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Abstract. Reliable spectral displacement (SD) in a wide range of response periods is crucial in seismic

vulnerability assessment for Banda Aceh-Indonesia as the city is founded on a thick-soft soil. This SD is

excellent for estimating building drift ratio from which the vulnerability of building is assessed. SD can be
obtained from conversion of the acceleration spectra (converted SD) and site response analysis (analyzed

SD). In this paper, both converted- and analysed-SDs are developed for Banda Aceh’s soft soil case using
three historical seismic events of the 2012 Simeulue II, the 2013 Mane-Geumpang, and the 2013 Bener
Meriah earthquakes and three soil models from which acceleration-displacement response spectrum

(ADRS) of Banda Aceh’s soft soil is proposed. This proposed ADRS is compared to the generic response
spectra of Centre of Research and Development of Housing and Settlement (PUSKIM) Indonesia. It can be

concluded that the Proposed ADRSs can be used as another source in determining the performance of a
building beside the PUSKIM ADRSs. Furthermore, the developed SDs were used to calculate the drift of 2-,
3-, and 4-storey typical shop-house buildings at Banda Aceh-Indonesia.

1 Introduction

The city of Banda Aceh-Indonesia is founded on thick
alluvium (soft soil) [1]. The city was hit by the mega
earthquake in 2004 which caused severe damages to
reinforced concrete (RC) buildings as shown in Figure 1
[2]. Estimated response spectral acceleration up to 0.8g
was suggested by [3]. One of contributing factors to the
damages can be an improper structural design of the
affected buildings. This improper design causes the
building performance capacity less than the force-
demand (seismic loading). Currently, the development in
engineering knowledge allows an engineer to evaluate
the performance of the building due to dynamic loading
which is well known as performance-based engineering
(PBE) method.

The performance of buildings is defined from the
capacity spectrum (output of inelastic analysis) and
seismic demand, i.e., ground motion spectrum (Figure 2)
[4, 5]. Many researchers around the world have
successfully applied this PBE (see [6-8]). This PBE
requires spectral displacement (SD), in addition to the
standard input in terms of spectral acceleration (SA).
Furthermore, a better understanding of local
characteristics is essential for successful engineering
application [9-11]. Therefore, in Banda Aceh case, the
spectral displacement and drift are estimated.

This study estimates SD and drift of Banda Aceh
case based on three historical earthquake events and
three sub-surface models. The events are estimated at the
Richter local magnitudes (ML) of 8.1, 6.0 and 6.2 for the
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2012 Simeulue II, 2013 Mane-Geumpang and 2013
Bener Meriah earthquakes, respectively. Three sub-
surface models are distributed across the Banda Aceh’s
soft soil. Site response analyses were carried out. The
results were used to calculate both SD and drift of
structure founded on Banda Aceh’s soils. Acceleration-
displacement response spectrum (ADRS) is proposed
and compared to Indonesian generic response spectra of
Centre of Research and Development of Housing and
Settlement (PUSKIM) Indonesia [12].

Fig. 1. 2004 mega earthquake damages at Banda Aceh [2].
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Fig. 2. The performance point where capacity and demand are
equal [4, 5].

2 Methodology

The methodology in this study that is begun with site
response analysis. Then, it is followed by SD calculation
and structural drift estimation.

2.1 Conducting site response analysis

Equivalent-linear earthquake response analysis model
has worked well in most application [13, 14]. Both the
time history and sub-surface model were employed for
the ground/site response analysis of Banda Aceh,
Indonesia. In this study, three historical earthquake
events (the 2012 Simeulue II, 2013 Mane-Geumpang,
and 2013 Bener Meriah earthquakes) are used in the
analysis. One-dimensional (1D) sub-surface models are
at Site#1 (at the eastern of the Banda Aceh city), Site#2
(at the center of the Banda Aceh), and Site#3 (at the
western of the city). These sub-surface models are based
on studies by [15] from which seismic site class D is
justified for all these three investigated sites.

2.2 Calculating displacement response spectra

In obtaining SD, SA is converted by applying Equation.
1 [4] below.

5D = 54 (2%)2 (1)

Where:

T is period (second, s),

SA is spectral acceleration (mm/s?),
SD is spectral displacement (mm), and
1 g=9806.65 mm/s>.

2.3 Estimating structural drift

The building drift is determined from the ratio of
displacement with the height of the building. In this
study, three different building heights are chosen based
on the height of typical shophouse buildings in Banda
Aceh which are 8 m, 12 m and 16 m for 2-, 3-, and 4-
story shophouse buildings, respectively.

3 Results and discussion

As mentioned earlier, three investigated class D seismic
sites across the city of Banda Aceh are expected. The
SA, SD, and ADRS for class D seismic Site#1, Site#2,
and Site#3 are presented in Figures 3 to 5. The most
right of each figure shows the relationship between SA
and SD which is known as the demand curve. The right
and left graphs of the figures reveal that the Proposed SA
curves of this study suggest higher than PUSKIM at
lower period and displacement. For the middle graphs of
the figures show that Site#1 and Site#2 had an almost
similar trend of displacement versus period both for
PUSKIM and Proposed of this study curves. While
Site#3 displays the trend of PUSKIM curve is steeper
than the proposed one. No doubt this result is attributed
to higher acceleration value of PUSKIM.
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Fig. 5. SA, SD, and ADRS at Site#3.

The combination of proposed of this study and
PUSKIM’s ADRS for class D seismic Site#1, Site#2,
and Site#3 is presented in Figure 6. The figure reveals
that for the period under one second, acceleration and
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displacement for the proposed curve, in general, is
greater than PUSKIM. However, for the period greater
than one second, only acceleration and displacement at
Site#3 is much less than others.
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Fig. 6. The comparison of PUSKIM and proposed ADRS class
D seismic Site #1, Site#2, and Site#3.

In facilitating the engineers to assess the performance
of 2-, 3-, and 4-storey of typical shophouse buildings at
the city of Banda Aceh especially at Site#1, Site#2, and
Site#3, SA-drift correlations are calculated. Spectral
acceleration-drift relationship graphs are presented in
Figures 7-9.
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Fig. 7. PUSKIM and proposed spectral acceleration-drift
relationship on Site#1 for different story level.
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Fig. 8. The proposed spectral acceleration-drift relationship for
Site#2.

Ref. [16] investigated the relationship between
building’s drift and damage due to an earthquake, as
presented in Table 1. This relationship can be used to
deduce the building performance at the investigated
sites.

If performance level of "life safe-damage state" (drift
<1.5%) for 3-story shophouse building is chosen to
apply in Figures 7-9; generally, they show that the
proposed SA of this study has high acceleration, as
mentioned earlier. This performance indicates that so
much earthquake energy is released at smaller drift.
Therefore, the capacity of the building should be
designed to have high acceleration at small drift.
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Fig. 9. The proposed spectral acceleration-drift relationship for
Site#3.

Table 1. Performance level, damage state, and drift [17].

Performance level Damage state Drift

. Fully. operational, No damage <0.2%
immediate occupancy

Operational, damage Repairable <0.5%

control, moderate

Life safe-damage state Irreparable <1.5%

Near collapse, limited
> < 0,
safety, hazard reduced Severe 2.5%
Collapse - >2.5%

In general, the proposed ADRS of this study is
overestimated  the = PUSKIM’s  ADRS. This
overestimation could be subjected to the different
adopted approach or used model in the analysis. Further
investigations are necessary to carry out by refining the
shear velocity profile of the investigated sites. A simple
and affordable method as shown in [17] can be used for
this refinement. Furthermore, local site effect, which is
confirmed to cause devastating structural damages [18-
21], must be warranted.

4 Conclusions

Recently, performance-based engineering method has
rapidly grown as tools in designing new buildings or
assessing the existing buildings. This method requires a
sensible acceleration-displacement response spectrum
(ADRS) on each site where the performance of a
building designed or assessed is laid. This study presents
the proposed ADRSs for three class D seismic sites
across the city of Banda Aceh-Indonesia in comparison
to the PUSKIM’s ADRS. The proposed ADRSs are
obtained from three recent historical earthquakes which
are the 2012 Simeulue II, the 2013 Mane-Geumpang,
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and the 2013 Bener Meriah earthquakes. It can be
concluded that the proposed ADRSs can be used as
another source in determining the performance of a
building beside the PUSKIM’s ADRSs.
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