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A Study on Seismic Design for Infrastructures in a Low Seismicity Region
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Countries such as Malaysia, although situated on the stable seismicity zone of the Sunda plate, has
been reported to record small to medium size locally generated ground motions, and has been affected by
distant earthquakes from the active seismic sources of Indonesia and the Philippines. Seismic risk is
perceived as considerable when there is a lack of seismic resistance in bridge structures. Such situation is
common in low seismicity countries because the design of bridges in these countries continues to follow
the traditional method of accounting for vertical loads and a small percentage of horizontal loads, such as
that calculated to resist wind loading. Therefore, exposure of these bridge structures to seismic loads
may be devastating. In line with human security engineering, there is enough warrant to begin seismic
resistant design of bridges, as well as to investigate the vulnerability of existing bridges to seismic forces
in countries belonging to the low seismicity region.

In view of the above scenario, the main objective of this research is to clarify an advanced concept
of seismic design for bridges in a low seismicity region such as in Malaysia. The ultimate aim of this
research is to derive an acceptable seismic design coefficient and allowable ultimate displacement to
incorporate in the current bridge design code as a measure to secure the public safety against the potential
destruction brought about by an earthquake motion. This thesis consists of 8 chapters, as follows.

Chapter 1 is the introduction of the thesis. The problems to perform seismic design of infrastructure
are summarized and the objectives of the research are clearified.

Chapter 2 provides a brief review of the seismic hazard and seismicity conditions in Malaysia to
understand the seismicity of Malaysia, as well as to justify the need for evaluation of a seismic design
motion for the country. A larger remaining portion of this chapter is attributed to giving an overview of
the performance-based design, displacement-based design, and nonlinear static pushover analysis
employed in the course of evaluating a seismic design motion for Malaysia. A brief mention of the
OpenSees software is made in this chapter to highlight the features, and advantages of using an open
source software framework in the analysis of a bridge.

Chapter 3 is dedicated to investigating the characteristics of distant ground motions in Peninsular
Malaysia, which originated from the active tectonic plate of Sumatra. The methodology employed is by
comparing recorded peak ground acceleration (PGA) and peak ground velocity (PGV) values of ground
motions recorded by the Malaysian network of seismic stations with those estimated using established
attenuation. Results of analysis show that attenuation characteristics of ground motions for Peninsular
Malaysia can be appropriately represented by attenuation models established for stable tectonic region.

In conclusion, the Dahle et al. (1990) model best represents the attenuation characteristics of ground
motion in terms of PGA, while the Atkinson and Boore (1995) model may appropriately estimate ground
motion in terms of PGV for far earthquakes. In addition, this chapter also discusses about estimating the
maximum magnitude earthquakes, which are expected to occur within inland Malaysia. In reference to
the available historical earthquake data, it is proposed that the maximum magnitude earthquake for
Peninsular Malaysia is 6.5. Based on this magnitude, the PGV and peak ground displacement (PGD) are
estimated. Therefore, it is proposed that the seismic performance evaluation of the bridge, in chapter 4 of
the thesis, should employ large acceleration ground motion, such as that recorded by the 1995 Kobe
earthquake.

Chapter 4 introduces the procedure for conducting seismic performance evaluation and presents
how the existing brige is modeled for the performance evaluation. *“Samudera Bridge”, which exists in
Malaysia, is selected for the analysis. A multiple-degree-of-freedom (MDOF), three-dimensional model




HRE R Wt ( T% ) K4 Sherliza Zaini Sooria

was developed in OpenSees and used in the later analyses.

Chapter 5 shows the result of non-linear static push-over analysis to estimate deformation capacity
using the numerical model developed in the previous chapter. The results gathered from the pushover
analysis indicate an important deduction on the displacement capacity of pier sections with unequal
dimensions. For this bridge structure, the pushover curve has illustrated that in the longitudinal direction,
although the pier section is thin and the seismic coefficient is small, it possesses a large displacement
capacity. In the transverse direction, although the pier section is thicker, and the seismic coefficient is
larger, the displacement capacity in that direction is lower.

Chapter 6 was subjected to seismic simulation under the excitation of three input ground motions,
namely the 1995 Kobe, 1940 El Centro and 2005 Sumatera earthquakes. Observation of the damage
during dynamic analysis, for instance under the Kobe excitation, indicates that the piers in the transverse
direction suffer severe damages even though they have high seismic coefficients. In contrast, piers having
lower seismic coefficients survived the excitation, although they have lower seismic coefficients. Thus,
it can be deduced that seismic coefficient is not an important factor to survive a large excitation. Rather
displacement capacity plays an important role in ensuring survival during a large ground motion.

Chapter 7 explores the impact of introducing seismic resistant design on the cost of bridge
constructions. The methodology used involves examining the level of ductility in the pier section by
employing the nonlinear pushover analysis. Results of comparison of seismic performance in the
transverse direction and construction costs between the original section, which is used in the previous
chapteres, and the modified (downsized) section, which is designed by "flexible design concept"”, show
that the modified section has more seismic performance and be less expensive. This chapter also
discusses the impotance of fail-safe mechanisms. It is concluded that a part of reduced cost in the
flexible design should be used to install fail-safe mechanisms for seismic risk mitigation.

Chapter 8 is the conclusion. The knowledge obtained in the research is summarized.
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