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Abstract. On May 27th 2006, Yogyakarta earthquake happened with 6.3 Mw. It was causing widespread 

destruction and loss of life and property. The average shear wave velocity to 30 m (Vs30) is useful 

parameter for classifying sites to predict their potential to amplify seismic shaking (Boore, 2004) [1]. Shear 

wave velocity is one of the most influential factors of the ground motion. The average shear wave velocity 

for the top 30 m of soil is referred to as Vs30.  In this study, the Vs30 values were calculated by using 

multichannel analysis of surface waves (MASW) method. The Multichannel Analysis of Surface Waves 

(MASW) method was introduced by Park et al. (1999). Multi-channel Analysis of Surface Waves (MASW) 

is non-invasive method of estimating the shear-wave velocity profile. It utilizes the dispersive properties of 

Rayleigh waves for imaging the subsurface layers. MASW surveys can be divided into active and passive 

surveys. In active MASW method, surface waves can be easily generated by an impulsive source like a 

hammer, sledge hammer, weight drops, accelerated weight drops and explosive. Seismic measurements 

were carried out 44 locations in Yogyakarta province, in Indonesia.  The dispersion data of the recorded 

Rayleigh waves were processed by using Seisimager software to obtain shear wave velocity profiles of the 

studied area. The average shear wave velocities of the soil obtained are ranging from 200 ms-1 to 988 ms-1, 

respectively. 

1 Introduction  

Yogyakarta is one of the high seismicity areas in 

Indonesia. Yogyakarta earthquake occurred with 6.3 Mw 

on 27th May 2006. Although, the magnitude is not too 

large, the earthquake destroyed more than 60,000 houses 

in the city, about 6000 people were killed, and 50,000 

were injured. The Yogyakarta province is high density of 

population.  

The Vs30 is considered as an important parameter for 

site class characterization in earthquake resistant design 

and site dependent, building-code provisions [1–3]. The 

average shear wave velocity (Vs30) is to determine the 

shear wave velocity in the upper 30m of the ground 

surface. The shear wave velocity (Vs) of the sub-surface 

layer can be estimated using various seismic methods. In 

this study, multi-channel analysis of surface wave 

(MASW) method was utilized for site characterization.se 
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2 General geology of Yogyakarta  

The distinctive lithologic units in this area (Yogyakarta) 

are Semilir Formation, Nglanggran Formation, 

Sambiputu Formation, Kepek Formation, Wonosari 

Formation, Sentolo Formation, Young volcanic deposits 

of Merapi volcano (Valley-filled deposits) and recent 

Alluvium (Figure 1) [4–5]. Semilir Formation is mainly 

composed of interbedded breccias, shales and tuffs. The 

age of this formation is Late Oligocene to early Miocene. 

The Nglanggran Formation mainly composed of coarsed 

volcanic materials such as andesitic breccias which 

grade upward into pebble conglomerates and andesitic 

sandstones. 

Fig. 1. Geological map of the Yogyakarta area [4,5]. 
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The age of this Formation is Early Miocene to 

Middle Miocene. Sambiputu Formation comprises of 

thick series of well bedded marine sandstones, siltstones 

and claystones with well define turbiditic characters. The 

age of this formation is Middle Miocene. Sentolo 

Formation is predominantly composed of limestones and 

marly sandstone. This formation is Middle Miocene to 

Pliocene in age. Wonosari Formation mainly consists of 

limestone facies as reef limestone, calcarenite and 

tuffaceous calcarenite, ranging in age from Middle 

Miocene to the Lower Pliocene. Kepek Formation is 

mainly composed of marl and bedded limestone. It is 

Upper Miocene to Pliocene in age. Young volcanic 

deposits of Merapi volcano are predominantly composed 

of andesite lavas and tuffs. The age of Young Merapi 

Volcanics is Holocene. The recent alluvium comprises of 

fine to coarse grained sands, gravel, silt and clay can be 

occurred along larger streams and coastal plain. The age 

is probably Upper Holocene. 

3 Multi-channel analysis of surface 
wave method 

The surface wave methods were used since the last 

several decades [6–9]. The Multichannel Analysis of 

Surface Waves (MASW) method was introduced by 

[10]. Multi-Channel Analysis of Surface Waves 

(MASW) is non-invasive method of estimating the 

shear-wave velocity profile. It utilizes the dispersive 

properties of Rayleigh waves for imaging the subsurface 

layers. There are two types of MASW survey method 

which are Active method and Passive method. In active 

MASW method, surface waves can be easily generated 

by an impulsive source like a hammer, sledge hammer, 

weight drops, accelerated weight drops and explosive. 

While passive surface waves are generated by cultural 

activities and natural source, such as traffic and tidal 

motion. The entire procedure for MASW consists of 

three steps: (a) acquiring multi-channel field records; (b) 

extracting dispersion curves (c) inverting these 

dispersion curves to obtain 1-D (depth) Vs profiles [11].  

The multichannel analysis of surface waves (MASW) 

survey was performed at 44 sites in Yogyakarta area. 

The multichannel analysis of surface wave survey site 

locations as shown in Figure 2. The equipment for 

MASW measurement is shown in Figure 3.  

For the MASW surveys, the 24-channel geophone 

was used as lined up in a straight line on the surface of 

the test site. Generally, to get the higher resolution 

dispersion image, the number of geophones need to be 

increased [12]. The natural frequency of each geophone 

is 4.5 Hz. The geophone spacing is 2m apart were used 

to record seismic wave and the total length of the spread 

was 46 m (Figure 4). 

The shot points were placed at 2 m distance offset at 

the starting line and at the end of survey line. A 10 kg 

hammer was used as a source of active MASW. The 

recording time was 2000 ms, and the sampling rate was 

1 ms. The recorded data format is “SGY” format. 

 

 

 

Fig. 2. MASW survey location map. 

Fig. 3. Equipment of MASW method. 

Fig. 4. Example of the geophone configuration. 

2

E3S Web of Conferences 76, 03006 (2019) https://doi.org/10.1051/e3sconf/20197603006
ICST 2018



 

The advantages of the MASW method included that 

the dispersion analysis involved in MASW is faster and 

easier for processing. The data from all receivers can be 

processed at once time. The MASW method is cost and 

time effective to estimate the shear wave velocity 

profile. 

4 Results and discussions 

The processing can be done using different kind of 

software to get surface wave dispersion curve and shear 

wave velocity profile. In this study, the MASW data was 

processed by using Seisimager software [13]. The entire 

procedure of generating vs profile consists of three steps: 

acquiring ground roll data in the field, processing the 

data to determine dispersion curve (a plot of frequency 

vs. phase velocity), and the extraction of vs profile from 

the dispersion curve (Figure 5). 

In the present study, the near-surface materials are 

characterized based on the Vs
30 [14–15] as could be seen 

in Table 1. 

The values of Vs
30 are high for the eastern parts of the 

city, while it is relatively low Vs
30 value for the 

Yogyakarta city as shown in Fig.6. In Figure 6, the dark 

blue colour is showing soil class D, the purple colour is 

representing soil class C and the light purple colour is for 

soil class B. 

 

(a) 

 

 

(b) 

 

 

(c) 

 

Fig. 5. (a) Surface wave example from MASW survey (b) 

dispersion curve (c) shear-wave velocity profile. 
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Table. 1 Site classification according to 

the NEHRP code (Building Seismic Safety Council, 2003) and 

Indonesia code SNI 1726-2012 

Site 

Classi-

fication 

NEHRP Code (2003) 
Indonesia Code SNI 

1726-2012 

Soil 

description 

Vs30 

(m/s) 

Soil 

description 

Vs30 

(m/s) 

A Hard Rock >1500 Hard Rock >1500 

B Rock 
760-

1500 
Rock 

750-

1500 

C Very dense soil 
360-

760 

Very dense 

soil 

350-

750 

D Stiff soil 
180-

360 
Stiff soil 

175-

350 

E Soft soil <180 Soft soil <175 

 

Fig. 6. Average shear wave velocity distribution map to the 

depth of 30 m. 

5 Conclusions 

This paper focuses on geotechnical site characterization 

by Multichannel Analysis of Surface Wave (MASW) 

survey. In multichannel analysis of surface waves 

(MASW) method, the shear wave velocity is estimated 

from the inversion of the dispersion curves of the surface 

waves (Rayleigh waves). It is one of non-invasive and 

cost-effective method to estimate the shear wave 

velocity. This method is very suitable for not allowing 

invasive tests area. Shear wave velocity is an important 

parameter for earthquake geotechnical engineering 

related studies. The Vs
30 of the research area is varies 

from 200 m/s to 988 m/s. So, the soil class is ranging 

from class B to class D. Many building codes use the 

average shear wave velocity Vs
30 profile. These shear 

wave velocity value can be used for further seismic 

hazard analysis. 
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