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1. Introduction

The Bank Indonesia Representative Office of North Sumatra Province, which opened on July 30, 1907,
underwent enlargement and the construction of a permanent office structure in 1912. Based on this time, it is
clear that the building was built by the regulations in effect at the time. The laws governing building and non-
building planning have been revised in response to earthquake disasters throughout the year. Therefore, the
Bank Indonesia Office Building must be examined using the existing regulations.

The Strong Column-Weak Beam (SCWB) concept is an essential design principle for buildings that are
resistant to earthquakes. This principle states that beams should undergo plastic deformation before columns
to make a more ductile reaction. This is critical for preventing catastrophic building collapses during seismic
occurrences [1] [2] [3].

A special Moment Resisting Frame System (SRPMK) is a type of structure designed to resist earthquake forces
by providing high deformation capacity and efficient energy dissipation. In the design of earthquake-resistant
buildings, the principle of Strong Column-Weak Beam (SCWB) plays an important role in ensuring that
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damage occurs in the beam and not in the column, thus avoiding total collapse of the building. SCWB refers
to the strength ratio between columns and beams, where columns must have a greater capacity than beams to
resist earthquake forces and minimize the risk of structural collapse [4], [5], [6], [7].

The risk of structure collapse rises when the SCWB ratio is not reached, particularly in regions that are prone
to earthquakes. Too-low variations in the SCWB ratio can lead to overstressed columns, which raises the risk
of structural collapse from lateral pressures during an earthquake. Significant horizontal displacement (inter-
story drift) and higher base shear force are two signs of an improper SCWB ratio, which can result in overall
structural collapse [8][9][10][11][12].

In addition, evaluation of building performance based on collapse probability is conducted using standards
such as ATC-40 and FEMA 356, which classify building damage levels into several categories, including
Immediate Occupancy (10) and Collapse Prevention (CP). Buildings with lower SCWB ratios tend to perform
worse, where the probability of collapse increases as the lateral force due to the earthquake increases [13][14].

Given the age of the Bank Indonesia Medan building, it is required to examine its current structural state using
updated seismic codes, notably SNI 1726:2019, SNI 2847:2019, and SNI 1727:2020, which are by global
standards such as ACI 318.14 [15][16][17]. The inspection will establish whether the building's SCWB ratio,
inter-story drift, and foundation shear comply with earthquake resistance standards.

This study will investigate the current structure's Strong Column-Weak Beam (SCWB) ratio, inter-story drift,
and seismic base shear. These aspects will be evaluated using the most contemporary Indonesian seismic
design guidelines, which incorporate international seismic performance advancements.

2. Method

The methodology utilized in this study is a systematic approach to assessing the seismic performance of the
Bank Indonesia Medan building, with an emphasis on the Strong Column-Weak Beam (SCWB) ratio and its
effect on the building's collapse likelihood. This section discusses the fundamentals of structural modeling,
seismic load analysis, and the methodologies for assessing building performance under various earthquake
scenarios.

2.1 Structural modeling

This study will take place in the 10-story Bank Indonesia Medan office, which was built using reinforced
concrete. To withstand lateral seismic stresses, the structural system incorporates Special Moment-Resisting
Frames (SRPMK) and Special Shear Walls (SDSK). The key design parameters are: Concrete Strength: K-225
kg/cmz2; Reinforcement Steel Strength: U32; Seismic Design Coefficients: R=7, Cd=5.5, Q0=2.5.

To simulate the building's response to seismic loading, structural modeling was performed using finite element
analysis software. The analysis took into consideration the building's material qualities, shape, and site
conditions. Fig. 1 (3D image) depicts the building's layout and structural features such as beams and columns.
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Figure 1 3D view of the building structure

2.2 Seismic Load Analysis

The seismic loads were computed according to SNI 1726:2019 standards, which comprised both response
spectrum analysis (RSA) and linear time history analysis (LTHA). The ground motion used is Niigata (Mw.
6.63), Tohoku (Mw. 9.12), and Miyagi (Mw.7.15).

The response spectra were estimated based on SNI recommendations, and the building's seismic performance
was assessed for inter-story drifts, base shear, and displacement. The elastic response spectrum (ERS) approach
was used to record the building's response to seismic stresses in both the X and Y directions, as shown in Fig.
2 and 3.
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Figures 2 Spectra (ERS) of ground motion in X direction
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Figures 3 Spectra (ERS) of ground motion in Y direction
2.3 SCWB Evaluation

The primary objective was to determine the SCWB ratio across different structural components. The SCWB
ratio varied between 1.2 and 4.25, and its effect on the building's overall seismic performance was analyzed.
Modifications to overstressed elements, particularly beams and columns, were implemented based on the
analysis. Fig. 4 shows overstressed beams and columns that required modification.

Figures 4 Beam-column elements are overstressed

In addition to analyzing the structural elements, the building was evaluated for torsional irregularities, vertical
irregularities (mass), and P-Delta effects under seismic load.

3. Results and Analysis

The analysis evaluates the seismic performance of the existing reinforced concrete structure at Bank Indonesia
Medan by examining the strong column-weak beam (SCWB) ratio, inter-story drift, and seismic shear forces.
The study incorporates linear response spectrum and time-history analyses using ground motion records from
Niigata, Tohoku, and Miyagi earthquakes. The results are discussed based on these parameters.
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3.1 Seismic Shear Forces

Both the response spectrum and the linear time history technique were used to calculate seismic shear forces.
As shown in Table 1, seismic base shear forces in both the X and Y directions were evaluated, and scaling
factors were used as needed to meet SNI 1726:2019 standards. The maximum base shear force measured was
6950.42 kN for the response spectrum in the X direction. The minimum was 1699.31 kN for the Niigata
earthquake's time-history analysis in the Y direction (see Fig. 5). These values describe the structural response
to various ground motion profiles.

3.2 Inter-storey Drift

The drift limitations given in SNI 1726:2019 checked the inter-story drift values to ensure that they did not
exceed acceptable thresholds. During the Niigata earthquake, the biggest inter-story drift was reported, with
values ranging from 88.20 mm to 118.70 mm for various floors of the structure. In contrast, for the city of
Medan's response spectrum, the largest drift measured was 44.24 mm, which is still within acceptable limits
for immediate occupancy (10) performance standards (see Figs. 6 and 7).

Table 1 Seismic base shear

Description X direction Y direction
Cs 0,0715 0,0715
W (kN) 177176 177176
Vsaic (KN) ~ 12671,08  12671,08
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Figures 5 Base shear force
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Figures 6 X direction inter-level deviation check

Figures 7 Y direction inter-level deviation check

3.3 Displacement

The combined displacement data for the X and Y axis show the largest displacement during the Niigata
earthquake. The maximum displacement in the X direction was 99.44 mm. In the Y direction, it was 136.05
mm, indicating that the structure experiences significant lateral deformation during seismic activity (see Figs.
8 and 9). Despite these displacements, the structure remained structurally sound, demonstrating that the overall
design was suitable for seismic loads.
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Figures 9 Comparison of joint displacement in Y direction

3.4 P-Delta Effects

The P-Delta effect, which accounts for higher moment demands due to lateral displacements, was also studied.
According to SNI 1726:2019, the stability coefficient (8) was found to be within authorized limits (6 < 0.1),
indicating that P-Delta influences did not negatively affect the building's structural stability (see Figs. 10 and

11).
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Figures 11 Y-direction P-A effect check

3.5 SCWB Ratio and Structural Performance

The SCWB ratio examination discovered that the ratio ranged from 1.2 to 4.25, with some beam-column joints
experiencing overstress due to the columns' inadequate strength. This uneven SCWB ratio caused structural
issues, particularly in lateral load resistance. To achieve the optimal SCWB ratio and ensure structural
compliance with seismic design standards, column size, and material properties should be adjusted.

The building's overall seismic performance was evaluated using the ATC-40 Immediate Occupancy (I0O)
standards. Despite the large displacements and inter-story drifts, the structure meets the 10 performance level,
indicating that it can survive seismic shocks without collapsing completely. However, immediate structural
repairs are necessary to bring the building up to current seismic resilience standards.

3.6 Discussion

The results highlight that while the existing structure shows some non-compliance with current seismic codes
(SNI 1726:2019), particularly in terms of base shear forces and inter-story drift, it maintains immediate
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occupancy (10) performance during large seismic events. As recommended, modifications to the SCWB ratio
could improve the structural performance by ensuring that the column remains stronger than the beams during
plastic hinge formation, thus preventing collapse.

4. Conslussion

The evaluation of the Bank Indonesia Medan building, constructed using outdated seismic design codes,
revealed that it does not meet current earthquake resistance standards outlined in SNI 1726:2019 and SNI
2847:2019. The analysis focused on the Strong Column-Weak Beam (SCWB) ratio and its effect on the
building’s structural performance under seismic loading.

The results showed that the SCWB ratio, which varied between 1.2 and 4.25, significantly determined the
building’s collapse probability. Many beam-column joints experienced overstress due to insufficient column
strength, indicating the need for structural modification to improve the SCWB ratio and prevent premature
column failure during seismic events.

Key findings from the analysis of inter-story drift and displacement during ground motions, particularly the
Niigata, Tohoku, and Miyagi earthquakes, revealed significant lateral displacements and drifts that exceed
allowable limits, further underscoring the building’s vulnerability. Maximum base shear values recorded
during the response spectrum analysis confirmed that the building is subjected to high seismic forces.

Despite these structural deficiencies, the building’s performance level remains within the Immediate
Occupancy (10) category based on the ATC-40 guidelines, meaning the building is still safe but requires urgent
structural improvements to comply with modern seismic design standards. Implementing these modifications,
especially adjusting the SCWB ratio, will enhance the building’s seismic resilience and reduce the probability
of collapse in future earthquakes.
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