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Abstract  Padang is the capital of West Sumatra 
Province, close to three earthquake sources such as the 
Megathrust Zone, the Mentawai Fault, and the Great 
Sumatra Fault on the mainland. Due to the fact that the 
impact of the earthquake can create a tsunami event in the 
future, the government needs to prepare shelters for 
vertical evacuation. About 65 existing buildings have been 
selected as vertical evacuation buildings, but there is no 
clear information on their seismic performance. This 
research proposes a complete assessment of the existing 
RC building by considering soil characteristics such as the 
predominant period and Vs30 from microtremor 
observations. A selected 3 stories of a school building 
located in the earthquake red zone (Vs30 < 150m/s and 
predominant period T > 1.5s), less than 1 Km far from the 
shoreline, was considered in this paper. Based on the 
seismic index evaluation of the building, the X direction is 
smaller than the seismic demand (0.8) for the first and 
second floors (unsatisfactory). For the first, second and 
third floor, the Y direction has a larger seismic index than 
the seismic demand. Therefore, the performance is 
satisfactory for the first to the third story. Based on the 
required inspection, the building is unsatisfactory for the 
X-direction. Therefore, it needs to be strengthened. We 
propose a re-size of the RC for the building column to 

improve the ductility. The proposed size for the column is 
50 x 60 cm. From the re-seismic evaluation, a satisfactory 
seismic index for the X and Y direction can be obtained. 

Keywords  Seismic Index, Seismic Demand, Seismic 
Performance, Seismic Evaluation 

1. Introduction
Indonesia is a country that is crossed by a world ring of 

fire that has the potential for earthquakes and tsunamis. 
Indo-Australian plate movement in Western Indonesia is 
7mm/year, and the Pacific plate movement in Eastern 
Indonesia is 12mm/year [1]. The magnitude of this 
movement indicates that each plate is actively moving 
with the number of earthquakes occurring annually, which 
is 1200 times with an intensity > 4 on the Richter scale [2]. 
Figure 1 shows that more than 60,000 earthquakes 
occurred in Indonesia from 1779-2020 with a strength > 
Mw4. Most earthquakes that occur in Indonesia are 
shallow earthquakes that have the potential to produce a 
large acceleration in surface soil. 
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Figure 1.  Seismicity of Indonesia from 1779-2020 with magnitude >4 [3]. 

West Sumatra is one of the provinces located in the 
western part of Indonesia. Geographically, the province of 
West Sumatra has three sources of earthquakes which 
have the potential to cause large scale earthquakes [4-5]. 
If the earthquake occurs at subduction 200km far from the 
land, it can cause a tsunami [6-8]. The land on West 
Sumatra island is on a known fault line that crosses from 
Singkarak, Padang Panjang, Padang, and Painan along 
500 Km. Earthquake data from 1779-2019 shows the 
characteristics of the earthquake that occurred was a large 
magnitude earthquake because this earthquake was 
shallow as in 1928 (Mw8.4), 1933 (Mw9.3), 1981 (Mw8.1) 
and 2007 (Mw8. 4)[9] and its seismic condition are 
similar with Palu city which struct which by earthquake 
and tsunami in 2018[10]. 

1.1. Regional Geology and Recent Earthquakes 

Padang city is located on the west coast of the island of 
Sumatra in western Indonesia, situated close to the 
Sumatran subduction zone and on the fault line formed on 
the Indo-Australian plate. 

Padang city, with a population of 927.168 people as of 
2017, is the capital of West Sumatra province [11]. The 
location of the downtown is at 100.38°E, 0.95°S. 

One of the major earthquakes that occurred in the last 
ten years is the one on 30 September 2009. It had a 
magnitude of 7.9 on the Richter scale and occurred at a 

depth of 71 km southwest of the city of Padang. This 
earthquake caused 1117 victims to die, two of them 
missing, and 1214 others seriously injured [12]. The 
earthquake occurred at 17:16 WIB, and it was also felt in 
Gunung Sitoli, Mukouko, Sibolga, Liwa, Padang, Jakarta, 
Singapore, and Malaysia [13,14]. It might have caused 
more victims if it had occurred during office hours or 
school hours. The earthquake also damaged infrastructure 
in the city including hospital facilities and water 
installations from the Regional. 

Water Utilities (PDAM). Water Utilities (PDAM) did 
not operate for more than ten working days, making it 
difficult for the public to access clean water. Besides, the 
earthquake almost destroyed the entire existing 
infrastructure in the city of Padang, which harmed the 
economy. West Sumatra, which is where the city of 
Padang is located, also has the potential of a tsunami 
because it has a source of earthquakes in the sea 
(subduction) where the Indo-Australian plate pushes the 
stable Indonesian plate. A force that exceeds the plate 
elasticity will generate a large tsunami, as in 1833 
(Mw9.2), 2005 (Mw9.3), and the last one in 2010 which 
occurred in Mentawai. Lately, there have been 
earthquakes in the region predicted as a megathrust 
segment of more than 61 earthquake events with strength 
above 4Mw. This incident could have triggered a large 
earthquake in this subduction area. Figure 2 shows the 
tsunami events from1600-2020. 



Civil Engineering and Architecture 9(4): 1237-1245, 2021 1239 

Figure 2.  The tsunami history of Indonesia from 1600-2020, the blue box is the location of the tsunami that affected Padang city [14]. 

Since the city site is less than 3Km from the west coast 
of Sumatra, has a high density of population and potential 
for earthquake-tsunami to occur in future, the city 
government is preparing the mitigation to face the 
upcoming earthquake by arranging an evacuation site. 
There are about 65 buildings distributed over 100Km2 of 
downtown which are designed as earthquake and tsunami 
shelters. These shelters are expected to function properly, 
both in terms of structural strength and altitude, which are 
higher than the tsunami height inundation [15,16]. The 
tsunami inundation probability is worsened by the 
topographic condition of the city of Padang. Some parts of 
the city centre, located close to the coast, have a lower 
elevation than the sea level (less than 3m). Besides, the 
community evacuation by using vehicles makes it difficult 
for them to reach safe areas. It is necessary to evacuate the 
people to a higher place so that people living around the 
West coast of Sumatra can do self-evacuation faster and 
safer. 

The last earthquake of September 30, 2009, showed that 
most buildings constructed before the year 2009, by 
following the seismic-resistant building code of 2002, had 
an acceleration of response spectrum at 0.2-0.8s, lower 
than the acceleration of September 30, 2009 (Fig.4). This 
is the main reason to make sure the seismic performance 
of the designed vertical evacuation, the vertical evacuation 

is evacuating to a high floor of a building, instead of 
leaving the tsunami evacuation zone. 

1.2. Site Characterization by Microtremor Observation 

The location of the tested building is near the coastal 
area, less than 1 Km from the shore. We conducted 
microtremor single observations for 140 sites and 
microtremor arrays for 12 sites, by analysing the Rayleigh 
wave records data from each survey such as H/V ratio 
[17-20], soil profile applied SPAC method [21], and in the 
inversion analysis, the Particle Swarm Optimisation (PSO) 
[22]. From the obtained results, the soil characteristic is 
soft soil where the predominant period is more than one 
second, and the Vs30 (as the average seismic shear-wave 
velocity from the surface to a depth of 30 meters) is less 
than 150 m/s (Figs. 3 (a) and (b)) [11]. As shown in 
Figure 4, in the short period range, the elastic design 
spectra for the2002 code are comparable to the spectral 
accelerations of the measured ground motions. Whereas 
the values for the 1970 code and 2002 are smaller 
compared spectral acceleration of the measured ground 
motions, the elastic design spectra are shown in Figure 4 
(red, blue and green) are of soft sites in downtown Padang. 
Comparison of response spectra in each standard; the red 
line is the current spectra of Padang earthquake 2009. 
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Figure 3.  Building target location (a) H/V ratio for whole Padang city, (b) Vs30 for whole Padang city [10] 

Figure 4.  Comparison of the existing standard spectrum response with the 2009 earthquake [2] 
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2. Methodology of Research 
To determine the performance of a building, it must 

include a non-structural part. The selected building will be 
assessed for the first screening by following the procedure 
of the standard for Seismic Evaluation of Existing 
Reinforced Concrete Building, 2001 [23] (Fig 5). Some 
aspects need to be considered in this study, such as; 
a. The details that we need to focus on in the first level 

screening which include floor plan, aspect ratio, 
regularity, expansion joint, narrow part, well-styled 
hall, size, and location. 

b. Items related to section plan of the basement, 
uniformity of the height, the existence of pilots. 

 

Figure 5.  The assessment and calculation procedures 

2.1. Seismic Index (IS) 

The seismic index is an index representing the seismic 
performance of structures based on their strength and 
ductility [16]. This research applied a standard for seismic 
evaluation of existing reinforced Concrete Building, 2001 
from the Japan Building Disaster Prevention Association. 
The seismic index is calculated based on Eq. 1 for each 
story, and in each principal horizontal direction of the 
building. 

𝐼𝑆 = 𝐸𝑂 × 𝑆𝐷 × 𝑇             (1) 

Where IS is the Basic seismic index of a building 
representing the seismic performance of a structure, EO 
represents the basic seismic performance of a building by 
assuming other sub-indices as unity, it is calculated for 
each story and each direction based on ultimate strength, 
failure mode and ductility, and SD is the Irregularity index 

that modifies the basic seismic index of the structure in 
stiffness distribution and irregularities in the structure plan, 
and each elevation of a building. T is the time index that 
modifies the basic seismic of the structure. It is significant 
since we also consider that the building is ageing. 

Basic seismic index IS and structure 𝐸𝑂 shall be taken 
as the larger values from equations (2) and (3), equation 3 
is only in case the story consists of extremely short 
columns. 

 𝐸𝑂 = 𝑛+1
𝑛+1

(𝐶𝑊 + 𝛼𝐶𝐶)𝐹𝑊           (2) 

𝐸𝑂 = 𝑛+1
𝑛+1

(𝐶𝑠𝑐 + 𝛼2𝐶𝑤 + 𝛼3𝐶𝐶)𝐹𝑠𝑐          (3) 

Where n is the number of the story of a building, CW is 
the strength index of the wall, CC is the strength index of 
the column, α is the effective strength factor, and FW is the 
ductility index of the wall (ductility index of the column 
in case nearly equal to 0, which may be taken as 1.0, in 
table 1). 

𝐶𝑤 =
𝜎𝑤1.  𝐴𝑤1+  𝜎𝑤2.  𝐴𝑤2+𝜎𝑤3.  𝐴𝑤3

∑𝑊
 x 𝛽𝑐      (4) 

𝐶𝐶 = 𝜏𝐶 𝑥  𝐴𝐶
∑𝑊

 x 𝛽 𝑐           (5) 

    𝐶𝑆𝐶 = 𝜏𝑆𝐶×𝐴𝑆𝐶
∑𝑊

 x 𝛽 𝑐            (6) 
  

   𝛽 𝑐 
=   𝐹𝑐

20
 ≤ 20            (7) 

 𝛽 𝑐 = √  𝐹𝑐
20

 ≤ 20           (8) 

Where the 𝐶𝑤is strength index of the walls, 𝐶𝐶 is the 
strength index of the columns (equation 5), 𝐶𝑠𝑐 is the 
strength index of extremely short columns (equation 6), 
𝛼1 is the effective strength factor of the column at the 
ultimate deformation of the wall, which may be taken as 
0.7. The value should be 1.0 in the case of 𝐶𝑤= 0. 𝛼2 is 
the effective strength factor of the walls at the ultimate 
deformation of extremely short columns, which may be 
taken as 0.7, 𝛼3  is the effective strength factor of the 
walls at the ultimate deformation of extremely short 
columns, which may be taken as 0.5, 𝐹𝑊 is the ductility 
index of the walls (ductility index of columns in case 𝐶𝑤 
is nearly equal to 0) which may be taken as 1.0, 𝐹𝑠𝑐  is 
the ductility index of extremely short columns, which may 
be taken as 0.8. TC is the average shear stress at the 
ultimate state of columns, which may be taken as 1 
N/mm2 or 0.7N/mm2, AC

 is the total cross-sectional area, 
W is the weight supported by the story, 𝛽 𝑐 is the specified 
design concrete strength in case without special inspection 
but should not exceed 20N/mm2 ratio and 𝐹𝑐  is the 
obtained compression strength of the concrete from the 
result of the rebound hammer test. 

The ductility-dominant basic seismic index of structure 
for vertical members will be classified by their ductility. 
The classification is by dividing F into three or less and 
defining them as the first, second, and third groups as 
mentioned in table 1. 
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Table 1.  Ductility index for 1st screening [24] 

Vertical member Ductility index F 

Column (ℎ𝑜
𝐷

> 2) 1.0 

Extremely short column 

(ℎ𝑜
𝐷
≤ 2) 0.8 

Wall 1.0 

Where the ℎ0 is column clear height and 𝐷 is column 
depth. 

The groups are in order of the smallest to the highest of 
the indicated ductility value. The 𝐹 index is one for the 
first group, and it reduces for the second and the third 
group. Then the ductility index corresponding to the 
ultimate deformation of each story is presented in the 
equation. 

   𝑆𝐷1 = 𝑞1𝑎x 𝑞1𝑏x … … x 𝑞1𝑗          (8) 

Where 

𝑞1𝑖 = �1 − (1 − 𝐺𝑖)x𝑅1𝑗�… … 𝑖 = 𝑎, 𝑏, 𝑐, 𝑑, 𝑒, 𝑓, 𝑖, 𝑗     (9) 

  𝑞1𝑖 = �1.2 − (1 − 𝐺𝑖)x 𝑅1𝑗]�… … … … 𝑖 = ℎ     (10) 

𝑞1𝑖 is geometric product of degree of incidence, 𝐺𝑖 is 
the grade index, 𝑅1𝑗 is the range adjustment factor for 
the screening level and a to j are objects of the application. 

The time index 𝑇 evaluates the effects of the structural 
defects such as cracking, deflection, aging, and the like, 
on the seismic performance of a structure [21]. 

2.2. Seismic Demand Index (ISO) 

Seismic demand (ISO) is the standard level of the 
seismic index required for a building to be safe during an 
earthquake when it happens on the site of the building. In 
equation 8, ES is the basic seismic demand index of the 
structure, standard value of which shall be selected as 
follows regardless of the direction of the building. The 
selected standard values are 0.8 for the first level 
screening. Z is the zone index which depends on the 
seismic activities in the expected site or region. G is a 
ground index, namely the modification factor accounting 
for the effects of the amplification of the surface soil, 
geological conditions, and soil-and-structure interaction 
on the expected earthquake motions. U is the usage index 
of the building. The seismic performance of a structure 

shall be estimated by comparing the seismic index of 
structure (IS) and the seismic demand index (ISO). If the 
building’s performance is satisfactory, the building is 
considered “safe” to endure earthquakes. Otherwise, the 
building’s performance is uncertain towards seismic 
safety. 

  𝐼𝑆 ≥ 𝐼𝑆𝑂                  (11) 

𝐼𝑆0 = 𝐸𝑠 x  𝑍 x  𝐺 x 𝑈          (12) 

                  𝐶𝑇𝑈 x 𝑆𝐷  >  𝐸𝑠 x  𝑍 x  𝐺 x 𝑈       (13) 

𝐸𝑂 x 𝑆𝐷 x 𝑇 >  𝐸𝑠 x  𝑍 x  𝐺 x 𝑈      (14) 

Where CTU is the cumulative strength index at the 
ultimate deformation of structure or accumulated for the 
members in a story concerning the drift angle (ductility 
index). It accounts for the compatibility of the members 
and is modified by the story-shear modification factor. 
The zone index Z, the ground index G, and using index U 
are assumed as 1, and SD is assumed as 1.0 for each story 
in this calculation. 

3. Seismic Assessment Result 
Based on the seismic performance evolution procedures 

to building and figure 6 shows the building properties 
(column size 40 x 40 cm to whole column in this building), 
the results show that there are some differences in the 
seismic index of each story of the building. The seismic 
index evaluation of building A for both directions reveals 
that the X direction is smaller than the seismic demand 
(0.8). The obtained seismic demand (0.8) was calculated 
from equation 12. The seismic index evaluation for the 
first and second floors of the building is unsatisfactory, 
and the result is satisfactory for the third floor (Fig. 7 (a)) 
and table 2. The reasons why both the first and second 
floors are inadequate is the large column spacing. For the 
Y direction, the seismic index is larger than the seismic 
demand (satisfactory for each story). The seismic index 
evaluation of building A for both directions reveals that 
the X is smaller than the seismic demand (0.8). Hence, to 
improve the current seismic performance, the ductility 
needs to be upgraded by re-sizing the column size for the 
whole column at 1 story from 40 x 40 cm to 50 x 60 cm. 
The current seismic index is greater than 0.8 (Fig. 7b) and 
table 3. 
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(a) 

 
(b) 

Figure 6.  Building properties (a) 3D front view, (b) site plan  

  
(a)                                             (b) 

Figure 7.  Seismic index vs seismic demand, (a) Seismic index building (b) Seismic index after retro-fitting 
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Table 2.  The seismic evaluation result 

Direction Story Is Iso 
Evaluation 

Is>=Iso  Judgment 

Y 

3 1.5 0.8 safe  satisfactory 

2 0.9 0.8 safe  satisfactory 

1 0.8 0.8 safe  Satisfactory 

X 

3 0.67 0.8 uncertain  Unsatisfactory 

2 0.4 0.8 uncertain  Unsatisfactory 

1 0.3 0.8 uncertain  unsatisfactory 

Table 3.  The seismic evaluation result after resizing the column size 

Direction Story Is Iso 
Evaluation 

Is>=Iso  Judgment 

Y 

3 1.9 0.8 safe  satisfactory 

2 1.15 0.8 safe  satisfactory 

1 0.96 0.8 safe  satisfactory 

X 

3 1.8 0.8 safe  satisfactory 

2 1.1 0.8 safe  satisfactory 

1 0.9 0.8 safe  satisfactory 

4. Discussion 
The vulnerability assessment of public buildings in 

earthquake-prone in Spain is a priority [24]. We 
considered the seismic zone in the calculation to obtain 
the seismic demand (𝐼𝑠)  of 0.8 where it was adopted from 
the Japan region because the seismic region in Indonesia 
is similar to Japan [25,26]. The various seismic 
performance evolution methods have been conducted in 
some places in Indonesia [27,28]. In this research the 
assessment and seismic evolution procedure is the first 
screening, and the results show that there are some 
differences in the seismic index of each story of the 
building. The seismic index evaluation of building A for 
both directions reveals that the X is smaller than the 
seismic demand (0.8). The seismic index evaluation for 
the first and second floors of the building are 
unsatisfactory, but it is satisfactory for the third floor. We 
found the column-to-column distance is too large (8m). 
For demand performance for seismic retrofit, this research 
considers the RC jacketing method for improving the 
ductility and strength [29,30]. We propose to re-size the 
existing column size from 40 x 40cm to 50 x 60cm. We 
found the assessment on first screening was fast and easy 
during assessing, calculating and giving clear a 
preliminary judgment but not for getting the ductility and 
strength values. The first screening is suitable for a 
preliminary judgement and for the next, second and third 
screenings are necessary. 

5. Conclusions 
Building A is not satisfactory as a future vertical 

evacuation shelter because the building’s seismic index is 
smaller than seismic demand (0.8). The building needs 
improvement to enhance the seismic performance. There 
are several methods to increase seismic performance: 
upgrading the strength and ductility, reducing the seismic 
force, and strengthening the foundation. This research 
aims to improve the seismic performance by upgrading 
the ductility by RC jacketing. By re-sizing the column to 
50 x 60 cm, the seismic index of each story of the building 
reaches the satisfactory index since the seismic index is 
greater than 0.8. 
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