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Abstract

The 2025 Myanmar Earthquake and the subsequent collapse of a 30-storey residential building
in Bangkok have highlighted the vulnerability of mid- to high-rise structures in low- to moderate-
seismicity regions to long-period ground motions. In Malaysia, seismic design provisions in the
Malaysian National Annex to Eurocode 8 (EC8) are primarily based on local, moderate-
magnitude intraplate events, with limited consideration of large-magnitude, far-field
earthquakes. This study evaluates the adequacy of EC8-based spectra for Kuala Lumpur by
comparing them with site-specific response spectra for two credible scenarios: a M, 9.3
subduction earthquake from the Sunda Megathrust at ~600 km and a M, 7.0 strike-slip
earthquake at ~400 km. Site-specific spectra were developed through a three-stage process:
(i) generating target spectra using ground motion prediction equations (GMPEs) appropriate
to the tectonic setting; (ii) selecting and spectrally matching representative bedrock
accelerograms from the NGA-Subduction and NGA-West2 databases; and (iii) performing
equivalent-linear site response analyses using local borehole data. Results show that for
periods greater than one second, site-specific spectral ordinates can exceed EC8-based
values by up to a factor of two, particularly under the M, 9.3 far-field scenario. This indicates
that current code provisions may underestimate long-period demands on mid- and high-rise
buildings, especially those designed predominantly for wind loads. The findings underscore
the importance of incorporating far-field seismic sources into regional hazard models and
adopting site-specific spectra where necessary to ensure the resilience of critical urban
infrastructure against low-probability, high-impact seismic events.

Keywords: far-field earthquakes; large-magnitude earthquakes, seismic design, seismic
assessment; site-specific spectra.

1 Introduction

The collapse of a 30-storey residential building in Bangkok following the 2025 Myanmar
Earthquake has brought renewed attention to the seismic vulnerability of mid- to high-rise
buildings in regions of low to moderate seismicity. Preliminary reports cited by Shahzada and
Xu (2025) suggest that long-period ground motions generated by the Mw 7.9 strike-slip event—
located more than 1,000 km from Bangkok—may have contributed to the observed failure,
demonstrating that large, distant earthquakes can impose significant spectral demands at long
periods even in locations far from the epicentre. However, emerging evidence also points to
potential material and construction deficiencies, including the reported use of substandard
reinforcement steel and possible design irregularities (Bangkok Post, 2025). While the precise
cause remains under investigation, the incident underscores that both long-period excitation
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and inherent structural vulnerabilities can jointly influence seismic performance in low-
seismicity regions.

Similar phenomena have been observed in previous events, such as the 2011 M., 9.0 Tohoku
earthquake, which caused significant structural and non-structural damage in high-rise
buildings in Tokyo—over 370 km from the source—and the 2004 M,, 9.1 Sumatra—Andaman
earthquake, which produced noticeable shaking in high-rise buildings as far away as Kuala
Lumpur and Singapore. These examples highlight a critical, yet often overlooked, aspect of
seismic hazard assessment: far-field earthquakes can present substantial risks to flexible
structures in urban areas outside traditionally recognised high-seismicity zones.

In Malaysia, the seismic design provisions specified in the Malaysian National Annex to
Eurocode 8 (EC8) are primarily calibrated for low- to moderate-magnitude intraplate
earthquakes originating within or near the region. For reference, a typical EC8 Malaysian NA
code response spectrum for site classes B, C, D, and E is shown in Figure 1. Although previous
studies, including those by Nabilah et al. (2010), Marto et al. (2011), Ahmadi et al. (2021), and
Najar et al. (2022), have conducted site-specific seismic hazard assessments for Kuala
Lumpur, their focus has largely been on local or moderately distant events. Limited attention
has been given to large-magnitude megathrust earthquakes from the Sunda subduction zone,
which are capable of generating significant long-period ground motions at far-field distances.
This omission presents a potential blind spot in design practice, particularly for high-rise
buildings whose seismic performance is governed by long-period spectral demands.
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Figure 1. EC8: Malaysian NA code spectrum for a peak ground acceleration of 0.07g.

To address this gap, the present study evaluates the adequacy of EC8-based code spectra for
far-field earthquake scenarios by developing site-specific soil surface response spectra and
accelerograms for Kuala Lumpur under two credible seismic events: Scenario 1, a M,, 7.0
strike-slip earthquake at a source-to-site distance of 400 km, representing a large regional
crustal event; and Scenario 2, a My 9.3 subduction earthquake from the Sunda Megathrust at
approximately 600 km, representing an extreme far-field event. These scenarios are consistent
with known seismotectonic sources affecting Peninsular Malaysia, including historical activity
from the Sumatran fault system and the Sunda subduction interface.

The site-specific spectra were generated using a three-stage methodology following Hu et al.
(2023) and Khatiwada (2025): (i) generation of target spectra using ground motion prediction
equations (GMPEs) appropriate to the tectonic setting and magnitude—distance combinations;
(i) selection and spectral scaling of representative bedrock accelerograms from the NGA-
West2 and NGA-Subduction databases; and (iii) equivalent-linear site response analysis using
local borehole data to obtain surface-level spectra. Far-field hazard assessment poses distinct
challenges—GMPEs are often poorly constrained at very long distances, suitable long-period
ground motion records are limited, and site response effects may be amplified at periods critical
to tall buildings.

From a structural engineering practice perspective, this work provides much-needed guidance
for Malaysian engineers, who rarely account for far-field scenarios in design or assessment
due to the absence of such considerations in national codes. By quantifying the conditions
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under which far-field earthquakes can produce surface spectral demands exceeding EC8-
based code values, the study identifies when reliance on code spectra is adequate and when
it may underestimate seismic demands.

The remainder of this paper is organised as follows: Section 2 describes the generation of
target spectra for both earthquake scenarios; Section 3 details the selection and scaling of
bedrock accelerograms; Section 4 presents the equivalent-linear site response analysis and
resulting soil surface spectra; and Section 5 discusses the implications for code adequacy and
design practice in Malaysia.

2 Generation of Target Spectrum

Two earthquake scenarios were selected to represent credible seismic hazards for Kuala
Lumpur: Scenario 1, a My 7.0 strike-slip earthquake at a source-to-site distance of 400 km,
representing a large regional crustal event; and Scenario 2, a M,, 9.3 subduction earthquake
from the Sunda Megathrust at approximately 600 km, representing an extreme far-field event.
The procedures for generating the target spectra for these scenarios are described below.

2.1 Earthquake Scenario 1 (M, 7.0 at R 400 km)

The target response spectrum for Scenario 1 was developed using three Ground Motion
Prediction Equations (GMPEs) from the NGA-West2 database—Campbell and Bozorgnia
(2014), Chiou and Youngs (2014), and Boore, Stewart, Seyhan, and Atkinson (2014)—
calibrated for strike-slip earthquakes. The input parameters for these models specified a
moment magnitude M, = 7.0 and a rupture distance R = 400 km, with the depth to the top of
rupture Zir= 0 km, the depths to the shear-wave velocity horizons Z1o= 0.17 km and Z,5=
0.945 km respectively, a hypocentral depth Z,, = 9 km, a rupture width of 10 km, and a fault
dip angle of 90°. A crustal shear-wave velocity u = 3.4 km/s was adopted, while the near-
surface site condition was represented by the time-averaged shear-wave velocity in the upper
30 m (Vs,30= 270 m/s). To incorporate region-specific attenuation characteristics, an additional
GMPE, CAM19 (Tang et al., 2019), was employed using the same magnitude and distance,
with a site-specific high-frequency attenuation parameter k, = 0.04 s, a wave quality factor Qo
= 150 at 1 Hz, and a Brune stress parameter sigma = 200 bars, along with the same crustal
shear-wave velocity and Vs 30 as in the NGA-West2 models. The response spectra predicted
by all four GMPEs were averaged to produce the mean target spectrum for Scenario 1, as
shown in Figure 2 alongside the individual model spectra.
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Figure 2. Individual and mean target response spectrum for Scenario 1 (Mw7.0 at 400 km distance).

2.2 Earthquake Scenario 2 (M, 9.3 at R 600 km)

The target response spectrum for Scenario 2 was developed using two Ground Motion
Prediction Equations (GMPEs) tailored for subduction zone events: CAM09 (Lam et al., 2009)
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and MP10 (Megawati and Pan, 2010). Both models are suitable for large-magnitude
earthquakes (M., 7.0-9.5) and far-field conditions, with source-to-site distances extending up
to 1000 km. For MP10, only the magnitude and distance specific to Scenario 2 were required.
For CAMQ9, the same input framework as CAM19 in Scenario 1 was applied, with the
magnitude and distance updated to reflect the Scenario 2 event. The target spectra from both
GMPEs were averaged to produce the mean target spectrum, as illustrated in Figure 3
alongside the individual model spectra.

—~0.03 ‘ : 0.02
S —MP10 > 0018 | Mean (M7-R400)
5 —CAMO9 £ 0016 [ | n - =-Mean (M9.3-R600)
©0.02 Mean § oo
s B 0012 |/ 1 N\
3 g o001 | AN
< g 0.008 |/ AN
(] \
§o_o1 ® 0.006 f S
"5 © 0.004 i ~‘~_~
o 8 0002 |
on 0 | I ! I 2 0 | |
2 4 6 8 10 0 5 10
Period (s) Period (sec)
(a) (b)

Figure 3. Individual and mean target response spectrum for Scenario 2 (Mw 9.3 at 600 km distance) (a)
and comparison of the mean spectrum of the two scenarios (b).

3 Selection and Scaling of Bedrock Accelerograms

The target response spectrum for each scenario was used as input for record selection from
appropriate ground motion databases: the NGA-West2 database (Ancheta et al., 2013) for
Scenario 1 and the NGA-Subduction Portal (Mazzoni, 2022) for Scenario 2. The input
parameters applied in the selection process are summarised in Table 1. From each database,
ten accelerograms were identified that provided the best match to the respective target
spectrum and were subsequently scaled. For Scenario 1, the selected records originated from
the 2010 M, 7.0 Darfield (New Zealand) and 2010 M, 7.2 El Mayor—Cucapah (Mexico)
earthquakes. For Scenario 2, the records were drawn from various large subduction events,
including the 2011 M, 9.12 Tohoku (Japan) and 2015 M, 8.31 lllapel (Chile) earthquakes.
Figure 4 compares the scaled individual response spectra, the mean scaled spectrum, and the
target spectrum for both scenarios. The scaling process was focused on the 0.5-5.0 s period
range to capture the response characteristics of medium- to high-rise structures, which are
particularly sensitive to the long-period ground motions generated by distant large-magnitude
events.

Table 1. Input parameters used for extracting bedrock accelerograms from the NGA-West2 portal for
Scenario 1 and the NGA-Subduction Portal for the Scenario 2 earthquake.

Scenario Parameters Values
Scenario 1: My 7.0 at R 400 km My 6.8t107.2
R 350 to 450 km
Vs.30 200 to 400 m/s
Damping ratio 5%
Fault type Strike-slip
Scenario 2: Mw9.3 at R 600 km My 81010
R 500 to 700 km
Vs.30 200 to 400 m/s
Damping ratio 5%
Fault type Subduction interface
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Figure 4. Comparison of scaled individual bedrock response spectra, the mean response spectrum, and
the target spectrum.

4  Equivalent Dynamic Soil Response Analysis

The sets of 10 scaled bedrock accelerograms for Scenario 1 (M, 7.0 at R = 400 km) and
Scenario 2 (Mw 9.3 at R = 600 km) were propagated to the ground surface through one
dimensional equivalent-linear site response analysis using the QuakeAdvice.org online tool
(Khatiwada et al., 2021). The input parameters and borehole data for a representative site,
BH3, are summarised in Table 2. Four real boreholes obtained from various construction
projects, representing four different EC8 Malaysian NA sites, were used to examine the
influence of far-field earthquakes on different soil conditions. The SPT-N profiles from these
boreholes were converted to shear-wave velocity (Vs) profiles using the Imai and Tonouchi
(2021) correlation, with the resulting shear wave velocity profiles and site periods shown in
Figure 5. Damping and stiffness degradation characteristics were incorporated following the
Hardin and Drnevich (1971) model. The computed individual soil surface response spectra,
together with the mean spectrum and the corresponding Eurocode 8 (EC8) spectrum for the
respective ground type, are presented in Figure 6 for Scenario 1 and Figure 7 for Scenario 2.
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Table 2. Input parameters, including example borehole data (for BH3), used for site response analysis.

Parameters Values Units
Bedrock density 2400 kg/m3
Bedrock SWV 1000 m/s
Energy Ratio 1
SWV Model Imai & Tonouchi Model
Material Model Hardin Model
Layer No. Thickness (m) NGO Layer No. Thickness (m) NGO
1 1.5 4 13 1.5 15
2 1.5 5 14 1.5 18
3 1.5 5 15 1.5 17
4 1.5 7 16 1.5 22
5 1.5 7 17 1.5 24
6 1.5 11 18 1.5 23
7 1.5 10 19 1.5 24
8 1.5 13 20 1.5 19
9 1.5 15 21 1.5 17
10 1.5 12 22 1.5 40
11 1.5 14 23 1.5 50
12 1.5 16 24 1.5 50
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Figure 5. Shear wave velocity profile of the adopted borehole.
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Figure 7. Comparison of site-specific soil surface and code response spectra for Scenario 2 (Mw 9.3 at

600 km).
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Figure 8. Comparison of Site B site-specific soil surface and code response spectra for Scenario 2 (Mw
9.3 at 600 km) in response spectral displacement format.

From Figure 6, it can be seen that the Malaysian EC8-based seismic design spectrum is
generally conservative compared to mean site-specific response spectrum corresponding to
the Scenario 1 earthquake (M. 7.0 at 400 km). In contrast, Figure 7 shows that for the Scenario
2 earthquake (Mw 9.3 at 600 km), the EC8-based spectrum underestimates the response
spectral acceleration, with several individual far-field spectra exceeding the code-specified
demands. Among the four sites analysed, only the mean spectrum for BH1 (Site B) in Scenario
2 exceeded the EC8-based spectrum, surpassing the Class B code spectrum by more than a
factor of two within the 3—4 second period range. As the differences in RSA values may appear
modest where the code spectrum underpredicts the response, the corresponding pseudo-
displacement response for the Class B site is presented in Figure 8 to better illustrate the
magnitude of long-period demand. Although this amplification remains lower than that of the
soft-soil Site E (Figure 7d), the relatively higher long-period response observed for the stiff-soil
Site B can be attributed to impedance-contrast reflections at the soil-rock interface, which
facilitate the transmission and constructive interference of long-wavelength seismic energy,
enhancing the surface response (Stewart et al., 2014). These findings underscore the potential
for significant underestimation of long-period spectral demands on stiff soils within the
Malaysian EC8-based design framework when subjected to extreme far-field megathrust
events.

5 Conclusion

This study assessed the adequacy of Malaysian EC8-based seismic design spectra for far-
field earthquake scenarios by generating site-specific surface response spectra for Kuala
Lumpur under two representative events: a My, 7.0 strike-slip earthquake at 400 km and a Mw
9.3 subduction earthquake at 600 km. Target spectra were developed using GMPEs tailored
to each tectonic setting, with scaled accelerograms selected from NGA-West2 and NGA-
Subduction databases, and propagated through local soil profiles via equivalent-linear
analysis.

The findings indicate that while the EC8 spectra adequately represent short-period demands,
they underestimate the mean response spectrum in long-period spectral ordinates—by up to
a factor of two—for stiff sites (Class B) under extreme far-field scenarios such as the Sunda
Megathrust earthquake. This has critical implications for the seismic safety of mid- to high-rise
buildings in Malaysia, particularly those designed primarily for wind loads. However, as the
present analysis is based on a limited number of boreholes, future research is recommended
to incorporate a broader dataset to improve regional representativeness and refine site-specific
seismic design guidance.

The methodology presented offers practitioners a systematic framework for evaluating long-
period demands from far-field earthquakes, a hazard rarely considered in Malaysian design
practice. By identifying site conditions and scenarios under which code spectra are non-
conservative, the approach enables informed decision-making on whether site-specific spectra
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should be adopted. Incorporating such assessments into design standards would enhance the
resilience of urban infrastructure against low-probability, high-impact seismic events.
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