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	Abstract 
This study investigates the seismic performance of a 35-year-old existing building in Jakarta using ASCE 41-17 standards, applying Tier 1, Tier 2, and Tier 3 evaluations. The building, categorized as Risk Category II, was analyzed under the BSE-2E seismic hazard level with a Collapse Prevention (CP) performance objective, based on as-built drawings and material tests showing a concrete strength of 21 MPa. The Tier 1 assessment of the building’s configuration identified 5 out of 14 items as non-compliant, including issues with soft story and overturning stability. Tier 2, using Demand-to-Capacity Ratios (DCR), found that most structural elements, particularly beams and columns, had DCR values greater than 4, indicating a high demand for ductility. Tier 3 pushover analysis revealed that despite considering elastic design, the capacities of the columns and beams were insufficient to resist extreme seismic loads, risking significant deformation and threatening CP performance. The inter-story drift analysis showed the highest drift on the first floor, with 2.321% in the X direction and 2.319% in the Y direction, surpassing the 2% limit for Life Safety (LS) performance. These findings suggest that the building, especially at lower levels, operates between LS and CP performance levels, necessitating reinforcement of structural elements per ASCE 41-17.
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INTRODUCTION 
Indonesia experienced 10,789 earthquakes in 2023, significantly higher than the annual average of 7,000 events [1]. Although 861 of these were felt, and 24 caused damage, no fatalities were reported. Jakarta, being a densely populated city with over 3,400 buildings, is not exempt from seismic threats, as seen from several notable earthquakes, including a magnitude 6.7 quake in January 2022 [2][3]. Buildings in densely populated areas must be designed to withstand earthquakes to minimize casualties [4]. Indonesia’s seismic regulations have evolved, with the latest standard being SNI 1726:2019, which addresses the increasing seismic intensity. However, many older buildings designed with outdated codes remain vulnerable to future quakes[5]. Seismic assessments, following international standards such as ASCE/SEI 41-17, are essential for analyzing and strengthening these existing structures[6].
Numerous techniques, including non-destructive testing, dynamic analysis, and static analysis, can be used to carry out seismic assessments [7]. Dynamic analysis provides insights into a building’s response under seismic conditions by modeling interactions with real-time ground motion, capturing complex behaviors of mass and stiffness. Conversely, static analysis evaluates the structural response using static equivalent forces that approximate seismic effects, making it suitable for initial assessments and simpler structures. When combined, these methods offer a comprehensive framework for understanding and ensuring structural resilience in earthquake-prone regions [8]. Testing that isn't harmful evaluates the structural and material conditions without causing harm. Existing structures are frequently susceptible to deterioration brought on by elements including age, poor soil, air pollution, and earthquakes, especially those in seismically active places like Jakarta [9][10]. Comprehensive seismic evaluations and possible retrofitting are necessary because of the increased danger of catastrophic damage caused by these elements as well as by subpar structural design or out-of-date construction standards [11].
ASCE 41-17, published by the American Society of Civil Engineers, offers a structured framework for assessing and retrofitting existing buildings to improve their seismic resilience, using a tiered methodology [12]. The tiered methodology for seismic assessment is critical for evaluating the resilience of existing structures against seismic hazards. In Tier 1, an initial evaluation is conducted through visual inspections and basic calculations to establish performance objectives aligned with the Basic Performance Objective for Existing Buildings (BPOE). This stage is essential for classifying seismic hazards such as BSE-1E and BSE-2E while also delineating structural categories and material properties relevant to the assessment [13].
Tier 2 involves a more comprehensive evaluation, addressing deficiencies identified in the first tier. This assessment utilizes linear static or dynamic methods, where linear static analysis applies under specific conditions, while dynamic linear analysis incorporates factors like elastic stiffness and viscous damping, thereby enhancing the understanding of the building's response to seismic forces.
If any issues persist post-assessment in Tier 2, the process progresses to Tier 3, employing advanced non-linear analyses such as pushover or time-history analyses. This tier provides a thorough evaluation of the impact of structural reinforcements and the overall performance of the building, ensuring that all potential vulnerabilities are effectively addressed.
This systematic approach is essential for developing targeted retrofitting strategies that enhance the resilience of structures located in seismically active regions, ultimately contributing to improved safety and performance.
.
METHOD
The methodology employed in this study focuses on the assessment of seismic performance for an existing office building, referred to as the Existing Building, following the guidelines established by ASCE 41-17. A detailed three-dimensional model of the structure is developed using software software, which serves as the basis for a comprehensive, multi-tiered evaluation process. Data collection encompasses both primary and secondary sources, which include building surveys, material testing, and analysis of as-built drawings.
The seismic assessment is conducted sequentially, progressing from Tier 1, which involves screening, to Tier 2, where linear modeling techniques are applied, and ultimately to Tier 3, which employs nonlinear analysis to thoroughly address any deficiencies identified in the previous phases. This evaluation process is systematically guided by applicable codes and standards, including SNI and ASCE, ensuring that the assessment meets the necessary safety and performance criteria.
This structured approach facilitates a robust understanding of the building's seismic resilience and informs potential retrofitting strategies to enhance structural performance in the face of seismic events.

RESULTS AND DISCUSSION
Tier 1 Evaluation 
	The Tier 1 process begins by benchmarking the existing building through the development of a checklist tailored to the specific structure type under assessment (Table 1). This checklist acts as a fundamental tool to evaluate various components and conditions of the building, ensuring that critical factors pertinent to seismic performance are systematically addressed. The results derived from this checklist categorize the building's status into several outcomes, such as compliant, non-compliant, not applicable, and unknown.
These classifications are instrumental in identifying the areas that require further scrutiny and intervention. For instance, a "compliant" status indicates that the building meets the necessary seismic performance criteria, while a "non-compliant" status highlights deficiencies that need to be addressed in subsequent tiers of analysis. The "not applicable" status may pertain to elements of the building that are irrelevant to the seismic assessment, whereas "unknown" indicates areas where data is insufficient or unclear​.
This systematic evaluation process not only aids in determining the building's initial seismic resilience but also informs subsequent assessments necessary for retrofitting and enhancing overall structural performance.

Table 1
Benchmark for Existing Building Tier 1
	Category
	Details

	Building Risk Categories
	Risk Category II

	Performance Levels
	BSE-2E, Collapse Prevention (CP)

	Seismicity Levels
	Ss = 0.8032g and Sd1 = 0.3894g, High Seismicity

	Checklist Selection
	Basic Configuration Checklist, Structural Checklist for Collapse Prevention Performance


Source: Author

Table 2
Basic Configuration Checklist
	No
	Item Evaluated
	Status

	1
	Load Path
	C

	2
	Adjacent Buildings
	C

	3
	Mezzanine
	C

	4
	Weak Story
	C

	5
	Soft Story
	NC

	6
	Vertical Irregularity
	NC

	7
	Geometry
	NC

	8
	Mass
	NC

	9
	Torsion
	C

	10
	Liquefaction
	C

	11
	Slope Failure
	C

	12
	Surface Fault Rupture
	U

	13
	Racking
	NC

	14
	Foundation Tie-down
	C


Source: Author

Table 3
Collapse Prevention Structural Checklist for Concrete Frame (C1)
	No
	Item Evaluated
	Status

	1
	Redundancy
	C

	2
	Column Axial Stress
	NC

	3
	Concrete Columns
	C

	4
	Infill Walls
	C

	5
	Column Shear Stress
	NC

	6
	Flat Plate Frame
	C

	7
	Pre-tensioned Frame Elements
	C

	8
	Floating Columns
	C

	9
	Shear Failure
	NC

	10
	Strong Column - Weak Beam
	NC

	11
	Beam Reinforcement
	C

	12
	Column Reinforcement Splice
	C

	13
	Beam Reinforcement Splice
	C

	14
	Column Tie Spacing
	NC

	15
	Beam Tie Spacing
	C

	16
	Deflection Compatibility
	C

	17
	Flat Plate
	C

	18
	Diaphragm Continuity
	C

	19
	Uplift Resistance in Poer/Pile Cap
	C


Source: Author

Table 4
Collapse Prevention Structural Checklist for Shearwall Frame (C2)
	No
	Item Evaluated
	Status

	1
	Shear Stress Check
	C

	3
	Shear Wall Anchors
	N/A

	4
	Load Transfer to Shear Wall
	C

	5
	Coupling Beams
	N/A

	6
	Diaphragm Continuity
	C

	7
	Openings in Shear Walls
	N/A

	8
	Uplift Pile Cap
	U


Source: Author

	The Tier 1 assessment of the Collapse Prevention (CP) performance under BPOE BSE-2E classification for the Existing Building reveals significant non-compliance with ASCE 41-17 standards. Based on Table 2, Out of 14 configuration checklist items evaluated, 5 items were non-compliant (NC), including soft story, vertical irregularity, geometry, mass, and racking, while one item, surface fault rupture, was classified as unknown (U). The remaining 8 items were compliant (C), such as load path, adjacent buildings, mezzanine, torsion, liquefaction, slope failure, and foundation ties. These findings indicate that the building requires further evaluation through a Tier 2 assessment.
	Based on Table 3, The evaluation of the Existing Building CP performance for C1 (Moment Frames) under ASCE 41-17 revealed 5 out of 19 items as non-compliant (NC). Non-compliance was primarily due to lower-than-expected material strength and inadequate column detailing, resulting in columns being unable to resist shear stresses from seismic loads. The output highlights that improper stirrup placement could lead to column failure. Similarly, Table 3 shows several components failing to meet shear capacity due to improper detailing at beam-column joints and inadequate stirrup placement.
	For C2 on Table 4 (Shear Walls), 3 out of 7 items were compliant (C), with one item classified as unknown (U) due to missing uplift pile cap details, and 3 items deemed not applicable (N/A). These results suggest that while most shear wall components meet CP standards, further attention is required for unknown or non-relevant items to ensure optimal seismic performance.

Tier 2 Evaluation
In the Tier 2 assessment, seismic force scaling is applied using modification factors following the ASCE 41-17 standards. These factors help identify the demand and force conditions acting on structural elements, including beams, columns, joints, and shear walls, as detailed in Table 6. This approach ensures that the evaluation accurately reflects the seismic performance and resilience of the structure under expected seismic load [14].
Table 5
Seismic Force Calculation Tier 2
	Direction
	Spectrum Response

	X
	16077.77

	Y
	15118.16


Source: Author

Table 5 displays the seismic force calculations obtained during the Tier 2 evaluation, showing spectral response values of 16,077.77 in the X direction and 15,118.16 in the Y direction. These values are derived from the short-period spectral response (Ss) and the 1-second spectral response (Sd1), scaled according to the site-specific seismic characteristics using Response Spectrum Analysis (RSA). This analysis is essential for estimating the lateral forces that the structure must withstand during seismic events, ensuring adequate design for safety and stability  [15].

Table 6
Classification of Structural Component Actions (ASCE 41-17 Section C7.5)
	Komponen
	Deformation-Controlled Action
	Force-Controlled Action

	Momen Frame

	• Beam
	Moment (M)
	(V)

	• Column
	—
	P, V

	• Joints
	
	V

	Shear Wall
	M, V
	P

	Bracing Frame

	• Bracing
	P
	—

	• Beam
	—
	P

	• Column
	—
	P

	• Shear link
	V
	P, M

	Connections
	P, V, Mb
	P, V, M

	Diaphragms
	M, Vc
	P, V, M


Source: ASCE 41-17

	The capacity of structural elements is analyzed using m-factors based on the type of component action. Beams, which use Deformation-Controlled Action, require m-factors that vary according to the ratio of ρ−ρ′/ρbal and transverse reinforcement. Columns and joints, that use Force-Controlled Action, do not require m-factors. For shear walls, also using Deformation-Controlled Action, m-factors are determined based on confine boundary and component type, with different values for IO, LS, and CP conditions. All references are based on ASCE 41-17[16].
Table 7
Relationship Between DCR Value and Ductility Requirements
	Maximum DCR or Displacement Ductility
	Description

	< 2
	Low ductility requirements

	2- 4
	Medium ductility requirements

	> 4
	High ductility requirements


Source: ASCE 41-17
Table 7 presents the correlation between the Demand-Capacity Ratio (DCR) values and the ductility requirements specified in the ASCE 41-17 guidelines. The DCR is a fundamental measure used to evaluate the seismic performance of structures, reflecting their ability to sustain deformations without significant damage.
1. DCR < 2: This category indicates low ductility requirements, suggesting that structures are designed to resist seismic loads with minimal deformation. Such structures are typically more rigid and may be suitable for regions with lower seismic hazards.
2. DCR 2-4: In this range, structures have medium ductility requirements. This implies that they are expected to accommodate moderate levels of deformation while still maintaining structural integrity. This level of ductility is often deemed appropriate for areas with moderate seismic risk, where some damage may occur, but collapse is not anticipated.
3. DCR > 4: A DCR exceeding 4 signifies high ductility requirements. Structures in this category are engineered to endure substantial deformations during seismic events, allowing them to dissipate energy effectively and prevent catastrophic failure. This design approach is critical for buildings situated in seismically active zones, where the potential for significant ground movement exists [16].

Table 8
Beam Ductility Requirements Categories
	Beam Type
	Ductility Requirements
	DCR

	B 20x40
	High ductility requirements
	9,35799

	B 30x40
	High ductility requirements
	7,241566

	B 30x50
	High ductility requirements
	9,459187

	B 90x1000
	High ductility requirements
	7,640804

	B 40x60
	Medium ductility requirements
	3,51804

	B 40x70
	Medium ductility requirements
	2,605844

	B 25x40
	Low ductility requirements
	1,026568


[bookmark: _Toc174846682]Source: Author

Table 9
Column Ductility Requirements Categories
	Column Type
	Ductility Requirements
	DCR

	C 50 x 110
	High ductility requirements
	5.894574

	C 90
	High ductility requirements
	4.909338

	C 50 x 75
	Medium ductility requirements
	2.515219

	C 40 x 40
	Medium ductility requirements
	2.34233

	C 26 x 50
	Medium ductility requirements
	3.400475

	C 70
	Low ductility requirements
	0.950266

	C 30 x 30
	Low ductility requirements
	0.298015


Source: Author

Table 10
Joint Ductility Requirements Categories
	Joint
	Ductility Requirements
	Nilai DCR

	C 50 x 110
	Low ductility requirements
	1,6201

	C 90
	Low ductility requirements
	1,0927

	C 70
	Low ductility requirements
	0,8887

	C 50 x 75
	Low ductility requirements
	0,9264

	C 40 x 40
	Low ductility requirements
	0,6437

	C 26 x 50
	Low ductility requirements
	1,1330

	C 30 x 30
	Low ductility requirements
	0,8417


Source: Author

Table 11
Shear Wall Ductility Requirements Categories
	Shear Wall
	Ductility Requirements
	DCR

	W1=W3=W4=W6
	Low ductility requirements
	1,402

	W2=W5
	Low ductility requirements
	1,125


Source: Author

	The Tier 2 assessment results indicate that several structural elements of the building require special attention, particularly those with high ductility demands. Beams, columns, joints, and shear walls with high Demand Capacity Ratios (DCR) are at significant risk of failure during an earthquake. Therefore, additional reinforcement is necessary to increase ductility capacity and reduce the risk of collapse [17].
	Beams (Table 8) such as B 20x40, B 30x40, B 30x50, and B 90x1000, which have high ductility demands, require immediate intervention to ensure structural safety. Columns with high DCR values, such as C 50x110 and C 90 (Table 9), also need reinforcement to maintain the overall stability of the structure.
Furthermore, joints with low ductility demands (Table 10), such as C 50x110 and C 26x50, may become weak points in the structure if not reinforced. Shear walls (Table 11) in the low ductility category also require further evaluation and reinforcement to ensure their ability to withstand significant lateral forces during an earthquake [18].
Tier 3 Evaluation
	In Tier 3, a nonlinear analysis, specifically a pushover analysis, was conducted. The pushover curve represents the relationship between base shear force (V) and displacement at a reference point (δ) [19]. The analysis was performed in each orthogonal direction of the Existing Building, using the following displacement control parameters:
Magnitude = 742 mm (2% of the total building height, which is 37,100 mm), meeting 150% of the displacement target.
Joint = Topmost node at the end of the concrete structure (Top Floor).
	The moment-curvature curve of the beam is derived from the analysis results of the section designer in software, which is simplified to align with the available moment-curvature column in the program. Meanwhile, the plastic shear hinge utilizes Shear V2. The pushover analysis results in Figure 1.


Figure 1
Story Displacement Base Shear
Source: Author

	Displacement tends to increase from the lower floors to the top floor, with the highest value recorded at the R. MEP roof. In the X direction, the maximum displacement is 59.104 mm at the R. MEP roof, while in the Y direction, the highest value is 59.297 mm at the same level. This increase in displacement indicates the accumulation of loads and forces acting more significantly on the upper floors [20]. The difference in values between the X and Y directions reflects variations in the structure's response to lateral loads [21].

Figure 2
Story Displacement Ratio
Source: Author

	According to ASCE 41-17, the target displacements for structures should align with the limits specified in FEMA 356 [22]. These limits dictate that the maximum displacement for the Immediate Occupancy (IO) performance level is 1%, Life Safety (LS) is 2%, and Collapse Prevention (CP) is 4%. The largest inter-story drift recorded is 2.321% in the X direction and 2.319% in the Y direction on the first floor (Figure 2). These values exceed the 2% maximum limit set for the Life Safety (LS) performance level, indicating that the building is nearing the Collapse Prevention (CP) threshold at this level. This suggests that the building, particularly on the lower floors, is operating between the Life Safety (LS) and Collapse Prevention (CP) performance levels. While the structure still meets the Life Safety standards and prevents total collapse, the increased deformation at the lower floors indicates that special attention is needed to ensure safety and stability under more extreme loading conditions.
	Based on the output running, there is one element that first reached the yielding condition (B-C) at step 1. As the steps progress, the number of elements reaching yielding conditions increases. By the final step, step 36, 413 elements have experienced yielding (Figure 3). In the pushover analysis in the Y direction, 11 steps are observed, with 6 elements yielding first at step 1 and 528 elements reaching yielding conditions by step 11 (Figure 4).
[image: ]
Figure 3
Location of Plastic Hinges in the X Direction (yellow lines)
Source: Author

[image: ]
Figure 4
Location of Plastic Hinges in the Y Direction (yellow lines)
Source: Author

The "strong column-weak beam" requirement for a building structure is satisfied if plastic hinges form first in the beams [23]. According to Figures 3 and 4, the most critical elements in this study are located in the columns with Life Safety (LS) performance in both X and Y directions. This condition leads to the loss of the building's ability to maintain a "continuity strong mechanism," which involves the formation of plastic hinges in the columns at both the top and bottom of the vertical structure [24] In this study, plastic hinges in the columns occur due to the suboptimal design of 900 mm columns, which are inadequate to support the load. Therefore, the design of beams and columns should ensure sufficient dimensions to effectively support the loads.

[image: ]
Figure 5
Structural Performance According to ATC-40 Push X
Source: Author

[image: ]
Figure 6
Structural Performance According to ATC-40 Push X
Source: Author

Table 12
Structural Performance Levels
	Direction
	Displacement (mm)
	Maximum Total Drift
	Performance Level

	X
	523,22
	0,0141
	Damage Control

	Y
	631,462
	0,0170
	Damage Control


Source: Author

	According to the ATC-40 method, the structure is categorized within the Damage Control (DC) performance level for both the X and Y directions, as presented in Table 12, Figure 5, and 6. This classification signifies that the building can effectively withstand seismic forces during an earthquake while posing minimal risk to human life. The Damage Control level indicates that although the structure can endure seismic activity, it may sustain some damage that could impair its functionality.
It is advisable to implement reinforcing measures even when the structure meets the Damage Control requirements. Such reinforcements are crucial for ensuring long-term stability and safety, especially in seismically active regions. The significance of retrofitting is underscored in numerous seismic assessment frameworks, which advocate for proactive enhancements to structural integrity to mitigate risks associated with future seismic events. By adopting these measures, building owners can significantly reduce the likelihood of severe damage, thereby improving the overall resilience of the structure[25].
Pushover analysis reveals that the Existing Building is at risk of not achieving the Collapse Prevention (CP) performance level, even if the overall drift is within the Damage Control (DC) limits. This concern is particularly relevant for structural components that may undergo significant deformation in the later stages of analysis, potentially jeopardizing the building's seismic performance. Addressing these vulnerabilities through appropriate retrofitting strategies is essential for enhancing overall safety and resilience against seismic events[26].
For several reasons, the Existing Building fails to meet the Collapse Prevention (CP) performance criteria. Although the building's elastic design aims to minimize structural damage and ensure the safety of its occupants, this approach does not suffice to achieve the CP performance target. While the elastic design allows the building to endure deformation without incurring significant permanent damage, it may lack the necessary rigidity to conform to the minimal deformation requirements established by CP performance standards.
Research highlights that reliance on elastic design strategies alone can lead to insufficient structural response during severe seismic events, potentially exposing the building to risks of failure or excessive damage [27]. Effective seismic design must prioritize both the ability to withstand deformation and the necessity for rigidity to meet stringent performance objectives, particularly in seismically active regions [28]. Thus, enhancing structural integrity through retrofitting or adopting more resilient design principles becomes imperative to ensure compliance with performance criteria in future seismic assessments [29].
To cut expenses and material waste, relatively small structural element sizes were chosen [30].  But this also has an impact on the rigidity and strength of the structure. Smaller components typically have lower lateral load resistance, which makes it harder for the building to achieve the Collapse Prevention (CP) performance target [31]. Additionally, the lack of lateral stiffness affects the building's overall performance in meeting the Collapse Prevention (CP) requirement, even though columns offer significant structural support and have an average height on each floor [32]. Variations in structural element capacity can also be caused by differences in reinforcement and dimension rounding between the original design and field execution [33]. These differences may cause structural components to be less capable of withstanding earthquake loads, failing to 
To optimize cost and minimize material waste, structural elements were designed with relatively small dimensions, as noted by prior studies [34]. However, this choice compromises both the stiffness and strength of the overall structure. Typically, smaller components exhibit reduced lateral load resistance, posing challenges for the building to meet the Collapse Prevention (CP) performance criteria [35]. Insufficient lateral stiffness adversely affects the building's ability to satisfy the CP requirement, despite the columns providing considerable structural support with a standard height across each floor level [31]. Furthermore, disparities in the structural capacity of elements may arise due to variations in reinforcement placement and dimensional adjustments made during field implementation, as opposed to the initial design specifications [36]. Such discrepancies can reduce the structural elements' resilience against seismic forces, potentially compromising their earthquake-resistant capacity.
	Taking all factors into account, the Existing Building does not satisfy the Collapse Prevention (CP) standards outlined in ASCE 41-17. To enhance its resilience under severe seismic forces, a more rigorous approach is required during the design and construction phases. Assessments from Tier 1 to Tier 3 reveal that critical structural components, primarily columns and beams, are inadequate in meeting CP criteria. Strengthening these elements with Fiber-Reinforced Polymer (FRP) is recommended to improve their capacity and performance in resisting seismic loads.
The ASCE 41-17 standard endorses the utilization of Fiber-Reinforced Polymer (FRP) strengthening as an effective strategy to enhance the shear and flexural capacities of structural elements, such as beams and columns, while keeping the additional dead load to a minimum. Applying FRP to these surfaces significantly improves their ductility, mitigates the risk of cracking or failure under seismic loading, and increases lateral strength. This approach is crucial for enhancing the resilience and overall performance of structures in seismic-prone areas, ensuring compliance with modern engineering safety standards [37]. 
Applying Fiber-Reinforced Polymer (FRP) to columns enhances their axial and shear capacities, effectively preventing collapse due to localized high stresses. This strengthening technique improves the columns' overall structural integrity, enabling them to withstand greater loads and resist failure during seismic events. By reinforcing these critical components, engineers can significantly enhance the resilience of structures in seismic-prone regions, ensuring they meet safety standards and performance requirements. [38]. The integration of Fiber-Reinforced Polymer (FRP) materials into structural components significantly enhances their performance under various loading conditions. When applied to columns, FRP improves both axial and shear capacities, mitigating the risk of collapse due to concentrated stresses. This enhancement is particularly crucial in ensuring the structural integrity of columns subjected to high loads and dynamic forces, such as those experienced during seismic events [39]
Similarly, the application of FRP in beams improves their flexural and shear capabilities, allowing these elements to undergo greater deformations without incurring substantial damage. This capacity for increased deformation is vital in improving the overall resilience of structures during seismic activities, effectively reducing the likelihood of structural failure. Research has demonstrated that strengthening reinforced concrete (RC) beams with FRP can significantly enhance their load-bearing capacity and cracking resistance, providing a durable and lightweight alternative to traditional reinforcement methods [40].
To enhance the performance of columns during seismic events, the use of stirrups is recommended to improve lateral confinement. This approach increases the columns' capacity to withstand seismic stresses without incurring significant damage. Additionally, reinforcing beam-column joints is critical, as these areas often become vulnerable during earthquakes. By providing extra reinforcement at these junctions, the flexural and shear capacities can be significantly improved [41]. Furthermore, to ensure better lateral stress distribution to shear walls or other vertical structural elements, it is essential to strengthen and stiffen the floor diaphragm. This can be achieved by adding a reinforced concrete topping slab or applying an FRP layer on the diaphragm's surface. Such modifications not only enhance the structural integrity but also help in meeting the Collapse Prevention (CP) criteria set forth by ASCE 41-17 [42]. Lastly, better lateral stress distribution to shear walls or other vertical elements can be ensured by strengthening and stiffening the floor diaphragm, for example, by installing a reinforced concrete topping slab or FRP layer on the diaphragm surface [43]. Through the implementation of these strengthening measures, the Existing Building is expected to achieve greater structural safety and stability during seismic events, ultimately enhancing its resilience and compliance with established performance standards.​

CONCLUSION
Upon conducting a comprehensive evaluation, the existing building was determined to be non-compliant with the Collapse Prevention (CP) performance criteria outlined in ASCE 41-17 across all three evaluation tiers: Tier 1, Tier 2, and Tier 3. Specifically, the Tier 1 assessment revealed significant deficiencies within the moment frame structure and essential structural elements, predominantly attributed to substandard materials and inadequate design practices. The Tier 2 evaluation indicated that numerous structural components, such as beams, columns, and joints, exhibited elevated Demand-Capacity Ratio (DCR) values, signaling a substantial ductility demand. Furthermore, the Tier 3 analysis confirmed that even the implementation of an elastic design does not enable the building to achieve the CP performance targets, thereby highlighting the imperative for additional reinforcement measures.
In light of the findings from this investigation, several avenues for future research are recommended. Subsequent studies need to incorporate the substructure into their assessments to enhance the precision of the results. Additionally, future research initiatives could focus on developing effective strengthening methodologies aimed at improving the seismic resilience of critical elements such as columns, beams, and shear walls, thereby addressing the deficiencies identified through the DCR analyses.
.
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