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Abstract

Bangkok does not have active fault zones in its near vicinity. Many distant earthquakes have been felt in high-rise
buildings of Bangkok. Recorded seismic waves in the Bangkok basin show a clear peak at a frequency of 0.2 Hz. This
study used the results of the microtremor survey to create a deep subsurface model of the Bangkok basin. The predominant
frequency of the ground from horizontal-to-vertical spectrum ratio (HVSR) analysis on single-point microtremor records
was used to find the seismic discontinuity. The higher predominant frequency was well established but the lower one was
not clear; the deeper seismic discontinuity could not be established. The CCA and SPAC methods were employed to
derive the Rayleigh wave phase velocity dispersion curve from the microtremor records in an array and the curves were
inverted. The results of array analysis were used to make a 3-Dimensional (3D) layer structure of the Bangkok
Metropolitan Region. A four-layered profile above the bedrock was taken with first, second, third and fourth layers from
the top corresponding to the shear wave velocity Vs of 82—120 m/s, 330-337 m/s, 605—650 m/s, and 900 m/s, respectively.
The bedrock has Vs of 2000 m/s. The generated 3D profile will be used to simulate the long period ground motions using
the 3-Dimensional Finite Difference Method.
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1. Introduction

The Bangkok Metropolitan Region, comprising of Bangkok and five adjacent provinces has a population of
more than 14 million according to the 2010 census [1]. Active faults with low seismic activities are located at
around 120 to 300 km from Bangkok and those with high seismicity are located at around 400 km to 1000km
[2]. The magnitude and location of historical earthquakes in and around Thailand from 1912 to 2007 can be
found in Fig. 2 of Ornthammarath et al. [3]. The northern part of Thailand and the Sunda-subduction zone has
high seismicity. The Bangkok Metropolitan Region has a few, moderate-sized earthquakes in its vicinity [3].
Many earthquakes with large epicentral distances have been felt in Bangkok. The Kanchanaburi earthquake
(April 1983) with body-wave magnitude (mb) of 5.8 was felt strongly in Bangkok at the epicenter of ~200 km
[4]. The 2011 Mw 6.8 Tarlay (Myanmar) earthquake at ~775 km and the 2014 Mw 6.1 Mae Lao (Thailand)
earthquake at ~670 km from Bangkok were also felt in Bangkok [5][6]. Lukkunaprasit P. gives a list of
magnitude 5 or larger earthquakes felt in Thailand from 1912 to 1992 [7] and the ones felt in Bangkok were
extracted from the list (Table 1).
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Table 1 Earthquakes felt in Bangkok from 1912 to 1992 (Magnitude 5 or larger) [7]

Yeilgxi)r%til;lzay Epicenter (Lat °N Lon °E) Dz;i?)c © l\zlliinli::f)e Remarks
1912.05.23 09:24 | Burma (21.0, 97.0) 887 7.9 MM scale IV
1930.05.05 20:46 | Burma (17.0, 96.5) 560 7.3 MM scale V
1930.12.04 01:52 | Burma (18.2, 96.5) 653 7.3 MM scale V
1967.02.13 08:36 | Andaman Sea (13.7, 96.5) 432 5.6 MM scale IV

Northern Sumatra Islands
1983.04.04 16:24 | (5.7, 94.7) 1098 6.6 MM scale IV

Si Sawat District, Kanchanaburi
1983.04.15 16:24 | (14.95, 99.14) 198 53 -

Si Sawat District, Kanchanaburi
1983.04.22 10:22 | (14.96, 99.06) 205 52 -

Burma-India Border 6.8 My MM scale III; in high
1988.04.06 07:36 | (25.1,95.1) 1382 7.2 M; rise buildings

6.1 My MM scale V-VI; in
1988.11.06 20:03 | Burma-China (22.79, 99.61) 1009 7.3 M; high-rise buildings
1990.11.15 09:34 | Northern Sumatra (3.91, 97.46) | 1145 6.1 My In high-rise building
1991.01.05 21:57 | Burma (23.61, 95.90) 1198 6.2 My In high-rise Buildings
1991.04.01 10:53 | Burma (15.65, 95.69) 559 6.5Mp In high-rise buildings
In some high-rise

1991.06.12 10.05 | Andaman Sea (14.85, 96.31) 468 5.0 My buildings
1992.06.15 09:48 | Burma (23.98, 95.89) 1198 5.7 My In high-rise buildings
1992.10.28 14:02 | Burma (18.3, 96.8) 642 6.0 M, In high-rise buildings

Most of the earthquakes felt in Bangkok are from the Kanchanaburi area (distance of ~200 km),
Myanmar and Thailand-Myanmar northern border (~560 km to 1400 km), and Northern Sumatra-Andaman
sea (~430 km to 1150 km). They were felt in high-rise buildings despite their large epicentral distance. The
horizontal-to-vertical spectrum ratio (HVSR) of earthquake waves from the 2008 Mw 7.9 Sichuan earthquake,
2011 Tarlay (Myanmar) earthquake, and the 2014 Mae Lao (Thailand) earthquake recorded at the Thai
Meteorological Department (TMD) at Bangkok basin show a clear peak at 0.2 Hz (Fig. 2a, 2c, 2d; Subedi et

al [8]).

Bangkok lies in the lower part of the Central Plain of Thailand, the Lower Central Plain or Chao Phraya
Plain. The Lower Central Plain is a wide depositional flat plain with an irregular basement at the depth of 500-
2000 m below ground surface. The basement is filled with a sequence of fluvial, alluvial, and deltaic sediments
[9]. The top clay layer is soft and highly compressible [10]. When low-velocity sedimentary soil exists in a
basin, there is an amplification of seismic waves in long period range. Mexico City suffered extensive damage
during the 1985 Michoacan earthquake due to such amplifications although the epicenter was at a large
distance of 350 km. Basin amplifications also occurred in the Taipei basin in the 1999 Chi-Chi earthquake and
the Kathmandu basin during the 2015 Gorkha-Nepal earthquake, where the peak ground acceleration recorded
inside the basin was amplified than at the surrounding rocky sites. Bangkok is a populous city with many high-
rise buildings and long-period structures and is built on a sedimentary basin. To study the basin amplification
of waves in long-period range, a 3-Dimensional (3D) shear-wave velocity model is required. Such a model can
be used to simulate the ground motions using the Finite Difference Method (3D-FDM).
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2. Results of microtremor survey and discussions

This study uses results of single point and array analysis of microtremor records after Subedi et al. 8] to create
a deep subsurface model of the Bangkok basin. The microtremor survey was carried out at five sites of the
Bangkok Metropolitan Region. Four-point array geometry, with 3 sensors along the radius and one at the center
was used. In four of the sites (AIT, CU, KU, MU in Fig. 3), six array observations at different radii (ranging
up to 340 m) were carried out. For the site TMD, three array radii were used. Four sets of Mini Seismometers
HS-1 by OYO SI (HS-1) and one set of Data loggers HKS-9700 by Keisokugiken Corporation were used at
the sampling frequency of 100 Hz for 3-, 5- and 10-m array observations. For the rest of the array
observations, four sets of microtremor recorders DATAMARK JU410 by HAKUSAN Co. Ltd., (JU410) [11]
at a sampling frequency of 200 Hz were used to record data along three perpendicular measurement channels.

The HVSR results from single point records by applying Eq. (1) [12] were used to find the predominant
period of the ground. For a single uniform layer of soil above bedrock, the thickness of the soil deposit can be
calculated using Eq. (2) [13].

(1
H V(@) = V FNS(C‘?:D'EO)I;EW(U))Z
_4H 2
=7

where T: Predominant period of site, H: thickness of the soil deposit, V;: Shear wave velocity of soil deposit

In the HVSR plots of the single point microtremor measurements (Figure 8; [8]), the higher predominant
frequency is well established but the lower one is not clear. The deeper seismic discontinuity corresponding to
lower predominant frequency cannot be calculated from Eq. (2). For a single layer of soil sediment with V; as
760 m/s as in Mase et. al [14], the depth of the sediment calculated from higher predominant frequency using
Eq. (2) is shown in Fig. 1. The depth of sediment at MU and TMD is larger than the other three sites due to
the larger predominant period. The boundary estimated is shallow and the deeper boundary cannot be reliably
estimated from the results of the accelerometer (JU410).
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Fig. 1 — Depth of sediment calculated for a single uniform layer using results of HVSR analysis

Table 2 — Velocity profiles from the inversion of the dispersion curves shown in Fig. 2, after Subedi et al. [§]

AIT KU
p(g/cm?) | Vy(m/s) | Vy(m/s) | Thickness(m) p(g/cm?) | Vy(m/s) | Vy(m/s) | Thickness(m)
1.6 90 1120 11 1.6 96.3 1130 12
1.7 337 1568 90 1.7 330 1552 100
1.9 650 2025 320 1.9 620 1984 120
2.2 1450 2960 o0 1.97 760 2168 00
3
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CU MU
p(g/cm?) | Vy(m/s) | Vp(m/s) | Thickness(m) p(g/cm?) | Vy(m/s) | Vp(m/s) | Thickness(m)
1.6 96.7 1130 13 1.6 120 1180 14.3
1.7 330 1552 70 1.7 330 1450 70
1.9 605 1957 268.4 1.9 650 2025 200
2.05 900 2341 370 2.05 900 2340 330
2.3 2000 3600 o0 2.3 2000 3600 00
TMD
p(g/cm®) | Vy(m/s) | Vp(m/s) | Thickness(m)
1.6 82 1100 11.5
1.7 330 1450 70
1.9 650 2340 00
1000 AT =200m — 1200 -~ CU  r=340m — 800 |
™ r=100m — @ 1000 b =200m — ™
E 800 f =50m — E =100m — E oo |
%‘ 600 - =10m — E 800 r=10m — %
o = o = 9
g o g oo r mom 2 400 1
o 400 F X [0} i [O)
& Theoretical @ 400 Theoretical &
£ 200
0 1 L L 1 1 L L 0 1 1 1 1 1 1 1 | 0 1 1 1 1 1 1 1
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Fig. 2 — Phase velocity dispersion curves plotted with colored lines for different array sizes, after Subedi et al.

[8]

The Spatial Autocorrelation (SPAC) method [15] and Centerless Circular Array (CCA) method [16]
were used to calculate the Rayleigh-wave phase velocity dispersion curve from array records. The CCA
method can analyze longer wavelengths than the SPAC method for small array radius [17] and was used for
3-, 5-, and 10-m arrays. For array radius larger than 10 m, the method was chosen based on the clarity of the
peaks of the dispersion curve. Fig. 2 shows details of the array radius used and the corresponding dispersion
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Fig. 3 — Velocity profiles in Table 2 shown in site map of the Bangkok basin
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Fig. 4 — Bottom of four layers of the 3D structure. Layer 1, Layer 2, Layer 3, and Layer 4 correspond to the
shear wave velocity of 82—120 m/s, 330-337 m/s, 605—-650 m/s, and 900 m/s, respectively.
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curve at each site [8]. The largest array radius at site CU is 340 m, MU is 300 m, and at sites AIT and KU are
200 m. The Rayleigh wave dispersion curves for CU and MU are extracted until a lower frequency than AIT
and KU. Using the curves, the shear wave velocity profiles were inverted (Table 2). The results in Table 2
were used to plot S-wave velocity profiles along the two lines in Fig. 10; Subedi et al. [8]. The velocity profiles
at the sites were combined with the site map of the study area (Fig. 3). The results (Table 2, Fig. 3) were then
used to prepare the 3D subsurface profile of the Bangkok basin.

Four layered profile above the bedrock was prepared. The first (Layer 1), second (Layer 2) and third
(Layer 3) layers from the top correspond to the shear wave velocity of 82—120 m/s, 330-337 m/s, and 605—
650 m/s, respectively. As the fourth layer (Layer 4) does not have a uniform Vs as of layers 1-3 (Fig. 3), Vs
of 900 m/s was assumed for the layer. A bedrock of Vs 2000 m/s was taken based on results of MU and CU.
Points with zero sediment depth overlying the bedrock were added during interpolation, from Nutalaya and
Rau [18]. Universal Kriging in ‘gstat’ package in R was used for data interpolation [19]. Fig. 4 shows the
bottom geometry of four layers. The 3D velocity structure prepared will be used to simulate the long-period
ground motions using the 3D-FDM.

3. Conclusions

We used the results of the microtremor survey (after Subedi et al. [8]) to make a 3D shear wave velocity model
of the Bangkok basin. The higher predominant frequency of the ground from HVSR analysis on single point
microtremor records was used to find the shallow seismic discontinuity. The lower predominant frequency
was not clear, and the deeper seismic discontinuity could not be estimated. The inverted profiles from the
analysis of array records were used to make a four-layered 3D structure of the Bangkok Metropolitan Area.
The first, second, third, and fourth layers from the top correspond to the shear wave velocity Vs of 82—120
m/s, 330-337 m/s, 605-650 m/s, and 900 m/s above a bedrock with Vs of 2000 m/s. The 3D layered profile
created will be used to simulate the long-period ground motions to study the basin amplification of the Bangkok
basin using 3D FDM.

4. Acknowledgements

This work is supported by the project “International Collaborative Research on Long-period Earthquake Early
Warning for the Bangkok Metropolitan Area”. The project is supported by the Supporting Program for
Interaction-Based Initiative Team Studies (SPIRITS) funded by Kyoto University.

5. References
[1] https://www.citypopulation.de/en/thailand/prov/admin/ (accessed on December 25, 2020)

[2] Warnitchai P, Sangarayakul C and Ashford S A (2000): Seismic Hazard in Bangkok due to Long-Distance
Earthquakes. 12th World Conference on Earthquake Engineering, Auckland, New Zealand.

[3] Ornthammarath T, Warnitchai P, Worakanchana K, Zaman S, Ragnar S and Lai CG (2010): Probabilistic seismic
hazard assessment for Thailand. Bulletin of Earthquake Engineering, 9(2):367-394, DOIL: 10.1007/s10518-
010-9197-3

[4] Baoqi C and Renfa C (1990): The Srinakarin Reservoir earthquake, Thailand. Journal of Southeast Asian Earth
Sciences, 4, 49-54

[5] Ornthammarath T (2013): A note on the strong ground motion recorded during the Mw 6.8 earthquake in Myanmar
on 24 March 2011. Bull. Earthq. Eng. 11, no. 1, 241-254, doi: 10.1007/s10518-012-9385-4

[6] Ornthammarath T and Warnitchai P (2016): 5 May 2014 MW 6.1 Mae Lao (Northern Thailand) earthquake:
Interpretations of Recorded Ground Motion and Structural Damage. Earthquake Spectra, 32, 1209—1238.

[7]1 Lukkunaprasit P (1993): State of seismic risk mitigation in Thailand. Seismic Risk Management for Countries of the
Asia Pacific Region- Proceedings of the WSSI Workshop, Tokyo.

© The 17th World Conference on Earthquake Engineering - 1e-0015 -



1 e-001 5 The 17th World Conference on Earthquake Engineering

17" World Conference on Earthquake Engineering, 17WCEE
Sendai, Japan - September 27th to October 2nd 2021

[8] Subedi B, Kiyono J, Furukawa A, Ono Y, Ornthammarath T, Kitaoka T, Charatpangoon B and Latcharote P (2021):
Estimation of Ground Profiles Based on Microtremor Survey in the Bangkok Basin. Front. Built Environ., 7:651902.
doi: 10.3389/fbuil.2021.651902

[9] Sinsakul S (2000): Late Quaternary geology of the Lower Central Plain, Thailand. Journal of Asian Earth Sciences,
18(4), 415-426.

[10]Phien-wej N, Giao PH and Nutalaya P (2006). Land Subsidence in Bangkok, Thailand. Engineering Geology, 82:
187-201.

[11THAKUSAN Corporation (2015): DATAMARK Microtremormeter JU410 User’s manual.

[12]Nakamura Y (1989): A method for dynamic characteristics estimation of subsurface using microtremor on the ground
surface. Quarterly Report of Railway Technical Research Institute (RTRI), Vol. 30, No. 1, 25-30.

[13]Dobry R, Oweis I and Urzua A (1976): Simplified procedures for estimating the fundamental period of a soil profile,
Bulletin of the Seismological Society of America, Vol. 66, pp. 1293—1321.

[14]Mase L, Likitlersuang S, Tobita T and Ueda K (2018): Microtremor investigation of soil sites in Bangkok. The Thirty-
First KKHTCNN Symposium on Civil Engineering.

[15]Aki K (1957): Space and time spectra of stationary stochastic waves, with special reference to microtremors. Bull.
Earthq. Res. Inst. Univ. Tokyo, 35, 415-457.

[16]Cho I, Tada T and Shinozaki Y (2006): Centerless circular array method: inferring phase velocities of Rayleigh waves
in broad wavelength ranges using microtremor records. J. Geophys. Res., 111, B09315, doi 10.1029/2005JB004235.

[17]Yoshimi M (2012): Resolution of the SPAC, CCA, nc-CCA, and V-method for microtremor array survey on deep
sedimentary basin—case of the Osaka basin. J Jpn Soc Civil Eng Al (Struct Eng Earthq Eng), 68(4): 1 220-1 226.

[18]Nutalaya P and Rau JL (1984): Structural Framework of the Chao Phraya Basin, Thailand. Proc. of the Symp. on
Cenozoic Basins Thailand, Geology and Resources, Chiang Mai University.

[19]Griler B, Pebesma E and Heuvelink G (2016) Spatio-Temporal Interpolation using gstat. The R Journal, 8 p 204-
218.

© The 17th World Conference on Earthquake Engineering - 1e-0015 -



