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Background: Previous liquefaction studies along the West Sumatera coast have 
mainly focused on the Padang urban area and have relied on triggering analysis 
using CSR–CRR. However, post-liquefaction ground deformation, which can 
affect coastal defense infrastructure, has received limited attention. This study 
addresses this gap by combining CPT-based liquefaction analysis with finite 
element modelling to estimate post-liquefaction ground settlement in the 
southern coastal segment. The results provide a quantitative basis for assessing 
liquefaction-induced deformation and supporting coastal infrastructure design 
in this earthquake-prone area. 
Aims: Liquefaction is a major geotechnical hazard in coastal areas exposed to 
strong earthquakes, especially where loose and saturated sandy soils are present. 
The southern coast of West Sumatera is vulnerable to earthquake-induced 
liquefaction due to its proximity to the active Sunda megathrust. This study 
evaluates the liquefaction potential of coastal soils using Cone Penetration Test 
(CPT)-based analysis under different seismic loading conditions. Three CPT 
points were analyzed to characterize the subsurface soil and assess its 
liquefaction susceptibility. 
Method: The liquefaction assessment compared the Cyclic Stress Ratio (CSR) 
from earthquake loading with the Cyclic Resistance Ratio (CRR) from CPT data. 
Peak ground accelerations of 0.15 g, 0.28 g, and 0.60 g were used to represent 
low, moderate, and strong earthquakes. The factor of safety (SF) was then 
calculated to identify soil layers susceptible to liquefaction. In addition, PLAXIS 
2D was used to simulate post-liquefaction behavior using the Mohr–Coulomb 
model and CPT-based soil parameters, with the groundwater table set at 1.5 m 
depth. The analysis focused on the relationship between liquefaction resistance 
and post-liquefaction volumetric strain. 
Result: The results show that liquefaction susceptibility increases with seismic 
intensity. At 0.15 g, most soil layers have SF values above 1.0 (1.2–3.8), indicating 
stable conditions. At 0.28 g, some layers at depths of 6–10 m become marginally 
unstable. At 0.60 g, most layers between 3 and 15 m have SF values below 1.0, 
indicating high liquefaction potential. The finite element results also show an 
inverse relationship between safety factors and volumetric strain (𝑅² = 0.78), 
indicating that lower liquefaction resistance leads to greater post-liquefaction 
deformation. 
Conclusion: Overall, this study demonstrates that the investigated coastal 
deposits are highly vulnerable to strong earthquake loading and emphasizes the 
importance of liquefaction mitigation measures for infrastructure development 
in earthquake-prone coastal regions. 
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INTRODUCTION 

The western coastal corridor of Sumatera Island represents one of the most tectonically active 
regions in Southeast Asia due to its direct interaction with the Sunda subduction system. The 
convergence between the Indo-Australian Plate and the Eurasian Plate continuously generates 
significant seismic activity, exposing coastal regions of West Sumatera to severe earthquake hazards 
(Tohari. A, 2020; Natawidjaja & Triyoso, 2007; Sieh & Natawidjaja, 2000). Several destructive 
earthquakes that occurred in this region have demonstrated the vulnerability of coastal 
infrastructure to seismic-induced ground failures, including soil liquefaction phenomena. The 2009 
West Sumatera earthquake, for example, caused widespread geotechnical damage in coastal 
settlements and highlighted the necessity of evaluating subsurface stability in areas dominated by 
saturated granular deposits (Mase. L, 2017).  

Coastal environments in southern West Sumatera are generally composed of young alluvial 
and marine sediments characterized by loose sand, silty sand, and shallow groundwater conditions. 
These geological characteristics significantly increase the susceptibility of the soil to earthquake-
induced liquefaction. During seismic shaking, cyclic loading may generate excessive pore water 
pressure within saturated granular soils, reducing the effective stress and causing a temporary loss 
of shear strength. Under such conditions, the soil can behave similarly to a viscous fluid, resulting in 
settlement, bearing capacity failure, lateral spreading, and deformation of engineering structures 
(Boulanger et al, 2014; Tokimatsu et al, 1987; Tohwata. I, 2008; Yegian et al, 1981; Youd et al, 2001; 
Idris et al, 2018; Ishikara, 1993; Putra et al, 2014; Bray et al, 2006; Cetin et al, 2004; Das et al, 2018; 
Iwasaki et al., 1978; Seed et al., 1985) 

Several in-situ investigation techniques have been adopted for liquefaction evaluation, 
including the Standard Penetration Test (SPT), shear wave velocity measurements, and Cone 
Penetration Test (CPT). Among these approaches, CPT has become widely accepted for liquefaction 
assessment because it provides continuous subsurface profiling with relatively high accuracy and 
repeatability. Cone resistance and sleeve friction measurements obtained from CPT investigations 
can be used to characterize soil behavior, estimate relative density, and evaluate liquefaction 
resistance of granular deposits. In addition, CPT investigations are relatively efficient for coastal 
environments because they can be conducted rapidly and produce detailed vertical soil profiles (Hall. 
R, 2012; Kramer. L, 1996; Lunne et al, 1997; Moss et al, 2006; Robertson et al, 2022; Seed et al, 1971; 
Seed et al, 2003; Robertson, 2009; Zhang et al., 2002; Andrus & Stokoe, 2000). 

Previous liquefaction studies in West Sumatra have mainly concentrated on the Padang urban 
area, while detailed investigations along the southern coastal region remain relatively limited (Mase. 
L, 2017; Tohari. A, 2020). This lack of detailed subsurface information creates uncertainty in 
evaluating seismic hazards for future coastal infrastructure development. Considering the geological 
similarity between Padang coastal deposits and the southern coastal region of West Sumatra, there 
is a strong possibility that liquefaction-prone layers are also widely distributed in this area. 

Most existing CPT-based liquefaction studies in this region, including those of (Mase. L, 2017; 
Tohari. A, 2020), evaluate only the triggering condition through the safety factor, and stop short of 
quantifying the resulting ground deformation. This limits their direct usefulness for infrastructure 
and coastal-defense design, where the magnitude of expected settlement, not merely the binary 
occurrence of liquefaction, governs engineering decisions. More recent international work has 
sought to address related uncertainties: (Boulanger and Idriss, 2016) refined the CPT-based 
triggering procedure itself; (Wang et al, 2023) quantified model uncertainties across SPT-, CPT-, and 
shear-wave-velocity-based simplified methods; and probabilistic and machine-learning-assisted 
approaches have been proposed to better capture spatial variability and case-history uncertainty in 
liquefaction assessment (Geyin and Maurer, 2021). Earlier, (Idriss and Boulanger, 2006) had already 
refined the magnitude scaling and overburden correction factors underlying both SPT- and CPT-
based triggering procedures, (Juang et al, 2006) proposed a first-order reliability method for 
probabilistic CPT-based liquefaction triggering analysis, (Kayen et al, 2013) developed shear-wave-
velocity-based probabilistic and deterministic triggering procedures, and (Bray and Macedo, 2017) 
presented a simplified procedure for estimating liquefaction-induced building settlement that 
complements CPT-based triggering assessments. In parallel, effective-stress finite element analysis 
has increasingly been used to simulate post-liquefaction volumetric strain and settlement using 
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constitutive soil models, which the conventional CSR-CRR comparison alone cannot provide. Building 
on these developments, the present study integrates empirical CPT-based triggering analysis with 
finite element modelling of post-liquefaction volumetric strain, offering a more complete, 
deformation-based picture of liquefaction hazard for the southern West Sumatera coast than has 
previously been reported for this area. 

Therefore, this study aims to evaluate the liquefaction susceptibility of coastal deposits in 
southern West Sumatra using CPT-based analysis under different earthquake loading scenarios. The 
investigation focuses on identifying vulnerable soil layers, comparing cyclic stress demand and cyclic 
resistance, and assessing the factor of safety against liquefaction. Furthermore, finite element 
analysis was performed to evaluate the relationship between liquefaction resistance and post-
earthquake volumetric strain behavior. The results of this study are expected to provide technical 
information for seismic hazard mitigation and support earthquake-resistant infrastructure planning 
in coastal environments. 

METHOD 

Field investigations were carried out in the southern coastal region of West Sumatra, 
Indonesia. The investigated area is dominated by coastal alluvial deposits consisting of loose sand, 
silty sand, clayey silt, and unconsolidated marine sediments. Groundwater conditions in the study 
area are relatively shallow because of the close proximity to the shoreline. Such geological and 
hydrogeological conditions are commonly associated with high liquefaction susceptibility during 
strong earthquake events. 

Three Cone Penetration Test (CPT) soundings were conducted along the coastal zone to 
represent the spatial variation of subsurface conditions. The locations of the CPT points were 
selected based on geomorphological characteristics, shoreline proximity, and planned infrastructure 
development areas. The CPT investigations produced continuous measurements of cone tip 
resistance (qc) and sleeve friction (fs), which were subsequently interpreted to identify soil 
stratigraphy and evaluate liquefaction resistance. The distribution of CPT investigation points within 
the study area is presented in Figure 1. 

The evaluation of soil liquefaction potential in this reserach was conducted using Cone 
Penetration Test (CPT) data combined with Cyclic Stress Ratio (CSR) and Cyclic Stress Resistance to 
Liquefaction (CSRL) analysis. The methodology aims to identify subsurface layers susceptible to 
liquefaction under earthquake loading conditions. 

The liquefaction mechanism occurs when saturated loose sandy soils experience cyclic loading 
during earthquakes, causing an increase in excess pore water pressure and a reduction in effective 
stress. When the effective stress decreases significantly, the soil loses its shear strength and behaves 
temporarily as a fluid-like material (Seed and Idriss, 1971; Idriss and Boulanger, 2008), and the 
resulting post-liquefaction reconsolidation governs the volumetric strain and ground settlement that 
develop after shaking ceases (Ishihara and Yoshimine, 1992). 

The subsurface characterization was first obtained from CPT investigations. The CPT provides 
continuous profiles of cone tip resistance (qc), sleeve friction (fs), and soil behavior type with depth. 
These parameters are essential for estimating the density and liquefaction resistance of sandy 
deposits. According to (Robertson et al, 2022), CPT-based liquefaction assessment is considered one 
of the most reliable methods for evaluating liquefaction susceptibility in granular soils. 
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Figure 1. The CPT investigation location. 
 
The earthquake-induced cyclic shear stress acting on soil layers was calculated using the 

simplified Seed and Idriss method: 
 

(1) 𝐶𝑆𝑅 = 0.65 (
𝑎𝑚𝑎𝑥

𝑔
) (

𝜎𝑣0

𝜎′
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where 𝐶𝑆𝑅 = Cyclic Stress Ratio, 𝑎𝑚𝑎𝑥  = peak ground acceleration, 𝑔 = gravitational acceleration, 
𝜎𝑣0 = total vertical overburden stress, 𝜎𝑣0

′ = effective vertical overburden stress and 𝑟𝑑 = stress 
reduction coefficient 

The CSR value represents the cyclic seismic demand generated by earthquake shaking at 
different soil depths. In general, CSR increases with increasing seismic acceleration and overburden 
stress. 

The cyclic resistance of soil against liquefaction (CSRL) was then estimated from CPT data 
using normalized cone resistance values and empirical correlations proposed by (Robertson and 
Wride, 1998) and updated by (Robertson and Cabal, 2022). The normalized cone resistance reflects 
soil density and stiffness, which control liquefaction resistance. 

The liquefaction potential was evaluated by comparing CSR and CSRL values through the factor 
of safety (FS): 

 

(2) 𝐹𝑆 =  
𝐶𝑆𝑅𝐿

𝐶𝑆𝑅
 

 
where 𝐹𝑆 < 1.0 indicates potentially liquefiable soil and 𝐹𝑆 > 1.0 indicates non-liquefiable or stable 
soil conditions. 

In order to evaluate the liquefaction potential, this study used peak ground acceleration values 
of 0.15 g, 0.28 g, and 0.60 g. Subsequently, the evaluation of volumetric strain was conducted using 
the finite element method. 

The CPT soundings were performed using a conventional mechanical cone penetration test 
(CPT) penetrometer with a maximum capacity of 2.5 tons. The tests were conducted by pushing the 
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cone into the ground at a constant penetration rate of approximately 20 mm/s, while continuously 
recording the cone tip resistance (qc) and sleeve friction (fs) with depth. The groundwater table at 
all three CPT locations was measured at approximately 1.0–1.5 m below the ground surface, 
reflecting the shallow coastal hydrogeological setting. The post-liquefaction volumetric strain 
analysis was carried out using two-dimensional finite element software (PLAXIS 2D). The subsurface 
stratigraphy at each CPT location was represented as a horizontally layered soil column using 15-
noded triangular elements, with a refined mesh applied within the upper 15 m to capture the CPT-
interpreted layer boundaries. Soil layers were modelled using the Mohr-Coulomb constitutive model, 
with unit weight, effective friction angle, and stiffness (Young's modulus) parameters estimated from 
the CPT cone resistance and soil behavior type index following the correlations of Robertson and 
Cabal (2022). Standard fixities were applied at the model boundaries, with full fixity at the base and 
horizontal restraint along the vertical side boundaries, while the phreatic level was set according to 
the field-measured groundwater depth. The initial in-situ stress state was generated using the K0-
procedure prior to the application of the equivalent seismic loading corresponding to each peak 
ground acceleration scenario (0.15 g, 0.28 g, and 0.60 g), after which the resulting volumetric strain 
was extracted for each soil layer and correlated with the corresponding safety factor. 

RESULTS AND DISCUSSION 

Figure 2 presents the cone resistance profiles and interpreted soil stratigraphy obtained from 
three Cone Penetration Test (CPT). The CPT results indicate significant vertical and lateral variability 
in subsurface soil conditions within the investigated coastal deposits. In general, the subsurface 
profile is dominated by sandy silt, silty sand, loose sand, and localized clay layers, which are 
commonly associated with young coastal alluvial deposits. 

At CPT-1, the upper soil layer from approximately 1–2 m depth is characterized by sandy silt 
to clayey silt deposits with relatively low cone resistance values, indicating soft to medium 
consistency soils. Between depths of approximately 2–6 m, the profile is dominated by sand to silty 
sand layers, where an increase in cone resistance values suggests relatively denser granular material. 
However, the interval between 7–10 m depth again exhibits sandy silt to clayey silt deposits with 
lower cone resistance, indicating the presence of compressible fine-grained materials. At deeper 
depths, particularly below 12 m, the soil profile transitions into sand deposits with higher cone 
resistance values, reflecting denser soil conditions. 

The CPT-2 profile shows relatively similar stratigraphic characteristics. The shallow layer 
between 1–3 m depth consists predominantly of sandy silt to clayey silt with low to moderate cone 
resistance values. This layer is underlain by sand to silty sand deposits extending to approximately 7 
m depth, where cone resistance values increase significantly, indicating medium-dense to dense 
granular soils. From approximately 7–9 m depth, finer-grained deposits reappear with lower cone 
resistance values before transitioning into thicker sand layers below 9 m depth. The deeper sandy 
deposits exhibit progressively increasing cone resistance values, suggesting improved soil density 
and stiffness with depth. 

On the other hand, CPT-3 demonstrates slightly different near-surface conditions compared 
with CPT-1 and CPT-2. A thin clay layer is identified within the upper 1–2 m depth interval, 
characterized by very low cone resistance values. Below this layer, sandy silt to clayey silt deposits 
dominate until approximately 6 m depth, followed by sand to silty sand layers between 6–8 m depth. 
The soil profile then transitions back into sandy silt to clayey silt deposits at intermediate depths 
before reaching dense sand deposits below approximately 12 m depth. The cone resistance values 
within the deeper sand layers increase substantially, indicating relatively dense granular materials. 

The liquefaction potential assessment based on the CPT 1 results was conducted using three 
peak ground acceleration scenarios, namely 0.15 g, 0.28 g and 0.60 g, to evaluate the variation of 
cyclic shear stress induced by earthquake loading and the corresponding liquefaction resistance of 
the soil layers. The comparison between Cyclic Stress Ratio (CSR) and Cyclic Stress Ratio Required 
for Liquefaction (CSRL) provides a clear indication of the potential liquefaction susceptibility at 
different depths. 
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Figure 2. The Soil Stratigraphy based on the CPT tests. 

 
For the seismic loading condition 0.15 g, the induced cyclic shear stress remains relatively low 

throughout the investigated depth profile. The CSR values are consistently lower than the CSRL 
values, indicating that the soil deposits possess sufficient resistance against earthquake-induced 
liquefaction. Then, under the intermediate seismic scenario 0.28 g, the cyclic shear stress increases 
significantly with depth. The CSR curve approaches the CSRL boundary within several soil layers, 
particularly at depths ranging from approximately 6–10 m. This behavior indicates an increase in 
liquefaction susceptibility due to higher earthquake-induced shear stresses. Several loose to 
medium-dense sandy layers appear to exhibit marginal stability conditions where the applied cyclic 
stress nearly equals the liquefaction resistance. Consequently, localized liquefaction may potentially 
occur within these critical layers during strong seismic events of moderate intensity.  For the highest 
seismic scenario 0.60 g, the CSR values substantially exceed the CSRL values across most investigated 
depths. This condition clearly indicates a high liquefaction potential throughout the subsurface 
profile. The most critical zones are identified within the depth interval of approximately 3–13 m, 
where the earthquake-induced cyclic stress is considerably greater than the soil resistance. The 
significant separation between CSR and CSRL demonstrates that the soil layers are unable to sustain 
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the imposed cyclic loading, resulting in a high probability of excess pore water pressure generation 
and subsequent strength degradation (see Figure 3). This behavior is characteristic of loose 
saturated sandy deposits subjected to severe seismic loading (Robertson et al, 2022; Robertson et al, 
1998). 

 

 
Figure 3. The comparison between Cyclic Stress Ratio (CSR) and Cyclic Stress Ratio Required for 

Liquefaction (CSRL) CPT 1. 
 

In order to provide a comprehensive assessment of the liquefaction susceptibility at CPT-1, 
CPT-2, and CPT-3 locations, the safety factor (SF) against liquefaction was calculated for each 
investigated soil layer. The calculated results are presented in Figure 4. 

For the low seismic loading condition 0.15 g, the majority of the investigated soil layers exhibit 
safety factor values significantly greater than 1.0 across all CPT soundings. The SF values generally 
range between 1.2 and 3.8, indicating adequate liquefaction resistance under moderate earthquake 
excitation. Higher SF values are predominantly observed within the depth intervals of approximately 
3–6 m and 10–15 m, suggesting relatively dense soil conditions with sufficient cyclic resistance. 
Although several layers at depths around 8–10 m show SF values approaching unity, the overall 
subsurface profile remains stable and demonstrates low liquefaction susceptibility under this 
seismic scenario. 

Under the intermediate seismic loading condition 0.28 g, a substantial reduction in safety 
factor values is observed throughout the soil profile. Several layers within depths of approximately 
6–10 m and 13–15 m exhibit SF values close to or slightly below 1.0, particularly in CPT-1 and CPT-
3. This condition indicates that the cyclic shear stresses generated by the earthquake loading begin 
to exceed the liquefaction resistance of the soil. The reduction in SF values suggests that loose to 
medium-dense sandy deposits become increasingly vulnerable to excess pore water pressure 
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generation during seismic shaking. Consequently, localized liquefaction is likely to occur within these 
critical depth intervals during moderate-to-strong earthquake events. 

 
Figure 4. The comparison between safety factor (SF) and soil depth. 

 
Furthermore, for the highest seismic loading scenario 0.60 g, the safety factor values decrease 

dramatically across nearly all investigated depths and CPT locations. Most SF values fall below the 
critical threshold of 1.0, indicating widespread liquefaction susceptibility throughout the subsurface 
deposits. The critical zones are particularly concentrated between depths of approximately 3–15 m, 
where the soil layers exhibit very low resistance against cyclic loading. This behavior demonstrates 
that severe earthquake excitation substantially increases the potential for liquefaction-induced soil 
failure, including excessive settlement, lateral spreading (Bartlett and Youd, 1995), and loss of 
bearing capacity. The consistent reduction in SF values across CPT-1, CPT-2, and CPT-3 also indicates 
relatively uniform vulnerable soil conditions within the study area. 

The safety factor analysis demonstrates a strong correlation between increasing peak ground 
acceleration and decreasing liquefaction resistance. The results confirm that the investigated coastal 
sediments remain relatively stable under low seismic loading but become progressively unstable as 
earthquake intensity increases. These findings are consistent with previous studies indicating that 
saturated loose sandy deposits in coastal environments are highly sensitive to cyclic loading and are 
particularly vulnerable during strong seismic events (Robertson et al, 2022; Robertson et al, 1998). 

Furthermore, based on the finite element method, the relationship between the average safety 
factor (SF) and volumetric strain (𝜀𝑣) demonstrates a clear inverse correlation, as presented in 
Figure 5. The results indicate that decreasing safety factor values are associated with increasing 
volumetric strain, confirming that soil layers with lower liquefaction resistance tend to experience 
greater post-liquefaction deformation. The regression analysis yields a coefficient of determination 
(𝑅2 = 0.7761), indicating a strong correlation between liquefaction susceptibility and volumetric 
strain behavior. 
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Figure 5. The relationship between the average safety factor (SF) and volumetric strain (𝜀𝑣). 

 
The safety factor ranges obtained in this study are broadly consistent with the coastal Padang 

findings of Mase (2017), where loose sandy layers were also shown to become unstable once peak 
ground acceleration exceeded approximately 0.2-0.3 g, and with the microzonation results of Tohari 
(2020) for the wider West Sumatera coast. The pattern of decreasing SF with depth and increasing 
acceleration is also in line with the CPT-based triggering framework of (Robertson and Cabal, 2022) 
and the probabilistic case-history database of (Moss et al, 2006), and is qualitatively similar to 
liquefaction behavior documented for saturated coastal sands following major subduction-zone 
earthquakes in Japan, Chile, and New Zealand (Green et al., 2014; Cubrinovski et al., 2011), where 
loose, shallow-groundwater deposits close to the shoreline have repeatedly proven to be the most 
vulnerable. This consistency with independent datasets and methods supports the reliability of the 
CPT-CSR/CRR approach used here, while the additional volumetric strain analysis extends these 
earlier triggering-only studies toward a deformation-based hazard characterization. 

Several limitations of this study should be acknowledged. First, the assessment is based on only 
three CPT soundings, which, while sufficient to characterize the general stratigraphic pattern along 
the investigated segment, cannot fully capture lateral heterogeneity across the broader southern 
coastal zone. Second, the simplified Seed and Idriss procedure used to compute CSR assumes one-
dimensional, vertically propagating shear waves and a level ground surface, and does not explicitly 
account for near-fault directivity effects or the specific source characteristics of a future Sunda 
megathrust rupture. Third, the finite element analysis employed a Mohr-Coulomb constitutive 
model, which, despite being computationally efficient and adequate for estimating overall volumetric 
strain trends, does not capture the full cyclic pore-pressure generation and dilatancy behavior that 
more advanced effective-stress models such as UBCSAND or PM4Sand (Boulanger and Ziotopoulou, 
2015) can represent. Finally, the groundwater table was assumed to be constant at the measured 
field depth, whereas seasonal and tidal fluctuations in this shoreline setting could locally increase or 
decrease liquefaction susceptibility. Future work should therefore incorporate additional CPT and 
borehole data, advanced cyclic constitutive models, and monitored groundwater variability to refine 
the hazard estimates presented here. 

Given the widespread liquefaction susceptibility identified under moderate-to-strong seismic 
loading, ground improvement should be considered for coastal defense and public infrastructure 
planned within the investigated area. Depending on structural loads, layer depth, and cost 
constraints, suitable mitigation measures include vibro-compaction and stone columns for loose 
sandy layers at shallow-to-moderate depth, deep soil mixing for zones containing softer silty layers, 
pile foundations extending below the critical liquefiable depth for structures sensitive to settlement, 
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and preloading with vertical drains where construction schedules permit staged ground 
improvement. Selection among these options should be guided by site-specific geotechnical 
investigation and cost-benefit analysis for each planned facility. 

CONCLUSION 

This study evaluated the liquefaction potential of coastal deposits in the southern coastal area 
of West Sumatera using Cone Penetration Test (CPT). The results demonstrate that seismic intensity 
has a significant influence on liquefaction susceptibility. Under the low seismic loading condition 0.15 
g, most soil layers exhibited safety factors values greater than 1.0, indicating stable ground conditions 
and low liquefaction potential. However, under intermediate seismic loading 0.28 g, several soil 
layers, particularly within the depth range of approximately 6–10 m, showed SF values approaching 
unity, indicating marginal stability and localized liquefaction susceptibility. For the highest seismic 
scenario (0.60 g), the CSR values exceeded the liquefaction resistance across most investigated 
depths, resulting in SF values below 1.0 and indicating a high probability of liquefaction occurrence. 
The analysis also revealed that the investigated coastal deposits, which are predominantly composed 
of loose saturated sandy soils, are highly vulnerable to strong cyclic loading. The volumetric strain 
evaluation further confirmed that lower safety factor values correspond to higher post-liquefaction 
deformation potential. A strong inverse correlation between average SF and volumetric strain was 
obtained, with a coefficient determination of 𝑅2 = 0.7761, demonstrating that decreasing 
liquefaction resistance significantly increases the risk of ground deformation. Overall, the integration 
of CPT-based liquefaction analysis and finite element modelling provides a comprehensive approach 
for evaluating seismic ground response in coastal environments. The findings of this study emphasize 
the necessity of considering liquefaction mitigation strategies and ground improvement techniques 
for infrastructure development in earthquake-prone coastal regions, particularly in areas 
characterized by loose granular sediments and high groundwater conditions. 

The main scientific contribution of this study is the coupling of empirical CPT-based triggering 
analysis with finite element modelling of post-liquefaction volumetric strain for a previously 
uninvestigated coastal segment, which extends prior triggering-only assessments (e.g., Mase. L, 
2017; Tohari. A, 2020) toward a deformation-based hazard characterization directly relevant to 
coastal defense infrastructure design. Methodologically, the study demonstrates a practical workflow 
for linking cone resistance profiles, an empirical safety factor, and finite element-derived ground 
deformation using widely available soil parameters. These findings can support the selection of 
appropriate ground-improvement strategies and foundation types for defense and civilian 
infrastructure planned along this coastline. Nonetheless, the results are constrained by the limited 
number of CPT points, the assumptions embedded in the simplified Seed and Idriss procedure, the 
use of a Mohr-Coulomb constitutive model rather than an advanced cyclic soil model, and the 
assumption of a constant groundwater level; future studies incorporating additional subsurface 
investigations, advanced constitutive models, and groundwater monitoring are recommended to 
refine these estimates. 
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