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Comparison of Shear -Wave Velocity Profiles of Bangkok Subsoils from Multi-Channel
Analysis of Surface Wave and Downhole Seismic Methods
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Abstract: Bangkok has a substantial risk from distant earthquakes due to the ability of the underlying soft
soils to amplify ground motions. The amplification of the soft soils can be estimated from their shear-wave
velocity (Vs). Although the borehole method is the main method generally used to estimate Vs, this method
is expensive and time consuming. An alternative method to determine Vs is The Multi-channel Analysis
of Surface Wave (MASW). This study compares estimates of Vs derived from the traditional borehole
method with those derived from the newer MASW technique at three sites near Bangkok, Thailand. The
results indicated that the difference in the estimates of Vs obtained from the both methods was less than
20% and that, therefore, the MASW method is acceptable for estimating the Vs of soils in and around the
Bangkok area.
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INTRODUCTION

Bangkok is located on the central plain of the
Chaophraya basin (Figure 1), an area of some
13,800km2 that is underlain by the thick fluvial and
marine sediments. The Bangkok subsoil is fairly
uniform throughout the entire region and consists of
marine and terrestrial deposits. The uppermost layer,
which is known as Bangkok soft clay, was deposited
by the transgression of the sea after the Pleistocene
period[1], and is comprised of soft clay to about 15 to
30 m thick in the Bangkok area with a low shear
strength and is highly compressible[2].

Although Bangkok is located in a low seismic
hazard area, it still has a substantial risk from distant
earthquakes due to the ability of the underlying soft
sediments to amplify ground motions[3]. In the last 60
years, there have been at least 12 earthquakes felt in
Bangkok[4]. Warnitchai et al.[3] reported that the soil
profile underlying Bangkok has the ability to amplify
earthquake ground motions by about 3 to 6 times for
low-intensity input motions and about 3 to 4 times for
stronger input motions. Ashford et al.[4] reported that
the shear-wave velocity (Vs) of the soft clay layer was
really low (about 60 to 100 m/s), whilst that for the
underlying stiff clay layer was in the range of 150 –
200 m/s, increasing to about 250 m/s for the first layer.
The low shear-wave velocity of Bangkok clay is
comparable to Mexico City clay and, since during the
1985 earthquake the Mexico soft clay layer caused a
significant amplification of ground motions[11], this

suggests that a similar amplification mechanism may
occur in the Bangkok area[5]. 

Amplification of soft clay in the Bangkok area can
be estimated from its shear-wave velocity. Borehole
measurement is the standard method to estimate the
shear-wave velocity, but it is expensive and time
consuming. Recently, an alternative method to
determine shear-wave velocity, the Multi-channel
Analysis of Surface Wave (MASW), has been proposed
as a cheap, quick and non-invasive surface seismic
method[6]. However, although quicker and cheaper, its
reliability and accuracy has not been fully assessed.
This study reported here emphasizes the comparison of
shear-wave velocity estimates for the soils derived from
MASW and borehole measurement, in order to evaluate
their relative capability to estimate the shear-wave
velocity of soils within the Bangkok metropolitan area.

2. The Multi – Channel Analysis of Surface Wave
(MASW) Method: The surface wave (Rayleigh wave)
has traditionally been viewed as an unwanted signal in
conventional seismic surveys and as such is normally
discarded during data processing. Rayleigh waves travel
along or near the ground surface and are typically
characterized by a low velocity, a low frequency and
a high amplitude[7]. By inverting the fundamental mode
of the Rayleigh wave, the Vs profile of the soil column
can be determined.

The MASW technique has been developed most
recently for determining shallow Vs

[6], a technique
which employs the concepts of the traditional SASW
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method combined with the multi-channel data
acquisition scheme used in seismic reflection surveys.
The MASW data acquisition is simple and primarily
uses traditional seismic refraction equipment. MASW
is an active-source technique requiring an impulse
signal, such as from a sledgehammer or weight drop,
or a swept vibrator, such as vibroseis, to generate
seismic waves. The Vs profile is typically derived from
the fundamental mode Rayleigh wave field generated
by the source.

Processing MASW data is easy and straightforward
and is schematically summarized in Figure 2. Raw field
data are transformed into the F-K domain or
decomposed into a time variable-frequency format
where the phase velocities of the Rayleigh waves can
be calculated to produce a dispersion curve. Such
MASW data provides a trivial but accurate and
efficient way to pick phase velocity. A dispersion curve
is determined and can be inverted to estimate the Vs
profile, if a layered earth model can validly be
assumed[8].

3. Downhole Seismic Method: The acquisition of field
data for the downhole seismic surveying method was
relatively simple. The travel time of the signal is
measured between the source at the ground surface and
receiver in the borehole. The source was a hammer
striking a horizontal blow to a steel endplate on a
wooden plank which generated a horizontally polarized
shear wave that traveled through the soil. This shear-
wave source was discharged twice at the surface with
opposite directional impacts, thereby generating two
opposite polarity shear-wave field records. These field
data were recorded digitally on an engineering
seismograph. This process was repeated at specific
intervals (1 m in most cases) from the bottom of the
borehole. The shear-wave velocity, Vs, is calculated by
dividing the difference in the travel path between the
two depths by the time difference between the two
signals recorded. 

In this study, three downhole seismic data were
gathered from the previous study by other
researchers2,3,4 and were primarily used for comparison
purpose. Table 1 shows the downhole seismic data
acquisition parameters at each tested location and the
soil profiles from each location are summarized in
Table 2.

4. 1-D MASW Data Acquisition and Processing: 1-D
MASW shear-wave velocity profiles were generated for
each of the three locations in the Bangkok area. The
MASW data were acquired with 24 separate 10 Hz
vertical geophones, placed at 1.5 m intervals, and were
centered on each test locations. Acoustic energy was
generated at an offset of 5 m using a 14 lbs sledge

hammer and metal plate. The generated Rayleigh wave
data were recorded using a 24-channel engineering
seismograph. Figure 3 depicts the equipment used in
this study. All MASW data derived from each location
were processed using the SurfSeis software, developed
at the Kansas Geological Survey. Figures 4 to 6 show
the MASW and vertical shear-wave velocity profile for
each of the three locations.

5. Experimental Results: Figure 4 shows the MASW
data from the AIT test site. The vertical shear-wave
velocity profile is plotted with the DH shear-wave
velocity profile. The frequency bandwidth of the
fundamental mode Rayleigh wave phase velocities was
in the 3 - 10 Hz range and the maximum depth
obtained at this site was about 30 m. It is noted that
the shear-wave velocity profiles derived from both
methods were very similar, which suggests that the Vs
estimates derived from MASW were essentially equally
accurate as those derived from the traditional seismic
borehole method. Figure 5 shows the MASW data from
Chulalongkorn University. The frequency ranges of the
fundamental mode of dispersion curve ranged from 5
to 23 Hz. The maximum depth of investigation was up
to 40 meters. Again, the Vs profiles derived from the
two different methods were in excellent agreement with
each other, accept at a depth of below 30 m. Figure 6
shows the MASW acquired at the Thailand
Metrological Department, where again the derived Vs
profiles were in good agreement between both methods
at the shallow part, but only in fair agreement at the
deeper depths.

Three different criteria were used to compare the
differences between the Vs velocities determined using
the MASW and downhole seismic methods. They were
the average relative difference[9], the Vs(30) and the
NEHRP site class[10]. Table 3 shows the site soil
classification system used by NEHRP, and the
comparative results between the two methods are
shown in Table 4. The NEHRP site class can be
determined from the weighted average shear-wave
velocity from the ground surface down to 30 m. The
MASW and borehole measurements at the CU and AIT
sites gave the same site class, which is D (stiff soil).
The average relative difference is an arithmetic average
of the relative difference of all layers and this criterion
revealed that the overall difference between the Vs
estimated derived from the MASW and downhole
seismic methods ranged from 13 to 20%. 

6. Conclusion and Discussion: Shear-wave velocities
(Vs) determined by the Multi-channel Analysis of
Surface Wave (MASW) method were compared with
the available Vs derived from the downhole seismic
technique   at   three   sites   around   the  Bangkok 
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Fig 1: Study area and locations of the MASW test site. AIT = Asia Institute of Technology; CU = Chulalongkorn
University and TMD = Thailand Metrological Department

Table 1: Survey parameters for the downhole seismic testing
Sites Depth of Measurement (m) Source (kg) Offset (m) Measurement of Interval (m)
AIT 60 3 2.85 1
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CU 59 3 3.14 1
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TMD 40 5 3.0 1
AIT, CU and TMD are as defined in the legend to Figure 1
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Table 2: The soil profile from borehole measurements[2,4].
Location Depth of borehole (m) Lithology
Chulalongkorn University (CU) 61   0.0 – 13.5 m -  soft clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

13.5 – 24.0 m -  first stiff clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

24.0 – 38.0 m -  first sand layer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

38.0 – 48.0 m -  stiff clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

48.0 – 57.0 m -  second sand layer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

57.0 – 61.0 m -  very stiff clay
Asian Institute of Technology (AIT) 59   0.0 –   9.0 m -  soft clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

  9.0 – 18.0 m -  first stiff clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

18.0 – 22.5 m -  first sand layer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

22.5 – 29.0 m -  stiff clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

29.0 – 48.0 m -  second sand layer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

48.0 – 59.0 m -  very stiff clay
Thailand Metrological Department (TMD) 40.3   0.0 – 20.0 m -  soft clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20.0 – 22.0 m -  soft clay with fine sand
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20.0 – 22.0 m -  stiff Clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

22.0 – 28.0 m -  silty sand
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

28.0 – 37.0 m -  stiff clay
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

37.0 – 40.3 m -  silty sand

Fig. 2: MASW data processing[6].

Metropolitan area, namely the Asian Institute of
Technology (AIT), Chulalongkorn University (CU) and
the Thailand Metrological Department (TMD). Three
criteria were used in comparison: the NEHRP site
class, Vs(30) and the average relative difference. The
NEHRP site class of MASW and downhole seismic
technique falls in the same class, which is D (stiff
soil). The Vs(30) were also in good agreement with less
than 15% difference. The average relative difference of
all sites was less than 13%. All the results indicate that
the MASW technique was fairly congruent with the

standard downhole seismic technique in generating the
Vs profile and is therefore logistically highly suitable
for acquiring a great number of Vs profiles in terms of
cost and time involved as well as being non-invasive
and technically undemanding. 

However, this research focused only on the shallow
subsurface because of the limitations of the seismic
source, the number of geophones and the frequency of
geophones. Consequently, if a deeper depth of
investigation is preferred, a heavier source, a lower
geophone  frequency  and  more geophones would be 
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Fig 3: Seismic system used for MASW data acquisition; a) Engineering seismograph, b) Sledgehammer source,
c) Computer laptop and d) 10-Hz Geophone.

Fig 4: MASW data at AIT site; (a) MASW shot gather with 24 traces, (b) Dispersion image and (c) Inverted
shear-wave velocity profile compared to the downhole seismic velocities.

Fig 5: MASW data at the CU site; (a) MASW shot gather with 24 traces, (b) Dispersion image and (c) Inverted
shear-wave velocity profile compared to the downhole seismic velocities.
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Table 3: Soil profile type classification for seismic amplification[10].
Soil type NEHRP General description Average shear wave velocity at 30 m (m/s)
A Hard rock > 1500
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B Rock 760  < Vs # 1500
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C Very dense soil and soft rock 360  <Vs # 760
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D Stiff soil 180  # Vs # 360
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
E Soft soil < 180
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F Soils requiring site-specific evaluations:

Table 4: The comparison of shear-wave velocity between MASW and borehole measurement.
Site location Average relative Vs(30)(m/s) NEHRP site class

difference (%) -------------------------------------------------------------------- --------------------------------------------
MASW DH % Diff. MASW DH

CU 13 250 260 3.85 D D
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AIT 20 293 260 11.26 D D
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TMD 15 122 104 14.75 E E

* Average relative difference = 

1

100 n
b MASW

k b k

V V

n V

   
  

   


n         = the number of layers
Vb       = Downhole seismic velocity
VMASW  = MASW velocity

Fig 6: MASW data at the TMD site; (a) MASW shot gather with 24 traces, (b) Dispersion image and (c) Inverted shear-wave velocity profile
compared to the downhole seismic velocities.

needed. The MASW is a non-invasive surface
geophysical technique with the advantage over the
borehole measurements being a reduced cost and time
requirement, the easiness to operate in the field and
lack of invasiveness. This method also contains less
data processing steps than the conventional seismic
refraction and reflection techniques.
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