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This study aimed to develop a 3D model of existing timber 

buildings to obtain the capacity curve and ductility capacity of 

structural systems under lateral loads. The research scope involved 

a case study of two existing Joglo timber buildings. Nonlinear 

modeling of beams and columns was performed using hinge 

property data for each member. Joint modeling employed spring 

elements to account for the effect of rotational stiffness. The 

evaluations included the capacity curve, ductility capacity, plastic 

hinge mechanisms, and energy dissipation. Results from the 

pushover analysis produced a capacity curve used to investigate 

ductility capacity and energy dissipation. Structural performance in 

both the x- and y-directions exhibited similar behavior, 

characterized as partially ductile. The existing timber buildings 

demonstrated ductility capacities ranging from 2.36 to 3.28, 

placing them in the partial ductility category. These results meet 

the building criteria for earthquake zones with a peak ground 

acceleration (PGA) exceeding 0.10g. The plastic hinge mechanism 

satisfied the strong column–weak beam criterion. The peak 

displacements at the Collapse Prevention level were 137.36 mm 

(Joglo-M) and 139.03 mm (Joglo-N). These values indicate that 

the post-elastic behavior of the structures exceeds the permitted 

limits, suggesting good energy dissipation capacity before final 

failure. Notably, these two buildings have a history of 

withstanding several earthquakes over the past twenty years 

without sustaining damage. 
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1. Introduction 

Collapse analysis in timber structures involves assessing their potential for failure, often using methods 

such as numerical simulations or experimental testing, to understand failure mechanisms and ensure 

structural robustness. The performance-based design method is a seismic design approach that focuses on 

the expected performance and displacement of a structure. Pushover analysis, as a performance-based 

analysis technique, can be used to evaluate moment-resisting frame system buildings [1,2]. In its 

development, pushover analysis has been combined with the capacity spectrum method [3], including the 

proposal of a new approach for calculating capacity curves and determining performance points. 

Timber-frame structures are the most commonly used structural form in single-story and low-rise 

residential buildings. These structures perform well in terms of life safety (LS) and collapse prevention 

(CP) levels during major earthquakes [4]. In 2006, a strong earthquake struck Yogyakarta [5] causing 

damage and failure in many multi-story buildings. However, traditional wooden buildings generally did 

not sustain damage to their structural members. 

The research question is: How did the Joglo building avoid damage during a strong earthquake? The 

hypothesis is that the non-rigid connection system influences stiffness behavior (ductility capacity) and 

energy dissipation, thereby reducing the earthquake forces transmitted to the structural system. 

Additionally, the quality of the wood used for the beams and columns affects the building's strength.  

This study aimed to develop a 3D model of existing timber buildings to obtain the capacity curve and 

ductility capacity of structural systems under lateral loads. 

The scope of this research is a case study involving two existing Joglo timber buildings. The structures 

are modeled as frame elements consisting of beams, columns, roof beams, and lateral bracing members. 

The mechanical properties of the wood are based on data from previous research [6]. Structural modeling 

is performed using software based on the finite element method [7]. Nonlinear modeling of beam and 

column members is conducted using hinge property data for each member [7]. The modeling of beam-to-

main column and beam-to-side column joints employs spring elements to account for the rotational 

stiffness effects in the connection system [8,9]. The evaluation in this study includes the capacity curve, 

ductility capacity, plastic hinge mechanisms, and energy dissipation (represented by the area under the 

structure’s capacity curve). 

The novelty of this research lies in the valuable combination of experimental testing to determine the 

mechanical properties of structural members and numerical methods to analyze the structural behavior of 

existing timber buildings under lateral loads. This integrated approach can also be applied in the design of 

new wooden buildings to ensure that the structure performs safely during strong earthquakes. 

There are many traditional wooden structures in Southeast Asia that are considered highly valuable assets 

due to their strong cultural significance and local knowledge [10]. Research on timber structures 

subjected to gravity and lateral loads has been conducted by Lyu et al. [11]. The behaviors studied 

included the degradation of strength and stiffness caused by deterioration and damage to these timber 

structures. The research employed dynamic analysis to examine the dynamic behavior of wooden 

buildings. Studies investigating existing wooden buildings and the resulting reduction in strength have 

also been carried out, including an investigation into defects found in historic wooden houses with high 

cultural significance [12]. 

Zhang et al. [13] employed finite element models and analysis to study the dynamic characteristics and 

seismic responses of multi-storey timber structures, using case studies of traditional Chinese buildings. 

Their simulation utilized spring elements to represent the slip behavior between columns positioned atop 

base stones. Finite element analysis can also be used to model the failure processes of timber structural 
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members. Vodiannikov et al. conducted numerical analyses and experimental tests to investigate the 

failure mechanisms of glued laminated timber beams [14]. 

Research on the strength and stiffness behavior of multi-storey wooden buildings has been conducted by 

Li and Lam [15]. Additionally, a case study of mass timber buildings [16] includes an analysis of a six-

story medium-rise building in Japan affected by the Kobe earthquake [17]. This study involved dynamic 

modeling to investigate the collapse behavior of 3D wooden buildings. Collapse is characterized by a 

chain reaction of failures, accompanied by large displacements and the inelastic behavior of materials and 

structural elements. A model capable of collapse analysis can support risk-informed decision-making to 

enhance building safety [17–19]. 

A study investigating the causes of the collapses of two timber sheds located in Poland was conducted by 

Szczotka [20], which included recommendations and technical solutions for their repair. Additionally, a 

study on the seismic performance of wood-frame buildings in India was carried out using pushover 

analysis to examine their nonlinear behavior [21]. 

Kiyono and Furukawa [22] conducted research to model the collapse of timber-frame houses during 

earthquakes using the distinct element method (DEM). This method simulates the collapse process of 

timber-frame structures under dynamic loading. The timber-frame structure is modeled using distinct 

element types connected by springs and dashpots to represent contact between members. Additionally, Yu 

and Takeuchi [23] performed simulations of seismic and SAR images on a 3D model of a typical 

Japanese wooden building using collapse analysis. 

2. Theoretical background 

2.1. Ductility class of the structures 

Ductility is defined as the ability of a structure to sustain large displacements beyond its elastic behavior 

without failure. Ductility (μ) is expressed in terms of demand, representing the maximum ductility level 

that the structure can reach during seismic activity. This demand depends on both the structural capacity 

and the earthquake loads. 

Structures with frame systems can be categorized into ductility classes based on their energy dissipation 

capacity [24,25]. These classes include low ductility, which does not require delayed ductility and 

achieves seismic resistance through the structure's inherent capacity (μ = 1.5); medium ductility, which 

allows for higher levels of ductility and corresponds to responsive design demands (μ ranging from 1.5 to 

4); and high ductility, which permits even greater ductility levels and addresses strict and complex design 

requirements (μ > 4). The low ductility class (DCL) is designed for seismic loading based on a design 

seismic event with a return period of 475 years and is limited to regions where the maximum ground 

design acceleration is less than 0.10g. In areas with medium or high seismic activity, buildings must be 

designed with a higher ductility class. 

2.2. Performance-based seismic design for timber buildings 

Research and development of performance-based seismic design for timber buildings, particularly those 

with frame structural systems, have been ongoing since the early 2000s. This effort began with 

Filiatrault's study [26] on performance-based seismic design for timber frame structures, followed by Jain 

et al.'s research [27] on pushover analysis of timber frame buildings. Subsequent work includes Lindt et 

al.'s study [28] on performance-based seismic design for timber frame structures and Tesfamariam's 

research [29] on performance-based seismic design for tall timber buildings. Several design codes for 

wooden construction, including NDS [30], SNI 7973 [31], and Eurocode 5 [32], regulate the technical 

design of cross-sectional and connection capacities. However, these codes do not specifically address 

displacement-based design for building structures. 
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To study the strength and stiffness (ductility capacity) of a building, it is essential to obtain a capacity 

curve that represents the building's structural condition. This capacity curve can be derived through 

nonlinear static analysis, such as pushover analysis. Pushover analysis is a structural engineering method 

used to evaluate a structure's seismic performance by simulating a gradual increase in lateral static loads. 

This analysis helps determine the structure's capacity and behavior under extreme loading, providing a 

clearer understanding of its performance and potential failure mechanisms. 

2.3. Acceptance criteria 

Performance-based seismic design employs the concept of categorizing buildings into multiple 

performance levels based on their capacity curves. Figure 1 illustrates the capacity curve, which 

represents the relationship between force and displacement and is used to define structural performance 

criteria according to the FEMA 356 standard [33]. FEMA 356 establishes acceptance criteria for seismic 

rehabilitation, focusing on three performance levels: Immediate Occupancy (IO), Life Safety (LS), and 

Collapse Prevention (CP). 

 
Fig. 1. Building performance acceptance criteria [33]. 

These criteria are based on factors such as displacement and drift (limits on the amount of deformation or 

lateral movement a building can experience), strength and stiffness (minimum strength and stiffness 

requirements for structural elements), and damage state (acceptable levels of damage to structural and 

non-structural components). At the Immediate Occupancy (IO) level, minor failures may occur in non-

structural components, while structural elements remain intact. The structure remains functional with 

minimal damage, ensuring occupants can continue to use it safely. 

At the Life Safety (LS) level, only limited damage is observed, and occupant safety is ensured. The 

stiffness and rigidity of the main beam, side beam, main column, and side column members are 

maintained. Structural collapse is prevented, safeguarding occupants during and after an earthquake. At 

the Collapse Prevention (CP) level, some structural members may fail, and permanent displacements 

occur; however, overall structural collapse is still prevented, even under severe earthquake conditions. 

2.4. Rotation stiffness 

Three-dimensional analysis of wooden buildings, which are framed structural systems, requires modeling 

beam elements, column elements, and their connections to accurately represent existing wooden 
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structures. The mechanical properties of beam and column elements can be determined through non-

destructive testing [34]. To characterize the behavior of timber connections, this research employs a 

spring element approach [8,9] to model the rotational stiffness (r). Equations 1 and 2 present empirical 

values of rotational stiffness (r1 and r2) for two types of timber connections. Figure 2a illustrates type 1 

connections as proposed by Fang et al. [9], while Figure 2b illustrates type 2 connections as proposed by 

Moradei et al. [8]. 

1 12.5 kN.mr =  (1) 

2 3.5 kN.mr =
 (2) 

 

 

(a) type 1 [9]. (b) type 2 [8]. 

Fig. 2. Schematic beam to column joints for reference of rotational stiffness. 

3. Methods 

The research method employed in this study is the performance-based seismic design approach, utilizing 

pushover analysis. A three-dimensional structural model was developed using SAP2000, a finite element-

based software [7]. Two existing Joglo timber buildings serve as case studies. These buildings feature a 

unique column placement concept, with four main columns positioned at the center of the structure's 

mass. The main columns differ in height from the side columns. The four main columns are connected by 

four primary beams. At a lower elevation, four wooden beams function as bracing. Similarly, the side 

columns are connected by side beams, with wooden beams at a lower elevation serving as bracing. 

These two existing buildings are located in the Maguwo District (hereinafter referred to as Joglo-M) and 

Nogotirto District (hereinafter referred to as Joglo-N). Both locations are situated in Sleman Regency, 

Special Region of Yogyakarta Province, Indonesia. The Joglo-M building is positioned at latitude -7.7731 

and longitude 110.4351. According to the earthquake spectral response map [35], it has a Peak Ground 

Acceleration (PGA) of 0.53g. Meanwhile, the Joglo-N building is located at latitude -7.7650 and 

longitude 110.3366 and has a PGA of 0.46g based on the same map [35]. 

  
(a) Schematic 3D model. (b) An existing building. 

Fig. 3. The existing Joglo-M timber building. 
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(a) Schematic 3D model. (b) An existing building. 

Fig. 4. The existing Joglo-N timber building. 

Table 1. Dimensions and size of cross-section of beams and columns [36]. 

Dimension of member Joglo-M Joglo-N 

Main beam  150mm x 200mm 200mm x 200mm 

Side beam 120mm x 120mm 150mm x 150mm 

Bracing 1 100mm x 150mm 150mm x 200mm 

Bracing 2 50mm x 120mm 100mm x 150mm 

Roof beam 100mm x 100mm 100mm x 100mm 

Main column 150mm x 150mm 200mm x 200mm 

Side column 120mm x 120mm 150mm x 150mm 

 

Figure 3a and Figure 4a present the schematic 3D models of the existing Joglo-M and Joglo-N structures. 

Figure 3b depicts the existing Joglo-M timber building, which measures 6.8 m by 5.8 m, with a building 

area of 39.44 m². The height of the center column is 4.15 m, while the edge column is 3 m. The total 

height of Joglo-M, measured at the top roof elevation, is 6.15 m. Figure 4b shows the existing Joglo-N 

timber building, which measures 8.4 m by 8.4 m, with a building area of 70.56 m². The height of the 

center column is 4.50 m, while the edge column is 3 m. The total height of Joglo-N, at the top roof 

elevation, is 7.00 m. 

The dimensions and sizes of the beam and column cross-sections for the Joglo-M and Joglo-N are 

presented in Table 1. Figure 5 illustrates the beam-to-column joint and beam-to-beam connection of the 

existing Joglo-M timber building, while Figure 6 depicts the beam-to-column and beam-to-beam joints of 

the existing Joglo-N timber building. The main beam and main column joint connection system functions 

as a moment-resistant frame because the wooden structure’s rigidity and stability are achieved through the 

locking joint between the main column and main beam [37–39]. 

  
(a) Beam-to-main column joint. (b) beam-to-side column joint. 

Fig. 5. Beam-to-column joints in Joglo-M building. 
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(a) Beam-to-main column joint. (b) beam-to-side column joint. 

Fig. 6. Beam-to-column joints in Joglo-N building. 

Table 2. The mechanical properties of timber on existing buildings [36]. 

Existing building Modulus of elasticity (MPa) Specific gravity 

Joglo-M 18526.09 0.80 

Joglo-N 21483.90 0.80 

 

The mechanical properties of wood, as shown in Table 2, were obtained through non-destructive testing 

on samples from the main and side columns, main and side beams, bracing, and roof beams [36]. For the 

Joglo-M building, samples were taken from 18 members (beams and columns). The test involved 

measuring at nine points each at the support and mid-span of each member, totaling 475 test points. The 

Joglo-N building test included samples from 10 members, with a total of 268 test points. According to 

information from the homeowner, the existing Joglo-N building is older and was constructed before the 

Joglo-M building. The non-destructive test is based on the concept of wave propagation velocity 

measurement [34] and utilizes two transducers. One transducer acts as the transmitter, and the other 

serves as the receiver of ultrasonic wave signals. These signals are then measured and converted into 

velocity to calculate the dynamic modulus of elasticity, which correlates with the static modulus of 

elasticity [40,41]. 

Structural modeling is performed using software based on the finite element method [7], where the 

nonlinear behavior of beam and column members is represented through hinge property data for each 

member. Beam-to-main column and beam-to-side column joints are modeled using spring elements to 

account for the rotational stiffness effects within the connection system [8,9]. The Joglo building features 

columns resting on the foundation, which act as pin supports—resisting horizontal and vertical translation 

but not moments. Material properties are modeled using empirical data obtained from previous studies on 

similar existing buildings [36], as summarized in Table 2. According to the NDS 2024 [30] and SNI 

7973:2013 [31] codes, the wood used in the existing Joglo-M building is classified as strength class E18, 

while the wood in the Joglo-N building falls under strength class E21. The Joglo building features 

columns resting on the foundation that function as pin supports, meaning they do not resist moments but 

prevent translations. Figure 7a shows a schematic of the 3D model of Joglo-M, while Figure 7b presents 

the schematic of the 3D model of Joglo-N. Gravity loads, including the self-weight of the roof structure 

and tiles, as well as live loads in accordance with SNI 1727 codes [42], are modeled as concentrated loads 

applied to the upper ends of the columns. 
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(a) Joglo-M. (b) Joglo-N. 

Fig. 7. Schematic 3D model of the existing buildings. 

4. Results and discussion 

The magnitude of the load was calculated based on the tributary area principle. Dead load and live load 

models are shown in Figure 8a (dead loads) and Figure 8b (live loads) for Joglo-M, while those for Joglo-

N are shown in Figure 9a (dead loads) and Figure 9b (live loads). The structural performance was 

evaluated using pushover analysis by applying lateral loads with increments of 1 kN until the building 

collapsed. Following the displacement-based design method, the target displacement was set at 150 mm 

to obtain the capacity curve and assess the post-elastic structural behavior. 

 
 

(a) Modeling the dead loads. (b) Modeling the live loads. 

Fig. 8. Modeling loads on Joglo-M (unit in kN). 

  
(a) Modeling the dead loads. (b) Modeling the live loads. 

Fig. 9. Modeling loads on Joglo-N (unit in kN). 

The load pattern used in the analysis consisted of a concentrated load applied to eight joints of the 

columns and beams at an elevation of +3 meters. The analysis results are presented in Figures 10 and 11 

for the Joglo-M building, and Figures 12 and 13 for the Joglo-N building. 
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(a) deformed due to gravity load. (b) first plastic hinge (step 2). (c) collapse condition (final step). 

Fig. 10. The mechanism of plastic hinge formation in Joglo-M buildings: pushover load in the x-direction. 

   
(a) deformed due to gravity load. (b) first plastic hinge (step 1). (c) collapse condition (final step). 

Fig. 11. The mechanism of plastic hinge formation in Joglo-M buildings: pushover load in the y-direction. 

   
(a) deformed due to gravity load. (b) first plastic hinge (step 1). (c) collapse condition (final step). 

Fig. 12. The mechanism of plastic hinge formation in Joglo-N buildings: pushover load in the x-direction. 

   
(a) deformed due to gravity load. (b) first plastic hinge (step 1). (c) collapse condition (final step). 

Fig. 13. The mechanism of plastic hinge formation in Joglo-N buildings: pushover load in the y-direction. 

The evaluation includes the structural capacity curve, structural ductility capacity, and the mechanisms of 

plastic hinge formation and damage states. The results of the pushover analysis of the Joglo-M building, 
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subjected to a pushover load in the x-direction (Figure 10), show that plastic hinges first develop in the 

side beam. Furthermore, as the lateral load gradually increases, plastic hinges form in additional beams 

and columns. Similarly, the lateral pushover load applied in the y-direction (Figure 11) exhibits the same 

pattern in the formation of plastic hinges. The pushover analysis results for the Joglo-N building, with 

loads applied in the x-direction (Figure 12) and y-direction (Figure 13), generally follow the same trend 

observed in the Joglo-M building. Therefore, it can be concluded that a strong column–weak beam 

mechanism is present. 

  
(a) pushover load in x-direction. (b) pushover load in y-direction. 

Fig. 14. Results obtained from analysis: capacity curve of the Joglo-M building. 

  
(a) pushover load in x-direction. (b) pushover load in y-direction. 

Fig. 15. Results obtained from analysis: capacity curve of the Joglo-N building. 

The capacity curve of the Joglo-M, shown in Figure 14, exhibits a bilinear trend for both the x- and y-

directions. However, the structural behavior differs after reaching the peak load. Specifically, in the x-

direction, there is a reduction in strength following the peak load, whereas in the y-direction, the strength 

remains stable. This difference is likely due to the varying stiffness of the Joglo roof structure along the 

two main axes. The capacity curve of the Joglo-N, shown in Figure 15, generally follows the same trend 

as that of the Joglo-M. This similarity arises because both buildings share the same column configuration. 

Table 3. Results obtained from calculation: the ductility capacity of the Joglo-M and Joglo-N buildings. 

Building Pushover Load Py (kN) Dy (kN) Pu (kN) Du (mm) μ 

Joglo-M 
x-direction 41.07 42.21 51.37 112.04 2.65 

y-direction 55.09 58.25 90.82 137.36 2.36 

Joglo-N 
x-direction 63.10 33.81 83.07 82.30 2.43 

y-direction 77.71 42.38 115.86 139.03 3.28 

 

Py defines the base shear at the proportional or yield point, Pu defines the base shear at the ultimate point, 

Dy represents the displacement when Py is reached, Du represents the displacement when Pu is reached, 
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and μ denotes the ductility capacity. The results of the study on the building capacity curve, as shown in 

Table 3, indicate that the ductility capacity (μ) of the Joglo-M building ranges from 2.36 to 2.65 (based on 

pushover loads in both directions along the main axis of the building). For the Joglo-N building, the study 

results shown in Table 3 reveal that the ductility capacity ranges from 2.43 to 3.28. These findings suggest 

that the ductility capacities of both buildings fall within the partial ductility criteria according to EN 8 

[24,25] and SNI 1726 [43]. Buildings with partial ductility levels can meet the requirements for moderate 

to severe earthquake zones with a peak ground acceleration (PGA) exceeding 0.10g. 

The capacity curve presents the results of the investigation, indicating that the Joglo-M building exhibited 

a behavioral change from elastic to plastic (proportional or yield point) when the displacement (Dy) 

reached 42.21 mm in the x-direction and 58.25 mm in the y-direction of the pushover load. 

Based on the earthquake code SNI 1726 [43], these values have not exceeded the permissible limit (∆a), 

which is 0.02 times the building's elevation height, or 0.02 × 4150 mm = 83 mm. The ratio of the 

proportional displacement to the displacement limit (Py/∆a) is 42.21/83 = 0.51 (x-direction) and 58.25/83 

= 0.71 (y-direction). For the Joglo-N building, the proportional or yield displacement (Dy) is 33.81 mm 

(x-direction) and 42.38 mm (y-direction). These values also do not exceed the permissible limit, which is 

0.02 × 4500 mm = 90 mm. The ratio of the proportional displacement to the displacement limit (Py/∆a) is 

33.81/90 = 0.36 (x-direction) and 42.38/90 = 0.47 (y-direction). These results indicate that the capacity 

curve provides structural behavior data within the elastic range, as the displacement ratios are below the 

permissible limit (Py/∆a < 1.0). Considering that the existing building has not experienced damage to 

structural elements or permanent lateral displacement during several previous strong earthquakes, it 

remains within the elastic behavior range. 

Table 4. The damage state of the Joglo-M building due to pushover loads. 

Direction Pushover Load IO LS CP 

x-direction 
Base Shear (kN) 22.58 41.07 46.18 

Displacement (mm) 20.59 42.21 55.54 

y-direction 
Base Shear (kN) 27.81 55.09 90.82 

Displacement (mm) 26.21 58.25 137.36 

 

Table 5. The damage state of the Joglo-N building due to pushover loads. 

Direction Pushover Load IO LS CP 

x-direction 
Base Shear (kN) 44.54 74.06 81.76 

Displacement (mm) 21.02 49.00 74.34 

y-direction 
Base Shear (kN) 44.54 77.71 115.86 

Displacement (mm) 21.02 42.38 139.03 

 

The damage state investigation was conducted by examining the mechanism of plastic hinge formation. 

The results, presented in Table 4 for the Joglo-M building and Table 5 for the Joglo-N building, show that 

when the structures reach their capacity at the LS level, the maximum displacement of Joglo-M is 58.25 

mm, which does not exceed the allowable limit of 83 mm, resulting in a ratio of 58.25/83 = 0.71. 

Similarly, the maximum displacement for Joglo-N is 49 mm, which also remains below the allowable 

limit of 90 mm, with a ratio of 49/90 = 0.54. These findings indicate that both buildings maintain 

adequate stiffness and rigidity, preserving the integrity of the main members of the existing timber 

structures. 

As shown in Tables 4 and 5, the peak displacement of the Joglo-M at the CP level is 137.36 mm, while 

for the Joglo-N, it is 139.03 mm. The CP level condition occurs when the building's displacement exceeds 

the allowable limits of 83 mm for Joglo-M and 90 mm for Joglo-N. These values indicate that the post-
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elastic behavior of the structures extends beyond the permitted limits. This suggests that the structures 

exhibit good energy dissipation before the final failure, which occurs at the peak base shear on the 

capacity curve. This allowable limit can serve as a conservative reference in building design. 

Table 6. Results obtained from calculation: the initial stiffness and energy dissipation (area of the capacity curve). 

Buildings Pushover Load The initial stiffness (kN/mm) Energy dissipation (J) 

Joglo-M x-direction 1.03 5288.25 

y-direction 1.06 7463.47 

Joglo-N x-direction 0.54 8656.80 

y-direction 0.55 11677.33 

 

Table 6 presents the results of the initial stiffness, indicated by the slope in the elastic range of the 

capacity curve, and the area under the capacity curve, which relates to the potential energy dissipation in 

these buildings. The investigation results show that the initial stiffness of the capacity curve in both the x- 

and y-directions is nearly identical. This similarity can be attributed to the design of the joglo building 

plan, which is almost symmetrical, with the only difference being the rooftop configuration. It is well 

established that symmetrical buildings perform better than asymmetrical ones during earthquakes [44]. 

However, the area under the capacity curve obtained from the analysis with the y-direction pushover load 

is greater than that of the x-direction. This parameter is valuable for further studies on energy dissipation. 

The purpose of energy dissipation is to reduce the intensity of vibrations and deformations, thereby 

preventing excessive damage to the building’s core structure. By absorbing earthquake energy, energy 

dissipation systems help maintain the structural integrity of buildings, even during strong ground shaking. 

The quality of the wood classified as E18 strength class for the Joglo-M and E21 for the Joglo-N used for 

the main structural members, along with the non-rigid connection models, affects the strength and 

stiffness behavior of the building. However, the primary focus of investigation has been the structural 

system of the Joglo building. The core of the structure lies in the section where the four main beams 

support the four main columns, located at the center of the building. This structural system provides the 

building with stiffness and features a symmetrical plan layout, which enhances resistance to lateral loads. 

5. Conclusions 

The pushover analysis of the existing timber buildings, conducted using the 3D numerical model 

developed in this research, produces a capacity curve that characterizes the building's structural 

performance. This curve is used to evaluate ductility capacity and energy dissipation. The capacity curves 

obtained from pushover loads applied in both the x- and y-directions exhibit similar behavior, indicating 

partial ductility for both the existing Joglo-M and Joglo-N buildings. The curves follow a bilinear pattern, 

consisting of an elastic range, a post-elastic range, and terminating at the peak or failure point. The 

ductility capacity of the Joglo-M and Joglo-N buildings ranges from 2.36 to 3.28, placing them within the 

partial ductility category. These buildings are located in areas with peak ground accelerations (PGA) of 

0.53g (Joglo-M) and 0.46g (Joglo-N). The measured ductility capacities satisfy the building criteria for 

moderate to severe earthquake zones, which require a PGA exceeding 0.10g. The pushover analysis 

reveals the plastic hinge mechanism pattern. It shows that the plastic hinge initially forms in the side 

beam rather than in the column, indicating a strong column–weak beam mechanism. The peak 

displacement at the Collapse Prevention level is 137.36 mm for Joglo-M and 139.03 mm for Joglo-N. 

Both values exceed the allowable limits of 83 mm for Joglo-M and 90 mm for Joglo-N. These results 

suggest that the post-elastic behavior of the structures extends beyond the permitted limits, indicating 

good energy dissipation capacity before final failure at the peak base shear on the capacity curve. Notably, 
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both buildings have remained undamaged during several earthquakes in Yogyakarta over the past twenty 

years, including the significant earthquake in 2006. 

This study has several limitations, including the lack of empirical data to model the rotational stiffness of 

roof structure beams. Additionally, the moment-curvature model is assumed to be the same for all types of 

wooden beams. Future research should include partial testing of connections on roof beams. Different 

earthquake loading methods, such as inelastic time-history analysis, could be employed to better 

understand the inelastic behavior under specific earthquake records. Practical recommendations for future 

studies include exploring various performance-based design methods to develop more conservative 

capacity curves. 
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