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1.0 INTRODUCTION

Southeast Asia is a region with very high seismic
activity, so it often experiences earthquakes that are
difficult to predict accurately and can cause
significant  infrastructure  damage and fatalities
[1.12].[3]. Globally, Indonesia ranks second in
Southeast Asia in disaster risk [4], particularly for
seismic hazards. This occurs due to its geographical
position at the convergence zone of the Eurasian,
Indo-Australion, and Pacific tectonic plates [5],[6],
which drives continuous tfectonic deformation
through subduction and active faulting. This
vulnerability is clearly illustrated by major earthquakes
recorded in Indonesia, such as the 2004 Aceh
earthquake [7], the 2006 Yogyakarta-Central Java
earthquake [8], the 2018 Palu earthquake [9], and
the 2018 Lombok earthquake[10].

Recent findings on tectonic plate convergence in
the southern region indicate that the city of
Surakarta, Central Java Province, has been classified
as a high-seismic-risk zone (red zone) in Central Java
[11],[12]. This condition is evidenced by a recent
magnitude 5.3 earthquake with an epicenter near
Surakarta, approximately 142 km away [13]. The high
seismic risk level in Surakarta is influenced not only by
regional earthquake sources but also by local soil
conditions that tend to amplify ground shaking. These
soil characteristics are similar to those found in the
Klaten area, which experienced the most severe
damage during the 2006 Yogyakarta earthquake
due to soil amplification effects [11]. Furthermore,
Surakarta is one of the most densely populated cities
in Central Java [14], thereby increasing the potential
for infrastructure damage, particularly fo buildings,
which may directly increase the risk of casualties and
significant social and economic losses.

Earthquakes can occur repeatedly due to the
accumulation of tectonic stress along active faults
that are constantly subjected to pressure from the
movement of the Earth's plaftes [15].[16],[17]. To
prepare for future earthquakes, appropriate
mitigation measures are needed to reduce the
negative impacts they may cause [18], [19], [20].

The Rapid Visual Screening (RVS) and Demand
Capacity Ratfio (DCR) methods are generally used
separately in assessing the vulnerability of buildings to
earthquakes. FEMA 154-based RVS is effective as a
fast, economical, visually based initial screening
stage, but it cannot quantitatively represent
structural performance [21] In contrast, the DCR
method can technically evaluate the resilience of
stfructures by comparing earthquake forces with
structural element capacities [22], butf, according to
FEMA 310, its application requires an initial screening
process [23].

This study proposes an integrated Rapid Visual
Screening (RVS) and Demand Capacity Ratio (DCR)
framework that advances seismic  vulnerability
assessment beyond stand-alone visual classification.
In this approach, RVS functions as an initial filter to

identify buildings requiring further evaluation, which is
then validated through structural capacity analysis
using DCR. Compared to probabilistic methods such
as fragility functions that rely on extensive empirical
data and complex modeling, the integrated RVS-
DCR approach offers a more practical and efficient
alternative  for assessing existing  buildings in
earthquake-prone areas with limited data and
inspection fime. By combining rapid screening with
targeted quantitative verification, this framework
improves the reliability of vulnerability classification
and provides a rational basis for prioritizing mitigation
strategies and supporting informed decision-making
in seismic risk management [24],[25].

2.0 METHODOLOGY
2.1 Research Approach

This study employs a quantitative approach to
objectively measure and analyze the seismic
vulnerability of buildings. Numerical data and
technical parameters are collected using Rapid
Visual Screening (RVS) and Demand Capacity Ratio
(DCR) methods, which generate scores and ratfios for
statistical analysis. The study also evaluates structural
performance in accordance with SNI 1726:2019,
using calculations and mathematical modelling to
assess structures’ capacity to resist seismic loads.

2.2 Population and sample

This research focuses on low- to medium-rise buildings
in the city of Surakarta. Five buildings were selected
as research samples; their selection was based on
their function as public buildings that provide public
services. This selection is based on the consideration
that earthquake damage to the building can
significantly affect the social, economic, and
sustainable aspects of city activities. Building data is
collected directly from relevant government
agencies. The selected buildings include a public
parking building, a public office building, a traditional
market building, a public health building, and an
SMEs (small and medium enterprises) industrial
building.

2.3 Tools

This study used the FEMA 154 vulnerability assessment
form for Rapid Visual Screening (RVS) analysis and
FEMA 356 for Demand Capacity Ratio (DCR) analysis.
Structural element analysis was conducted using
SAP2000 version 22 software, with all calculations
based on SNI 1726:2019, the latest regulation for
earthquake-resistant buildings in Indonesia.
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2.4 Assessment of existing building vulnerability
using Rapid Visual Screening (RVS)

Assessing building vulnerability with the Rapid Visual
Screening (RVS) method requires following FEMA 154
guidelines. Key procedures for identifying vulnerability
using RVS are outlined below [26].

Field observation is conducted fto ensure the
completeness of existing data on the buildings in the
study, specifically those that are already standing
and still in operation.

The determination of seismicity zones at the
research location was conducted as a reference for
selecting the RVS form. In this study, the
determination of seismicity zones at the site utilized
https://rsa.ciptakarya.pu.go.id/, ensuring that the
identified seismicity zones align with the actual
seismic conditfions.

The selection of RVS forms involves this process to
ensure that the forms used are appropriate for the
seismic conditions at the research site, thereby
mcaking the building vulnerability results more
accurate and representative.

The field survey and completion of the RVS form
involved direct inspection of the selected buildings,
followed by completing the form to obtain the basic
and modifier score values. The basic score was
determined by identifying the building type and
structural system, while the modifier score was
obtained by evaluating vertical and plan
irregularities, construction year, and local soil type
[27].[28]. These parameters directly impact the
seismic vulnerability assessment, as each influences
the scores recorded in the RVS form, helping to
accurately identify building vulnerabilities [29].

The final RVS score is calculated once all forms
have been completed. This score is the primary
indicator of a building’s vulnerability to earthquakes
and is calculated using the formula in Equation (1)
[26].

Final Score = Basic Score + Modifiers Score (1)

A final score greater than 2 indicates that the
building is safe, and no further assessment is needed.
If the score is 2 or less, the building is classified as high
risk and requires addifional structural evaluation
analysis [26].

After obtaining the final score, the next step is to
calculate the probability building collapse. This
calculation estimates the probability of collapse
during a major earthquake, based on the final score
derived from the previous assessment. The probability
of building collapse is determined using Equation (2)
[26].

1
Probability Building Collapse = 7 (2)

Where S is the final score from the vulnerability
assessment using the rapid visual screening method.

Further details regarding the working procedure of
the RVS method are illustrated in Figure 1:
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Figure 1 Procedure of The RVS Method

2.5 Inspection of vulnerable buildings using the
demand capacity ratio (DCR)

The Demand Capacity Rafio (DCR) methodology is
employed to quantify the necessary structural
capacity and to identify structural elements that may
be susceptible to failure. The DCR is determined using
Equation (3) [30],[31].

Qup

DCR Oon (3)
If all DCR values calculated for a structural element
are less than or equal to 1, then the element is
anticipated to respond elastically to the seismic
vibrations under analysis. Conversely, if the
calculated DCR exceeds 1, the component s
deemed to respond inelastically, suggesting the
potential for permanent damage during an
earthquake [32]. Table 1 explains the values of the
demand capacity ratio and their safety levels
[23],[33],[34].

Table 1 Demand Capacity Ratio Value [34]
Demand capacity ratio

(DCR) Safety Level
© Cover design
>0s/d 0.5 Safe
0.5s/d 0.7 Safe
0.7 s/d 0.9 Safe
0.95/d 1.0 Fairly safe
>1.0 Over strength

To conduct further analysis using the demand
capacity rafio method, the following steps are
necessary.

Determining standards for evaluating the capacity
of building structural elements ensures that the
analysis is performed correctly and accurately.
Establishing proper standards is crucial to ensure that
all structural elements are thoroughly assessed and in
line with applicable safety criteria [35].
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Modelling existing buildings in SAP2000 requires
carefully  considering all  established  design
parameters and technical specifications to ensure
the modelling results accurately reflect the building's
actual conditions.

Loading and load combinations in SAP2000 are
used af this stage to evaluate the structure’s
performance according to established standards
[35].

The assessment of inter-story drift aims to identify
the most vulnerable element of the structure in the
event of a future seismic event. The inter-story drift
observed within a building can be quantified
employing the formula presented in Equation (4) [36].

This equation is used to determine the inter-story
drift design value (8,) by multiplying the deflection
amplification factor (€,;) with the elastic deflection
(64e) followed by normalization using the importance
factor (I.). The resulting inter-story drift represents the
estimated actual structural deformation, taking into
account the building importance level and the
structural response under seismic loading.

Cy0
ax — dl xe (4)

After the inter-story drift results are obtained, those
results are then compared with the allowable drift
limits for each story using the calculation formula in
Equation (5) [36].

This equation specifies that the maximum
allowable inter-story drift (A,) is limited fo 0.020 of the
story height (h,). This limit is adopted to ensure that
the structure does not experience excessive damage
under seismic loading. The specified value also serves
as an acceptance criterion to evaluate whether the
previously calculated design drift remains within
permissible safety limits.

Ay= 0,020 . h, (5)

If the analysis indicates that the permitted inter-story
drift is less than the observed drift on one or more
stories, that story should be considered critical. Such
stories fail to meet the required inter-story drift
standards and could be at risk of damage or
collapse in a future earthquake [37].

Determining the value Qu» of each structural
element produces internal forces on the structural
elements based on the analysis output of the
building, using the SAP2000 software.

The calculation of Qcr for each structural element
requires determining its load-bearing capacity, which
must be based on the specific structure used. If the
building being reviewed is a reinforced concrete
structure, the value of Qez can be determined and
calculated based on SNI 2847:2019, which outlines
the structural concrete requirements for building
structures [38]. Meanwhile, if the building under
review is a steel structure, the Qcz value can be

determined and calculated based on SNI 1729:2020,
which outlines the requirements for structural steel
buildings [39].

DCR Value Calculation, at this stage, calculations
will be performed by comparing the values Qup and
Qce of each element using the formula in equation
(3). Further details regarding the working procedure
of the DCR method are illustrated in Figure 2:
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Figure 2 Procedure Of The DCR Method

2.6 Analysis of factors causing the vulnerability of
existing buildings to earthquakes

A comprehensive analysis was performed to identify
the factors contributing to the vulnerability of these
buildings, using data from rapid visual screening and
demand capacity ratio methods. After evaluating
structural vulnerability with both approaches, the
main factors identified from each method were
compared to determine which were most influential
in causing interconnected vulnerabilities.

To facilitate a clearer understanding of each stage
of the research process, the research flowchart is
presented in Figure 3.

Observe and collect technical data
(DED and survey zone)

Decide research
location and subject

No
RVS Method

Is it safe? (Final score > 2)

Use DCR method
for further evaluation

Analyze Yes

vulnerability factors
Conclution

Figure 3 Research Flowchart
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3.0 RESULTS AND DISCUSSION

3.1 Resulis of assessment using the rapid visual
screening (RVS) method

Before conducting a building vulnerability assessment
with the RVS method, first determine the seismic zone
for each building at the research site.

The seismic zone is determined by identifying the
short-period spectral acceleration (Ss) and the long-
period spectral acceleration ($:) at the study site
using the seismic design web-based application
developed by the Ministry of Public Works and
Housing (https://rsa.ciptakarya.pu.go.id/. Table 2
shows details on how seismic zones are identified
[26].

Based on the analysis conducted on the seismicity
zone of the building location, it was determined that
each building studied was situated in a Moderately
High seismicity zone; therefore, the FEMA 154 form
that must be utilized is the Moderately High form [26].

Table 2 Seismicity Zone of the Research Location

Building Ss $i Seismicity zone
Eﬂﬁg%gcmng 0814 0395  Moderately High
Ezﬁg%;fﬁce 0.817 0.397 Moderately High
I;%fl'(l?%‘ﬂ” ging 0817 0397  Moderately High
E‘:ﬁg;geo'm 0798 038  Moderately High
E)I\Lj\illf;ilnn;us’rriol 0.808 0.391 Moderately High

In FEMA 154, the basic score is determined by the
building system and structure type, using technical
data specific to each building [26]. Table 3 shows the
basic scores for all the buildings examined.

Table 3 Building Basic Score

Building Structure Type Basic Score
Eiﬁ'd{;gork'”g 51 2.3
EE;%'; ;’ff'ce c 1.7
gg%fifgol market cl 17
punic bt 2
fgI\Lj‘iFéi:?SUSTHm S 23

According fo FEMA 154, the modifier score is closely
related to the characteristics or parameters of
building performance. If the building’s characteristics
improve performance, the modifier score is positive; if
they decrease performance, it is negative [26].
Building performance parameters based on FEMA
154 include vertical irregularity, Plan Irregularity, year
of construction, and the type of land on which the

building was erected. Table 4 shows details of the
modification score based on the building's
performance parameters.

Table 4 Building Modifier Score

Building Building performance Modifier
parameters Score
Public parking Weak and/or soft story -1.1
building Post-benchmark 1.4
Soil type (E) -0.7
Public office Weak and/or soft story -1.0
building Post-benchmark 1.9
Traditional Sloping site -0.6
market Short column -1.0
building Non-parallel system -0.7
Post-benchmark 1.9
Public Health Sloping site -0.6
Building Split level -0.6
Torsional -0.7
Post-benchmark 1.9
Soil type (E) -0.2
SMEs Industrial Sloping site -0.7
building Split level -0.7
Reentrant corner -0.9
Post-benchmark 1.4

The final step in the RVS building vulnerability
assessment involves determining the Final Score and
the likelihood of the building collapsing. The Final
Score is calculated using the FEMA 154 Rapid Visual
Screening form and Equation (1), which is by adding
the basic score with the modifier score that has been
identified first, while Equation (2) is used to estimate
the possibility of collapse that may occur in the event
of a maximum earthquake so that later it can be
known which buildings can be prioritized first for
mitigation and further evaluation [26]. Table 5 and
Figure 4 show the Final Score result, while Figure 5
shows the probability of collapse.

Table 5 Building Final Score

Building Basic Modifier Final
Score Score Score

Public parking 2.3 -1.1 1.9
building 1.4

-0.7
Public office 1.7 -1.0 2.6
building 1.9
Traditional 1.7 -0.6 1.3
market building -1.0

-0.7

1.9
Public health 1.7 -0.6 1.5
building -0.6

-0.7

1.9

-0.2
SMEs Industrial 2.3 -0.7 1.4
building. -0.7

-0.9

1.4
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Final Score (s)
Vulnerable Not Vulnerable
SMEs Industrial Building 1.4 |
|
Public Health Building 1.5 |
Traditional Market Building 1.3 |
Public Office Building 2.6 I
I
Public Parking Building 1.9 I
0 0.5 1 1.5 b] 25
Figure 4 RVS Final Score
Probability Building Collaps
1'28.25
3.98 /
5.01
3.16
Public Parking Building = Public Office Building
Traditional Market Building Public Health Building
SMEs Industrial Building
Figure 5 RVS Probability Value
The analysis indicates that Traditional Market

buildings are most susceptible to earthquakes, as
evidenced by the RVS methodology. Figure 5
demonstrates that these structures exhibit higher
probability values compared to others. Nevertheless,
since the final scores of several buildings are 2 or
fewer, those buildings with such scores necessitate
additional evaluation employing the DCR method.

Demand

3.2 Structural Evaluation Based on

Capacity Ratio (DCR)

To progress to the next phase of evaluation
employing the DCR method, comprehensive
technical data are indispensable. Accordingly, in this
study, the advanced assessment was solely
conducted on the public parking building, the
fraditional market building, and the public health
building. For the SMEs industrial building, the
technical data obtained remains insufficient to
support further analysis using the DCR method [40].
The technical data for each building modeled in the
follow-up evaluation using the DCR method are
presented in Tables 6, 7, and 8.

Table é Technical Data of Public Parking Building

Structural Material Dimensions Grade
Elements (mm) (MPa)
Beam (B1) Wide 500x200x 10x  f, =240, f,

Flange 16 =400

Structural Material Dimensions Grade
Elements (mm) (MPa)
steel
Beam (B2) Wide 400x200x8x  f, =240, f,
Flange 13 = 400
steel
Beam (B3) Wide 300x150x6.5  f, =240, f,
Flange X9 =400
steel
Beam (B4) Wide 250x125x6x  f, =240, f,
Flange 9 =400
steel
Column Steel HB 350x350x12x  f, =240, f,
(K1) 19 = 400
Column Steel HB 250x250x9x  f, =240, f,
(K2) 14 = 400
Column Reinforced 300 x 400 K300
(KPT) concrete
Column Reinforced
(KP2) concrete 500 x 500 K300
Sloof (SL1)  Reinforced 250 x 500 K300
concrete
Sloof (SL2)  Reinforced 200 x 300 K300
concrete
Slab Reinforced i ness 120 K300
concrete

Table 7 Technical Data of Traditional Market Building

Structural Material Dimensions Grade
Elements (mm) (MPa)
Beam (81) tonforeed 356, 400 =264

concrete
Beam (82) onforced 350, 400 fl.o=264
concrete
Beam (83) Renforced 5405 600 fl.o=264
concrete ¢
Beam Reinforced ;
(BAT) concrete 250 %500 fle=264
Beam (BK) "onforced 354, 500 . =264
concrete
Column Reinforced ;o
(K1) concrete 500 x 500 fle=264
Column Reinforced ;o
(K2) concrete 400 x 400 fl.=264
Beam (RB1) ReMforced 555, 400 =264
concrete
Beam (RB2) ReMforced 355, 400 =264
concrete ¢
Beam Reinforced ;o
(RBAT) concrete 250 x 400 fle=264
Slab (P1)  ReNfOrced  qikness 100 £, = 26,4
concrete
slab (p2)  ReNforced  piness 200 f7L =264
concrete ¢
Slab (p3)  RENfOrCed  pivnessi20 fY = 26,4
concrete

Table 8 Technical Data of Public Health Building

Structural Material Dimensions Grade
Elements (mm) (MPa)
Beam (B1)  R&NfOrced 3094 400 fl.=25
concrete

Beam (82)  "SNforeed o504 300 =25
concrete

Beam (BK)  Reinforced 300 x 400 fl.=25
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Structural Material Dimensions Grade
Elements (mm) (MPa)
concrete
Beam (RB1)  ReMOreed 550 400 fl.=25
concrete
Beam (RB2)  REMOrCed 500 x 300 flo=25
concrete
Column(k) Reinforeed 5004 500 flo=25
concrete
Column Reinforced ’
(K2) concrete 300 x 500 fle=25
Column Reinforced .
(K3) concrete 300 %300 fle=25
Sl Renforeed qpiciness 120 =25
concrete

This study focuses on the structural modeling of the
building's main components, which support and
distribute the primary loads. Figures 6, 7, and 8
illustrate the remodeling of the existing building

structures.

Figure 8 Structural Modelling of Public Health Building

Loads on the existing building are determined in
accordance with SNI' 1727:2020 regulatfions [41],
which supersede the previous 2013 version. The
updated rules are designed to ensure safety,
durability, and alignment with current knowledge
and technology. This study examines gravitational
loads (including live, dead, and additional dead
loads) and seismic loads. Wind, rain, and flood loads
are excluded, as they generally have minimal impact
on the main structure.

Following the loading of the building, a structural
analysis is conducted by assessing the inter-story drift.
The goal of evaluating inter-story drift is fo determine
which areas of the structure are most susceptible to
future earthquakes. The formulas shown in Equations
(4) and (5) can be used to determine the inter-story
drift in a building [28],[36].

Inter-Story Drift
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70 58.1005

28 5 - . 521
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40 31.4694 foade

30 248525 &x (mm)
20 11.637] P

0 87997 9.2195 5 Aa (mm)

0

5 4 3 2 1 Base

Figure 9 Inter-story Drift of Public Parking Building

Inter-Story Drift
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62.7344

0 520241 ! 8y (mm)
4 51.4412
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4 3 2 1
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Figure 10 Inter-story Drift of Traditional Market Building

Inter-Stroy Drift
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70

& 551076 40

% 40.7137 45.1892 44 2899 Sy (mm)

0 &x (mm)

» 157179 Aa ()
9717 -

3 2 1 Base
Story

Figure 11 Inter-story Drift of Public Health Building

Following the calculation of inter-story drift values
shown in Figures 9, 10, and 11, the analysis focuses on
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the maximum inter-story drift at the identified
vulnerable story. If a vulnerable story is not explicitly
specified, the study considers the story with the
largest inter-story drift [42]. This method is supported
by the initial Rapid Visual Screening (RVS) results,
which identify structural irregularities within  the
building.

Once the maximum inter-story drift is identified,
determine the Qup value for each structural element
using SAP2000 software, which calculates Qup based
on internal forces from applied loads [32].

The Qup value is the maximum internal force acting
on the structure under the applied loading. The Qup
value is taken from the Ultimate value of each
internal force that occurs for each element of the
structure, which in this case is the value of Mu, Vu,
and Pu [42]. Tables 9 through 12 show the results for
each main structural element.

Table 9 Qu» Value of The Public Parking Building

SEI’::::::' Mu(kNm)  Vu (kN) Pu (kN)
Beam (B1) 3324519 169.917 53.6090
Beam (B2) 195.4436  141.0880 47.0047
Beam (B3) 1667025  126.8250 62.8790
Beam (B4) 0.7051 1.373 8.283
Column (K1) 609.6502  203.1580 46.1290
Column (K2) 107.424 74.5240 159.104

Table 10 Qu» Value of the Second-Story Traditional Market

Building

Sgl’:g:::' Mu(kNm)  Vu (kN) Pu (kN)
Beam (B1) 1684487 1795220 142.6700
Beam (B2) 74.8181 99.5730 106.7330
Beam (B3) 90.1139 67.3580 191.8870
Beam (BAI) 66.1947 56.3210 38.7590
Column (K1) 279.502 102.5390 0.0000
Column (K2)  145.9074 62.9560 265.3860

The inter-story driff analysis of the Public Health
Building, shown in Figure 11, indicates that the
maximum driff in the X and Y directions occurs on
different stories. Therefore, each story with the
maximum drift in either direction is evaluated
separately [43].

Table 11 @w Value of the Second-Story Public Health

Building
Structural
Element Mu (kNm) Vu (kN) Pu (kN)
Beam (B1) 101. 5710 84.2860 132.7140
Beam (B2) 29.1586 33.3860 12.2290

Beam (RB1) 68.6588 49.9190 89.2020

Structural

e Mu (kNm) Vu (kN) Pu (kN)
Beam (RB2) 24.2304 17.4840 16.9060
Beam (BK) 1.0844 31.3030 33.6350
Column (K1) 78.4843 30.6670 0.0000
Column (K2) 229.4370 75.0790 25.1740
Column (K3) 81.8672 36.8720 19.0380

Table 12 Qu» Value of the third-Story Public Health Building
Structural

Element Mu (kNm) Vu (kN) Pu (kN)
Beam (RB1) 68.1530 48.3590 41.0400
Beam (RB2) 24.6228 21.7960 23.0180
Beam (BK) 0.9704 41.9750 24.3170
Column (K1) 95.9901 39.0190 23.0180
Column (K2) 70.9794 27.7160 12.6260
Column (K3) 61.7097 25.5800 25.7890

Once the Qup values are determined for each
building element, calculate the Qg value for each
structural element. Use capacity analysis as specified
in SNI 1729:2020 for steel structures and SNI 2847:2019
for reinforced concrete structures [39],[38].

The Qcr value can be obtained by calculating the
load capacity of each structural element. The Qce
value is taken from the values Mn, Vn, and Pn, which
are the standard parameters for the upper limit of the
strength or capacity of a structural element in
resisting deep force [44]. The Qcr calculation results
are displayed in Tables 13 through 16.

Table 13 Qcz Value of The Public Parking Building

S;’:;*::ﬁ" Mn(kNm)  Vn (kN) Pn (kN)
Beam (B1) 458.40 720.00 2068.65
Beam (B2) 285.60 460.80 1529.46
Beam (B3) 115.44 846.32 846.32
Beam (B4) 7776 216.00 679.97
Column (K1) 552.00 604.80 3182.13
Column (K2) 208.00 324.00 1679.94

Table 14 Qcz Value of The Traditional Market Building

Shucturel  Mn(kNm)  Vn (kN) Pn (kN)
Beam (B1) 2410110 4966576 44923468
Beam (B2) 1452661 3123691 3145.9468
Beam (B3) 3827722 A96.6576  4794.4447
Beam (BA1) 2305808  386.6572  3368.3127
Column (K1) 677.2339 4812045  7422.5874
Column (K2) 3419857 3419799 47987916
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Table 15 Q@ Value of the Second-Story Public Health

Building
S;::ﬁ::fi" Mn(kNm)  Vn (kN) Pn (kN)
Beam (B1) 2087456 286.6427 32814875
Beam (B2) 33.4090 1350097 1421.7607
Beam (RB1) 158.6841 219.1876  3072.4911
Beam (RB2) 48.0447 134.1424  1497.3120
Beam (BK) 78.870 1 153.8624  2283.0200
Column (K1) 1341146 2855076  3500.9947
Column (K2) 1341146 2855076  3500.9947
Column (K2)  67.8025 1528676 2225.9947

Table 16 Qcz Value of The Third-Story Public Health Building

SE'I’:Cm'::' Mn(kNm)  Vn (kN) Pn (kN)
Beam (RB1) 158.6841  219.1876  3072.4911
Beam (RB2) 480447 1341424 1497.3120
Beam (BK) 78.8701 1538624  2283.0200
Column (K1) 1341146 2855076  3500.9947
Column (K2) 1341146 2855076  3500.9947
Column (K3)  67.8025 1528676 2025.9947

Once the Quw and Qe values are established,
calculate the Demand Capacity Ratio (DCR) for
each structural element using Equation (3) [32]. The
resulting DCR values are shown in Figures 12, 15, 16,
and 17.
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Figure 12 DCR Value of Public Parking Building

The Demand Capacity Ratio (DCR) analysis indicates
that beam B3 and column K1 in the Public Parking
Building, as illustrated in Figure 12, have DCR values
exceeding 1 for moment forces. This confirms that
their moment resistance is insufficient to resist the
applied forces, raising the risk of damage or failure
during seismic events. Figures 13 and 14 depict the
locations of beam B3 and column K1.
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Figure 14 Critical Structural Element Column K1

The structural analysis of the Public Parking Building,
using the Demand Capacity Ratio (DCR) method,
shows that most elements are within safe limits (DCR <
1). However, beam B3 and column K1 exceed the
allowed DCR for moment forces, indicating
insufficient capacity and a higher risk of earthquake
damage. Column K1 is especially critical because it
does not meet the strong column-weak beam
requirement specified in SNI 1726:2019.
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Figure 15 DCR Value of Traditional Market Building

Figure 15 shows that all the elements of the structure
reviewed have a DCR value < 1, this shows that the
structural elements have a greater capacity to
withstand loads than the internal forces acting on the
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structural elements, be it momentary, shear or axial
forces. So it can be concluded that the Traditional
Market building is in safe condition and meets the
requirements for structural performance against
earthquake loads. The building sfructure is estimated
tfo be able to functfion properly without suffering
significant damage in the event of an earthquake.
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Figure 16 DCR Value of Second-Story Public Health Building
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Figure 17 DCR Value of Third-Story Public Health Building

The DCR analysis for the second and third stories of
the Public Health Building, shown in Figures 16 and 17,
indicates that the third story is relatively safe, with all
structural elements having DCR values of < 1. On the
second story, however, columns K2 and K3 have
moment DCR values greater than 1, suggesting they
lack sufficient capacity to resist moment forces and
are at increased risk of damage or failure during an
earthquake. Since the strong column-weak beam
principle is not satisfied, these columns may fail
before the beams, significantly increasing the risk of
structural collapse. The locations of these columns
are shown in Figures 18 and 19.
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3.3 Main Contributing Factors to Building Seismic
Vulnerability

The determination of building vulnerability factors
involved identifying parameters that exert the
greatest influence on the assessment results of both
the Rapid Visual Screening (RVS) and Demand
Capacity Ratio (DCR) methods. Parameters that
reduce the RVS score and simultaneously produce
demand-to-capacity ratios exceeding the
acceptable safety threshold were interpreted as
confributing to increased structural vulnerability. The
relationship between the two methods was
evaluated by examining the consistency of
assessment frends, where parameters that lead to a
reduction in visual screening scores generally
correspond to a decrease in the structural capacity
to resist seismic loads.

Based on the results of Rapid Visual Screening
(RVS) and Demand Capacity Ratio (DCR) analyses of
low- to medium-rise buildings in Surakarta City, three
main factors are identified as conftributing fo the
buildings' vulnerability to earthquakes [26],[32].

The first factor is vertical structural iregularity. All
buildings identified as vulnerable by the RVS had
vertical irregularities; buildings with more than one
type of irregularity were more vulnerable. The resulfs
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of the DCR analysis also support this finding,
especially in the Public Parking Building and Public
Health Building, where some structural elements have
DCR values greater than 1. This condition indicates
that these elements lack sufficient capacity to
withstand loads, primarily due to seismic moments
[28].

The second factor is the type of soil the building is
built on. Buildings on soft soil generally have lower
final RVS scores than those on medium soil, indicating
a higher risk of vulnerability. This is supported by DCR
analysis, which shows DCR values exceeding 1 in the
structural elements of buildings on soft soil, such as
the Public Parking Building and the Public Health
Building. This condition suggests that soft soil greatly
increases the risk of structural failure during an
earthquake [21].

The third factor influencing building vulnerability is
the building standards or regulations applied during
the planning phase. Structures that were not
designed in accordance with the latest regulations,
such as the Public Parking Building and the Public
Health Building, exhibit elements with DCR values
exceeding 1, making them more prone to sfructural
failure under seismic loads. In confrast, the Traditional
Market Building, although it appears vulnerable
based on RVS, shows that all its elements stay safe
(DCR < 1). This is because the latest standards,
specifically SNI 1729:2019, which are more rigorous in
planning and more thoroughly consider safety
factors, have been applied [40],[44].

4.0 CONCLUSION

According to the study’s findings, four of the five
buildings examined using the Rapid Visual Screening
(RVS) method, the public parking structure, the
fraditional market structure, the public health center
building, and the SMEs industrial building, were
classified as vulnerable, as their final scores were
below 2. Additionally, the Public Parking Building and
the Public Health Building have DCR values greater
than 1, as determined through an additional
evaluation using the Demand Capacity Ratio (DCR)
method. This means that certain structural elements
have moment forces that exceed their capacity,
and therefore do not adhere to the strong column-
weak beam principle outlined in SNI 1726:2019. The
primary factors contributing to the seismic
vulnerability of these buildings are structural
irregularities, the soil type at the building site, and the
design standards used during construction.

This study has introduced a linear, systematic
procedure for assessing the seismic vulnerability of
existing buildings by integrating Rapid Visual
Screening (RVS) with Demand Capacity Ratio (DCR)
analysis. The proposed framework combines rapid
visual evaluation and structural capacity verification
info a single assessment process, enabling a more
reliable and consistent evaluation than applying

each method independently. Beyond assessment,
the framework’s results can serve as a technical
reference for identifying vulnerable structural
elements and prioritizing appropriate retrofitting
measures to mitigate seismic risk.

Furthermore, the proposed approach may support
government agencies and decision-makers in
formulating evidence-based mitigation strategies,
particularly in determining intervention priorities for
existing buildings in earthquake-prone areas.
However, the framework is limited to linear analysis
and does not explicitly represent nonlinear structural
behavior or collapse mechanisms under extreme
seismic demands, which remain subjects for further
investigation.
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