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Abstract 
Based on the geological condition, the research location on the North Bengkulu - Lebong crossing is 

on the Sumatra fault zone that extends from south to north, which causes this area to have a 

morphological shape and topography of hills and hills extreme slopes. This research results in 

landslide-prone micro zonation based on GSS and PGA values obtained from Horizontal-to-Vertical 

Spectral Ratio (HVSR) method measurements. The research was conducted by measuring 25 research 

sites. The results of Peak Ground Acceleration (PGA) values processing at the research site, between 

0.14 gal - 0.53 gal. Locations with the potential for landslides, shown in blue (0.14-0.29 gal), are 

located in several spots of the research site. The distribution of Ground Shear Strain (GSS) at the 

study site is evenly distributed at a value of 10-4, which indicates that the study site is prone to 

cracking and ground movement. In the distribution of GSS values, it is suspected that the location in 

the dark red color (10-3) has the highest potential to experience repeated landslides. Based on the 

results of the calculation of PGA and GSS values on the North Bengkulu - Lebong crossing, the 

points of landslide-prone locations can be known so that disaster mitigation can be carried out at these 

locations to reduce the risk that will occur. 
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Introduction 

Bengkulu is one of the provinces located 

on the island of Sumatra, with most of its 

mountainous territory having a high 

potential for landslides (BPBD, 2019). 

One of the areas with a high potential for 

landslides is the North Bengkulu - Lebong 

crossing (Ariyanto & Joni, 2019).  Based 
on geological conditions, the North 

Bengkulu - Lebong crossing is located in 

the Sumatran fault zone that extends from 

the south to the north, which causes this 

area to have a hilly morphological and 

topographic shape and slopes with high 

steepness so that it can endanger road 

users because of the high potential for 

landslides. 

 

Landslides can occur due to the movement 

of land masses or can be defined as the 

displacement of slope-forming materials 
that move down and out of the slope 

(Trianda et al., 2018). Apart from that, 

several human activities can be a 

triggering factor for landslides, such as 

logging trees on slopes without 

reforestation (Nurjanah & Mursalin, 
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2021), mining of rocks, soil, or other 

mining goods that cause slope instability 

(Susanti & Miardini, 2019), the level of 

soil and rock wetness (Iswahyudi et al., 

2021), changes in the slope of the area due 

to development, and excessive loading 

from buildings in mountainous areas (Hadi 

et al., 2021). 

 

Other factors influencing landslides are 

slip surface or shear surface and high 

rainfall (Nishimura et al., 2022). The 

North Bengkulu - Lebong crossing is an 

important crossing that connects Bengkulu 

Province with other provinces using land 

transport. The North Bengkulu - Lebong 

crossing is one of the most heavily 

traveled routes, so the resulting vibrations 

can trigger landslides due to ground 

movements that change the physical 

properties of the land surface (Kristie & 

Budiman, 2021). Landslides that occur on 

the North Bengkulu - Lebong crossing will 

have a significant impact on the 

community because they hamper traffic 

and have a severe impact on economic 

problem, for example, landslides that 

occurred in 2022, causing impacts felt by 

the community due to disruption of the 

land transportation system which is 

covered by landslide material. The 

preliminary survey results found several 

locations of the North Bengkulu - Lebong 

Regency crossing road that experienced 

landslides, shown in Figure 1. 

 

The impact of landslides can be minimized 

by conducting disaster mitigation and 

management efforts (Zulfa et al., 2022). 

One of the disaster mitigation efforts can 

be made using the Horizontal-to-Vertical 

Spectral Ratio (HVSR) method (Hartantyo 

et al., 2020). The HVSR method can be 

used to determine complex geological 

structures and determine the thickness of 

sedimentary layers obtained from data in 

the form of natural vibrations originating 

from natural sources and human activities 

(Silitonga, 2022). The HVSR method has 

two important methods obtained from the 

processing results: dominant frequency (f0) 

and amplification (A0). In addition, 

microtremor data can be used to find 

seismic susceptibility index, sediment 

layer thickness, Peak Ground Acceleration 

(PGA), and Ground Shear Strain (GSS), 

which are used as parameters for analysis 

in identifying potential landslide areas 

(Refrizon et al., 2013). The landslide-

prone zonation areas can be mapped based 

on the PGA and GSS values obtained from 

the HVSR method. 

 

 
Figure 1. Documentation of the location of the 

North Bengkulu - Lebong crossing road that 

experienced a landslide on 26 March 2022. 

 

A landslide investigation using the HVSR 

method has been conducted (Natasya et 

al., 2022) on the Bengkulu - Kepahiang 

causeway. The interpretation results 

showed that in the Bengkulu - Kepahiang 

causeway area, the average value obtained 

is relatively medium-high, so it is less 

likely if a landslide occurs at a depth of 0 

to 30 meters. However, at a depth of 0 to 5 

meters, the average value is relatively low-

medium, so the area is prone to landslides. 

Therefore, the HVSR method is often used 

in case studies of landslides and 

earthquakes (Hadi et al., 2018). 

Local Geology Setting 

The Barisan Mountains dominate the 

geology of the Bengkulu sheet, the corner 

is part of the South Sumatra Basin, and the 

west is part of the Bengkulu Basin. The 

study area is a plateau located around the 
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Sumatra fault zone, associated with the 

Musi-Keruh and Ketaun faults and covered 

by a mixture of Quaternary alluvium and 

volcanic materials. Plio-Plistocene 

volcanic rocks cover the plateau. Elevation 

on this plateau is up to 500 meters above 

the MSL. The oldest unit exposed is the 

Seblat Formation which includes marine 

sediments derived from clastic volcanic 

rocks of the Barisan Mountains and locally 

inserted limestone. The Simpangaur 

Formation consists of shallow marine to 

muddy freshwater sediments and lignite 

coal. The Plio-Plistocene-aged Bintunan 

Formation taxonomically overlies the 

Simpangaur Formation. Based on the 

geological map of the Bengkulu sheet on 

the North Bengkulu - Lebong cross-

section, there are also Bintunan Formation 

and Andesite-Basalt volcanic rocks, which 

can be seen in Figure (2). This lane forms 

the Barisan volcanic chain that stretches 

along the western part and is parallel to the 

long axis of the island of Sumatra. It is an 

area of magmatic activity during the 

Tertiary and Quaternary, which may 

indicate the maturity of the volcanic arc 

(Gafoer et al., 2007). 

 

 

 
Figure 2. a). Research geological map (modified from Gafoer et al. (2007); b). HVSR site measurements. 

 

Materials and Methods 

The research was conducted in the 

mountainous area of the North Bengkulu - 

Lebong Regency of Bengkulu Province 

measurements using microtremor as many 

as 25 measurement points along the 

research location road. Data were collected 

for 30 minutes at each measurement point 

with a sampling frequency of 100 Hz. The 

structure of subsurface rock layers can be 

described by variations in shear wave 

velocity obtained from forward 

computation and HVSR inversion of 

microtremor data. Rocks with complex 

properties, like igneous rocks, will have 

low landslide-prone factor values. On the 

other hand, soft rocks like clay and silt 

have high landslide-prone factor values 

(Sugianto & Refrizon, 2021). 

 

The dominant frequency (f0) and 

amplification (A0) values obtained from 

HVSR analysis are used as input data to 

calculate the seismic susceptibility index 

(Kg). The seismic susceptibility index is an 

index that describes the level of 
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susceptibility of the surface soil layer to 

deformation during an earthquake 

(Tanjung et al., 2019). The seismic 

susceptibility index can be calculated 

using the following Equation (1) (Asnawi 

et al., 2020): 

𝐾𝑔 =  
𝐴𝑔2

𝑓𝑔

1

𝜋2𝑣𝑏
      (1) 

Based on the seismic vulnerability index 

obtained, the soil structure or subsurface 

rock condition at the research location can 

be known. 

 

Peak Ground Acceleration (PGA) value is 

calculated using earthquake parameters 

with the most significant magnitude at the 

epicenter distance closest to the research 

location (Prakoso, 2018). The PGA 

formula is as follows Equation (2) 

(Douglas, 2021): 

𝛼𝑔 =
5

√𝑇𝑔
10

(0,6 𝑀)−(1,6+
3,6

𝑅
) log 𝑅+0,167− 

1,8

𝑅    (2) 

The Ground Shear Strain (GSS) value 

describes the geological conditions at a 
location (Sugianto et al., 2021). GSS is 

one of the physical parameters that shows 

the level of rock susceptibility to 

stretching or shifting from its equilibrium 

point due to earthquakes. GSS is often 

used to describe the characteristics of soil 

layers or the potential for liquefaction and 

landslides at a location. The GSS value is 

obtained by multiplying the seismic 

susceptibility index with the PGA because 

the relationship is directly proportional. 

The greater the value of the seismic 

vulnerability index and PGA, the greater 

the GSS value and will cause the soil layer 

to deform (Gemintang et al., 2022). The 

GSS formula is as follows Equation (3) 

(Nakamura, 2008): 

𝜸 =  𝐾𝑔 × (10−6) × 𝛼      (3) 

Results and Discussion 

The measurement results at this research 

location are data from vibration signals 

analyzed using Sesaray Geopsy for signal 

filtering without noise. The results of 

signal filtering were analyzed using the 

HVSR method, resulting in H/V curves, 

predominant frequency values (f0), and 

amplification factors (A0). The value of the 

predominant period is used as a parameter 

to determine the Peak Ground 

Acceleration (PGA) value, which is 

calculated using Equation (2). The PGA 

values at the 25 research points were 

inputted in the PGA map shown in Figure 

3. The results of processing the PGA 

values in the surface layer show PGA 

values between 0.14 g - 0.53 g. 

 

Low PGA values are shown in dark blue 

with values of 0.14 g - 0.19 g, medium 

PGA values in green with values of 0.34 g 

- 0.39 g, and high PGA values in dark 

brown with values of 0.48 g - 0.53 g. The 

PGA value is directly proportional to the 

dominant frequency value. This parameter 

shows that areas with low PGA values 

have low dominant frequency values. 

Areas with low PGA values have thick 

sedimentary layers and a small density of 

constituent rocks. Areas with small PGA 

values have seismic wave velocities that 

propagate through the rock layers resulting 

in significant amplification and seismic 

wave vibrations that travel below the 

ground surface for a long time, which can 

cause more significant damage. 

 

The PGA value in this study was used to 

find the Ground Shear Strain (GSS) value. 

GSS value is a parameter related to the 

dynamic nature of the soil. If an area has a 

high GSS value, then the area is prone to 

stretching or shifting movements. The 

stretching and shifting will cause the rock 

structure to deform and experience 

landslides. However, if the GSS value is 

smaller, the soil layer will be difficult to 

deform.  
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Figure 3. a). Peak Ground Acceleration (PGA) distribution map; b). Ground Shear Strain (GSS) distribution 

map. 

 

Based on the distribution map of GSS 

values, the research site has elastic-plastic 

soil dynamics when looking at the 

relationship between GSS values and the 

nature of soil dynamics. Therefore, cracks 

and subsidence can occur if the nature of 

soil dynamics is elastic-plastic. Judging 

from the results of the GSS distribution 

map overlay, areas with high GSS values 

are shown in dark red. The even 

distribution of GSS values at 10-4 indicates 

that the study site is prone to cracking and 

ground movement. The rock structure is 

susceptible to seismic vibrations and 

mechanical vibrations caused by transport 

vehicles, changing the physical properties 

of the rock. The triggering factor for 

ground movement at the study site can be 

cracking and landslide collapse. The GSS 

10-4 values evenly distributed along the 

North Bengkulu-Lebong mountain road 

are not all susceptible to landslides. The 

research location with a high susceptibility 

to landslides is in the area with a GSS 

value of 10-3. This condition causes some 

areas along the mountain road to 

experience landslides with a small volume 

of material. The factor that causes the size 

of the landslide can be caused by the angle 

of the slope on the side of the road. The 

North Bengkulu-Lebong crossroad is 

located between regencies that are 

mountainous areas with steep slopes and a 

high potential for landslides. 

Conclusion 

The distribution of PGA values in the 

research location is dominated by green 

color, which has a landslide risk if no 

disaster management is done. In addition, 

some dark blue colored points show a high 

risk of landslides. Meanwhile, based on 

the distribution map of GSS in the study 

area, several dark red colored points show 

the potential severe danger of landslides. 

Therefore, based on the distribution map 

of PGA and GSS on the North Bengkulu - 

Lebong crossing, it is possible to identify 

locations prone to landslides so that 

disaster mitigation can be carried out at 

those locations to reduce the risk. 
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