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ABSTRACT

The earthquake that rocked West Sumatra with a magnitude of 7.9 SR, a depth of 71 km, and an epicenter
of 0.84 LS - 99.65 BT around 57 km Southwest of Pariaman on 30 September 2009 has caused damage to
infrastructure and buildings and caused 383 fatalities. One of the problems caused by the earthquake is
the liquefaction phenomenon. Ligquefaction was reported to have occurred in Padang in the form of sand
ejection coming out of cracks in the ground after the 7.9 SR earthquake in 2009. This study aims to
determine the liquefaction potential of the Sintuk Toboh Gadang railway, Pariaman, using various
liquefaction potential analysis methods so that the most practical and convincing method is obtained
among these methods. In this study, the methods used to predict liquefaction are the Tsuchida (1970),
Seed & Idriss (1971), Shibata & Teparaksa (1988), and Hakam (2020) methods. Field testing was
conducted at four CPT test points, four NSPT test points, and machine drilling tests. The results showed
that using the Tsuchida (1970) method, soil deposits at the four points tended to have liquefaction
potential. The Seed & Idriss (1971) method showed that points 3, with depths of 8m and 14m, and point 4,
with a depth of 8m, had liquefaction potential, while the Shibata & Teparaksa (1988) method using CPT
data showed that at depths <10 meters there was a tendency for liquefaction to occur at the four points
reviewed. The study's results using the Hakam (2020) method resemble the method proposed by Seed &
Idriss (1971). It can be concluded that among the four methods, the most practical and convincing
method is the Hakam (2020) method.

Keywords: Earthquake, Liquefaction, Liquefaction Potential Analysis Methods.

1. Introduction

Liquefaction is an event where the condition of the soil changes from a solid to a liquid
state. Ligquefaction is often found in earthquakes where soil behavior occurs due to earthquake
loads that occur in only a short time. Earthquake vibrations that propagate in soil deposits in a
short time cause the soil mass to transition from a solid state (behavior) to a liquid state (fluid
behavior) (Kramer, 1996; Das, 1989; Putra et al., 2009; Hakam, 2012; Yuliet et al., 2019;
Hakam, 2020; Adji et al., 2021). Liquefaction can occur in sandy soil because cyclic loads are
applied to the sandy soil, resulting in an increase in stress between soil elements followed by an
increase in pore water pressure in the soil. At the same time, due to the cyclic load, the total
stress in the soil mass increases. The increase in pore water pressure can equal the total stress
that occurs so that the effective soil pressure is lost. The liquefaction behavior that occurs in
sandy soil can flow and sink objects above it (Wang, 1979; Aydan et al., 2008; Kogai et al.,
2000; Muntohar, 2009; Wang & Yanli, 2010).

Padang Pariaman Regency is an area located in West Sumatra Province, where the
regency is surrounded by two active plates, namely the Asian plate and the Indian plate, making
Padang Pariaman Regency as regency that is prone to earthquakes. The earthquake that hit West
Sumatra with a strength of 7.9 SR and a depth of 71 km and the epicenter at 0.84 LS - 99.65 BT
approximately 57 km Southwest of Pariaman on September 30, 2009 has caused damage to
infrastructure and buildings and caused 383 fatalities. One of the problems caused by the
earthquake is the liquefaction phenomenon.

Padang City is a city located in the north of Padang Pariaman Regency or a city adjacent
to Padang Pariaman Regency. This city is one of the cities in West Sumatra Province that was
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reported to have experienced ligquefaction due to the earthquake on September 30, 2009. The
phenomenon of liquefaction and land surface deformation caused by the earthquake occurred at
several points around the river flow or in areas several kilometers from the coast. The
liquefaction event can be observed by the presence of water seepage out of cracks in the ground
during an earthquake. In addition, the occurrence of liquefaction can also be marked by the
sinking and tilting of several buildings as well as horizontal movement on a large scale
(Warman & Jumas, 2013). Liquefaction potential analysis is critical in seismic areas, especially
for bridge and railway infrastructure, because this phenomenon can cause severe impacts on
ground stability and infrastructure safety (Esmaeili & Noghabi, 2013; Tabatabaei et al., 2019).
Liquefaction causes land subsidence, which affects severe damage to railway infrastructure such
as shifting or bending of rail tracks, increasing the risk of accidents such as train derailments.
Mitigation must be done to determine locations with potential for liquefaction, select suitable
construction types, improve soil, and design liquefaction-resistant structures. Liquefaction
analysis can help reduce the risk of infrastructure damage and post-disaster repair costs (Zhou &
Chen, 2007; Lai et al., 2020; Ghani & Kumari, 2023). The Sintuk Toboh Gadang Railway Line,
Pariaman city is a railway line that plays an important role in connecting areas in West Sumatra,
including transporting goods and passengers to and from Padang. Analysis of liquefaction
potential in Sintuk Toboh Gadang railway is fundamental because this area has a high risk of
liguefaction due to seismic activity, soil type, and high groundwater level. Sintuk Toboh
Gadang is an area with alluvial soil layers dominated by loose sand and fine-grained soil that
tends to be saturated with water. This type of soil is susceptible to liquefaction when hit by
earthquake shocks. This area has a shallow groundwater level because the area is a lowland area
close to the coast. Intense and prolonged earthgquake shocks can trigger liquefaction in saturated
soil, damaging railway infrastructure. Soil that loses its bearing capacity can cause rail sleepers
and other supporting structures to become unstable, increasing the risk of train accidents and
disrupting train operations so that passenger mobility and distribution of goods in the area will
be hampered.

On September 28, 2018, an earthquake in Central Sulawesi measuring 7.4 Mw caused
several areas to experience disasters such as a tsunami on the coast of Donggala and Palu, a fire
in Balaroa Village, and a liquefaction disaster in the Palu and Sigi areas (Setiawan &
Kurniawan, 2021). Liquefaction in this earthquake caused massive landslides and caused
damage to the Balaroa and Petobo areas with liquefied soil flows. Several studies have been
conducted since ancient times to evaluate the potential for liquefaction in soil deposits.
Engineers and researchers mostly conduct liquefaction potential studies based on soil testing in
the field and in the laboratory. Day (2002) explains that there are at least 12 factors that affect
the potential for liquefaction in a soil. These factors are earthquake intensity and duration,
groundwater level, soil type, relative soil density, grain size gradation, soil layer placement
conditions in the environment, drainage conditions, particle shape, age and cementation factors,
past environmental conditions, and building loads ((Ishihara, 1985; Rahman & Sik-Cheung,
2008; Hakam & Ismail, 2016; Asema et al., 2022).

Liquefaction that has occurred in several areas in Indonesia has had varying effects on the
surface soil layers, ranging from sand bursts on the surface of the soil, loss of water in dug
wells, to a combination with surface soil movement. Figure 1 shows the distribution of
liquefaction potential in the province of West Sumatra, the coastal areas have to liquefaction
potential.
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Fig. 1. Map of liquefaction vulnerability zones in West Sumatra Province
(Ministry of Energy and Mineral Resources, 2019).

The seismic microzonation analysis of Padang City reveals that the regions with high to
very high vulnerability to liquefaction are concentrated along the coastlines and river flows,
areas in Koto Tangah, Padang Utara, Padang Timur, and Padang Selatan subdistricts where sand
boiling, settlement, and lateral movement in high vulnerability zones (Tohari, 2020).
Liquefaction wvulnerability information is very important in increasing government and
community preparedness in facing the possibility of liquefaction phenomena in the future. Easy-
to-read and understand information is needed for the dissemination of liquefaction hazard
information among stakeholders and the wider community. With the mapping of liquefaction
potential, strategic steps can be taken to reduce the impacts that occur (Hakam & Darjanto,
2013; Novasari et al., 2023; Sudondo et al., 2024).

Studies and methods for analyzing liquefaction potential challenges such as the diversity
of soil conditions, limited data, and the lack of universal standards. However, technological
developments and increasing awareness can help overcome these challenges. In addition,
environmental changes in human activities, such as urbanization and infrastructure
development, can change soil characteristics, affecting liquefaction potential (Youd & Idris,
2001; Prasad, et al., 2019; Abdulhakim & Phani, 2023). The limitations of the methods used to
analyze liquefaction potential quickly, precisely, and accurately depend on historical data, so
they are less accurate when applied to locations with different geological conditions (Subedi &
Acharya, 2022; Sahua & Tiwari, 2023). Using computer simulations to predict soil behavior
during earthquakes has limitations and requires complete and correct input data, such as soil
parameters and earthquake recordings. It is highly dependent on model assumptions, which can
affect the analysis results. While the laboratory test approach requires soil testing to determine
soil behavior to earthquake shaking, the limitations are that soil samples often do not represent
actual conditions in the field, and many areas at high risk of liquefaction do not have adequate
geotechnical data due to budget constraints that require field surveys and laboratory testing.

The gap between this research and other studies is that this research uses not only one
method to analyze the liquefaction potential of a soil deposit, but this research uses various
methods so that the results obtained are expected to be more accurate by comparing these
methods with liquefaction events that have been recorded in history. Based on the problems
above, it is necessary to analyze liquefaction potential using a method that is fast, precise,
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simple, practical and produces accurate outputs. This study was carried out using four methods
using field and laboratory data obtained on the railway bridge in Padang Pariaman.

2. Research Methods

The location of research was conducted in Nagari Sintuk, Sintuk Toboh Gadang
District, Padang Pariaman Regency. Data were obtained by collecting secondary data where the
sondir, machine drill and SPT tests. This study used 4 (four) test points and soil sampling.
Sondir and SPT testing were carried out until hard soil was found, and soil samples were taken
for laboratory testing using boring. Sondir/CPT testing is by SNI 2827 of 2008, SPT is by SNI
4153 of 2008, and boring testing is by SNI 2436 of 2008. Samples obtained in the field from
machine drilling testing were then tested in the laboratory, including water content tests (SNI
1965 of 2019), volume weight (SNI 03 - 3637 of 1994), specific gravity (SNI 1964 of 2008),
sieve analysis (SNI 3423-2008). Unconfined Compressive Strength Test (SNI 3638 in 2012),
and direct shear (SNI 3420 in 2016). This test was conducted at the Soil Mechanics Laboratory,
Civil Engineering Department, Andalas University.

Data was obtained, a liquefaction potential analysis was carried out using various
methods. Various methods for liquefaction potential analysis are essential because liquefaction
is a complex phenomenon influenced by many factors, such as soil properties, hydrogeological
conditions, and earthquake intensity. The combination of methods allows for more accurate,
comprehensive, and reliable results to mitigate risks to infrastructure. Each analysis method has
its strengths and weaknesses. Using various methods helps minimize errors if only relying on
one approach. Based on the results of previous researchers and current researchers, this study
will compare 4 (four) types of methods, namely the Tsuchida method (1970), the Seed & Idriss
method (1970), the Shibata & Teparaksa method (1988), and the Hakam method (2020) which
aim to determine the research area that has the liquefaction potential or not, then the more
practical and convincing method will be chosen among these methods.

2.1. Tsuchida Method (1970)

In 1970, Tsuchida proposed a method to analyze the liquefaction potential based on soil
grain size. This method uses a gradation curve to observe the liquefaction behavior of soil in
several earthquakes that occurred in Japan and showed similar responses after laboratory tests
using a shaking table test. Figure 2 shows the grain size limits of soil that are potentially
liquefiable and non-liquefiable. Figure 2 of the Tsuchida Graph shows that fine-grained soils
(silty and finer) with an average grain size D5, of 0.02 mm are considered liquefiable at an
unspecified shaking level. Uniformly gradated soils have higher liquefaction potential than well-
graded soils. The Tsuchida method is suitable for the initial evaluation (screening) of
liquefaction potential, especially on sandy soils with simple gradation. This method is simple
and fast because it only requires basic data such as grain size distribution and soil gradation and
does not require complex field tests or laboratory tests so that it can be applied more quickly,
and the costs used are cheaper. The Tsuchida method can be used as an initial screening of a
location for liquefaction potential. However, the analysis of liquefaction potential with this
method is not deep enough, especially if data is needed on the effects of earthquakes,
hydrogeological conditions, or mechanical characteristics of the soil.

Ishihara et al. (1980) stated that Tsuchida’s (1970) chart was based only on the
performance of soils of native alluvial, dilluvial, or volcanic origin, and the boundaries of
liquefaction-prone soils did not correspond to soils containing a low plasticity fraction of clay
particles. Tokimatsu & Yoshimi (1983) collected field soil testing data from earthquake events
in Japan that correlated observed soil behavior with local soil gradation characteristics. Soils
containing up to 60 percent silt-size particles and 12 percent clay-size particles (i.e. particles
smaller than 0,005 mm) showed moderate to extensive liquefaction (in terms of land area
affected). Their compilation did not include indices of soil properties, such as the Atterberg
Limit, which has been shown to influence cyclic strength.
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Fig. 2. Gradation of liquefiable soil according to Tsuchida (1970)

2.2. Seed & Idriss Method (1971)

The Seed & Idriss method (1971) is a practical and widely accepted approach to evaluate
liquefaction potential. This method is flexible, has a strong empirical basis, and considers soil
conditions, loads, and seismic parameters. The method's limitations include complex soil
conditions, non-sandy soil, or earthquakes with non-homogeneous cyclic stress distributions.
Therefore, although this method is suitable for initial evaluation, it is often necessary to
combine it with other methods or more detailed numerical analysis for more complex soil
conditions or high-risk areas to obtain more reliable results.

Another way to evaluate liquefaction potential is by testing the standard penetration
resistance (Ngpr) in the field. The first step to evaluate liquefaction potential is by calculating
the effective vertical stress with the following equation:

Opr™— (Y X h) - (Yw X hw) (1)

After that, the CN value is calculated using the following formula:

L 2
CN =9,78 \| 0y

After the C \ vaue iS Obtained, calculate the N' value (correction to the gpr N vae ) With the
following equation:

N’ =Cy X Ngpr (3)

Next, the N' value obtained is used to obtain the field value (t,/6,)siq fOr an earthquake with a
magnitude of 7.5 which is obtained from the image below.
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Then calculate the value T, (force that resists liquefaction) with the following equation:

T, = (f_h) X Gy @)

Oy’ field

Then determine the value of Cp (correction factor per depth reviewed) from the image below.
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Fig. 4. Cp value against depth (Seed & Idriss, 1971)
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The final step is to determine the value t,, using the following equation:

tar = 065 Cp | (F27) gy ©)

Check if the value t,, > o, then sand deposits at that depth have the potential for liquefaction.

2.3. Shibata & Teparaksa Method (1988)

Several practical methods for evaluating the liquefaction potential of soil deposits
subjected to earthquake loading have been developed using in-situ (field) testing techniques.
Examples include the Standard Penetration Test (SPT), the Cone Penetration Test (CPT), and
shear wave velocity measurements. SPT has been widely used for many years in Japan and
North America, but SPT has now become more popular as an in-situ (field) test for site
investigation and geotechnical design. The advantages of Cone Penetration Test (CPT) are its
simplicity and continuous recording (Robertson & Campanella, 1983; Robertson & Campanella,
1986; Cetin et al., 2000). One disadvantage of CPT in predicting the liquefaction potential of a
soil deposit is that CPT has limited data to make a correlation between the characteristics of the
soil deposit that are likely to experience liquefaction. Another problem is the unavailability of
samples, so the soil type must be inferred from the CPT data.

To evaluate liguefaction potential using CPT (Shibata & Teparaksa, 1988) proposed a
practical method, namely the corrected cone resistance (g.; ), and the cyclic stress ratio (CSR)
generated by the ground motion due to the earthquake. The cone resistance needs to be
corrected with the following formula :

1,7
= = —f k 2 6
Ger = C1Xqc (ay n 07) e (kgf /em?) (6)
0,17
1= C1Xqc = <m> qc (MPa) (7)

Where C, is the correction factor for the effective vertical stress (overburden) (g,,) at the depth
of the CPT test carried out (see figure below).
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Fig. 5. C; value against op’(Shibata & Teparaksa, 1988).
The CSR cyclic stress ratio that occurs in the field during an earthquake can be estimated
using the following formula:
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CSR =0,1x (M — 1) x fmaxy 201 —0,015(z)] ®)
g 0‘0,
Where :
M = magnitude of earthquake
(o) = total stress in the vertical direction
oo’ = effective vertical stress (overburden)
Amax = maximum horizontal acceleration on the ground surface
z = depth (m)

After the value g, and CSR value are obtained, they are plotted into the liquefaction
potential graph proposed by (Shibata & Teparaksa, 1988) as shown below.
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Fig. 6. Graph of Liquefaction Potential based on value g¢; vs CSR.

2.4. Hakam Method (2020)

Hakam (2020) stated that to analyze the potential for liquefaction at a location, the
following steps can be taken. First, conduct a geotechnical investigation at the location to obtain
the main soil parameters at a certain depth. The investigation was conducted using a machine
drill so that it can reach a depth of up to 30 meters from the ground surface. In the investigation,
disturbed and undisturbed soil samples were taken. Usually, the machine drill investigation will
also be followed by a standard penetration test to obtain the value of Ngpr. Second, disturbed
soil samples at a certain depth are tested in the laboratory using sieve analysis to obtain the
distribution of soil grain size so that obtained the parameter of Dsy.

Disturbed soil can also be used for maximum volumetric weight (Y,) testing, and
minimum volume weight (Yy) min While the original soil sample tested its volume weight (Y)
and water content (®). Furthermore, the dry volume weight (Y,) of the original soil can be
calculated using the following equation :

)4
Ya = 11w ©)

The relative density of the soil is calculated using the following equation:
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Dr = Ya — (Ya)min ((Vd)max) (10)
(Ya) max - (Ya) min Ya

If undisturbed soil sampling fails so that the original undisturbed sample is not obtained,
the relative density value can be calculated using the following equation:

Dr = 0,0006 N> — 0,075 N2 + 39 N (11)

Where: N = N ¢pr (Gibbs & Holtz, 1957) or Ng, (Terzaghi, 1996).

After the parameters Dg, and Dr are obtained, both are plotted into a liquefaction diagram
made from the results of laboratory testing and comparison of liquefaction data in the figure
below. If the meeting point of Dg, - Dr are on the left side of the acceleration boundary line,
then the soil layer at that point has the potential to experience liquefaction if an earthquake

occurs.
100

60 |—————
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Fig. 7. Liquefaction Potential Diagram (Hakam, 2020)

2.5. Relevant Research

Andriani et al. (2025) conducted a study on the liquefaction potential around the Padang
coast, West Sumatera Province. The study utilized the Tsuchida method and the Dr-Ds, method.
The results indicated that all tested samples from the five locations around the Padang coast
exhibited liquefaction potential when analysed using the Tsuchida method with sieve analysis.
This was due to the uniformity of soil grain size, which led to a lack of cohesive force between
soil particles. Another method used was the Dr-Ds, method. Their findings showed that all
samples had the potential to liquefy under a vibration of 0.6g. However, at a vibration of 0.3g,
only one sample showed liquefaction potential, which was at point 1 in Lolong Belanti
Subdistrict, North Padang. Although the sample at point 1 had a higher relative density, its D,
value was smaller than the others. This resulted in 50% of the grain size passing through a fine
particle size of 0.186 mm, classifying it as fine sand.

Fachriansyah et al. (2025) conducted a geotechnical investigation to predict the
liquefaction potential in the Gunung Pangilun area, Padang City. The field investigations carried
out included the CPT test (Seed & Idriss method) and sieve analysis test (Tsuchida method).
The results of the study indicated that the soil layers in the area have the potential to liquefy at
depths greater than 1 meter when analysed using both methods. It shows that the surface of the
soil consists of fine sand layer with grains passing sieve no. 200 is 0% and dry soil condition
(the groundwater level is at a depth Of 1.2 m), based on the size distribution graph and Ds,
value, soil samples on the soil surface do not have the liquefaction potential.
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Ismaili & Asyifa (2022) analysed the liquefaction potential based on SPT and CPT data
in the Yogyakarta International Airport area. The initial step they took was collecting soil data
obtained from field tests conducted by PT. Pembangunan Perumahan (Tbk) incollaboration with
Yogyakarta International Airport. Then conducted an analysis by determining the Safety Factor
(SF) value by comparing the CRRMW value with the CSR value. If SF<1, it can be concluded
that the soil layer has the potential to undergo liquefaction with an earthquake magnitude of 7.5
Mw. SF value is an indicator where a study area has liquefaction potential or does not have
liquefaction potential. From the two data used, namely SPT and CPT, in general the location or
area of the Yogyakarta International Airport has the potential to experience liquefaction.
Therefore, appropriate mitigation and handling measures are needed to reduce the risk or impact
of liquefaction.

Adji et al. (2021) observed a study on liquefaction disaster mitigation along the railway
corridor in Padang City, West Sumatera. This research was carried out by plotting of four
liquefaction events and liquefaction potential in Padang City. The results were then combined
with the railway corridor in Padang City. There are four segments of the railroad corridor in
Padang City, which are in areas with potential for liquefaction, namely in Air Tawar water areas
(Basko Mall), Alai area, Simpang Haru and Sungai Air, Kota Tua.

Rahayu et al. (2021) investigated the potential for liquefaction using CPT (Cone
Penetration Test) and grain size distribution analysis, with a case study in Lolu Village, Jono
Oge Subdistrict, Palu City. In evaluating liquefaction potential, the CPT data is processed with
the Idriss-Boulanger method, referring to the value of soil safety factors based on the ratio
between ground resistance to liquefaction (CRR) and earthquake (CSR). Whereas grain size
distribution tests are carried out based on ASTM, referring to soil type composition’s influence
on the level of liquefaction potential. The results from eight CPT in Lolu village shows that
liquefaction potential occurs at a depth of 5 to 10 m with varying end resistance and friction
ratio values of the soil. Likewise, grain size distribution tests indicate that soil types are
dominated by sandy soils vulnerable to liquefaction.

Yuliet et al. (2019) evaluated the Nurul Hag shelter building constructed on liquefaction
prone area in Padang City, Indonesia. The evaluated of liquefaction potential using the Seed &
Idriss method. From the result of the soil evaluation, it was found that the soil in the shelter
location has high liquefaction potential. Therefore, the shelter structure is analysed using
specific response spectrum of the earthquake loads. Considering soil liquefaction, which is 1.5
higher than those on the non-soil liquefaction. The tsunami loads were calculated used based on
FEMA P-646. The analysis result shows that the shelter building is not capable of resisting the
working loading, in which the elements of the beams and foundations do not have enough
capacity to resist the working loads, especially earthquake and tsunami loads. Furthermore, the
shelter building should be retrofitted before being used as a vertical evacuation building.

Mase (2017) observing the study of liquefaction time stages due to a short duration
shaking. The main point that can be concluded in his study are as follows : the maximum excess
pore water pressure is the main factor in studying liquefaction. In this study, the maximum
excess pore water pressure ratio resulted on each test is larger than one, which means all
dynamic loads applied trigger the soil liquefaction showing that the considered PGAs of 0.3g,
0.35g, and 0.4g, potentially triggered soil liquefaction in Southern Opak riverbank. Then soil
condition, soil type, and the dynamic loads may influence the liquefaction potential during a
short shaking duration. The applied dynamic loads can influence the initial time of liquefaction,
the initial time of pore water pressure dissipation, and the liquefaction duration.

Hakam & Ismail (2016) have studied the liquefaction potential based on laboratory tests.
Based on that study, the method to assess the liquefaction potential then is proposed. In
laboratory tests, the vibration source is given by using the shaking table. During the tests, the
acceleration and settlement are recorded. It then concluded that there is a relationship between
density and grain size particle associated with liquefaction resistance for certain acceleration of
vibration. The cone penetration and relative density relationship has been developed based on
experiments in laboratory. Based on the results of those laboratory tests, the liquefaction
potential of a certain site then assessed. It is found that the relative density and mean gain size
relationship can be used to assess liquefaction potential in sand deposits.
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Uyanik (2020) conducted soil liquefaction analysis based on soil and earthquake
parameters. This study is based on 315 case history data gathered from 22 earthquake. In
addition, these data were examined using another liquefaction analysis method and the results
were compared with the proposed method. The proposed method was applied to 315 data
collected from liquefied or non-liquefied regions. This method determined the liquefaction
potential of 118 data collected from liquefied regions with 100% reliability. Additionally, the
method correctly predicted the non-liquefaction conditions of 197 data from non-liquefied
regions with 66% reliability. In order to increase the reliability of this method, additional region
work for either liquefied or non-liquefied soil types is required, using denser soil (Vs. > 250
m/s) subject to more powerful ground movement (a,.x = 0,48¢), especially in deeper deposits
(z> 15m).

Ntritsos & Cubrinovsk (2020) in their paper mention that they present the key steps of an
advanced seismic effective stress analysis procedure, which on one hand can be fully automated
and, on the other hand, requires no additional input (at least for preliminary applications)
compared to simplified cone penetration test (CPT) based liquefaction procedures. In this way,
effective stress analysis can be routinely applied for quick, yet more robust estimations of
liquefaction hazards, in a similar fashion to the simplified procedures. Important insights
regarding the dynamic interactions in liquefying soils and the actual system response of a
deposit can be gained from such analyses, as illustrated with the application to two sites from
Cristchurch, New Zealand.

Hossain et al. (2020) studied the assessment of seismic hazard potential for a small town
(Moulvibazar) in northeastern Bangladesh. Documenting liquefaction potential indices for
different surface geological units using an earthquake of moment magnitude Mw 8 having a
peak horizontal ground acceleration (PGA) of 0.36g. Twenty five standard penetration test
(SPT) boreholes were completed within the study area to obtain SPT-N values for two surface
geological units: (1) Holo-Pleistocene low elevated terrace deposits (Zone 1) and (2) Holocene
flood plain deposits (Zone 2). Using the SPT-N values, the LPI values have been calculated for
the soil profile of each borehole. The LPI values in the town vary from 0 to 42.33, whereas
values from 1.42 to 7.52 are in Zone 1 and values from 0 to 42.34 are in Zone 2. It has been
predicted that 42% and 78% areas of Zone 1 and Zone 2, respectively, might exhibit surface
manifestation of liquefaction. The results of this study can be used for seismic risk management
of Moulvibazar town.

Cappellaro et al. (2021) investigated the liquefaction resistance of sandy soils from
Christchurch, New Zealand using direct simple shear tests. The study focuses on the combined
effects of soil density and fines content on liquefaction resistance of sandy soils. The results of
cyclic direct simple shear tests for soils containing up to 30% fines show reasonably consistent
liquefaction resistance relative to estimates from empirical CPT-based liquefaction triggering
relationships.

Pratama et al. (2021) analyzed liquefaction potential using the simplified procedure based
on the Standard Penetration Test (SPT) and Cone Penetration Test (CPT). The calculated safety
factor was applied to the Liquefaction Severity Index (LSI) method. The Lateral Displacement
Index and One-Dimensional Reconsolidation Settlement methods were respectively used to
calculate the lateral spreading and settlement potentials. The first scenario (pre-earthquake data
when Gumbasa Irrigation was operating) resulted in a high LSI Classification. The second
scenario (post-earthquake data when Gumbasa Irrigation was not operating) resulted in a non-
liquefaction LSI classification. Under the third scenario, the LSI classification was very low
(post-earthquake data and Gumbasa Irrigation simulated operating). The results showed that the
liquefaction potential of Gumbasa Irrigation Area when either on/ off operating conditions was
related to the role of groundwater level.

Jalil et al. (2020) analyzed the liquefaction potential conducted on 16 boreholes
incorporating Standard Penetration Test (SPT) that investigated the soil engineering properties
and geological conditions of the study area. The peak ground acceleration (PGA) for each
borehole location was obtained from the value determined by the Ministry of Public Works and
Public Settlement of Indonesia. The analysis of liquefaction potential in Banda Aceh City
adopted the semi-empirical of the Idriss method with an input moment magnitude of 7.8 and 9.2
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Mw, respectively. The liquefaction potential was evaluated at 5m, 10m, and 15m depths below
the ground surface. The analysis resulted in 4 zones of liquefaction potential levels, i.e., very
high, high, low, and very low. High liquefaction potential zones occur in the Sub-districts of
Baiturrahman, Kuta Alam, and Syiah Kuala. Meanwhile, low and very low liquefaction
potential spread over the northeast, western, and southern parts of Banda Aceh.

Sukkarak et al. (2021) conducted a liquefaction analysis on sandy soils when a strong
earthquake struck northern Thailand. This research augmented experimental results with
numerical methods to evaluate the liquefaction potential of Mae Lao sand in Chiang Rai
province of northern Thailand. Results from numerical simulation of sand liquefaction were
used to characterise the stress-strain-pore water pressure response of Mae Lao sand. 1D site
response analysis determined seismic response with different geological and groundwater
conditions. All put together, the results showed that pore water pressure ratio decreases with
increasing sand stiffness, the thickness of a soil layer significantly increase its liquefaction
potential, and in-situ conditions and groundwater depths have major influences on the
liquefaction potential of sand layers.

3. Results and Discussions

In this study, the CPT testing location was carried out at four points in the area around the
railway bridge in Nagari Sintuak, Sintuk Toboh Gadang District, Padang Pariaman Regency.
Similar to the CPT test, the boring and SPT tests were also carried out at four points where the
test points were approximately 2 meters from the test point. For more detalls see Figure 3.

(.

Boring & SPT 2 :

Boring & SPT 1
1! CPT 1

x’ “ &y

A = L .1
Fig. 8. Research Location at Railway Bridge In Sintuk Toboh Gadang District, Padang Pariaman Regency, West
Sumatera.

3.1. Results of Liquefaction Potential Analysis
At point 1, the sounding test data obtained in the field were then analyzed for liquefaction
potential using the Shibata & Teparaksa (1988) method. The summary of the liquefaction

potential calculation is presented in the table below.
Table 1 - Results of Liquefaction Potential Analysis of Point 1 Shibata & Teparaksa Method (1988)
Liquefaction

No Depth Jc CSR O Potential?
(m) (Kg/ cm?) (Kg/ cm?) Yes/No
1 1 9 0.377 19.321 Yes
2 2 15 0.382 29.183 Yes
3 3 21 0.365 36.589 Yes
4 4 47 0.350 73.465 Yes
5 5 7 0.282 8.153 Yes
6 6 78 0.330 101.113 No
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Liquefaction

No Depth Jc CSR Qo1 Potential?
(m) (Kg/ cm?) (Kg/ cm?) Yes/No

7 7 75 0.325 90.214 Yes

8 8 40 0.328 46.095 Yes

9 9 8 0.364 9.769 Yes
10 10 11 0.259 8.427 Yes
11 11 62 0.319 61.605 Yes
12 12 70 0.314 66.008 Yes
13 13 105 0.292 88.161 No
14 14 80 0.302 68.459 Yes
15 15 45 0.296 36.805 Yes
16 16 185 0.276 134.955 No

Next, the sieve analysis test obtained from sampling using boring point 1 was analyzed
for liquefaction potential using the Tsuchida method (1970), producing a resume as below.
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Fig. 9. Results of Liquefaction Potential Analysis of Point 1 Tsuchida Method (1970).

From the graph above, it can be seen that the soil deposit has a high potential for
liquefaction because the grain gradation curve is within the liquefaction potential boundary line.
A summary of the liquefaction potential of point 1 of the Tsuchida (1970) method can be seen
in the table below.

Table 2 - Results of Liquefaction Potential Analysis of Point 1 Tsuchida Method (1970)
Liquefaction Potential?

No Depth Yes/No
(m)
1 6 No
2 14 Yes
3 17 Yes
4 20 Yes
5 26 Yes

Table 2 shows that the liquefaction potential is only based on grain gradation and does
not consider seismic parameters such as earthquake intensity, ground acceleration, or vibration
duration, which are essential factors in triggering liquefaction. This method does not consider
local variations such as soil structure, pore water pressure, or soil stratification effects that can
affect liquefaction potential. So, the Tsuchida method is used as an initial screening to detect
liquefaction potential based on soil grain gradation to obtain accurate results; further analysis
needs to be carried out by taking into account seismic factors, groundwater conditions, and
others. Figure 9 shows that soil with uniform gradation and poor gradation has the potential to
experience liquefaction. This is similar to the results of the study by Zakirah & Wulandari
(2020), which stated that the curve produced in the D¢, and D44 ranges, which are concave and
poorly graded, will have liquefaction potential.
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3.2. Summary of Liquefaction Potential Analysis Results

The following table presents a summary of the liquefaction potential for the 4 (four) test
points. Based on Table 3, it can be seen that by using the Tsuchida method, it shows that at
point 1, the liquefaction potential occurs at a depth of 6 - 26 m. This is in contrast to the Seed &
Idriss, Shibata & Teparaksa, and Hakam methods. This also occurs at points 2, 3 and 4. The
difference in results obtained is due to the Tsuchida method analyzing the liquefaction potential
based on the physical properties of the soil alone, namely grain gradation without considering
other parameters such as seismic factors, water saturation levels, groundwater levels, geological
conditions and others. The Tsuchida method has the advantages of being practical, fast and easy
to understand, to obtain more accurate results, provide direct recommendations for mitigation
actions based on the results of the analysis and other tests need to be carried out.

Table 3 - Summary of liquefaction potential at Point 1
Liquefaction Potential?

Yes/No
No Depth Tsuchida Method Seed & Idriss Shibata & Teparaksa Hakam Method
(m) (1970) Method (1971) Method (1988) (2020)
1 6 No No No No
2 14 Yes No Yes No
3 17 Yes No - No
4 20 Yes No - No
5 26 Yes No - No

In Tables 3, 4, 5 and 6, it can be seen that using the Shibata & Terapaksa method (1988)
is not effective for depths of more than 20 m due to the limitations of CPT which only tests soil
to depths of less than 20 m, and it is necessary to correlate CPT data with soil types. The
advantage of the method compared to the Tsuchida method is that it can determine more details
of liquefaction potential by considering local conditions.

Table 4 - Summary of liquefaction potential at Point 2.

Liquefaction Potential?

Yes/No
No Depth Tsuchida Method Seed & Idriss Shibata & Teparaksa Hakam Method
(m) (1970) Method (1971) Method (1988) (2020)
1 9 No No No No
2 11 Yes No No No
3 23 Yes No - No
4 26 Yes No - No
Table 5 - Summary of liquefaction potential at Point 3.
Liquefaction Potential?
Yes/No
No Depth Tsuchida Method Seed & Idriss Shibata & Teparaksa Hakam Method
(m) (1970) Method (1971) Method (1988) (2020)
1 5 No No Yes -
2 8 Yes Yes Yes Yes
3 14 Yes Yes No Yes
4 17 Yes No No No
5 23 Yes No - No
6 26 Yes No - No

The Seed & Idriss method (1971) provides fairly accurate analysis results based on empirical
data from various well-documented liquefaction events, can be used in various geotechnical
conditions and soil types, is relatively easy to apply and requires parameters that are generally
available from standard soil tests, such as SPT (Standard Penetration Test). The disadvantages
of this method are that data analysis is complicated and uses many correction factors, does not
always take into account specific local conditions, such as micro geological variations, the
quality of predictions is highly dependent on the accuracy and consistency of SPT data, which
can vary.
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Table 6 - Summary of liquefaction potential at Point 4.

Liquefaction Potential?

Yes/No
No Depth Tsuchida Method Seed & Idriss Shibata & Teparaksa Hakam Method
(m) (1970) Method (1971) Method (1988) (2020)
1 8 Yes Yes Yes Yes
2 17 Yes No Yes No
3 23 Yes No - No
4 29 Yes No - No

The Hakam Method (2020) shows similarities to the results of the Seed & Idriss (1971)
method. The advantage of the Hakam (2020) method is that it is a simple analysis method (Dr -
Ds), and the results are quite convincing and do not require complicated correction factors.
However, the disadvantage of this method is that it does not consider the influence of
groundwater levels. Hakam's method (2020) analyzes liquefaction potential more easily and
practically based on testing the physical properties of the soil, namely grain gradation, so that
the D5, value is obtained and then the relative density value of the soil (Dr) is tested. Vibration
tests are carried out on soil samples with maximum ground acceleration (a,,,) = 0.3g and 0.6g.
By using the relationship graph between relative density (Dr) - D5, value and maximum ground
acceleration (anms), the liquefaction potential can be determined. Hakam's method is a useful and
practical tool for predicting liquefaction potential, especially when geotechnical data such as
SPT or CPT are available. However, like all prediction methods, the results must be used in
conjunction with local knowledge and additional analysis to ensure the reliability and accuracy
of the predictions in the specific context of the location being studied. Based on the results of
the analysis above, the Seed & Idris method (1971) and Hakam Method (2020) gave the same
results, both of these methods have not only predicted liquefaction based on grain gradation but
have also taken into account seismic factors.

4. Conclusion

The most effective method to analyze liquefaction potential is the Hakam method (2020).
This method, which is a simple analysis method, provides convincing liquefaction potential
analysis data that is close to the results of the Seed & Idriss (1971) method and the liquefaction
vulnerability zone maps. Based on these two methods, it can be concluded that the location of
the Sintuk Toboh Gadang railway, Padang Pariaman, at points 1 and 2, does not have the
liquefaction potential. In contrast, at point 3, the liquefaction potential is at a depth of 8 m - 14
m, and at point 4, the liquefaction potential is at a depth of 8 m. To prevent the impact of
liquefaction at this location, a foundation design is needed that penetrates the liquefaction zone
so that it remains stable and no damage occurs to the railway construction.

Acknowledgment

This research was funded by the Ministry of Education, Culture, Research, and
Technology of Indonesia (Contract Number 42/UN16.19/PT.01.03/2023 date 21 June 2023).
The authors would like to express their heartfelt appreciation to the Department of Civil
Engineering at Andalas University for providing the facilities. Thanks also to Mr. Oscar Fitrah
Nur, M.T., and Fanji Pratama, S.T. to provide soil testing data in the field & laboratory.

References

Abdulhakim, Z., & Phani, M.G.S. (2023). Assessment of soil parameters during post-
liquefaction reconsolidation of loose sand. Soil Dynamics and Earthquake Engineering,
164.

Adji, B. M, Istijono, B., Hakam, A., Andriani, S., & Anshari, M. (2021). Liquefaction disaster
mitigation on railway corridors in Padang City, West Sumatra. IOP Conference Series:
Earth and Environmental Science, 708(1). https://doi.org/10.1088/1755-
1315/708/1/012025.

Andriani, Afifa, M., Yoriadi, D., Hadie, M. S. N., & Ahmad, F. (2025). Liquefaction potential
analysis using the Tsuchida method and correlation of Relative Density (Dr) — D50 at
Padang Beach. E3S Web of Conferences, 604.

903



Yoriadietal ... Vol 6(2) 2025: 889-906

https://doi.org/10.1051/e3sconf/202560404007.
Asema, F., Andriani, & Hakam, A. (2022). Pengaruh bentuk butiran terhadap potensi likuifaksi.
Thesis mahasiswa, Universitas Andalas.

Aydan, O., Ulusay, R., & Atak, V.O. (2008). Evaluation of Ground Deformations Induced by
the 1999 Kocaeli Earthquake (Turkey) at Selected Sites on Shorelines. Environment Geol.,
54(1), 165-182.

Cappellaro, C., Cubrinovski, M., Bray, J. D., Chiaro, G., Riemer, M. F., & Stringer, M. E.
(2021). Liquefaction resistance of christchurch sandy soils from direct simple shear tests.
Soil Dynamics and Earthquake Engineering, 141(106489).
https://doi.org/10.1016/j.s0ildyn.2020.106489

Cetin, K.O., Seed, R. B., Moss, R.E.S., Der Kiureghian, A., Tokimasu, K., Harder, Jr., L.F., &
Kayen, R.E. (2000). Field Case Histories for SPT-Based In Situ Liquefaction Potential
Evaluation. Geotechnical Engineering Research Report No. UCB/GT-2000109, Departmen
of Civil and Enviromental Engineering, California University, Berkeley.

Das, B. M. (1989). Fundamentals of Soil Dynamics. Elsevier Pub., New York.

Day, R.W. (2002). Geotechnical Earthquake Engineering Handbook. Mc Graw-Hill. New York:
USA. Foundations Division, ASCE, 95(SM5), 1199-1218.

Esmaeili, M., & Noghabi, H. H. (2013). Investigating seismic behavior of ballasted railway
track in earthquake excitation using Bnite-element model in three-dimensional space. J.
Transp. Eng.,139(7), 697—708.

Fachriansyah, I., Raihan, S., Putra, H. G., & Andriani. (2025). Geotechnical Investigation to
Predicte of Liquefaction Potential in Gunung Pangilun Area , Padang City. Bentang: Jurnal
Teoritis dan Terapan Bidang Rekayasa Sipil , 13(1), 69-82.

Ghani, S., & Kumari, S. (2023). Prediction of soil liquefaction for railway embankment resting
on Bne soil deposits using enhanced machine learning techniques. J. Earth Syst. Sci.,
132(145).

Gibbs, H. J., & Holtz, W. G. (1957). Research on Determining the Density of Sands by Spoon
Penetration Testing. Proceeding 4" International conferences Soil Mechanics. London 1,
35-39.

Hakam, A. (2020). Analisis Praktis Potensi Likuifaksi. Padang: UNAND PRESS.

Hakam, A., & Ismail, F.A. (2016). Liquefaction Potential Assessment Based on Laboratory
Test. International Journal of GEOMATE, 11(26), 2553-2557.

Hakam, A., & Darjanto. (2013). Liquefaction Potential Assesment of Padang Beach Based on
Grain Size and Standard Penetration Resistance. Jurnal Teknik Sipil — ITB, 20(1), 33-38.
Hakam, A. (2012). Soil Liquefaction of Padang due to Padang Earthquake 30 September 2009.

Civil Engineering Dimension, 14(2), 64-68.

Hossain, M. S., Kamal, A. S. M. M., Rahman, M. Z., Farazi, A. H., Mondal, D. R., Mahmud, T.,
& Ferdous, N. (2020). Assessment of soil liquefaction potential: a case study for
Moulvibazar town, Sylhet, Bangladesh. SN Applied Sciences, 2(4), 1-12.
https://doi.org/10.1007/s42452-020-2582-X.

Ishihara, K. (1985). Stability of Natural Deposits during Earthquake. Proc. The 11%
International Conf. on Soil Mechanics and Foundation Engineering, San Fransisco, 1, 321-
376.

Ishihara, K., Troncosco, J., Kawase, Y., & Takahashi, Y. (1980). Cyclic Strength Characteristics
of Tailing Materials. Soils and Foundations, 20(4), 127-142.

Ismaili, A. F., & Asyifa, A. (2022). Analysis of Liguefaction Potential Based on SPT and CPT
Data in the Yogyakarta International Airport Area. International Journal of Engineering,
Technology and Natural Sciences, 4(2), 158-164.

Jalil, A., Fathani, T. F., Satyarno, I., & Wilopo, W. (2020). A study on the liquefaction potential
in Banda Aceh city after the 2004 Sumatera earthquake. International Journal of
GEOMATE, 18(65), 147-155. https://doi.org/10.21660/2020.65.94557

Kogai, Y., Towhata, I, Amimoto, K., & Putra, H.G. (2000). Use of embedded walls for
mitigation of liquefaction-induced displacement in slopes and embankments. Soils and
foundations, 40 (4), 75-93.

904



Yoriadietal ... Vol 6(2) 2025: 889-906

Kramer, S. L. (1996). Geotechnical Earthquake Engineering, Prentice Hall, Englewood Cliffs,
New Jersey. USA.

Lai, Z., Kang, X., Jiang, L., Zhou, W., Feng, Y., Zhang, Y., & Nie, L. (2020). Earthquake in
Cuence on the rail irregularity on highspeed railway bridge. Shock and Vibration; 1-16.
Mase, L. Z. (2017). The Study of Liquefaction Time Stages due to a Short Duration Shaking.

Civil Engineering Dimension, 19(2), 79-85. https://doi.org/10.9744/ced.19.2.79-85

Ministry of Energy and Mineral Resources. (2019). Atlas Zona Kerentanan Likuefaksi

Indonesia. Badan Geologi, Bandung.
Muntohar, A. S. (2009). Mikro-Zonasi Potensi Likuifaksi dan Penurunan Tanah Akibat Gempa
Bumi. Universitas Muhammadiyah Yogyakarta

Novasari, H. , Hakam, A., & Andriani. (2023). Liquefaction Mitigation Analysis Using Vertical
Drain. I0P Conf. Series: Earth and Environmental Science, 1173 (12034).

Ntritsos, N., & Cubrinovski, M. (2020). A CPT-based effective stress analysis procedure for
liquefaction assessment. Soil Dynamics and Earthquake Engineering, 131(January),
106063. https://doi.org/10.1016/j.s0ildyn.2020.106063

Prasad, C.H.N., Chary, R., & Thangamani, K. (2019). Analysing and Preventing the Problems
of Liquefaction in Soils. International Journal of Engineering Research & Technology
(JERT), 8 (12), 748-753

Pratama, A., Fathani, T. F., & Satyarno, I. (2021). Liguefaction potential analysis on Gumbasa
Irrigation Area in Central Sulawesi Province after 2018 earthquake. 10P Conference
Series: Earth and Environmental Science, 930(1). https://doi.org/10.1088/1755-
1315/930/1/012093

Putra, H. G., Hakam, A., & Lastaruna, D. (2009). Analisa potensi likuifaksi berdasarkan data
pengujian sondir (studi kasus GOR Haji Agus Salim dan Lapai, Padang). Jurnal Rekayasa
Sipil , 5(1), 11-22.

Rahayu, W., Yuliyanti, I., & Bahsan, E. (2021). Analysis of potential liquefaction using cone
penetration test data and grain size distribution test with case study of liquefaction in Lolu
Village Analysis of potential liquefaction using cone penetration test data and grain size
distribution test. IOP Conference Series: Earth and Environmental Science, 2-11.
https://doi.org/10.1088/1755-1315/622/1/012015

Rahman, M. M, & Sik-Cheung, R. L. (2008). Effect of sand gradation and fines type on
liguefaction behaviour of sand-fines mixture. Geotechnical earthquake engineering and soil
dynamics, 1V, 1-11.

Robertson, P. K., & Campanella, R. G (1983). Interpretation of Cone Penetration Tests Part |
(Sand) and (Clay). Canadian Geotechnical Journal, 20(4).

Robertson, P. K., Campanella, R. G., Gillespie, D., & Greig, J. (1986). Use of Piezometer Cone
Data. In-Situ’86 Use of In-Situ Testing in Geotechnical Engineering GSP 6, ASCE, Reston,
V A, Specialty Publication, SM 92, 1263-1280.

Sahua, D., & Tiwari, M.K. (2023). Methods of Liquefaction Potential Evaluation— A Review.
Journal of Engineering, Computing & Architecture, 13(3).

Seed, H. B & Idriss, I. M. (1971). Simplified Procedure for Evaluating Soil Liquefaction
Potential. Journal of the Soil Mechanics and Foundations Division, ASCE, 97(SM9), 1249-
1273.

Seed, H. B. (1979). Soil Liquefaction and Cyclic Mobility Evaluation for Level Ground During
Earthquakes. Journal of the Geotechnical Engineering Division, ASCE, 105 (GT2), 201-
255.

Setiawan, H., & Kurniawan, S. (2021). Karakteristik Tanah Terdampak Dan Tidak
Terdampak Likuifaksi Berdasarkan Uji Swedish Weight Sounding Pada Kelurahan
Petobo. Inersia: Jurnal Teknik Sipil, 13(1), 1-7. https://doi.org/10.33369/ijts.13.1.1-7.

Shibata, T., & Teparaksa, W. (1988). Evaluation of Liquefaction Potentials of Using Cone
Penetration Tests. Soils and Foundations, 28(2), 49-60.

Subedi, M., & Acharya, I.P. (2022). Liquefaction hazard assessment and ground failure
probability analysis in the Kathmandu Valley of Nepal. Geoenvironmental Disasters, 9.
Sudondo, M., Andriani, A., & Hakam, A. (2024). Geotechnical design of bored pile foundation

on potential liquefaction site. AIP Conference Proceedings, 2891 (1).

905


https://doi.org/10.33369/ijts.13.1.1-7

Yoriadietal ... Vol 6(2) 2025: 889-906

Sukkarak, R., Tanapalungkorn, W., Likitlersuang, S., & Ueda, K. (2021). Liquefaction analysis
of sandy soil during strong earthquake in Northern Thailand. Soils and Foundations, 61(5),
1302-1318. https://doi.org/10.1016/j.sandf.2021.07.003

Tabatabaei, S.A., Esmaeili, M., & Sadeghi, J. (2019). Investigation of the optimum height of
railway embankments during earthquake based on their stability in liquefaction. J. Earthg.
Eng., 23(5), 882-908.

Terzaghi, K., Peck, R.B., & Mesri, G. (1996). Soil Mechanics in Engineering Practice, Wiley,
New York.

Tohari, A. (2020). Seismic microzonation of soil amplification and liquefaction for Padang City.
E3S Web Conf., 156, 2020. 4th International Conference on Earthquake Engineering &
Disaster Mitigation (ICEEDM 2019). https://doi.org/10.1051/e3sconf/202015602008.

Tokimatsu, K., & Yoshimi, Y. (1983). Empirical Correlation of Soil Liquefaction Based on SPT
N-Value and Fines Content. Soil and Foundation, 23, 56-74. doi:
https://doi.org/10.3208/sandf1972.23.4_56

Tsuchida, H. (1970). Prediction and Countermeasure against Liquefaction in Sand Deposits.
Abstract of the Seminar of the Port and Harbour Research Institute, Ministry of Transport,
Yokosuka, Japan, 3.1-3.33 (In Japanese).

Uyanik, 0. (2020). Soil liguefaction analysis based on soil and earthquake parameters. Journal
of Applied Geophysic, 176. https://doi.org/10.1016/j.jappgeo.2020.104004

Wang, W.S. (1979). Some Findings in Soil Liquefaction, Report Water Conservancy and
Hydroelectric Power Scientific Research Institute, Beijing, China, 1-17, August 1979.

Wang, Y., & Yanli, W. (2010). Study of effects of fines content on liquefaction properties of
sand. Soil Dynamics and Earthquake Engineering, 272-277.

Warman, H., & Jumas, D. (2013). Kajian Potensi Likuifaksi Pasca Gempa Dalam Rangka
Mitigasi Bencana di Padang. Jurnal Rekayasa Sipil, 9(2), 1-19.

Youd, T. L., & Idriss, I. M. (2001) Liquefaction Resistance of Soils : Summary Report from
The 1996 NCEER and 1998 NCEER/NSF Workshop on Evaluation of Liquefaction
Resistance of Soils. Journal Geotechnical and Geoenviromental Engineering, ASCE,
127(10), 817-833.

Yuliet, R., Fauzan, Hakam, A., & Riani, H. (2019). Structural evaluation of Nurul Hag Shelter
building constructed on liquefaction prone area in Padang city-Indonesia. International
Journal of GEOMATE, 17(59), 106-114. https://doi.org/10.21660/2019.59.8290

Zakirah, F.P & Wulandari, S. (2020). Analysis of Liquefaction Potential in Oba Island Coast,
North Maluku. Journal of Roads and Bridges, 37(1).

Zhou, Y., & Chen, Y. (2007). Laboratory Investigation on Assessing Ligquefaction Resistance of
Sandy Soils by Shear Wave Velocity. J. Geotechnical and Geoenviron. Eng., ASCE,
133(8), 959-972.

906


https://doi.org/10.1051/e3sconf/202015602008

