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Abstract. Nagari Malalak Timur, Malalak Subdistrict, Agam Regency has experienced landslides 

caused by soil movement so that the soil conditions become unstable. Landslides are also 

influenced by external factors such as vibrations from earthquakes and vibrations from human 

activities. For this reason, a study was conducted to describe the distribution of seismic 

vulnerability index as an effort to determine the potential landslide area. The sampling was limited 

to 10 measurement points using a set of seismograph sysmatrack MAE sensor type S3S. The basic 

principle of HVSR method is to obtain the value of Dominant Frequency (f0) and Amplification 

Factor (A0) by comparing the value of horizontal component and vertical component of 

microtremor data. From the value of Dominant Frequency (f0) and Amplification Factor (A0), the 

calculation of Dominant Period (T0) and Seismic Susceptibility Index (Kg) can be done. The results 

of research in Nagari Malalak Timur show the value of Dominant Frequency (f0) is in the range of 

2.676 - 7.22 Hz. The Amplification Factor (A0) value is in the range of 1.4 - 6.563. The Dominant 

Period (T0) value is in the range of 0.138 - 0.373 s. The Seismic Susceptibility Index (Kg) value is in 

the range of 0.365 - 14.62 cm/s2. Based on the distribution of Seismic Susceptibility Index (Kg) 

values in the 10 research points, the highest landslide potential is in point D with a Seismic 

Susceptibility Index (Kg) value of 14.62 cm/s2. 
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DOI : 10.15408/fiziya.v7i1.41253 

 

INTRODUCTION  

 

Nagari Malalak Timur, Malalak Sub-district, Agam Regency is one of the zones that 

has a high vulnerability of ground movement, this is shown on the landslide prone map 

of Agam Regency which needs to consider the safety of slopes because it has many 

factors that trigger landslides, especially in the purpose of making it as an access road. 

Landslides in Nagari Malalak Timur occur due to an imbalance of forces acting on the 

slope such as slope height, slope angle, and moisture content conditions. Landslides are 

file:///C:/Users/admin.DESKTOP-NOHDF74/Downloads/10.15408/fiziya.v7i1.41253


Al-Fiziya: Journal of Materials Science, Geophysics,          Vol.7 No. I 2024, 1 - 11 

Instrumentation and Theoretical Physics                                                         P-ISSN: 2621-0215, E-ISSN: 2621-489X 

2 

 

also influenced by external factors such as vibrations from earthquakes and vibrations 

from human activities [1].  

Landslides are natural disasters that result in the loss of many lives. There are several 

factors that can cause landslides, including heavy rains with a relatively long time, 

deforested mountain slopes and unstable soil conditions that can make these soils 

unable to hold water during very heavy rains. However, landslides can also be caused by 

volcanic activity or earthquakes [2].  

Seismic waves are elastic waves and their propagation depends on the elasticity of 

rocks and the density of rocks, so knowing the speed of seismic wave propagation in 

rock layers can determine the hardness and density of rocks When seismic waves 

propagate to the boundary between layers, some of these waves are reflected and some 

are refracted, so that physical symptoms can be detected [3].  

Natural disasters that have occurred somewhere will almost certainly happen again 

someday. The only problem is that we do not know when and where the disaster will 

happen again. On the contrary, unexpectedly, landslide natural disasters occur in areas 

that are not listed as vulnerable areas [4]. HVSR is one way to understand the nature of 

subsurface structure without causing disturbance to the structure. This method is a 

method that shows the relationship between the subsurface structure of the soil by 

comparing the ratio of the Fourier spectrum of the microtremor signal of the horizontal 

component to its vertical component [5] at the same frequency so as to obtain the 

dominant amplification value and the dominant frequency.  

Amplification is an increase in the amplitude of the horizontal component wave 

compared to the amplitude of the vertical component wave. Brittle or soft layers amplify 

the horizontal component, but not the vertical component. The amplification gain value 

of the soil is related to the impedance contrast of the layer on the surface and the layer 

below. If the impedance contrast of the two layers is high, there is a high amplification 

factor and vice versa [6]. Amplification values indicate changes in layer impedance and 

possible changes in rock density caused by changes in rock cohesiveness. This makes 

areas with high soil amplification factor values vulnerable to earthquake shaking. 

Amplification and the proximity of bedrock to the ground surface are not the only factors 

that determine the level of structural damage caused by an earthquake that leads to 

landslides [7]. From the dominant frequency, the dominant period value is obtained, 

which is the time required to propagate through the sediment layer. 

Based on the amplification factor and dominant frequency, the seismic vulnerability 

index value is obtained, the seismic vulnerability index serves for the implementation of 

the geological characteristics of an area. For this reason, research was conducted on the 

potential for landslides in Nagari Malalak Timur, Malalak District, Agam Regency.  

 

RESEARCH METHOD 

 

This research is located in the Nagari Malalak Timur area, Malalak District, Agam 

Regency, West Sumatra. The scope of the research area focuses on the Nagari Malalak 

Timur area with a total of 10 location points with an average time of 45-90 minutes per 

point using the HVSR method. By utilizing the HVSR method, the H/V peak curve is 
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obtained which contains information on the amplification and dominant frequency of 

the soil. The amplification value is related to the impedance contrast of the surface layer 

and the layer below. [8] The amplification equation can be seen in Equation 1 below: 

 

𝐴0 =
𝜌𝑏.𝑣𝑏

𝜌𝑠.𝑣𝑠
   (1) 

 

where ρb is the density of bedrock (gr/ml), ρsf is the density of soft rock (gr/ml), vb is the 

speed of wave propagation in bedrock (m/s) and vs is the speed of wave propagation in 

soft rock (m/s). The following classification of amplification factor values can be seen in 

Tabel 1 below: 

 

Tabel 1. Classification of Amplification Factor Values 

Zone Amplification Factor Value Classification Mapping Color 

1 

2 

3 

4 

A0 < 3 

3 ≤ A0 < 6 

6 ≤ A0 < 9 

A0 ≥ 9 

Low 

Medium 

High 

Very high 

Green 

Blue 

Yellow 

Red 

 

Based on Table 1, [9] Amplification is a wave amplification event that occurs as 

seismic waves pass through a softer medium. In addition, amplification can occur when 

seismic waves pass through a medium that has the same frequency. High amplification 

indicates that the area is experiencing wave amplification and is prone to earthquake 

damage. Amplification values are affected by rock deformation and weathering. [10] 

While the dominant frequency is the frequency value of the rock layer in an area to show 

the type and characteristics of the rock. Based on the frequency of the soil, it is 

formulated by Equation 2 below: 

 

𝑓0 =
𝑣𝑏

4𝐴𝐻
   (2) 

where vb is the wave velocity below the ground surface, A is the amplification factor and 

H is the sediment thickness. The following soil classification based on the dominant 

frequency according to Kanai [21] can be seen in Table 2 below: 

 

Table 2. Classification of Dominant Frequency Values 

Soil Classification 
Dominant 

Frequency 
Kanai Classification Description 

Soil 

Character 

Classification 

Type Type 

Type IV Type I 6,667-20 Tertiary or older rocks. 

Consisting of hard, sandy, 

gravel, etc. 

The thickness of the 

surface sediments is 

very thin, dominated 

by hard rock. 

Hard 

Type III Type II 4-10 Alluvial rock, with a 

thickness of 5m. Consists 

of sandy-gravel, sandy 

hard clay, loam, etc. 

The surface 

sediments are in the 

medium category of 

5-10 meters 

Medium 
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Type II Type III 2,5-4 Alluvial rock, >5m thick. 

Consists of sandy-gravel, 

sandy hard clay, loam, etc. 

The thickness of 

surface sediments is 

in the thick category, 

about 10-30 meters 

Soft 

Type I Type IV <2,5 Alluvial rocks formed from 

delta sedimentation, top 

soil, mud, etc. With a depth 

of 30m or more 

The thickness of 

surface sediments is 

very thick 

Very soft 

 

Based on Table 2, the Dominant Frequency (f0) has a soil classification based on the 

dominant frequency value which is divided into four types proposed by Kanai, where the 

dominant frequency has a soil character classification according to the dominant 

frequency value based on Kanai's classification and its description. [11] The dominant 

frequency is related to the dominant period. The dominant period value is used to 

identify the character of the rock layer. The dominant period can be seen in Equation 3 

below: 

  

𝑇0  =
1

𝑓0
    (3) 

 

where f0 is the dominant frequency. The following soil classification based on the 

dominant period according to Kanai [21] can be seen in Table 3 below: 

 

Table 3. Classification of Dominant Period Values 

Soil Classification 
Period (T) 

secon 
Description 

Soil Character 

Classification Kanai 
Omote-

Nakajima 

Type I 

Type A 

0,05-0,15 Tertiary or older rocks. Consists of hard pebbly 

sandstone. 

Hard 

Type II 0,15-0,25 Alluvial rocks with a thickness of 5m. Consists 

of sandy-gravel, sandy hard clay, clay, loam. 

Medium 

Type III Type B 0,25-0,40 Alluvial rocks are almost the same as type II, 

only distinguished by the presence of Bluff 

formation. 

 

Soft 

 

Type IV 

 

Type C 

 

>0,40 

Alluvial rocks formed from delta 

sedimentation, top soil, mud, humus, delta 

deposits or mud deposits, which are classified 

as soft soil with a depth of ≥ 30 meters. 

 

Very soft 

 

 Based on Table 3, the Dominant Period (T0) has two types of classifications proposed 

by Kanai and Omote-Nakajima that have been converted and used as standards in 

earthquake-resistant building planning, where the dominant period has a soil character 

classification according to the value of the dominant period based on its description. 

 The seismic susceptibility index is a value that describes the level of susceptibility of 

the soil layer to surface deformation during an earthquake. The seismic susceptibility 

index can be obtained by squaring the the amplification factor A0 divided by the 

resonantfrequency, [12] which is given by Equation 4 below: 

 

𝐾𝑔 =
𝐴2

𝑓0
    (4) 
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where Kg is seismic susceptibility, A0 is amplification and fo is frequency. By performing 

dominant frequency inversion, the value of the dominant period will be obtained, 

providing information about the soil type so that a distribution map (contour map) of 

the natural frequency value, amplification factor, and dominant period can be made [13]. 

The classification of seismic vulnerability index [21] values can be seen in Table 4 below: 

 

Table 4. Classification of Seismic Vulnerability Index Values 

Zone Value Kg 

Low <3 

Medium 3-6 

High >6 

 

Based on Table 4, the level of seismic vulnerability index obtained is proportional to 

the amplification value and inversely proportional to the dominant frequency value. This 

shows that the higher the value of the Seismic Vulnerability Index (Kg), the higher the 

level of damage caused by the earthquake to cause landslides [14]. 

 

RESULTS AND DISCUSSIONS  

 

Data collection in the research in Nagari Malalak Timur, Malalak Subdistrict, Agam 

Regency using the HVSR method was carried out at nine points with different coordinates 

with a distance between measurement points of 250-500 meters and 45-90 minutes of 

recording time. After obtaining the recorded data, the data was processed using Geopsy 

software to convert the time form to frequency using the FFT process to obtain the H/V 

curve. The H/V curve shows the analysis of seismic wave data to obtain the amplification 

factor value and dominant frequency. The amplification and dominant frequency are 

related to the type and character of the soil and sediment layer by using Equations (1) 

and (2), then the analysis of frequency and amplification can be seen in Table 5 below: 

 

Table 5. Analysis of Factor Amplification (A0) and Dominant Frequency (f0) 

 

Point 
Longitude 

(m) 

Latitude 

(m) 

Amplificatio

n Factor 

Classificatio

n 

Dominant 

Frequency 

(Hz) 

Soil 

Character 

Classificatio

n 

A 100o17′07,4″ 0o22′33,9

″ 
3,408 

Medium 
3,765 

Soft 

B 100o16′54,4″ 0o22′34,7

″ 
1,4 

Low 
5,361 

Medium 

C 100o16′44,1″ 0o22′35,1

″ 
1,767 

Low 
2,676 

Soft 

D 100o16′31,3″ 0o22′33,2

″ 
6,563 

High 
2,946 

Soft 

E 100o16′34,4″ 0o22′26,1

″ 
7,193 

High 
7,22 

Hard 

F 100o16′43,6″ 0o22′29,7

″ 
3,996 

Medium 
3,686 

Soft 
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 Based on Table 5, the results of the amplification factor analysis are that points B, C, 

G, H, I and J have a low classification, points A and F have a medium classification and 

points D and E have a high classification. It can be concluded that the greater the value 

of A0, the greater the potential damage to a building in the area when exposed to 

earthquake shocks. Thus, it is known that landslide-prone areas are areas whose 

subsurface soil is composed of soft sediments which can be seen in Figure 1(a). 

 

 While the results of the dominant frequency analysis can be concluded that at points 

A, C, D, F and G have soil classification Type II/Type III with classification as alluvial rocks 

with thickness >5 meters, at points B, H and I have soil classification Type III/Type II with 

classification as alluvial rocks with thickness of 5 meters, while at points E and J have soil 

classification Type IV/Type I with classification as tertiary rocks dominated by hard rocks, 

for the distribution of the dominant frequency can be seen in Figure 1(b) below: 

 

 
(a) 

 

G 100o16′57,9″ 0o22′25,8

″ 
2,104 

Low 
3,107 

Soft 

H 100o17′12,6″ 0o22′22,6

″ 
2,127 

Low 
4,831 

Medium 

I 100o17′20,6″ 0o22′18,0

″ 
2,904 

Low 
4,611 

Medium 

J 100o17′12,9″ 0o22′09,7

″ 
2,409 

Low 
6,724 

Hard 
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(b) 

 

Figure 1. Distribution Map of (a) Amplification (b) Dominant Frequency values in the Nagari 

Malalak Timur Region 

 

In Figure 1(a) illustrates the Factor Amplification (A0) value, where the highest 

amplification value is at point E with an amplification value of 7.193 which has a high 

classification and the lowest value at point B with an amplification value of 1.4 which has 

a low classification. [15] The Amplification Factor (A0) is the magnification of seismic 

waves that occur due to significant differences between layers, in other words, seismic 

waves will experience magnification, if it propagates in a medium to another medium 

that is softer than the softer than the initial medium through which it traveled. The 

greater the difference, then the magnification experienced by the wave will be greater. 

In Figure 1(b) illustrates the Dominant Frequency (f0) value, where the highest 

frequency value is at point E with a frequency value of 7.22 Hz which has a hard soil 

category and the lowest value at point C with a value of 2.676 Hz which has a soft soil 

category. It is known theoretically that the smaller the dominant frequency value, the 

thicker the sediment layer and the deeper the bedrock layer. [16] The dominant 

frequency value shows the frequency value that often appears in the area and can give 

an idea of the thickness of the sediment in the area. description of the sediment thickness 

in the area. The dominant frequency can indicate the type and characteristics of rocks 

and rock characteristics classified by Kanai, and has a close relationship with sediment 

(bedrock) thickness. 

Based on Table 6 the characteristics of soil types are also known through the value 

of the Dominant Period (T0), the results of T0 are obtained by converting the dominant 

frequency value into Equation (3), then the resulting dominant period data as in Table 6 

below: 

 

Table 6. Analysis of Dominant Period (T0) 

 

Point Longitude (m) Latitude (m) 
Dominant Period 

(s) 

Soil Character 

Classification 

A 100o17′07,4″ 0o22′33,9″ 0,265 Soft 

B 100o16′54,4″ 0o22′34,7″ 0,186 Medium 

C 100o16′44,1″ 0o22′35,1″ 0,373 Soft 
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D 100o16′31,3″ 0o22′33,2″ 0,339 Soft 

E 100o16′34,4″ 0o22′26,1″ 0,138 Hard 

F 100o16′43,6″ 0o22′29,7″ 0,271 Soft 

G 100o16′57,9″ 0o22′25,8″ 0,321 Soft 

H 100o17′12,6″ 0o22′22,6″ 0,206 Medium 

I 100o17′20,6″ 0o22′18,0″ 0,216 Medium 

J 100o17′12,9″ 0o22′09,7″ 0,148 Hard 

 

Based on Table 6, the results of the dominant period analysis can be concluded that 

at points E and J have Kanai type I classification and Omote-Nakajima type A classification 

consisting of tertiary rocks that have hard soil character, at points B, H and I have Kanai 

type II classification and Omote-Nakajima type A classification consisting of alluvial rocks 

with a thickness of 5 meters which have medium soil character, while at points A, C, D, F 

and G have Kanai classification type III and Omote-Nakajima classification type B which 

consists of alluvial rocks which are almost the same as type II only distinguished by the 

presence of bluff formations that have soft soil characteristics, for the distribution of the 

dominant period can be seen in Figure 2 below: 

 
 

Figure 2. Distribution Map of Dominant Period Values in the Nagari Malalak Timur Region 

 

 Figure 2 illustrates the value of the Dominant Period (T0), where the highest T0 value 

is at point E with a value of 0.138 which has a hard soil character and the lowest value at 

point C with a value of 0.373 which has a soft soil character. It is known theoretically that 

if the dominant period value is inversely proportional to the f0 value, which indicates that 

if the f0 value is low, the T0 value will be high, and vice versa. This means that the dominant 

period value is influenced by the dominant frequency value, The traveling ground wave 

is trapped in the soft soil layer and the phenomenon of multiple reflections occurs, 

resulting in ground vibrations corresponding to the period of the ground wave. 

 The period value is the time it takes for a microtremor wave to propagate through a 

layer of surface sediment deposits or experience one reflection on its reflected plane to 

the surface. [17] The dominant period is the time it takes for a wave to propagate through 

a layer of sediment that bounces once to the surface on the reflecting plane. sediment 

layer that bounces once to the surface on the reflecting plane. Based on this analysis 
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which is associated with the soil classification table by Kanai and Omote-Nakajima, three 

categories are obtained dominant period values, namely high, medium and low 

categories. This is because the dominant period value is directly proportional to the 

amplification value.  

 Based on Table 6 after obtaining information about the amplification value and 

dominant frequency, the seismic vulnerability index can be obtained by substituting it 

into equation (4), with the acquisition of the Kg value in Table 7 below: 

Table 7. Analysis of Seismic Vulnerability Index (Kg) 

Point Longitude Latitude Kg (cm/s2) Zone 

A 100o17′07,4″ 0o22′33,9″ 3,085 Medium 

B 100o16′54,4″ 0o22′34,7″ 0,365 Low 

C 100o16′44,1″ 0o22′35,1″ 1,166 Low 

D 100o16′31,3″ 0o22′33,2″ 14,620 High 

E 100o16′34,4″ 0o22′26,1″ 7,166 High 

F 100o16′43,6″ 0o22′29,7″ 4,331 Medium 

G 100o16′57,9″ 0o22′25,8″ 1,423 Low 

H 100o17′12,6″ 0o22′22,6″ 0,936 Low 

I 100o17′20,6″ 0o22′18,0″ 1,828 Low 

J 100o17′12,9″ 0o22′09,7″ 0,863 Low 

 

Based on Table 7, the Seismic Vulnerability Index (Kg) can be categorized as high, 

medium, and low as the Amplification Factor (A0). The variation of Kg values is shown with 

color contours, where dark blue indicates low Kg values and red indicates high Kg values, 

for the distribution of seismic vulnerability index values can be seen in Figure 3 below: 

 

 
 

Figure 3. Seismic Vulnerability Index Distribution Map 

 

Figure 3 shows the value of the Seismic Susceptibility Index (Kg), where the highest 

Kg value is at point D with a value of 14.621 in the high zone and the lowest value at point 
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B with a value of 0.365 in the low zone. The Kg value is a measurement value to determine 

the level of resistance of the earth's layers, the Kg parameter can reflect local effects and 

can be used as an indicator in determining weak points, especially in slope areas. 

The Seismic Susceptibility Index (Kg) indicates the level of vulnerability to 

earthquakes based on the rock conditions in the area. The value of this sesymic 

susceptibility is different in each region. The reference of the Kg number is usually 

compared to other points in the area [18]. 

High Kg values are generally found on soils with soft sedimentary rock lithology, this 

high value illustrates that the area is vulnerable to earthquakes and in the event of an 

earthquake can experience strong shaking. The rock constituent material has a 

characteristic density in relatively small rock types because this rock constituent material 

is classified as having low to moderate water permeability [19]. 

The Seismic Vulnerability Index (Kg) parameter, which combines A0 and f0 to identify 

areas where seismic hazard and damage are greater. Nakamura points out that some 

destructive earthquake events show areas that are often exposed to major damage 

resulting in landslides [20]. It can be concluded that point D in the research which is 

located in Nagari Malalak Timur, Malalak District, Agam Regency, has the greatest chance 

of landslides. 

  

CONCLUSIONS 

 

Based on the results and discussion, Nagari Malalak Timur has a Seismic Vulnerability 

Index (Kg) value range of 0.365-14.62 cm/s2 which is composed of alluvial rocks seen 

based on the dominant frequency value of type II/III and the dominant period of type 

A/B which has an amplification factor value range of 1.4-7.193 which is classified as low-

high. When mapped based on the Seismic Vulnerability Index (Kg), the area with the 

highest landslide probability is located at point D with a value of 14.62 which is classified 

as high with alluvial rock types. 
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