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ABSTRACT: The assessment of liquefaction potential after an earthquake is important to understanding 

earthquake risks to coastal infrastructure, thereby making it a secondary impact of seismic events. Therefore, 

this research compared liquefaction potential in Labuan Bajo waterfront area using various parameters, with a 

focus on earthquake return period to gauge liquefaction conditions in different seismic scenarios. Three 

earthquake scenarios with return period of 50 years, 100 years, and 2500 years were analyzed and used to 

evaluate potential for liquefaction under varying seismic conditions. A semi-empirical procedure was used to 

evaluate liquefaction potential in ten boreholes situated along Labuan Bajo waterfront. This assessment 

considered factors such as the Cyclic Stress Ratio (CSR) and Cyclic Resistance Ratio (CRR). Peak Ground 

Acceleration (PGA) and moment magnitude values were derived from the seismic code provided by the 

Ministry of Public Works and Housing of Indonesia. Meanwhile, the moment magnitude used for frequent 

earthquake was determined based on historical earthquake data around Labuan Bajo using Zmap 7.1. The 

results showed that liquefaction occurred with an SPT (Standard Penetration Test) value of 8, 18 and 31 for 

50, 100 and 2500-year return period. When comparing Liquefaction Potential Index (LPI) values for each 

location, it became evident that BH-03 and BH-04 exhibited high values of 38.69 and 39.86, respectively, in 

the 50-year return period scenario. By using three parameters, the locations with high liquefaction potential 

can be determined precisely and mitigation can be planned early. 
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1. INTRODUCTION 

 

Soil liquefaction is a phenomenon in which a 

cohesionless saturated or partially saturated soil 

significantly loses its strength and stiffness, in 

response to an applied stress [1]. This occurrence 

can have substantial impacts, specifically on 

wharves and structures located near waterfront. 

When liquefaction takes place, the underlying soil 

loses its strength and transforms into a liquid-like 

state, resulting in the sinking or tilting of the upper 

structures or foundations [2-4]. This can lead to 

extensive damage as well as weaken the stability 

and operational effectiveness of these structures. 

The Indonesian government, through the 

Ministry of Public Works and Housing, has 

embarked on a significant developmental project 

along Labuan Bajo waterfront area. This 

development aims to establish Labuan Bajo as a 

gateway to Komodo National Park, thereby 

attracting a huge number of tourists. Labuan Bajo is 

situated in a seismically active region [5], which 

heightens the vulnerability of this area to 

earthquake hazards.  

Potential for liquefaction as a secondary disaster 

also requires thorough analysis. According to [6], 

Labuan Bajo is situated within a zone categorized 

by moderate to high vulnerability to liquefaction. 

Liquefaction vulnerability zone map serves as an 

initial source of information, primarily intended for 

regional development planning purposes and 

offering a broader-scale assessment of possible 

occurrences. To accurately assess liquefaction risks 

in the specific waterfront area of Labuan Bajo, a 

more detailed analysis is essential. Unfortunately, 

such a comprehensive assessment has not been 

conducted yet, indicating the urgent need for further 

investigations to better understand and effectively 

address the specific liquefaction risks associated 

with this location.  

When assessing liquefaction potential, often 

based on probabilistic estimates such as a 2% 

probability of occurrence in 50 years or 2500-year 

return period [7]. According to Green and Boomer 

[10], a magnitude of 4.5 is considered significant 

enough to potentially trigger liquefaction. Other 

research also reported that a Peak Ground 

Acceleration (PGA) value of 0.096 g can potentially 

serve as a threshold for initiating liquefaction [11]. 

In order to ensure the accuracy of design 

planning analysis and prevent overestimation, it is 

essential to compare the effects of maximum 

earthquake with those of more frequent 

occurrences. This analytical method is instrumental 
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in evaluating potential susceptibility of the site to 

liquefaction across various seismic scenarios. It 

takes into account the regularity and intensity of 

seismic activity, thereby facilitating a more accurate 

assessment of liquefaction hazard. The subsequent 

sections of this research provide a comprehensive 

explanation of these seismic scenarios. 

 

2. RESEARCH SIGNIFICANCE 

 

Understanding liquefaction potential is 

important for the development of area located in 

earthquake-prone regions. This knowledge allows 

for the implementation of suitable soil 

reinforcement methods and structural designs to 

mitigate earthquake-induced damages. The present 

research provides an overview of liquefaction 

potential by considering various earthquake 

parameters as a preliminary step in assessing the 

susceptibility of existing buildings based on 

available data. The results tend to provide valuable 

insights for local governments, aiding in effectively 

implementing measures for mitigating liquefaction-

related disasters. 

 

3. GEOLOGICAL AND SEISMICITY OF 

RESEARCH AREA 

 

Labuan Bajo is a town located on the western tip 

of Flores Island in Indonesia, and it also serves as 

the gateway to Komodo National Park. In terms of 

geological features, this area exhibits a diverse 

range of formations. The coastal plains and deposits 

are primarily composed of alluvial formations (Qa). 

The northern region is comprised of a rugged and 

hilly topography characterized by tuffaceous dacite 

(Tmdt) and layered limestone formations (Tml) 

[12]. 

The calculations were based on soil 

investigation data obtained in 2020, and these were 

conducted twice, yielding consistent results. Based 

on the soil investigation analysis carried out in the 

research area (Fig. 1), the following boreholes BH-

01, BH-02, BH-03, BH-04, and BH-07 

predominantly exhibited sand layers ranging from 

soft to medium consistency while the rest contained 

clay and rock. Additionally, the groundwater 

elevation rises above the ground surface during high 

tides. 

Labuan Bajo located along the Pacific Ring of 

Fire, frequently experiences earthquake due to the 

influence of two geological features responsible for 

significant seismic events. The first of these 

features is the subduction zone located in the 

southern area, where Eurasia and Indo-Australian 

tectonic plates interact, with one plate subducting 

beneath the other. The second is the flores back-arc 

thrust fault located towards the north [13]. A visual 

representation of earthquake distribution in Labuan 

Bajo, sourced from earthquake.usgs.gov website, 

with a radius of 200 km from the location of the 

research site is shown in Figure 2. 

 

Fig. 1 Borehole location along the waterfront area 

 

Fig. 2 Earthquake distribution in 200 km radius 

around Labuan Bajo 
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4. METHODS 

 

The research quantitatively compared the 

impact of earthquake on liquefaction potential 

through a structured process comprising three key 

stages: data collection, safety factor value 

determination, and Liquefaction Potential Index 

(LPI) calculation. The effects of earthquake on 

liquefaction potential were compared 

quantitatively. The stages carried out are collecting 

data, determining the safety factor value and LPI 

value. 

Earthquake selection was based on a 

classification system that categorizes seismic events 

according to their frequency and return period [14]. 

Furthermore, two primary return period were 

considered 50 and 100 years. The selection of a 50-

year return period corresponds to earthquake 

categorized as frequent, indicating a higher 

likelihood of occurrence within a relatively short 

time frame. Similarly, the adoption of a 100-year 

return period is in line with earthquake classified as 

occasional, signifying events with a lower 

likelihood of occurrence but still significant in 

terms of their impact. The inclusion of a 2500-year 

return period represents the Maximum Considered 

Earthquake (MCEr) for building design purposes. 

This extended return period accounts for extreme 

seismic events expected in the region under 

consideration, ensuring that the analysis accounts 

for the worst-case scenario. 

The process of determining seismic site class 

adheres to the guidelines stated in [7]. This 

classification relies on the calculation of SPT 

values, a computation performed using Eq. 1. 

Classification was carried out to estimate site 

coefficient amplification as shown in Table 1. The 

amplification factor, influenced by local soil 

conditions, is calculated using Eq. 2.  

 

𝑁 =
∑ 𝑑𝑖

𝑛
𝑖=1

∑
𝑑𝑖
𝑁𝑖

𝑛
𝑖=1

  

 

(1) 

𝑃𝐺𝐴𝑀 = 𝐹𝑃𝐺𝐴 . 𝑃𝐺𝐴  (2) 

 

where di = soil layer thickness, 𝑁  = standard 

penetration resistance, PGAM = PGA influenced by 

site class, and FPGA = site coefficient. 

 

Table 1 Site coefficient [7] 

 
Site 

Class 

PGA≤ 

0.1g 

PGA= 

0.2g 

PGA= 

0.3g 

PGA= 

0.4g 

PGA≥ 

0.5g 

SA 0.8 0.8 0.8 0.8 0.8 

SB 1.0 1.0 1.0 1.0 1.0 
SC 1.2 1.2 1.1 1.0 1.0 

SD 1.6 1.4 1.2 1.1 1.0 

SE 2.5 1.7 1.2 0.9 0.9 
SF Required specific site response analysis 

 

The PGA used in this research was determined 

based on specific return period. This return period 

were obtained from the seismic code mandated by 

the Indonesian government, which provides 

detailed guidelines for evaluating anticipated 

ground acceleration levels in different regions 

throughout the country.  

Liquefaction potential analysis was conducted 

using a semi-empirical procedure proposed by [15]. 

To calculate liquefaction potential for each soil 

layer, the analysis focused on determining the 

safety factor (SF) value. Soil layers were deemed 

susceptible to liquefaction when their safety factor 

value was less than 1.   

The Safety Factor was calculated by comparing 

the cyclic stress ratio (CSR) with the cyclic 

resistance ratio (CRR) of the soil layer as stated in 

Eq. 3.  

 

𝑆𝐹 =
𝐶𝑅𝑅𝑀,𝑣’

𝐶𝑆𝑅
  (3) 

The CSR is a value that represents the ratio 

between the average cyclic shear stress (τcyc) and the 

effective overburden pressure (σv') obtained using 

Eq. 4. 

 

𝐶𝑆𝑅 =
𝜏𝑐𝑦𝑐

𝜎𝑣′
= 0.65 𝑟𝑑  

𝜎𝑣

𝜎𝑣′
 
𝑚𝑎𝑥

𝑔
  (4) 

 

where σv is total vertical stress, σv is the effective 

vertical stress, αmax is the maximum ground surface 

acceleration, and rd is the stress reduction factor. 

In order to determine the average cyclic shear 

stress (τcyc), it is necessary to consider the stress 

reduction factor. Eq. 5 to 7 can be used to calculate 

the stress reduction factor. 

 

𝑟𝑑 = 𝑒𝑥𝑝[𝛼(𝑧) + 𝛽(𝑧)𝑀]  (5) 

𝛼 = −1.012 + 1.126 𝑠𝑖𝑛 (
𝑧

11.73
+ 5.133)  (6) 

𝛽 = 0.106 + 0.188 𝑠𝑖𝑛 (
𝑧

11.28
+ 5.142)  (7) 

 

In Eq. 6 and 7, the variable z represents the 

depth beneath the ground surface, and M denotes 

earthquake moment magnitude. In addition, the 

angle unit used is in radians. 

The CRR value represents the soil resistance to 

liquefaction. Idriss and Boulanger [15] provided a 

CRR value correlation for a magnitude of 7.5 and 

an effective overburden pressure of 1 atm. This 

correlation included an adjustment based on the 

SPT values for equivalent clean sand (N1)60cs. These 

values are calculated using Eq. 8. 

 

𝐶𝑅𝑅𝑀=7.5,𝑣’=1𝑎𝑡𝑚 = 𝑒𝑥𝑝 (
(𝑁1)60𝑐𝑠

14.1
+ (

(𝑁1)60𝑐𝑠

126
)

2

−

(
(𝑁1)60𝑐𝑠

23.6
)

3

+ (
(𝑁1)60𝑐𝑠

25.4
)

4

− 2.8)   

(8) 
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After obtaining the CRRM=7.5, σv'=1atm, it was 

necessary to calculate the CRR under varying 

conditions of M and σv' to adapt to the field 

conditions using Eq. 9. 

 

𝐶𝑅𝑅𝑀,𝑣’ = 𝐶𝑅𝑅𝑀=7.5,𝑣’=1𝑎𝑡𝑚 . 𝑀𝑆𝐹 .  𝐾  (9) 

 

Kσ represents the effective overburden stress 

while Magnitude Scaling Factor (MSF) is used to 

account for the influence of ground motion duration 

on liquefaction initiation. MSF value was 

determined using Eq. 10 and 11. 

 

𝑀𝑆𝐹 = 1 + (𝑀𝑆𝐹𝑚𝑎𝑥 − 1) ∗

(8.64 𝑒𝑥𝑝 (
−𝑀

4
) − 1.325)  

(10) 

𝑀𝑆𝐹𝑚𝑎𝑥 = 1.09 + (
(𝑁1)60𝑐𝑠

31.5
)

2

≤ 2.2  (11) 

 

Considering the possible occurrence of the 

water table rising above the ground surface during 

high tide conditions, liquefaction potential 

calculation takes into account a scenario where both 

are at the same level. 

Liquefaction potential of each borehole was 

determined using LPI. This method predicts 

potential levels based on the thickness and depth of 

soil layers susceptible to liquefaction near the 

ground surface. The formula for calculating 

potential is stated in Eq. 12. 

 

𝐿𝑃𝐼 =  ∫ 𝐹(𝑧). 𝑤(𝑧). 𝑑𝑧
20

1
  (12) 

 

where F(z) = 1 – FS for FS < 1, and F(z) = 0 for FS 

≥ 1. Then w(z) = 10 – 0.5z with z in meter. The level 

of potential liquefaction levels proposed by [16], is 

shown in Table 2. 

 

Table 2 LPI (Sonmez, 2003) 

 
Liquefaction Index Liquefaction Potential 

0 Non-Liquefied 

0 < LPI ≤ 2 Low 
2 < LPI ≤ 5 Moderate 

5 < LPI ≤ 15 High 

15 < LPI Very High 

 

Index values obtained were compared across all 

scenarios to identify vulnerable points that require 

thorough attention for mitigation purposes. 

 

5. RESULTS AND DISCUSSIONS 

 

The results of the site classification calculation 

revealed the distribution of different classes within 

the research area as shown in Table 4 and Table 5. 

Specifically, BH-01, BH-08, and BH-09 were 

classified as Site Class SD (15 ≤ N̅ ≤ 50), indicating 

a relatively stable and dense soil condition. BH-10 

was classified under Site Class SC (50 ≤ N̅  ), 

representing a moderately stable soil condition. The 

remaining locations were classified as Site Class SE 

( N̅ ≤ 15). indicating a soft soil condition.  

The PGA values at the bedrock were determined 

for each scenario, using [17] for the 50-year return 

period and [18] for the remaining ones. These 

calculations yielded PGA values of 0.1 g, 0.15 g, 

and 0.4 g for the 50-year, 100-year, and 2500-year 

return period, respectively. Based on the results of 

the calculations, it was observed that the PGA 

values for each scenario and borehole exhibit 

certain variations. These variations are dependent 

on the site class and the specific bedrock PGA. 

These variations arise due to the inherent 

differences in soil characteristics and their effects 

on ground motion amplification. PGAM calculations 

for each scenario in different seismic site classes are 

shown in Table 3. 

To obtain conditions that resemble those in the 

field, earthquake magnitude parameter for frequent 

occurrence (50-year return period) was calculated 

using Zmap 7.1. This calculation was based on 

historical earthquake data from 1823 to 2023 (200 

years), sourced from earthquake.usgs.gov. The 

resulting earthquake magnitude serves as a 

representative value for frequent seismic events. 

Based on Figure 3, the magnitude obtained for 

frequent earthquake is 4.6 Mw.  

 

For the 100-year and 2500-year return period, 

earthquake magnitudes were determined using 

available disaggregation maps [18]. Based on these 

maps, the magnitude values for each return period 

were obtained as 6.2 Mw and 6.4 Mw. 

When calculating liquefaction potential for the 

50-year return period, a range of safety factor values 

for the liquefiable layers was observed starting from 

0.29, Additionally, the SPT values, were found 

between 2 to 8, with depths ranging from 0 to 14 m. 

The deepest layer to experience liquefaction was 

located within BH-03 at a depth of 14 m with a 

Fig. 1 Magnitude of completeness value obtained 

from Zmap analysis 
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safety factor value of 0.66. 

In the 100-year return period scenario, the 

lowest safety factor value for liquefiable soil is 0.20. 

The maximum SPT value for liquefiable soil is 18. 

The deepest liquefiable layer was found at a depth 

of 18 m within BH-03. 

 

Table 3 SPT value and site class determination for BH-01, BH-02, BH-03, BH-04 and BH-05 

 

Depth 

(m) 

BH-01 BH-02 BH-03 BH-04 BH-05 

SPT   SPT   SPT   SPT   SPT   

2 4 Fine Sand 4 Fine Sand 2 Fine Sand 3 Fine Sand 3 Fine Sand 

4 22 Fine Sand 24 Fine Sand 3 Fine Sand 4 Fine Sand 5 Fine Sand 

6 8 Medium Sand 6 
Medium 

Sand 
4 

Fine Sand 
5 

Fine Sand 
15 Clayey Silt 

8 5 Medium Sand 5 
Medium 

Sand 
4 

Fine Sand 
4 

Fine Sand 
14 Clayey Silt 

10 12 Medium Sand 12 
Medium 

Sand 
5 

Fine Sand 
6 

Fine Sand 
13 Clayey Silt 

12 17 Medium Sand 17 
Medium 

Sand 
11 

Medium 
Sand 

12 
Medium 

Sand 
16 Clayey Silt 

14 38 Medium Sand 37 
Medium 

Sand 
8 

Medium 

Sand 
11 

Medium 

Sand 
16 Clayey Silt 

16 26 Medium Sand 28 
Medium 

Sand 
16 

Medium 

Sand 
17 

Medium 

Sand 
18 Silty Clay 

18 31 Medium Sand 30 
Medium 

Sand 
18 

Medium 
Sand 

25 
Medium 

Sand 
26 Silty Clay 

20 30 Medium Sand 29 
Medium 

Sand 
26 

Medium 

Sand 
29 

Medium 

Sand 
38 Coral 

22 29 Medium Sand 29 
Medium 

Sand 
31 

Medium 

Sand 
33 

Medium 

Sand 
60 Sandy Silt 

24 45 
Medium 

Sand 
46 

Medium 
Sand 

    59 Sandy Silt 

26 60 
Medium 

Sand 
60 

Medium 

Sand 
      

N̅ 15.52 14.94 7.74 9.75 14.60 

Site 
Class 

SD SE SE SE SE 

 

Table 4 SPT value and site class determination for BH-06, BH-07, BH-08, BH-09 and BH-10 

 

Depth 

(m) 

BH-06 BH-07 BH-08 BH-09 BH-10 

SPT   SPT   SPT   SPT   SPT   

2 2 
Clayey 

Sand 
2 Sandy Clay 3 Fine Sand 3 Fine Sand 15 Fine Sand 

4 3 
Clayey 

Sand 
4 Sandy Clay 5 Fine Sand 5 Fine Sand 22 Silty Clay 

6 4 
Clayey 
Sand 

5 Fine Sand 14 Silty Clay 24 Silty Clay 32 Silty Clay 

8 12 
Clayey 

Sand 
5 Fine Sand 21 Silty Clay 35 Silty Clay 60 Rock 

10 34 Silty Clay 6 Fine Sand 29 Silty Clay 49 Silty Clay 60 Rock 

12 28 Silty Clay 22 Fine Sand 32 Silty Clay 54 Silty Clay 60 Rock 

14 34 Silty Clay 21 Fine Sand 34 Silty Clay 57 Silty Clay   

16 38 Silty Clay 18 Fine Sand 42 Silty Clay 60 Silty Clay   

18 42 Silty Clay 15 Fine Sand 54 Silty Clay     

20 60 Sandy Silt 23 Fine Sand 60 Silty Clay     

22 60 Sandy Silt 14 Fine Sand       

24 60 Sandy Silt 28 Fine Sand       

26 60 Sandy Silt 22 Fine Sand       

28   32 Fine Sand       

30   33 Fine Sand       

N̅ 10.89 8.38 18.60 22.17 77.57 

Site 

Class 
SE SE SD SD SC 
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Table 5 PGAM calculation for each scenario in 

different seismic site class 

 

 Return Period   
PGA 

(g) 
FPGA 

PGAM 

(g) 

50-year  

SC 

0.1 

1.4 0.14 

SD 1.6 0.16 

SE 2.4 0.24 

100-year  

SC 

0.15 

1.25 0.18 

SD 1.5 0.22 

SE 2.15 0.32 

2500-year  

SC 

0.4 

1.2 0.48 

SD 1.2 0.48 

SE 1.4 0.56 

 

A significant observation was seen in the 

scenario corresponding to a 2500-year return 

period, almost all sand layers experienced 

liquefaction. Particularly, BH-03 exhibited the 

lowest safety factor and highest SPT values of 0.11 

and 31, respectively among the identified 

liquefiable soil layers. 

The results of the safety factor for the sand layer 

from BH-01 to BH-06, are shown in Figure 4, BH-

07 to BH-09 shown in Figure 5. The results of the 

safety factor specifically for BH-10 with depth in m 

are shown in Figure 6. These figures provide visual 

representations of the calculated safety factors.

 

 
 

Fig. 2 Safety factor for each scenario and borehole (a) BH-01, (b) BH-02, (c) BH-03, (d) BH-04, (e) BH-05, 

(f) BH-06 
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Fig. 3 Safety factor for each scenario and borehole (g) BH-07, (f) BH-08 and (i) BH-09 

 

 
Fig. 6 Safety factor for borehole BH-10 

 

Based on the evaluation of the LPI values for 

each borehole and scenario as shown in Table 6, 

distinct patterns were observed. It was noticed that 

six boreholes consistently exhibited an extremely 

high vulnerability to liquefaction across all 

scenarios. These specific locations, namely BH-02, 

BH-03, BH-04, BH-05, BH-06, and BH-09, 

consistently indicated a significant likelihood of 

experiencing liquefaction-induced ground failure. 

However, when examining the scenario with a 50-

year return period earthquake, four other boreholes 

exhibited different levels of vulnerability. Among 

these, some boreholes were categorized as having a 

high liquefaction potential, while others were 

categorized as non-liquefied. Comparing the LPI 

values for each location, it was observed that BH-

03 and BH-04 exhibited extremely high LPI values 

of 38.69 and 39.86, respectively, for the 50-year 

return period (frequent earthquake) scenario. 

Table 5 LPI value and classification for a borehole in each return period scenario 

 

Borehole 

LPI 

50-year return period 100-year return period 2500-year return period 

LPI Value Classification LPI Value Classification LPI Value Classification 

BH-01 5.96 High 20.06 Very High 41.74 Very High 

BH-02 16.89 Very High 33.47 Very High 47.71 Very High 

BH-03 38.69 Very High 58.99 Very High 72.67 Very High 

BH-04 39.86 Very High 57.99 Very High 71.84 Very High 

BH-05 22.28 Very High 26.30 Very High 29.63 Very High 

BH-06 25.86 Very High 37.84 Very High 47.59 Very High 

BH-07 11.16 High 22.52 Very High 35.14 Very High 

BH-08 11.76 High 21.96 Very High 28.44 Very High 

BH-09 15.35 Very High 22.31 Very High 28.59 Very High 

BH-10 0.00 No Liq 0.02 Low 10.07 High 
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 The evaluation of liquefaction potential for 

frequent seismic events specifically those with a 

magnitude of 4.6 Mw, has yielded results. These 

results strongly suggest a high probability of 

liquefaction occurrence in such scenarios. They are 

consistent with the research conducted by Green 

and Boomer [10], who had previously reported that 

liquefaction susceptibility can be triggered by a 4.5 

Mw earthquake. 

 In boreholes with consistent conditions for each 

scenario, the SPT values below 5 are found in layers 

at a depth lower than 8 m. This indicates that the soil 

layers at 8m are relatively weak or unstable. As a 

result, it leads to a low safety factor and high LPI 

value, indicating a greater potential geotechnical 

risk at that depth. Therefore, special attention is 

needed in the planning and execution of 

construction in that area to ensure the stability and 

safety of the structures being built.  

 

6. LIMITATIONS 

 

 Limitations of the research include several 

factors. First and foremost, the study primarily 

relies on soil investigation data from 2020, 

potentially failing to capture evolving geological 

conditions. The use of a semi-empirical procedure 

introduces inherent uncertainties in predicting real-

world liquefaction events. Moreover, the 

assumption of uniform soil properties within 

boreholes oversimplifies the complex reality of soil 

variability. Relying on historical earthquake data 

and seismic codes for magnitude and return period 

calculations may not encompass the full range of 

potential earthquake scenarios. The absence of real-

time monitoring of soil conditions, groundwater 

levels, and seismic activity further limits the study's 

ability to provide a comprehensive assessment. 

 

7. CONCLUSIONS 

 

In conclusion, to evaluate liquefaction potential, 

three scenarios, each representing different 

earthquake return period, were considered. This 

method aimed to compare and assess the variations 

in liquefaction potential under distinct seismic 

conditions. By examining these scenarios, it was 

possible to analyze and understand potential for 

liquefaction occurrence at different levels of 

seismic activity. 

LPI for each scenario resulted in different 

values. This indicated variations in potential for 

liquefaction across the research area. Despite the 

differing values, the overall assumption remained 

the same. The results from this research emphasized 

specific locations, labeled as BH-02, BH-03, BH-

04, BH-05, BH-06, and BH-09, which consistently 

exhibited high liquefaction potential susceptibility 

across all three scenarios. This consistent result 

emphasized the need for further detailed 

investigation for to implement mitigation measures 

and engineering interventions. Such efforts were 

essential to enhance the resilience of structures and 

infrastructure within these vulnerable zones. 
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