hakam, A.1

Abstract: The Padang earthquake of M7.6 on 30 September 2009 (30S’09) caused damage to
buildings, houses, public water facilities, and road ways. Several buildings were damaged due to
liquefaction. This paper describes the liquefaction potential in Padang based on the site
observation and analytical examination. The liquefaction was observed at a number of sites
including roadway, river bank and play ground. The samples of sand boils were sent to the
laboratory to determine the soil grain size distributions. It is found that the fine-sand (diameter
less than 0.4 mm) content of the liquefied soil samples is more than 65%. This type of soils
satisfies the criteria of liquefaction susceptibility. Based on the field soil test data, the
liquefaction potential of sites is also examined. The results show that the observed locations have

liquefaction potential.
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Introduction

It has been reported [1] that the 1964 Niigata as well
as Alaska earthquakes had caused overturned
buildings due to liquefaction. The Niigata liquefaction
phenomena and its devastating effects attracted the
attention of engineers and seismologists. An
extraordinary ground failure caused by bearing
capacity failure due to liquefaction occurred near the
river bank causing the apartment buildings to tilt
severely as shown in Figure 1 [2].

Numerous studies to evaluate the liquefaction
potential in a soil deposit have been done. Seed and
Idriss [1] have done comprehensive study on soil
liquefaction and proposed a soil liquefaction assess-
ment based on the soil parameters from laboratory
as well as field tests. The assessment method has
been used to investigate the liquefaction potential of
a soil deposit due to Sumatra Earthquake on 6th
March 2007 [3]. Shibata and Teparaksa [4] also
proposed a liquefaction potential evaluation based on
cone penetration test data. More recent, the
liquefaction risk assessment of earth embankments
using a probabilistic seismic hazard has been studied
by Rosidi [5].

Liquefaction of soil is the behaviour of soils under
cyclic load that transform from a solid state to a
liquid state.

1 Civil Engineering Department, Andalas University, Padang,
INDONESIA.
Email: ahakam@ft.unand.ac.id; ahakam2008@yahoo.com

Note: Discussion is expected before November, 1¢2012, and will be
published in the “Civil Engineering Dimension” volume 15, number
1, March 2013.

Received 12 December 2010; revised 08 December 2011; accepted
10 May 2012

64

It is well known that liquefaction is more likely to
occur in loose saturated granular soils. The types of
soil deposit that potentially liquefy during the
earthquake are fine sand, silty sand, sand, and
gravely sand. Since the rate of earthquake loading is
faster than the flow of water in the soil, the cyclic
loading can increase the pore water pressure and
consequently decrease the soil shear strength. This
type of cyclic load is called undrained loading.

When a cyclic loading is applied to a sandy deposit,
the total stress, o, in the soil element is increased.
This increase of stress in the soil element occur in
terms of pore pressure, u, meanwhile the effective
stress between soil particles remain constant. For a
very permeable sandy deposit, the pore pressure will
be transferred directly to the stress between soil
particles in terms of effective stress, . However for
semi-impermeable sandy soil, such as silty sand,
clayey sand and fine sand, the time of increasing
pore pressure is very short compared to the time
required to transfer the stress between soil particles.
If the pore pressure is higher than its effective stress,
then the stress in the soil is dominated by the pore

pressure.

Figure 1. Liquefaction due to Niigata Earthquake [2]
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In this condition, sandy deposit behaves as liquid
and it is refered to as liquefaction condition. In mathe-
matical term, the liquefaction on the soil deposit is
written as:

¢=c-u<00

@

where 6 and ¢' are total and effective stresses in the
soil respectively and u is the pore pressure in the
liquefied soil element.

Das [6] concluded that there is no unique criterion
for quantitative evaluation of the iquefaction potential.
However, the liquefaction potential of the soil depends
on several factors:

Relative density, D:

Initial stress of the soil, i

Mean grain size of the soil, Dso

Applied peak stress, Ga Or Tmax

Duration of the motion, t

Over consolidation ratio, OCR

Initial pore pressure, u;

Even though the criteria for each of these factors are
not clearly specified, relationships of the factors can
be described. For higher soil relative density (Dy),

more dynamic peak stress (tmax) is needed to liquefy
the soil. The higher the level of over consolidation
ratio (OCR), the longer motion is needed to liquefy
the soil. The effects of initial stress (ci) and pore
pressure (ui) are in term of soil resistance against
liquefaction which will be described later. Based on
site experience summarized by Cetin et al [7],
liquefaction phenomena occur in sands with mean
grain size (Dso) of 0.05 — 0.50 mm.

Liquefaction in Padang

The liquefaction phenomena have occurred in some
area of Padang during Padang earthquake of 30
September 2009. Soil liquefaction induced by the
M7.6 of Padang earthquake has contributed to
damage of houses, water facilities and road ways.
The liquefactions on sites of Padang were indicated
by sand boils right after the earthquake. The soil
liquefactions were observed on a number of sites
including roadway, river bank, sport court and play
ground (Figure 2).

The identified soil liquefaction on sites in Padang
then is plotted in the map of Padang City (Figure 3).
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Figure 3. Liquefaction Map of Padang due to Earthquake 30 September 2009
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It can be seen that the liquefaction mostly found
along riverbanks and beaches that generally consist
of sands and/or silts deposits.

Grain Size Distribution

In order to have the distribution of the grain size of
the liquefied soil, samples of sand boils are sieved to
determine its grain size distributions (Figure 4). It is
found the soil samples have more than 65% fine-
sand grains with D50 of 0.15 — 0.35 which agree with
the liquefaction criteria.

Figure 4 shows that the liquefied soils have a similar
pattern of grain distribution which can be placed in a
plotted boundary. This picture can be used in
evaluation of liquefaction potential based on the
grain distribution. However, the potential for
liquefaction should also be determined by other
methods.

Site Analyses

Four points of Cone Penetration Test (CPT) have
been carried out, two points each are carried out in
Lapai and Agus Salim Sport Centre (GOR AS) sites.
Results of the CPT are shown in Figure 5. The cone
resistance (qc) of every soil layers were recorded.

In the end of each test the ground water table was
investigated. The analyses of liquefaction suscep-
tibility based on the CPT [8] are then conducted. In
this analysis, the value of qc, the ratio of cone
resistance to the effective overburden of soil, is
calculated. Then, the Cyclic Stress Ratio (CSR), the
ratio of the soil resistance compared to the potential
cyclic stress, is also calculated. CSR is calculated
using the following equation:

CSR = o,es(agaxcﬁJ r, @)

[o]

where 6, and o' are total and effective overburden
stresses in the soil respectively, amax is the maximum
horizontal acceleration, g is the acceleration of gravity,
and rq is shear stress reduction factor which depends
on the depth [1]. The values of stress reduction factor
(ra) vary from 1.0 at ground surface to 0.9 at a depth
of about 10 m. The soil parameters for calculating
CSR are estimated from CPT results [9].

The potential of liquefaction can be found by plotting
of value of qa to Cyclic Stress Ratio as shown in
Figure 6. The plots show that these sites can be classi-
fied as highly potential liquefaction area. This result
agrees with the liquefaction potential of the soil that
is examined based on the soil grain size distribution.
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Figure 4. Grain Size Distributions
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Figure 5. CPT Test Point on the Lapai and GOR Agus Salim Sites
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Figure 6. Liquefaction Analysis using CPT Test
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Conclusions

The liquefaction phenomena due to the Padang
Earthquake on 30 September 2009 were observed at
a number of sites in Padang. The soil grain size
distributions show that the fine-sand grains of the
soil sites are more than 65%. The results of analysis
based on CPT on particular sites show potential
liquefaction of deposit during the earthquake. The
results show that liquefaction potential can be
determined by CPT and grain size distribution.
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