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Abstract— An understanding of the soil response to
dynamic waves from the earthquakes is an important
aspect of engineering safety measures against tremors.
This research presents the equivalent linear site response
analysis of the Miri district by using a geotechnical
dataset. The main objective of this paper is to study the
amplification factor for the district of Miri. Analysis of site
response is critical in determining the earthquake risk and
harm allocation during earthquakes. The standard
penetration test ‘N’ value (SPT-N) has been used in this
study. A specific soil-type relationship has been used
between shear wave velocity and SPT-N value to produce
profiles of shear wave velocity in each borehole site in the
Miri district. For all SPT-N borehole sites, site response
parameters were interpolated to produce site response
maps and shear wave velocity maps in the geographical
information system (GIS) environment. The research
showed that the Malaysian national annex to Eurocode 8
(MNA-ECS) site class C, D and E are dominant in the Miri
district. Due to the inadequacy of records of input ground
motions of low-to-moderate seismicity regions, this
research used an earthquake record from other locations
well-matched from a target response spectrum with similar
characteristics obtained from the Pacific Earthquake
Engineering Research Center (PEER) online database
(PEER NGA). The equivalent linear method (EQL) using
DEEPSOIL is an extensively researched numeric
technique that is used for assessment of site response.
From the results, it has been found that the amplification
ratio varies from 2.1 to 4.79 and it suggests that it is vital
to study the site effect in the seismic hazard assessment of
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the Miri district. The work also emphasizes the
relationship between seismic microzonation and site
response analysis in order to reduce the adverse effects of
earthquakes in Miri city by planning a proper land use.

Keywords—equivalent linear, GIS, site response, target
response spectrum.

I. INTRODUCTION

ORNEO is found far from boundaries of major tectonic

plates, but there are signs of continuing deformations [1],

as appeared by the event of seismic tremors in the area,
for the most part on the NW portion [2], [3]. The assessment
of the soil reaction to earthquakes is one of the most frequently
encountered issues in geotechnical earthquakes. Earthquake is
a natural disaster that is unpredictable that creates a huge
amount of damage, which affects the communities and their
surroundings [4]-[6]. During an earthquake the delicate
deposits can cause extensive amplification and boost the span
of ground motion, which could thus increase the seriousness of
harm and devastation, this occurrence is generally termed as
site effect [7]-[10]. Protection against seismic tremor threats
can be accomplished by bearing in mind the site security
against geotechnical difficulties and structural protection
alongside dynamic forces [11]-[13]. Perceptions from
earthquakes in the course of recent decades have featured the
significance of local site conditions on spread ground
movements. It is essential to understand the local site
conditions for the estimation of seismic hazard at a site and
analysis of conveyed ground motions. Strong motion records
from last three decades of various earthquakes 1999 Chi-Chi,
1999 Kocaeli, 1994 Northridge and 1989 Loma Prieta. These
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occasions shows a significant contrasts between local rock site
response and soil sites responses [14]. On 19 September 1985,
an earthquake struck the Mexico City with the moment
magnitude of Mw 8.0. This earthquake caused the exceptional
damage to Mexico city, this is the best example which shows
delicate soils can amplify ground movements and result in
heavy damage [14], [9]. Hence it is important for the design of
earthquake resilient infrastructures and for the seismic risk
calculation of an area to take into account the involvement of
local site effects [15]. Typically, these site effects are assessed
using methods of numerical modelling [16]. Site response
analysis is fundamental to expect ground surface motions for
calculation of amplification potential and for the development
of design response spectra. Shear wave velocity (Vs) is an
important parameter for conducting ground response analysis.
There are two approaches for site response analysis: (1)
equivalent linear via frequency domain analysis and (2)
nonlinear method under time-domain analysis [14], [17]-[19].
The equivalent linear method is the most used method to
compute the local site effects [20], [21]. According to [9] local
site conditions has a necessary character in the propagation of
ground motion from the substratum to the surface and also
suggests that site effect must be considered in the study of
seismic hazard assessment and used the GIS technique in site
response analysis to plot the contour maps. Geographical
information system provides an ideal environment for an
extensive regional assessment of seismic damage [22]. GIS is a
PC-based programming intended for catching, putting away,
investigating, managing, and showing spatial information
speaking to human and natural marvels from this present
reality [23].

In present study, geotechnical data (SPT-N values) has been
used to conduct site specific ground response analysis.

II. STUDY AREA AND GEOLOGICAL SETTINGS

The study area for this study is Miri district of Sarawak,
Malaysia. Miri is a district of Sarawak state and is a coastal
city in northeast Sarawak of Malaysia, situated on the island of
Borneo, near the border of Brunei. Borneo is an island and is
viewed as tectonically dynamic and has experienced major
tectonic occasions since Miocene till the current day from both
onshore and offshore [24]. Borneo is a fragment of the Sunda
plate, and it is caged by the Indo-Australian and Philippine Sea
plate [25],[26]. Borneo consists of these states; Kalimantan the
state of Indonesia, East Malaysia (Sarawak and Sabah) and
Brunei (a separate country between Sarawak and Sabah).

Borneo is isolated into five zones- zone of east Borneo, Miri
zone, Sibu zone, Kuching zone and SW Borneo by Long Aran-
Witti-Kinaya fault line, Tinjar fault line, Tatau-Mersing fault
line, Lupar fault line, and Adang fault line respectively. Miri
zone is a tectonically complex which consists of Palaeocene to
Eocene ophiolitic rocks, including basalt, spilite, radiolarian
chert and tuff [27].
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Figure 1. Geology of Borneo, Miri district as study area [28]

The Miri region is dominated by molasses, continental
clastics, and post-Eocene carbonates (Figure 1) that have not
been strongly deformed by the pre-intensively folded deep-sea
Rajang Group [29] shown in Figure 1. The study area is
located within longitudes 113° 58’ 46.4" E to 113°49' E and
latitudes 04° 21’ N to 04° 07" N shown in Figure 2.
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Figure 2. Miri as a study area

III. SEISMICITY OF MIRI DISTRICT

Sarawak and Sabah are the two states of East Malaysia,
which are located on the east side of the island of Borneo. East
Malaysia has experienced earthquakes of local origin with
magnitudes up to 6.0 on the Richter scale. The earthquake
happenings in east Malaysia being influenced by shallow
crustal earthquakes located in the straits of Makassar, the Sulu
Sea and the Celebes Sea from the Philippines and Indonesia.
East Malaysia is considered as low-to-moderately active in
seismicity. However, east Malaysia is also affected by the
large earthquakes distributed over the southern Philippines and
the straits of Makassar [30], [31]. There were various seismic
tremors in Sarawak between 1874 and 2011, with intensity
between 3.0 and 5.3 [32]. Earthquakes ranging from 3.0 to 5.3
have occurred in the Miri district shown in Figure 3.
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Sabah another state of east Malaysia is prone to moderate
earthquakes. Recently, on 05/June/2015 Ranau Sabah was
struck by an earthquake with a moment magnitude of 6.0 on
the Richter scale with a depth of 10 Km. Seismic tremors were
felt in Miri district. Miri district in Sarawak is about 342.53
Km distant from the Ranau Sabah (USGS). Tremors were also
felt in Miri, Lawas and Limbang the divisions of Sarawak,
from the Ranau, Sabah earthquakes in 2015. Also a few local
seismic inducing faults were discovered in Sarawak like, Belait
fault line, West Baram fault line, Tubau fault line, Anyau
Nyalau fault line, Kelawit fault line, Bukit Mersing fault line,
Lupar fault line, Sebangkoi fault line, Oya fault line, Melarang
fault line, Bakong fault line, and Mulu fault line. Therefore,
east Malaysia cannot ignore the threat of earthquakes since
there is a record of existing earthquakes that affected east
Malaysia.
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Figure 3. Earthquakes around East Malaysia [33]- [35]

IV. GEOTECHNICAL DATA AND METHODOLOGY

A. Standard Penetration Test Boreholes

SPT-N boreholes were collected from the Malaysian
government and private organizations. In order to study the
dynamic characteristics of the soil and to assess the conduct of
soils with the implementation of seismic load a total of 114
SPT-N boreholes were evaluated, the locations of all boreholes
across the Miri district are shown in Figure 4.
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Figure 4. Map showing standard penetration test (SPT-N value)
boreholes in Miri district

B. MNA-EC8 Shear Wace Velocity (Vs) Site Classification

According to [36] the acquired SPT-N values give a thought
regarding the shear strength of the soil segment and posture of
soils under the use of seismic burden. So as to decide the
dynamic properties of soil, the achieved SPT-N values are
used to assess the shear wave velocity up to a depth of 30 m
(Vs30) by utilizing soil type and detailed relationships.
According to [9] the parameter Vs30 is used by MNA-ECS for
site classification up to a depth of 30 m to design seismic-
resistant infrastructure shown in Table 2.

Table 1. Classification of borehole sites according to MNA-
ECS on the basis of Vs30 up to the depth of 30 m

MNA-ECS site class Rock/soil type Vs30 (m/s)
A Hard rock =1500
B Rock 760-1500
c Dense soil/soft soil 360-760
D Stiff soil 180-360
E Soft soil =180

This research calculated Vs30 of soil segments utilizing the
relationships between SPT-N values and the Vs30. [37]
relationship has been used in this research to calculate Vs30.
From the previous researches, the relationships among SPT-N
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values and Vs30 have been studied by many researchers since
the 1960s. [37] a relationship for Vs, which depends on N-
value [38]. From the obtained results of this study, the SPT-N
value versus average shear wave velocity to a depth of 30 m
(Vs30) for all soils in Miri adopting [37] relationship and the
distribution of Vs30 across the Miri district is shown in Figure
5 and Figure 6 respectively. The Vs30 values obtained show
that the site classes C, D, and E of the MNA-ECS8 (2015) sites
are the dominant classes in the Miri district. Site class D is the
predominant one in the Miri district while site classes C and E
covers a minor areas of Miri district.
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Figure 5. SPT-N value versus average shear wave velocity to a
depth of 30 m (Vs30) for all soils in Miri adopting [37]

relationship.
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Figure 4. Distribution of Vs30 in Miri district
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V. METHODOLOGY

The numerical examination was directed to acquire the site
amplification factors of different site profiles. This was
accomplished by utilizing a one-dimensional equivalent linear,
site-specific response program, DEEPSOIL [39].

A. Equivalent Linear One-Dimensional Ground Response
Analysis

The widely used equivalent linear approach is a numerical
method used to evaluate the site response analysis and also this
method is most extensively used in both engineering and
research, for the reason of its flexibility, robustness, and
simplicity. 1-D wave propagation analysis is the common
method used to evaluate local site effects by performing site
response analysis. The main aim of one-dimensional ground
response analysis is to examine the vertical transmission of
shear waves horizontally through on a level plane layered soil
column from the versatile bedrock, which is expected to reach
out to a boundless depth. The one-dimensional site response
analysis can be carried out by either of two methods; a non-
linear method or the equivalent linear method. In the present
research, the equivalent linear method was used to calculate
the ground response analysis by using a software DEEPSOIL,
a one-dimensional site response platform. The equivalent
linear methodology introduced by [40] accounts for the non-
linearity of the shear-modulus and the damping ratio (%),
using an iterative process to obtain modulus values and
damping compatible with the actual strains in each layer. By
utilizing the small-strain shear modulus reduction

G

{ X Gmax} and damping ratio (%) versus shear strain
curves, each layer is modeled according to soil properties
correspondingly, where ‘Gmax’ is the initial shear modulus
and ‘G’ is the shear modulus. The effective shear strain ratio
was considered to be 0.65 during the analysis. The bedrock
was considered as rocky with the shear wave velocity as 760
m/sec.

B. Representative Ground Motion Records

Real earthquake records can be utilized as the input motion
at the bedrock. Nevertheless, when no real earthquake records
are available for the study location, earthquake records from
other locations with similar characteristics can be obtained
from the Pacific Earthquake Engineering Research Center
(PEER) online database (PEER NGA) or any other
appropriate  earthquake database. Otherwise, synthetic
earthquake records generated from seismological source
models can also be used [41]. The time histories of bedrock
motions are then assigned at the bedrock level to evaluate the
free-field ground response spectrum.

For the present research, due to the non-availability of
records of input ground motions of low-to-moderate seismicity
regions, this research used an earthquake record well-matched
from a target response spectrum (shown in Figure 7(b)) with
similar characteristics obtained from the Pacific Earthquake
Engineering Research Center (PEER) online database (PEER,
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NGA) by following [42]. There are numerous approaches such
as stochastic finite-fault model [43] stochastic point simulation
technique [44] and empirical Green’s function (EGF)
technique [45], [46] existing for the generation of synthetic
input motions. Since all these approaches require the complex
seismological parameters knowledge, a simple method that
generates the artificial ground motion compatible from a target
response spectrum. Therefore, this research used an
earthquake record well-matched from a target response
spectrum with similar characteristics obtained from the Pacific
Earthquake Engineering Research Center (PEER) online
database (PEER NGA) shown in Table 2, with a moment
magnitude of 6.0 by following the approach of [47], [48]. The
seismogram of input motion and the compatible target
response spectrum used for the analysis is shown Figure 7(a)
and Figure 7(b).
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Table 2. Details of the earthquake from PEER, which was used
during the site response analysis

Parameter Value
Name Parkfield-02-CA
Magnitude 6.0
PGA 0.15¢g
Station Shandon-1-storey-high school
building
Year 2004
Spectral SRSS
ordinate
Scale factor 1.761
D5-75 5.8 (sec)
D5-95 16.2 (sec)
Arias intensity 0.1 (m/s)

Mechanism Strike-slip
Rjb (km) 14.19
Rrup (km) 14.46
Lowest useable 0.1625 (Hz)
frequency
VI. RESULTS AND DISCUSSIONS

In the GIS environment, the obtained site response
parameters have been interpolated to produce the site response
contours for the entire Miri district. The peak ground
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corresponding to an earthquake with a magnitude of 6.0.

A. Peak Ground Acceleration (PGA)

The PGA on the surface ranges from 0.03 g to 0.56 g and
cannot be spread uniformly throughout the Miri district owing
to differences in the land profile. Evidently, the closeness to
the epicenter determines the PGA of the engineering bedrock
while the soil profile is significant on the ground level. In the
northern portion of the Miri district, PGA is significantly
greater. The site impact is illustrated by the unevenness of the
PGA distribution in the central portion of the Miri district with
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Figure 6. (b) Compatibility between observed and target
response
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comparatively dense deposits of soft sediment. In terms of
seismic hazard, PGA movements of > 0.3 g are much
damaging for engineering structures. However, raised PGA,
with very higher frequencies and a brief period, is less
damaging for engineering structures [9]. In the present
research, the central and northern parts of the Miri district is
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having the high values of PGA. The result of the PGA contour
is shown in Figure 9.
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Figure 7. Peak ground acceleration (PGA) map of an
earthquake (Mw 6.0) at the surface level in the Miri district

B. Amplification Ratio

The amplification ratio has been described as the factor that
raises the PGA from the bedrock to the ground. The nature of
the subsurface can affect the seismic response of buildings by
amplifying the soil, in order to modify the seismic excitation in
the basement when transmitted through the soils. This can lead
to amplification effects. Soft sites are more likely to amplify
low-frequency (long-term) rock motions than the locations
having stiff soils, and high frequency (short-term) movements
are more likely to be contrary. The findings of the
amplification ratio evaluation indicate that in the Miri district,
this ratio varies from 2.1 to 4.79 with the south-west portion of
the Miri district is greater shown in Figure 10. The
predominant frequency and the amplification are both
significantly affecting the harm caused by an earthquake to
structures [15].
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Figure 8. Amplification ratio map of the Miri district

C. Predominant Frequency

The predominant frequency of the Fourier spectrum varies
from 0.22 to 1.56 Hz shown in Figure 11. The predominant
frequency and the amplification are both significantly affecting
the harm caused by an earthquake to structures. Low-rise
structures are more susceptible to powerful, high-frequency
soil movements that are closest to the epicenter, and dissipate
with growing distances, for high-rise buildings, solid and low-
frequency ground movements are more damaging.
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Figure 9. Predominant frequency (Hz) map of the Miri district
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Small-frequency earth movements disappear much less than
high-frequency earth movements and this could result in harm
from the epicenter at large distances. The maps of spectral
acceleration at 0.5, 1.0, 2.0, 5.0 and 10.0 Hz are shown in
Figure 12. At these frequencies, spectral accelerations have
been assessed as the natural frequencies of single-story
buildings through to high-rise structures fall under this range

[9].

13°200°E 14°00E 13°200°E HA00E

13°200'E

14°00°E

S (g) 1.0Hz PSA (g) 2.0Hz

s fo) 03542
e 195

4°0'0"N

@ é ®) }‘a }1‘;

400N

"200'N

13°200°E ~ N4L00E 13°200°E 1400E
114°0'

13200 00E

PSA (g) 5.0Hz
High 00445080
i
- Low 001 4

14°00°E 113°200"
13°200'E 1

PSA (g) 10.0Hz
~

4°0'0"N
400N

(@) ‘
13°200°
Figure 10. Pseudo-spectral acceleration (PSA) (g) distribution

with 5% damping at frequencies of 0.5, 1.0, 2.0, 5.0 and 1.0
Hz

(&)

——
200

3200'N

N
—_—
1400

"Z00'N

—
1M400E 1

VIL

The ground response analysis of the Miri district using an
equivalent linear method by using DEEPSOIL is presented in
this paper. In order to investigate the soil's dynamic
characteristics and assess the soil's compatibility with seismic
load, 114 SPT-N borehole drills were evaluated. In all
borehole places, SPT-N values were used to assess the Vs30.
C, D, and E are predominant site classes in the Miri district
within the MNA-ECS site classification scheme and site class
D is the dominant one. The PGA on the surface ranges from
0.029 g to 0.48 g. In the northern portion of the Miri district,
PGA is significantly greater. This improper allocation in the
PGA is also an example of a lack of uniformity in the
lithological characteristics of the alluvium in the Miri district.
The value of PGA rises at the surface and shows a substantial
increase with a reduction in depth up to the surface, thus
explaining the site effect. In the Miri district, the amplification
ratio is between 2.1 and 4.5 with higher values in the southern
part. The range of predominant frequency varies from 0.22 to
1.5 Hz.

CONCLUSION
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