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Abstract 
The abstract should summarize the content of the paper.  This study aims to determine the liquifaksi hazard and formulate a model of 
disaster mitigation policy for potential liquefaction in Pagar Alam City. The formulation of policy models refers to the liquefaction 
potential formulated with the Cone Penetration Test (CPT) approach. While the method for formulating a disaster mitigation policy 
model is using the analytical Hierarchy Process (AHP). The results of the analysis show that at a depth of 0 to 2 meters, most areas of 
Pagar Alam City belong to the region with safe liquefaction potential, indicated by a depth value less than 1. Furthermore, analysis results 
are displayed in the form of a potential liquefaction map. This map shows that the category of liquefaction potentials in Pagar Alam city 
is in a dominant state of safety against the liquefaction hazards. While the priority of the mitigation policy of the potential liquefaction 
disaster in Pagar Alam City i.e: a) the relocation of residents of potentially unsafe and moderate; b) make the potentially unsafe and 
moderate as a permanent forest area; c) to carry overland function into agrotourism land in the safe/no potential; and d) multiply the 
surface drainage channel in each zones. 
Keywords: Policy, Mitigation, CPT, Liquefaction, Pagar Alam.   
 
1. Introduction 
The central and western area of Sumatra is one of the areas located at the Indo-Australian and Eurasian tectonic Plate 
meeting which is a major generator of earthquake activity [1-5]. [6] explains the city of Lubuk Linggau, Pagar Alam and 
Bengkulu is a crowded city and the centre of the activity of the population that is among the two active faulting Sumatra is 
the Sumatran fault and Mentawai, it makes the area prone to earthquakes and possibly accompanied by an eruption of 
Dempo Volcano which is administratively located in Lahat Regency and Pagar Alam City - South Sumatra. 
 
Pagar Alam City is an area with a tectonic or plate that has a mechanism of movement averaging the climb and also marked 
with the activity of the Dempo Volcano that was there [7], so often hit by earthquakes and supported by soil conditions in 
most areas that have shallow groundwater, ranged from 2-4 meters from the ground surface that causes the soil layer is not 
dense. [8]shallow groundwater will be thrown when a strong earthquake occurs. 
 
One of the most frequent phenomena of post-earthquake disaster occurs is the liquefaction [9]. Liquefaction is an incident 
where the soil is experiencing effective shear strength due to increased pore-water tension as a result of the rapid cyclic 
load (earthquake load) and in the instantaneous time [10]. [11] [12]explains, a liquefaction phenomenon occurs in the 
granular layer of granular soil that is saturated with water and receives cyclic loads due to the earthquake. The tremor of the 
earthquake resulted in soil particles contracting and as it progresses so rapidly in undrained conditions, it triggers the rise of 
water pressure pore on the ground. When the water pressure value of the pore reaches as large as the total voltage of the 
soil, then the effective voltage of the soil equals zero, and at that time the soil experienced a strong decline of shear and 
collapse. Some examples of earthquakes that triggered the occurrence of liquefaction include the Good Friday earthquake in 
Alaska in 1964, Nigata earthquake in Japan in 1964, the Van Norman earthquake in southern California which resulted in 
the collapse of Lower San Fernando Dam and Upper Fernando Dam in 1971, Aceh and Nias earthquake in 2004, 
Yogyakarta earthquake in 2006, Christchurch earthquake in New Zealand in 2011 [13], and Palu earthquake in 2018. 
 
The geological threat, in particular, the liquefaction phenomenon when large earthquakes in earthquake lines are something 
that can happen and can cause widespread damage to buildings and infrastructure facilities in urban areas. The central and 
western areas of Sumatra, especially the Pagar Alam City, with the existence of Dempo Volcano is one of the seismicity 
zones is quite high and active [14] [15], this can lead to the liquid phenomenon. 
Attempts to predict and mitigation a liquefaction hazard are indispensable for reducing the risk caused by an earthquake in 
the region. To predict and mitigation the liquefaction hazards, there is a knowledge of undersurface geological conditions 
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and potential liquefaction hazards in the region. This study aims to find out the policy model for liquefaction potential in 
Pagar Alam City.    
 
2. Methodology 
To obtain the necessary data in this study, a) geological investigation of engineering includes mapping, drilling, and testing 
of CPT, b) laboratory testing for the determination of soil physical properties, c) Water advance measurement, and d) 
analysis of potential liquefaction is carried out by a GIS approach based on CPT data (Fig. 2). While the model analysis of 
disaster mitigation policies for potential disaster liquefaction in Pagar Alam City is conducted through surveys to the 
community environment and interviews with experts. The stages performed in the AHP analysis are as follows: a) the 
formulation of hierarchies; b) Drafting criteria; c) Assessment of criteria and alternative; d) Priority determination, using a 
pair comparison technique (pairwise comparisons) for each criterion and alternative. 
 
The relative comparison values are processed using matrix manipulation or through the completion of mathematical 
equations to determine the relative rank of all existing alternatives. Further calculations to see the consistency of judgment 
using the calculation of the Inconsistency Ratio. 
 

Table 1. Assessment Criteria in AHP 
Values Descriptions 

1 
3 
5 
7 
9 

2,4,6,8 

Equal important 
Moderate important 
Strong important 
Very strong important 
Extrem important 
Intermediate values 

Source: [16] [17] [18]  
 
 

 
Fig 2. Map of the CPT Location in Pagar Alam 

3. Result and Discussion 
Based on the geological map of the sheet Palembang, South Sumatera [19] [20] [21], some areas of the Pagar Alam City are 
located on the surface area consisting of swamp deposits. The deposits consist of mudflow and sand. In the meantime, some 
of the other regions were on two rock formations, i.e a) Muara Enim formations, which consisted of clay stones, the tufa 
stone insert with coal inserts; and b) Kasai formation, consisting of tufa, the tufa of the flood, and the tufa sandstone. In this 
area is also invisible to the presence of geological symptoms, either in the form of a solid or fault, so that the geological 
side of the area is located in a relatively stable position. 
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The volcanic rock of Pagar Alam City is distinguished by its distinct volcanic rock and volcanic quarter rocks, where the 
volcanic rock is generally inseparable, consisting of lava, volcanic braxy, and Tufa. In Fig. 1. The following shows the 
cross-sectional rock lithology of drilling results in and around Pagar Alam City. 

 

 
Fig 1. Cross-section of Rock Lithology 

 
In this study, the weight of soil saturated condition of the water was obtained from the laboratory test results of 19.81 
kN/m3. The elevation of groundwater is assumed to be right at ground level (GWL = 0.00 m). This assumption is taken to 
describe the most critical conditions when the liquefaction occurs. Fig. 2 shows the spread of 4 point location of the 
research potential of liquefaction in Pagar Alam City. 
 
The CPT field test was conducted on 4 points spread across the sub-district of North Dempo, central Dempo, Jarai and 
Pagar Alam Selatan, where it shows that at a depth of 0 to 2 meters at all points the test site is at a value range of less than 
1. This means up to a depth of 2 meters, North Dempo, Central Dempo, Jarai, and Pagar Selatan in unsafe conditions 
against liquefaction hazards. 
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Table 2. Security Factor Value Against Liquefaction at 4 Point Location in Pagar Alam City 

No Locations Depth (meter) 
0-1 1-2 

1 
2 
3 
4 

South of Nature Fence 
North Dempo 
Jarai 
South Dempo 

0.51 
0.19 
0.17 
0.18 

0.57 
0.62 
0.91 
0.71 

 

The results of the potential liquefaction analysis are also displayed in the form of a potential liquefaction map depicting the 
distribution of safe and unsafe values of the liquefaction hazard in Pagar Alam City. Fig. 3 and 4 indicate that at a depth of 
0 to 2 meters, the vast majority of the area of Pagar Alam City is potentially safe to occur when the earthquake comes. It is 
characterized by the dominance of the green colour, as well, partly the dominance of the visible red and yellow colours. 
Besides, the smallest safe value is seen on the surface of the sub-district of North Dempo, Dempo Tengah, Jarai and Pagar 
Alam Selatan where the area is used as a centre for community activities. Safe values against liquefaction tend to escalate to 
hilly areas but remain in unsafe against liquefaction hazards. 

 

 
Fig. 3. Map of Potential Liquefaction 0-1 Meters Depth in Pagar Alam 

 
Fig. 4. Map of Potential Liquefaction 0-1 Meters Depth in Pagar Alam 

 

A model criterion for the liquefaction disaster Mitigation policy was created 8 alternate policies that were drawn in the 
policy hierarchy (Fig 5). Here are alternative models of liquefaction disaster mitigation policies in Pagar Alam City, i.e a) 
relocation of settlements in unsafe; b) Strengthening the soil structure through medium-size stone balls; c) Strengthen the 
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ground cliffs with concrete walls in each unsafe; d) Build a land drainage system through underground drainage in each 
zone; e) reforestation of forest plants in unsafe and moderate; f) turn land function into agrotourism in a safe; g) planting 
concrete blocks in unsafe and medium; and h) create unsafe and medium-sized zones into permanent forests. 
 

 
 

Fig 5. Policy Hierarchy 
 

The hierarchy of the model of the liquefaction disaster mitigation policy in Pagar Alam City consists of 8 policies, policy 
criteria and alternative policies that are fully seen in Fig. 6 and 7, where all alternative policies will be related to the criteria 
and criteria arranged following the objectives. 
 

 
Fig 6. Weight of Interest Between Criteria and Consistency Policy 

 

 
Fig 7. Model Priority Adaptation Policy of Liquefaction 

 
 

The priority of the Liquefaction disaster potential mitigation policy in Pagar Alam  City, South Sumatra is: (1) The 
relocation of the residents ' population settlements is not safe and temperate, (2) to make the potential zone unsafe and 
moderate as a permanent forest area, (3) to conduct land function into agrotourism land in the safe/no potential zone, and 
(4) multiply the surface. 
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4. Conclusions 
Pagar Alam City is an area with a tectonic or plate that has a mechanism of movement on average and is also characterized 
by the activity of the Dempo Volcano. So often hit by earthquakes. One of the frequent phenomena of the post-earthquake 
disaster occurs is the liquefaction. The results of the analysis of potential liquefaction of most areas of Pagar Alam City are 
potentially safe to occur when the earthquake comes. From these conditions resulted alternate model of disaster mitigation 
policy in Pagar Alam City as follows: relocation of settlements in unsafe, strengthening soil structure through medium-
sized stone balls, strengthening the ground cliff with concrete walls in each unsafe, establishing a land drainage system 
through underground drainage in each, reforestation of forest plants in the unsafe and medium, to transform the land 
function into agrotourism in safe, planting concrete blocks in the unsafe and medium as well as making unsafe and medium 
into permanent forest of the 8 alternate policies, the priority of the potential liquefaction disaster mitigation policy in Pagar 
Alam City, is: the relocation of the residents is not safe and temperate, make the potential unsafe and moderate as a 
permanent forest area, carry out land function into agrotourism land in the safe potential, and multiply the surface drainage 
channel. 
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