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ABSTRACT 

In this study, ground motion delineation was carried out using shear wave velocity (vs) analysis, Poisson's ratio, 

and Ground Shear Strain (GSS). This data was obtained from inversion of micro tremor data which produces compression 

wave velocity and shear wave velocity. The results of the inversion are then carried out in 2D modeling so that the values of 

the landslide area can be compared with the values of the surrounding area. The landslide area in the Ngasinan area has a 

shear wave velocity value of less than 750 m/s, a Poisson's ratio value of 0.3, and an iso value of shear wave velocity that 

reaches a length of 50 m to the west. Based on the analysis, it was found that there was a possibility of increasing landslide 

area from this point, namely towards the north, namely towards the river at the bottom of the basin, and towards the west as 

high as 120 m. 
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INTRODUCTION 

Common geophysical methods for landslide 

studies include geoelectric methods and refraction methods. 

Surveys using the geoelectric method are carried out by 

spreading current and voltage cables to get an idea of the 

resistivity or electrical conductivity values below the 

surface, while surveys using the seismic refraction method 

are carried out by spreading geophone cables to get an idea 

of the speed of seismic waves propagating in the subsurface 

layer (Reynolds, 2011). Because they use a stretch of cable, 

both of these methods have problems with the topography 

of the terrain, the presence of rivers or cliffs that cross the 

stretch, and the risk of stretching the cable when passing 

through roads which determine the length of the cable strain 

which then influences the depth of penetration of the 

observed physical parameters. These constraints will also 

affect the ability of geophysical methods to delineate the 

boundaries of affected areas, which will then influence the 

mitigation that will be carried out in areas affected by 

landslides. 

One geophysical method that has developed 

rapidly in recent years is the micro tremor method 

(Nakamura, 2000). This method offers convenience in tool 

mobility and data acquisition because the tool dimensions 

are quite compact and light and do not require long cables, 

so terrain obstacles can be relatively overcome and data 

acquisition can be done more quickly. One of the micro 

tremor methods is the single station method which is better 

known as the HVSR (Horizontal to Vertical Spectral Ratio) 

method and from this micro tremor method, an HVSR curve 

is obtained at each measurement point (Nurwidyanto et al, 

2021). From the inversion of the HVSR curve obtained, the 

values for compression wave velocity and shear wave layer 

velocity with a certain layer thickness below the surface 

will be obtained (Yuliyanto and Nurwidyanto, 2021). 

Comparison of the values of compression wave velocity 

and shear wave layer velocity at a certain layer depth will 

produce a Poisson's ratio value at a certain layer depth 

(Arintalova et al, 2020). By entering the amplification 

parameters and dominant frequency of the HVSR curve 

combined with earthquake parameters such as epicentral 

distance, depth, magnitude, and speed of shear waves in the 

bedrock, the Ground Shear Strain (GSS) value can be 

obtained, namely the parameter of the soil layer's ability to 

stretch or shift, when there is an elastic wave vibration that 

passes through it (Nurwidyanto et al, 2021; Yulianto et al, 

2021) of the soil is included in the collapsed category. 

These three categories are given in Table-1. 
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Table-1. Relationship of strain with the dynamic nature of soil (Nakamura 1997). 
 

 
 

 
 

Sunday 28 June 2020 at around 22.00 WIB a 

landslide occurred in Ngasinan, Srondol Kulon Village, 

Banyumanik District due to moving ground conditions. 

This incident was related to a road collapse that occurred 

about a month earlier, namely a landslide on residential land 

located northeast of the landslide location due to ground 

movement in the area. The landslide caused 50 meters of 

roads connecting residents to be damaged. As mitigation, 

the City Government installed gabions at the base of the 

landslide with a length of around 45 meters and a height of 

3 meters. This research aims to determine landslide 

delineation using shear wave velocity, Poisson's ratio, and 

GSS parameter analysis in the Ngasinan area. 

 

 

 
 

Figure-1. A 50-meter long avalanche cut off the residents' 

roads. To prevent the spread of landslides, tarpaulin 

closures, and bamboo taluds are made  

at the bottom of the landslide. 

 

Horizontal to Vertical Spectral Ratio (HVSR) 

method or what is known as the single-station microtremor 

or passive seismic method, is a method that calculates the 

comparison of horizontal component seismic recording data 

with its vertical components. This method was introduced 

by Nakamura (1989) to estimate the resonant frequency and 

local geological amplification factors from micro seismic 

data. The use of this method then developed a lot in 

geotechnical and the environment with early publications 
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on the estimation of soil vulnerability index (Nakamura, 

1997), then developed for estimation of building 

vulnerability index (Sato et 2004, 2008), estimation of 

vulnerable areas building damage due to local effects 

(Panou et al, 2005; Panou et al, 2007), local geological 

characterization, natural frequency and amplification 

related to physical subsurface parameters (Herak, 2008), 

and until now there have been many applications of this 

method such as identification of landslide zones (Sasongko 

et al, 2020; Yuliyanto et al, 2016, 2017, 2018, 2020, 

Afriyanti et al, 2020), vibration vulnerability identification 

(Sasongko et al, 2019), and identification of ground layer 

structures of land subsidence sensitive areas (Widada et al, 

2019). 

From micro tremor data inversion, one of the 

elastic parameters of the rock can be extracted is the 

Poisson’s Ratio (σ), which is the ratio of transversal strains 

or contractions to longitudinal strains or extensions 

resulting from changes in normal stress due to compression 

or dilation. In the form of the ratio of the velocity of the 

longitudinal wave vp to the shear wave vs, the Poisson’s 

ratio can be written as (Lay and Wallace, 1995): 

 

𝜎 =
𝑣𝑝
2−2𝑣𝑠

2

2(𝑣𝑝
2−𝑣𝑠

2)
                                   (1) 

 

In general, the elastic parameters of rocks largely 

depend on their lithological properties, one of which is 

water saturation. In a fluid medium that has zero rigidity, 

there is no shear wave that propagates, and the magnitude σ 

in the fluid is 0.5 (Sharma et al, 1990; Davidovici, 1985). 

The porous sediment liquid saturation causes an increase in 

P-wave velocity which results in the value σ will increase. 

It is generally known that seismic wave propagation from 

unsaturated sediments to saturated sediments will increase 

the P-wave velocity and consequently, the Poisson ratio 

tends to increase in magnitude. At constant pressure, σ 

increases with increasing water saturation and with 

increasing porosity.  

Ground Shear Strain (GSS) is the ability of a soil 

layer material to stretch or shift during an earthquake. Areas 

that have high ground shear strain values have a high risk 

of ground motion due to earthquakes such as land 

subsidence and liquefaction. Ground shear strains can be 

written (Nakamura, 1997) 

 

𝛾 = (𝐾𝑔𝛼𝑔)                                   (2) 

 

where 𝐾𝑔=
𝐴𝑔

𝜋2𝑣𝑠𝑓0
 is the seismic vulnerability index, 𝑎𝑔 =

(2𝜋𝑓0)
2𝑑 is peak ground acceleration, 𝑓0 is the predominant 

frequency, 𝐴𝑔 is amplification factor, d is shifting seismic 

waves below ground level, and  vs  are the velocity of wave 

shift below the surface of the ground and at the surface of 

the ground. Furthermore, peak ground acceleration 𝑎𝑔 can 

be described as: 

𝛼𝑔 =
5

√𝑇0
10

(0,61𝑀−(1,66+
3,66

𝑅
)𝑙𝑜𝑔𝑅+0,167−

1,83

𝑅
)
                  (3) 

where 𝑇𝑔 is the predominant period of soil observation point 

(s), M is the Moment Magnitude, R is the epicenter distance 

(km), and 𝛼0 is the ground acceleration on base rock (gal). 

GSS parameters obtained from micro tremor measurements 

are the dominant frequency (𝑓0) and the amplification factor 

(𝐴𝑔). To identify the phenomenon of soil vulnerability 

conditions based on the GSS values obtained are divided 

into three categories. First, if the strain value ranges from 

10-6 to 10-5 then the phenomenon that will occur is a wave 

or vibration. The dynamic nature of the soil is included in 

the elastic category. Second, if the strain value ranges from 

10-5 to 10-3 then the phenomenon that will occur is cracking 

and soil subsidence. The dynamic nature of the soil is 

included in the category of elastic plastic. Third, if the strain 

value ranges from 10-3 to 10-1 then the phenomenon that will 

occur is landslides, land subsidence, and liquefaction. The 

dynamic nature  

 

METHODS 

In this study, data acquisition was carried out at 29 

measurement points with the duration of data acquisition at 

each measurement point being 20 minutes. Data acquisition 

was carried out using 2 portable seismometers using a VHL 

PS 2B triaxial geophone sensor and a GL 240 data logger 

with a sampling of 50 ms (Yulianto and Yuliyanto, 2023; 

Yuliyanto and Nurwidyanto, 2023). By using geopsy 

software, the data in the time domain is processed, and 

HVSR curves are generated with information on the 

magnitude of the amplification value and the dominant 

frequency (Harmoko et al., 2021). Then using the Dinver 

software the data is inverted and the data of compression 

wave velocity and shear wave velocity are obtained. Using 

Excel software, the Poisson’s ratio value for a certain 

thickness or depth is calculated (Arintalova et al, 2021), and 

also the GSS value on the surface. Then using the Surfer 

software, contours of the shear wave velocity on the 

surface, Poisson ratio on the surface, Ground Shear Strain 

on the surface, as well as profiles of shear wave velocity 

and Poisson ratio for certain measurement paths are made. 

 

 
 

Figure-2. Locations and research points. The yellow 

asterisk indicates the location of the avalanche. 
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RESULTS AND DISCUSSIONS 

The vs or shear wave velocity contour of the study 

area is given in Figure-3, the Poisson ratio is given in 

Figure-4 and the Ground Shear Strain is given in Figure-5. 

The shear wave velocity in the soil layer in the landslide 

area is about 750 m/s, in the site classification in SNI 1726 

including the lower limit of the rock layer value while the 

landslide extends downward from point 10 to point 11 along 

50 meters moving towards point 5 has a value of vs which 

is smaller than 750 m/s which in SNI 1726 includes sites of 

hard soil, very dense and soft rock. 

 

 
 

Figure-3. The shear wave velocity contour of the study 

area. The yellow asterisk indicates the location of  

the landslide. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-4. Poisson’s ratio contour of the research area. The 

black asterisk indicates the location of the landslide. 

 

Based on Figure-4, it can be seen that the Poisson 

ratio of the research area has a very high value in the north 

of the path from point 7 to point 2. Conditions in the field 

and based on Figure-2 show that the area is a small river in 

the basin. 

 

 
 

Figure-5. The contour of the Ground Shear Strain of the  

study area. The yellow asterisk indicates the 

location of the landslide. 

 

The contour of the ground shear strain or GSS of 

the study area as shown The contour of the ground shear 

strain or GSS of the study area as shown in Figure-5, the 

avalanche point has a GSS value of 1.1×10-2 according to 

Table-1 The size of the strain has a landslide phenomenon 

and its dynamic nature is Repeat-Effect or Speed-Effect of 

Loading, so it needs to be watched out for.  

To identify ground motion vertically, vs profiles 

are made for the path of point 7 to point 2 the path of point 

15 to point 8 which is given in Figure-6, and the path of 

point 20 to point 4, and the path of point 5 to point 26 in 
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Figure-7. Based on Figure-6 shows the iso value of the 

shear wave velocity from the landslide point to the east of 

point 12 with a distance of about 50 m. The same things can 

be seen in the Poisson ratio profile. The possibility of 

landslides in other locations in the study area is east of point 

14. 

 

  

 
 

 

 

 

Figure-6. Measuring path of point 7 to point 2 and point 15 to point 8 (top), shear wave velocity 

profile (vs) and Poisson ratio profile for measurement path point 7 to point 2 (middle), and shear  

wave velocity profile (vs) and Poisson ratio profiles for the 15 to 8 point measurement  

path (bottom). The avalanche point is located between point 11 and point 10. 
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Figure-7. The measurement path of point 20 to point 4 and point 5 to point 26 (top), shear wave  

velocity profile (vs), and Poisson ratio profile for the measurement path of point 20 to point 4.  

The avalanche point is located between point 11 and point 4 (center), and the shear  

wave velocity profile (vs) and the Poisson ratio profile for the measurement path  

of point 5 to point 26. The avalanche point is located between point 5 and  

point 10 but closer to point 10 (bottom). 

 

Based on the vs profile and the Poisson ratio 

profile shown in Figure-7, there is a possibility of landslides 

or landslides from the landslide location point to point 20 

with a length of soil movement reaching 120 m while from 

point 10 to point 5 the possibility of landslides is relatively 

much smaller. 

 

CONCLUSIONS 

Based on the micro tremor survey using the single 

station method in the study area of the landslide area of 

Ngasinan, Srondol Kulon, Banyumanik, Semarang, it can 

be concluded that the landslide area in the Ngasinan area 

has a shear wave velocity value of less than 750 m/s, a 

Poisson's ratio value of 0.3, and an iso value of shear wave 

velocity that reaches a length of 50 m to the west. Based on 

the analysis, it was found that there was a possibility of 

increasing landslide area from this point, namely towards 

the north, namely towards the river at the bottom of the 

basin, and towards the west as high as 120 m. 
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