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ABSTRACT: A critical element in addressing disaster events is conducting a comprehensive study of the
phenomenon caused by the disaster (earthquake). Therefore, a comprehensive study of the material from the
disaster site, post-disaster handling, and disaster mitigation is needed to understand the phenomenon that
occurs. This report presents preliminary results of field monitoring and surveys from several locations affected
by the earthquake in Palu on September 28th, 2018, particularly in the Balaroa area and Anutapura Hospital.
The purpose of this study is to evaluate the liquefaction potential of earthquake-affected areas using Electrical
Resistivity Tomography (ERT) and Cone Penetration Test (CPT). The specific aspect investigated was the
condition of the subsoil after the earthquake tested by ERT and CPT. The ERT test result on Trajectories in
Balaroa shows the occurrence of a broken aquifer phenomenon, which causes an increase in the water content
in the subsoil above it. Smear slides for petrographic investigation were created after the separation of grain
sizes. Quartz, biotite, orthoclase, hornblende, plagioclase, and opaque minerals were among the minerals
found. The collapse of the Anutapura Hospital building was possibly caused by the presence of local
liquefaction phenomena that occurred in some areas of the hospital, which was proven by overlay between
CPT and ERT results. Moreover, site investigation by CPT in the disaster area exhibits that soil in particular
depth did not reach a non-liquefiable state after an earthquake, indicated by the value of safety factor, and
possibly reliquefied for the next earthquake event.
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1. INTRODUCTION Sulawesi Island, towards the northern tip of the
Matano fault to the south and western part of the
An earthquake is a natural disaster that has an Sulawesi Sea, where the north Sulawesi subduction
immediate and devastating impact, causing damage cone is located [3]. According to a previous study
to the infrastructure, the earth's terrain, and also [4], the PKF is suspected to be the source of huge
casualties. The damage to the infrastructure and the earthquakes in Palu City and its surrounding area.
earth's terrain varies depending on the degree of The results of research [5] in Palu City show that it
earthquake intensity and the local geological is in the high-hazard class in eight sub-districts in
condition. An essential element in responding to a Palu City. The earthquake was driven by the super-
disaster is conducting comprehensive studies shear rupture mechanism of the PKF, and this
related to the phenomena caused by the disaster as strike-slip movement created the mainshock [6].
study material to understand the phenomenon that The event of an earthquake in Palu City caused
happened, post-disaster =~ management, and casualties and substantial damage, especially in the
mitigation in the future. Petobo and Balaroa districts. The occurrence of
The Sulawesi island is formed by the collision large to moderate earthquakes (Mw 6 - 7) in Palu
of terranes from the Australian plate and the Asian City was also reported by a previous study [7,8,9].
plate. Sulawesi Island is a composite island located The PKF consists of a series of strike-slip faults that
in the center of the Asia-Australia collision zone [1]. generally NNW-SSE and N-S trends [10]. The
Palu (the capital city of Central Sulawesi Province) prevention of future disasters must clarify the
is located at 0.53°S - 119,51°E and situated at an characteristics of damages associated with the
elevation of 20 meters above sea level. Palu city is activity of the PKF.
surrounded by several active faults, and the Palu- The mainshock epicenter of the 2018 Palu
Koro fault (PKF) is considered to be the most active earthquake was located approximately 72 km north
fault in the Palu region [2]. Meanwhile, the PKF is of Palu city at a depth of 10 km with a coordinate of
a major strike-slip fault through the center of 0.2559°S-119.8462°E.  According to geodetic
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evidence in the field, the rupture of the fault over a
length of 150 km [11]. A massive landslide resulted
in the collapse of infrastructures and tsunami waves
that hit the coastal area of Palu Bay triggered by the
Mw 7.4 earthquake. In general, there are two trends
in the rupture zone. The northern part is 80 km
through the Donggala district from the epicenter to
Palu Bay (North-South trend), while the southern
part passes the Palu basin and Sigi Valley (NNW-
SSE trend). The impact of the 2018 Palu earthquake
was liquefaction and tsunami

This paper presents preliminary monitoring
results and surveys of several earthquake-affected
locations in the city of Palu on September 28th,
2018, such as in the Balaroa area and Anutapura
Hospital. These two areas were chosen as the study
because they suffered the most damage. A study of
soil shear strength by cone penetration test (CPT) at
Anutapura Hospital and a comparison with it before
the 2018 earthquake event was reported in this
paper. Furthermore, this study also describes that
CPT results could be used to evaluate the potential
for an earthquake to trigger cyclic liquefaction.
Moreover, this study also discusses post-
liquefaction data collection and analysis by CPT to
identify the potential of re-liquefiable sites.

2. RESEARCH SIGNIFICANCE

This research focuses on soil resistivity analysis
using Electrical Resistivity Tomography (ERT) and
Cone Penetration Test (CPT). The ERT test is very
important to describe subsurface conditions that
have complex or irregular geology. The CPT test is
carried out by measuring the cone resistance at each
depth until it reaches hard soil, then analyzing the
CPT test before and after the earthquake to
determine changes in the soil layer. This research
also combines ERT and CPT data into one unit in
the analysis, making it easier for planners to
mitigate the possibility of disaster due to future
earthquakes.

3. METHODS

3.1 Electrical Resistivity Tomography (ERT)

Electrical resistivity tomography, known as
ERT, was widely used to obtain two-dimensional
(2-D) and three-dimensional (3-D) subsurface
images based on high-resolution resistivity values
[13-15]. The 2-D and 3-D imaging are crucially
essential to image the subsurface condition that has
complex or irregular geology. In this study,
excellent geomative tools were used with the
configuration of Wenner Schlumberger, with a total
of 60 pieces of electrodes. The configuration is used
because it has good sensitivity to see the vertical
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cross-section of the subsurface model. Spaces of
electrode distance vary from 4 to 5 meters, adjusted
according to the length of the track and the number
of electrodes. A trajectory was located in the
Balaroa area with an electrode spacing of 5 meters
and other tracks with a space of 4 meters, located at
Anutapura Hospital, as shown in Figure 2. The
position of the Palu Koro Fault is in the middle,
between the location of Balaroa and the location of
Anutapura Hospital.

Fig.1 Trajectory of 2-D Electrical Resistivity
Tomography

The resistivity image was obtained using the
RES2DINV program for automatic 2-D inversion
of the apparent resistivity obtained in the field. The
inversion scheme is based on the least square
method with smoothness constraints with quasi-
Newton optimization. The optimization of the
iteration process is adjusted until the difference
between the measurement data in the field
(observation), and the calculation model of the
apparent resistivity values are as minimal as
possibly indicated by the value of the smallest root
mean squared (RMS).

3.2 Cone Penetration Test (CPT)

The soil investigation through the Cone
Penetration Test (CPT) was conducted around the
Anutapura hospital (coordinate of 0°54'0.14" South
Latitude — 119°50'58.37" East Longitude). The CPT
test follows the American Standard Testing and
Materials (ASTM D-3441). The CPT test location
at Anutapura Hospital is about 200 m from the Palu-
Koro fault. The CPT provides
penetration resistance profiles, which are useful for
identifying soil stratigraphy and providing a
preliminary estimation of liquefaction potential in
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sandy soil. In recent years, there has been an
increase in available field-testing data including
CPT [16]. The CPT test was conducted by
measuring the cone resistance at each depth until
reached the hard soil. Furthermore, the analysis of
CPT test results before and after an earthquake was
obtained to investigate the change in the soil layer
post-earthquake.

An approach for estimating the possibility of
cyclic liquefaction caused by seismic loads was
devised by Seed et al [17]. This method requires the
estimation of the ground's cyclic resistance ratio
(CRR) and the cyclic stress ratio (CSR) profile
brought on by the design earthquake. If the CRR is
less than the CSR, cyclic liquefaction may take
place. The CSR value is often calculated using the
earthquake's probability of occurrence.
Additionally, Seed and Idriss [18] created the
following straightforward technique to calculate
CSR based on the site's highest ground surface
acceleration (amax) at the site as follows:

CSR = 2 = 0.65 [%] (Z—) Ty (1)

vo

Where 1,y is the average cyclic shear stress; g is
the acceleration due to gravity (9,81 m/s?); amax is
the maximum horizontal acceleration at the ground
surface; oy, and o’y are the total and effective
vertical overburden stresses and rq is a stress
reduction factor which is dependent on depth. The
factor rq can be estimating using the bi-linier
function at every depth (z), as presented in
equations 2 and 3.

rd=1.0-0.00765z
rd=1.174-0.0267z

(ifz<9.15 m) ©)
(ifz=9.15-23m) (3)

Furthermore, Seed et al. [17] also developed a
method to estimate the cyclic resistance ratio (CRR)
for clean sand. Robertson and Campanella [19]
reported that the existing CPT-based correlation for
clean sand is generally good and can be estimated
using the following equations (Mw 7.5):

3
CRR,5 =93 [“0=]" 1 0,08

(if 50< (qclN)cs < 160) (4)
CRR;5 = 0.833 [“10=] 1 0,05
(lf (qclN)cs < 50) (5)

Robertson and Wride [16] suggest estimation
the equivalent sand normalized cone penetration
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resistance (q.q1n)cs @S presented in Equation 6.
Correction factor (K.) is a function of soil grain
characteristics, q, is cone resistance, and (q.qy) is
the normalized CPT penetration resistance. The
value of K¢ is assumed to be 1.0 for clean sand to
silty sand and » value is 0.5.

(qclN)cs = Kc(qclN) (6)
(@c—0vo) {100\
where  (qcin) = MeIvol 1060 (0,_vo> (7

Moreover, the factor of safety (SF) against
liquefaction is defined as (this study using the
magnitude of earthquake, Mw = 7.5):

FS = CRR75 MSF
CSR
where MSF is the magnitude Scaling Factor.

®)

Youd et al. [12] recommend that the value of
MSF is equal to 1 for Mw = 7.5. The liquefaction
phenomenon often occurs in multiple layers, which
can only be observed in the complete CPT data
profile. Therefore, this study conducted the safety
factor analysis up to hard soil.

Field Survey
1
I ]
Electrical Resistivity Cone Penetration Test
Tomography (ERT) (CPT)
| |
Cross Section of Soil Bearing
Soil Stratigraphy Capacity qc

Safety Factor
For Liquefaction Potential

Fig.2 Flowchart of Research Method
4. RESULTS AND DISCUSSION

4.1 Characteristics of Soil Layers Based on Two-
Dimension (2d) Electrical Resistivity
Tomography

4.1.1 Balora Area

The topography of the affected area in Balaroa
was identified as a gentle slope with an inclination
of 1-3%. According to the witnesses, the ground
surface was undulating during the earthquake and
subsequently, a mudflow appeared and pushed the
houses down to the lower elevation.

Figure 3 shows the resistivity cross-section of
trajectory 1 obtained from 12 iterations with an
RMS error value of 1.5%. This resistivity cross-
section reaches a depth of 57.4 meters with a
resistivity range value of 20.53 - 165 Qm.
Resistivity values of 20.53 - 35.6 um in shallow
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aquifer layers with depth distribution ranging from resistivity values of 35.6 - 58.2 Qm with depths
1.25 - 13 meters and intermediate aquifers with ranging from 19 - 28 meters.
A .
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Fig.3 Cross-section profile ERT in Balaroa area of (a, b, ¢) and in Anutapura Hospital area of (d)
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Between the two layers is the aquiclude layer, a - 54.5 um with depths from 15 - 30 meters. Between
layer that can store water but cannot deliver the two layers is the aquiclude layer, a layer that can
significant amounts of water. The aquiclude layer is store water but cannot deliver significant amounts
located at depths ranging from 8 meters - 25 meters of water. This aquiclude layer is at a depth of around
with resistivity values of 64.7 - 155 Qm. Also, the 6 meters - 20 meters with resistivity values of 125 -
slip plane can be identified, marked by the contrast 639.07 Qm. In addition, it can also be estimated that
resistivity seen at the bottom. Furthermore, it can the slip plane is marked by the resistivity contrast
also be predicted slip fields marked by resistivity seen at the bottom.
contrast seen at the bottom (between red and The resistivity cross-section obtained from
yellow). At this location, it was also found the iteration 7, with an RMS error value of 3.4% for
phenomenon of a ruptured aquifer that caused trajectory three, is shown in Figure 3. This
increased water content in the soil layers above. resistivity cross-section reaches a depth of 57.4
This phenomenon is an indicator of increasing meters with a resistivity range value of 15.68 -
liquefaction potential in this area. 639.07 Qm. Resistivity values of 17.5-27 Qm in

The resistivity cross-section obtained from 9 shallow aquifer layers with depth distribution
iterations, with an RMS error value of 5.4%, is ranging from 1.25 - 9 meters and medium aquifers
shown in Figure 3. The resistivity cross-section with resistivity values of 17.5 - 41.8 Qm with depths
reaches a depth of 57.4 meters, with a resistivity ranging from 18 - 33 meters. Between the two
range of 12.58 - 583.36 Qm. Resistivity values of layers is the aquiclude layer, a layer that can store
14.1 - 34.7 pm in shallow aquifer layers with depth water but cannot deliver significant amounts of
distribution ranging from 1.25 - 12 meters and water. This aquiclude layer is at a depth of around 7
intermediate aquifers with resistivity values of 22.1 meters - 17 meters.
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Fig.4 Soil stratigraphy results from resistivity test
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Furthermore, it can be predicted slip fields
marked by resistivity contrast observed at the
bottom of the soil layer resulting from the
interpretation of resistivity.

The resistivity values and patterns obtained
from the cross-section (trajectory 1 to 3), the
geology soil profile of the cross-section can be
predicted, as shown in Figure 4. Based on the
interpretation of the resistivity test results, six
different layers can be predicted, namely layer 1 is
clay (clay) to the lump (boulder). Layer 2 is sand
and silt with some clay. Layer 3 is a layer of clay,
silt, or rock. Layer 4 is sandy soil. Layer 5 is
dominated by clay. Layer 6 is bedrock (this layer is
a group of metamorphic or granite rock
metamorphic or granite).

An important finding was collected from the
Balaroa area. A broken aquifer phenomenon was
found in the disaster area as shown in Figure 4, and
this broken aquifer causes an increase in water
content in the soil layer above it. This phenomenon
is one indicator that contributed to increasing the
potential of liquefaction in this area. The substantial
lateral movement of the ground after an earthquake
is suspected to be caused by the loose sand soil layer
(generally 0-15 m) saturated by water leakage from
a broken aquifer and subsequently subjected to
vibration (earthquake), which led to liquefaction

4.1.2 Anutapura Hospital Area

The electrical resistivity tomography (ERT) test
was carried out at the location around the Anutapura
Hospital. The test track is conducted along the
existing street (Tolambu Street), as shown in Figure
1. The starting point of the ERT measurement at this
location is at the coordinates of 0°54'2.57" South
Latitude and 119°50'59.95" East Longitude.

Figure 3 shows a cross-section of the ERT test
results with a depth of up to 45.9 meters, and the
value of resistivity ranging from 2.22 - 673.97 Qm.

The porous and dry alluvium is identified at a depth
ranging from 17.0 to 31.0 meters. The ERT test
result also shows the presence of sand and silty sand
at a depth of around 2-3 meters, and the water table
level is very high (near the surface). This
combination during an earthquake could cause the
phenomenon of liquefaction.

4.2 Minerals Area

The difference in the area ratio of minerals in the
liquefaction zone and the non-liquefaction zone is
an indicator to determine the occurrence of pressure
and friction between grains at the time of
liquefaction. It can be distinguished under normal
conditions from the sedimentation process in the
form of distance and time of transportation,
strength, and magnitude of the flow and size and
shape of the minerals [27].

This mineral area calculation is measured by
calculating the area from the smallest to the largest
minerals in the same mineral for each sample both
in the Liquefaction Zone (LZ) and Non-
Liquefaction Zone (NLZ) as shown in FigureS5.
These results indicate that of the mineral area in the
liquefaction zone is smaller than in the non-
liquefaction zone. It is also found that the mineral
area that has a small size is less resistant or less
stable minerals, especially pyroxene minerals,
which show clear and significant differences in the
three locations both in the liquefaction zone and the
non-liquefaction zone. Grain size, and especially
quartz size, must also be considered in these
analyses since the tests demonstrated that larger
grains break at higher stresses than finer grains.

Figure 5 shows the size and shape of minerals
that are smaller in the liquefaction area and the
percentage of minerals that are damaged, cracked,
and broken is higher, resulting in weakened soil
strength.

Fig.5 Photomicrograph in cross-polarized showed comparison of mineral condition, (A) Balaroa liquefaction
zone (B) Balaroa non-liquefaction zone
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4.3 Soil Profile Change Post-earthquake

The condition of the Anutapura Hospital
building that was damaged by the earthquake can be
seen in Figure 6. The building suffered a partial
collapse in which part of the building experienced a
horizontal shift (around 6 m) and, at the same time,
experienced a collapse on the floor and basement.
Figure 7 shows the detailed collapse pattern of the
hospital building. The collapsed building separated
from the main building, and structural failure was
found in ruins. The soil investigation through the
Cone Penetration Test (CPT) was conducted around
the Anutapura Hospital).

Analysis of CPT results before and after an
earthquake was conducted to investigate the change
in the soil layer. The values of the cone resistance
with depth are presented in Figure 7. The value of
cone resistance taken before the earthquake (12
September 2016), is shown in Figure 7(a). The type

of subsoil based on the CPT results is determined
using the Robertson chart by correlating the cone
resistance and the friction ratio [20-22].

The soil profile was dominated by loose sandy
silt up to 3 m with a high water table (1.5m),
extended depth of the soil profile varied between
sand and sandy silt. During an earthquake loading,
loose sand experiences large shear strains, which
could result in a large vertical and horizontal
deformation.

The deformation types depend on the ground
geometry (e.g., embankments, slopes, buildings,
etc.) and external loads. Very loose sand can also
experience loss in strength during an earthquake,
which can result in flow slides with extensive
deformations depending on the drainage and ground
geometry. The presence of saturated loose sandy
soil in this investigation site possibly caused
liquefaction, especially when the soil layer is
subjected to an earthquake.

(@ f 43 m t6,65m 43m
- - 1 s i — e
2m | ‘
7m ‘ } ’ :
l .+ Liquifaction +2 floors Collapse
Collapse & shifting (6m)
®) ¢ 43m .
Collapse building
i6,65m1 43m
25m ‘ | ‘” “ Ill,‘6m
- . 1
il e |
TR

Fig.6 Schematic detail of hospital building collapse (a) upper view, (b) front view, and illustration of possibly
local liquefaction phenomenon in Anutapura
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The partial collapse of the Anutapura Hospital
building due to local liquefaction phenomena is
revealed by the data collected from CPT. One way
to analyze liquefaction is to use CPT data. CPT data
can be collected with simple equipment. By
calculating the safety factor using CPT data, it is
useful to know the potential for liquefaction
recurrence in the same location.

Figure 7(b) shows the significant changes in
cone resistance values from the CPT results after an
earthquake (2 December 2018). In-depth near the
surface (0-3 meters), there was a significant
increase in cone resistance value due to the soil
layers' compression. Moreover, variations in the
cone resistance values are found in the deeper soil
layer. Increasing the cone resistance and density
observed in some depth of the soil layers after the
event of an earthquake. Generally, the compressed
soil experienced an increase in soil shear strength
[23].

Cone Resistance (MPa)

QO 10 20 30 0 10 20 30
(a) (b)
5 5
g
£10 10
&
A
15 15
20 20

Fig.7 Variation of CPT profile before and after an
earthquake in Anutapura Hospital (a) before an
earthquake and (b) after an earthquake

To obtain a comprehensive analysis of the
changes in soil conditions at a certain depth, the
ERT test was also carried out at the location near
the CPT location. The subsoil profile results from
the ERT test and CPT was then plotted to verify the
type of subsoil after experiencing an earthquake, as
shown in Figure 6. The result of the resistivity
(ERT) test is shown and explained in the previous
section. The ERT and CPT test results indicated that
the subsoil beneath the Anutapura Hospital building
structure was dominated by granular material layers
such as sand, silty sand, and sandy silt, classified as
highly liquefiable soil. Figure 8 shows the plot data
between the ERT and CPT profiles. Liquefaction-
induced ground settlements are mostly vertical
deformations of surficial soil layers caused by the
densification of loose granular soils following
earthquake loading. Moreover, the soil profile from
post-earthquake CPT data showed the hardening
layers tendency in some depth.
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Following earthquake loading, sandy soils
experienced volumetric strain and post-earthquake
settlement. It is general knowledge that a site that
experienced liquefaction and soil reached a denser
state that could not be liquefied (non-liquefiable) in
a future earthquake event. However, some cases
reported that after an earthquake, the soil did not
reach a non-liquefiable state and revealed that some
sites were re-liquefied during the earthquake event
[24]. Therefore, in the next section, the cyclic
liquefaction potential analysis using this site's CPT
data will be discussed.

4.4 Cyclic Liquefaction Potential using the CPT
Data

Under earthquake loading, the soil generally
deforms. Cyclic loading is rapidly imposed by
earthquakes and soil responds to undrained
conditions during earthquakes. Soils developed
pore pressure during earthquake loading, and at
small strains, these pore pressures are almost
always positive. Sand-like soils can develop high
positive pore pressures during undrained cyclic
loading and can reach a condition of zero effective
confining stress. At zero effective stress, the soil
loses its initial structure, the stiffness of the soil in
shear is essentially zero or very small, and large
deformations can occur during earthquake loading.
The condition of zero effective stress is often
defined as liquefaction or cyclic liquefaction [25].

Evaluation of the cyclic liquefaction of the post-
liquefied CPT data of the Anutapura hospital site
according to Youd et al. [12]. The value of amax/g
= 0.4 [26]. was taken for the analysis, and Mw is
chosen 7.5. It has been common to adopt an
earthquake magnitude M = 7.5, effective
overburden stress of s'vo = 1 atm [25]. The results
of the CPT method to evaluate cyclic liquefaction is
shown in Figure 9.

The advantage of the CPT-based liquefaction
method is that a continuous factor of safety (FS)
profile against liquefaction can be obtained. In-
depth near the surface (0.5 — 1.5m), the soil tends to
be in a non-liquefiable state indicated by the value
of FS >1. Continuously, the non-liquefiable layer is
also found in the depth of 7.5 - 9 m, in line with the
increasing of the cone resistance value. Generally,
it is found that the layer that is assumed to be non-
liquefiable (FS >1) after an earthquake increases in
some depths.

The CPT-based method described previously,
provides a continuous profile of FS value for a
given design earthquake loading as shown in Figure
16. The main advantage of the method of CPT-
based liquefaction is that continuous profiles can be
calculated rapidly, which allows the engineer to
analyze the profile in detail and apply engineering
judgment for future construction.
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Fig.8 Plotted data between CPT and ERT profile

The CPT-based method described previously,
provides a continuous profile of FS value for a
given design earthquake loading as shown in Figure
9. The main advantage of the method of CPT-based
liquefaction is that continuous profiles can be
calculated rapidly, which allows the engineer to
analyze the profile in detail and apply engineering
judgment for future construction. The CPT-based
liquefaction method is a simplified approach and is
hence conservative. This liquefaction evidence
could be used as valuable information for the
stakeholders in designing more disaster-resistant
buildings in the future. By using CPT analysis we
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can predict the potential for liquefaction in the
future in the event of an earthquake. The analysis
used is simple enough that it can be used easily. The
results of this study can be used by planners to
design buildings that are resistant to liquefaction in
the event of a future earthquake.

Cone Resistance (MPa) Safety Factor
00 10 20 30 0O 05115225
5 5/

101 &

Depth (m)
=

15 15
20 20

Before an earthquake
After an earthquake

Fig.9 Post-earthquake evaluation of

liquefaction

cyclic

5. CONCLUSION

Based on the results of the analysis from this
field investigation and survey, several phenomena
have been identified at the study locations,
including:

1. This study can evaluate the liquefaction
potential of earthquake-affected areas using
Electrical Resistivity Tomography (ERT) and
Cone Penetration Test (CPT).

2. In this study, radar satellite imagery (SAR) is
used to show changes in surface profiles before
and after an earthquake. In the intensity image,
it is observed surface objects that have
undergone changes based on the characteristics
of the object being observed.

3. The mineral area in the liquefaction zone is
smaller than in the non-liquefaction zone. In
liquefaction zones the percentage of damaged,
cracked, and broken minerals is higher, resulting
in weakened soil strength.

4. The resistivity test result on 3 trajectories in the
Balaroa area shows the occurrence of a broken
aquifer phenomenon, which causes an increase
in the water content in the subsoil above it. This
phenomenon is one indicator of the causes of
liquefaction in this area.

5. The result of the CPT and resistivity test shows
that the subsoil beneath the collapsed structure
of the Anutapura Hospital building is dominated
by layers of sand, sandy silt, and silty sand. The
collapse of the Anutapura Hospital building was
caused possibly by the presence of local
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liquefaction phenomena that occurred in some
areas of the hospital, which was proven by
overlay between CPT and resistivity results.
CPT data analysis is one method for liquefaction
analysis. It is helpful to know the possibility of
liquefaction recurrence in the same location by
calculating the safety factor using CPT data.

By combining ERT and CPT data into one unit
in the analysis, it is easier for planners to
mitigate the possibility of disaster due to
earthquakes in the future.

It is general knowledge that a site that
experienced liquefaction and soil reached a
denser state that could not be liquefied in a
future earthquake event. However, site
investigation in the disaster area exhibits that
soil in particular depth did not reach a non-
liquefiable state indicated by the value of safety
factor and potentially re-liquefied during
aftershocks. The recommendations from this
research can be used by relevant agencies in
issuing earthquake-resistant building
regulations.
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