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2-D and 3-D Subsurface Liquefaction
Potential Profiling Using Tomography
Sur{ace Waves Method

Sri Atmaja P. Rosyidi

Abstract A 6.3 Mw earthquake struck Yogyakarta region in 2006 causing many

geotechnical damages, e.g., ground cracks, sudace displacement, landslides and

local liquefactions and soil billings occurred in some r-egions. From field obser-

vations. i1 was shown that most minor to major structurul damages in buildings and

bridges were identified near to liquefaction locations. Consequently, a site inves-

tigation and advanced analysis for providing the subsurface liquefaction potential

infrrrmation plays irrportant rule in infrastructure design related to structural

damage analysis. The aim of this paper is to use ol the tomo.graphy surlace waves

method in order to investigate the liquefaction potential in 2-D and 3-D subsurface

profile. These seismic surveys were conducted on deep lonse sand and sandy soil

deposit located inside Universitas Muhanimadiyah Yogyakar-ta (UMY)'s campus,

Indonesia which consists of. The liquefaction potential profile was analyzed and

generated fiom combination of the shear wave velocity ancl soil properlies inlbr-
mation. Two earlhquake scenarios, 6.3 and 8 Mw, were used to simtrlate the sen-

sitivity of 2-D profile for identifying the liquefaction potential in each soil layer.

The results show that the liquefaction potential widely occurs in observed sandy

soil and sand deposit layer for stronger earlhquake. Finally, the tornography surface

waves method is becoming an effective tool for observing liquefaction potential

profile in the site investigation, particularly for the purpose ol geohazards analysis

in the concept of sustainable environmental development.

Keywords Surface waves method

Tonography
Liquefaction potential Earthquake .
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Fig' I Geology stmcture and fault lines locations close to stucly area Rosyidi et al. [41

sentolo Fonnation is found at depth of approximately -58 m. This fbrmation con-
sists of linrestone and marly sandstone. The straLigraphy ol'yogyakal-ta region can
be seen in Fig. l.

2.2 Location of Stufi)

The location o1' srudy was chosen within the universitas Muhammacliyah
Yogyakarta (uMY) campus. Rosyidi et al. [4] conducted visual observarions on
structural and geotechnical darnages in the UMy carlpus after the yogyakarta
earthquake, 27 May 2006. Based on the geological condition. i.e., rock formation
(Fig. l) and compilation of visual observation ol the structural and geotechnical
damages, a geological map and estimated underground laults for loczrtion of the
study at UMY campus and sumounding area were reportecl by Rosyidi et al. [.51.
From Rosyidi et al. [4], son.re predicted unclergrounil cracks and laLrlls clgse tcl the
damaged area were drawn with the direction of north to south (NS) locatecl in the
westem part of the UMY campus. Consequenrly, a soil investigation by drilling test
was carried out in this area by LKPT UMY [6j, and underground faults analysis of
selected site was conducted by Rosyidi et al. [51.
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3.3 2-D Shear Wave Velocity (V') Mopping

A 2-D Vs map is constructed lrom the acquisition of multiple records of l-D Vs

profile with a fixecl source-receiver conltguration ar.rd a fixed increment o[ the

configuration. A sntall increment is required when horizontal variation plot is
expected. In most soil-site applications, total receiver spread length is set r-rp in the

range 10-30 m that wilt give an optimal fixed increment in the range of 5*15 m.

A 2-D Vs map is then obtained fiorn nrr"rltiple I -D Vs pr ofiles with a particular fixed

increment ol'the configuration by using toruography interpolation. In this study. all

the seismic records are processed using Surlseis version 2.01 that was developed

by Kansas Geology Survey (KGS), USA.

j.4 2-D and 3-D Liquefactiott Potential Analysis Bssed

on Vg

Evaluation ol liquefaction resislance involves two important calculation, i.e., cyclic

stress ratio (CSR) and cyclic resistanoe ratio (CRR). A simplified CSR calcLrlation

was proposed by Seed and Idriss [1 1l based on the peak ground acceleration. CRR

value can be calculated lrom the shear wave velocity using the method developed

by Anclrus and Stokoe [12-]. Gridding algorithms, such as kriging, minitnurn cur-

vature, etc., may be usecl to generate a 2-D liquefaction potential of a vertical

section. With density inforrnation, a stillhess section can be generated sinrttlt;tne-

ously. 2-D clata processing techniques, such as regression analysis, could be easily

applied to a vertical section of liquefhction potential to enhance local anomalies ol

liquef'action. The calculation procedure is shown in Fig. 2. The summarized

equations are described as follows.

l. Cyclic Stres.s Rtrtitt

313

cs*: \:oos(T) (*),, (1)

where r.,,, is the average cyclic shear stress, anLx is peak ground acceleration, o, and

oi, are the total ancl effective vefiical overburden stresses, respectively,

g (9.81 m/s2; is the gravity acceleration and 2 is a stress-reduction factor.
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4. Fat'tor of saJbt_v", FS
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(4)
CRR

FS =-. 

-
csft

4 Results and Discussion

4.1 Shear Wave Velocity Profile

For shear war,e velocity analysis, series of seismic data for nine measurement
locations of MASW sutvey were translbn.ned fiom time to frequency dornain. By
l-k analysis, the phase velocities of surface waves for each frequency and their
amplitudes were calculated and then were plotted in the experimental dispersion
curve. In Fig. 3 an example of dispersion curve results from MASW surveys at
observed location is shown. From these curves, the seismic wave events, i.e..
fundamental rnode, higher modes and interferenced body wave are clearly visual-
ized. However, construction of shear wave velocity profile fiom these dispersion
curves only considers the fundamental mode ol surface rvave.

l-D shear wave velocities (Vs) profile is then obtained by the inversion process.
Therelbre, the inversion of the dispersion of subsequent movement of the source to

1B

Frequency {Hz}

Fig, 3 Exarnple of dispersion cun'e generated tbr the southem part of UMY campus
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Fig. 5 l-iquefaction potential analysis basecl on the shear wave velocity profile tirr first scenario of
7.5 Mrv Yogyakarta's earthquake at southern part of UMY carnpus: a overbunlen stress-corrected
shear wave velocity b total and elt'ective overburden stresses c cyclic stress ratio (CSR) and clcle
resistance ratio (CRR) and d factor of satety firr predicted Iicy-refirctit'rn

Fig. 6 A plot of 2-D liquetaction potential fbr first scenario of 6.3 Mrv Yogyakarta's earthquake
at southern parl of UMY caurpus

A 2-D display of liquefaction potential can easily and quickly be done by con-
touring the FS data. lt provides an elhcient way to nrap FS liquefaction in a vertical
section. The 2-D ilisplay reduces non-uniqueness oI licluefaction potential and the
potential for misinterpretation based on 1-D licluelaction polential versus depth plot.
2-D and 3-D data process:ing lechniques. such as regression analysis, could be

easily applied l-o a vertical section of FS to enhance local anomaiies of subsul'lace
profile.
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2-D and 3-D Subsurface Liquefaclion Potential

5 Conclusions

The compilation ancl analysis between seisrnic (MASW) method and geotechnical

site investigation successfully generates the 2-D shear wave velocity ol study arra'

l-D ancl 2-D shear wave velocities profiles can be efficiently estimated by MASW

rnetho6. Based on the 2-D shear wave velocity profile, lateral variation in dynaniic

properties of soil layer can be clearly obtained. The use ol'MASW method as an

ilteinative non-<lestructive melhod is founcl to be one ol'the loremost cost-effective

options to estimate in situ shear wave velocities. By using the shear wave velocity.

physical soil characteristics and seismicity data, the liquefaction potential of sand

iayers cleposit at observed sites can be analyzecl using procedure described in Il2l'
2-D and 3-D liquelaction niaps are also generated in orcler to provide under-

standable information ol subsurface liquefiable sections during the earlhquake' This

analysis is uselul ancl effective in presenting the rnain data for seismic hazards

analysis for tl.re sllstainable development.
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