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Abstract: This study compares the seismic response of masonry wall modeled using the 

equivalent diagonal strut and shell element approaches. Fully infilled frames and frames with 

opening were evaluated under seismic loading. The shell element model predicted consistently 

larger roof displacement and interstory deviation than the equivalent diagonal strut model, with 

increases ranging from 27% to 79% for roof displacement and 27% to 91% for second-story 

deviation. Frames with opening exhibited 23-26% greater roof displacement and 25-27% higher 

interstory deviation than fully infilled frames because of reduced stiffness. In addition, the shell 

element model predicted 6-10% higher base shear capacity than the equivalent diagonal strut 

model. These results demonstrate that the shell element model captures frame-infill interaction 

and deformation better, providing a more realistic representation of seismic behavior. 
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1. Introduction  

Masonry infill walls are widely used in reinforced concrete 

(RC) framed buildings around the world due to their 

practical, thermal, and acoustic insulation, and low cost. 

Although these walls are typically considered non-

structural elements, the connection with the RC frame can 

significantly influence the overall behavior of the structure 

during an earthquake1–3). 

The influence of masonry infills on the seismic response 

of RC frames has been studied through both experimental 

and numerical approaches4–6). Early experimental works 

by Damien7) and Hiva8) demonstrated that the in-plane 

behavior of an infilled frame can be idealized by an 

equivalent diagonal strut carrying compressive forces. 

This simplification becomes the foundation of the 

equivalent diagonal strut model (EDSM), which has since 

been widely adopted in analytical and design frameworks 

due to its computational efficiency in capturing the global 

response of infilled frames9). The main advantage of this 

approach is the ability to represent the global stiffness and 

strength contribution of the masonry wall without the need 

for complex finite element modeling10). However, the 

model has limitations, such as the inability to capture local 

failure mechanisms, such as cracking, crushing, and 

sliding, as well as the influence of openings and non-

uniform contact conditions between the frame and the 

infill11). 

To overcome these limitations, more refined numerical 

modeling techniques such as finite element analysis (FEA) 

using shell or solid elements have been developed12,13). 

These models provide a detailed representation of the 

masonry wall’s geometry, boundary conditions, and 

material nonlinearity, allowing for the simulation of 

cracking patterns, stress distributions, and energy 

dissipation under seismic loading. Despite their higher 

accuracy, however, such models are often time-consuming 

and may not be practical for large-scale structural analysis 

or routine design applications. 

Recent studies in numerical simulation and finite element 

analysis (FEA) have demonstrated the effectiveness in 

predicting real-world material and structural behavior14,15). 

For instance, Kumar16) performed numerical modeling of a 

composite sandwich structure with a Kevlar honeycomb 

core and verified that FEA results were in excellent 

agreement with experimental tests. Similarly, Nayak and 

Kumar17) demonstrated that shell-based FEA can 

accurately predict stiffness and deformation in complex 

structures. Moreover, Abdurohman18) showed that shell 
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element model was capable of representing stress 

distribution and load transfer in bonded structural 

assemblies, emphasizing their suitability for modeling 

interacting structural components. These studies support 

the application of numerical modeling, particularly using 

shell element model, in accurately capturing nonlinear and 

anisotropic behavior in engineering materials and 

structures. 

Therefore, the use of finite element shell element model in 

the seismic modeling of masonry infill walls can provide a 

deeper understanding of their nonlinear behavior under 

earthquake loading. Shell element model can represent 

both in-plane and out-of-plane actions, enabling the 

observation of stress transfer between the RC frame and 

the masonry panel. Meanwhile, the equivalent diagonal 

strut model remains useful for rapid seismic assessments 

and large structural systems where computational 

simplicity is critical. This study is based on the hypothesis 

that shell element modeling yields more accurate 

predictions of seismic response of masonry-infilled frames, 

while the equivalent diagonal strut model provides 

sufficiently reliable global. Thus, a comparative study of 

these two modeling techniques can help identify the 

balance between computational efficiency and analytical 

accuracy in seismic analysis. However, the computational 

cost and the need for detailed material calibration remain 

key challenges in their application19–21). 

The main objective of this study is to evaluate and compare 

the seismic performance of masonry walls modeled using 

the equivalent diagonal strut and shell element model. A 

code-based seismic analysis of an eight-story building is 

conducted to examine both fully infilled frames and frames 

with openings, focusing on key response parameters, 

including lateral displacement, inter-story deviation, and 

ductility factor under simulated earthquake loading 

conditions. The findings are expected to contribute to the 

development of reliable and computationally efficient 

modeling strategies for seismic analysis and design of RC 

frames with masonry infill walls 

2. Methodology 

Figure 1 presents a schematic overview of the modeling 

workflow adopted in this study. The process begins with 

the definition of geometry and material properties, 

followed by the application of boundary conditions and 

seismic loading. Masonry infill frames were then modeled 

using two alternative approaches. Finally, seismic 

response parameters were extracted and compared to 

evaluate the performance and applicability of each 

modeling technique. 

 

Fig. 1: Study workflow 

2.1. Frame Modeling 

The building was designed as an eight-story office building 

located in Yogyakarta city with a height of 32 m. The 

building has dimensions of 0.5 m x 0.5 m column, and 0.5 

m x 0.3 m beam, 0.12 m floor slab, and 0.1 m roof slab. 

The building structure is reinforced concrete, while the 

roof is a concrete slab. Other features of the building are as 

follows: 

 Height of each floor  : 4 m 

 Building dimension : 16 m x 20 m 

 Wall material : brick 

 Thickness of wall : 15 cm 

 Specific weight of brick : 22.72 kN/m3 

 Brick quality (f’m)  : 1.816 MPa  

 Modulus of elasticity  : k x f’m = 750 x 1.816 

= 1362 MPa 

 Poisson’s ratio  : 0.15 

 Concrete compressive strength (f’c) : 30 MPa 

The material properties were based on research by 

Rindana22), while the building specification was based on 

SNI 1727:202023), SNI 2847:201924), and SNI 

1726:201925) related to seismic and concrete design26). 

Figure 2 represents the model that was made in three 

conditions: open frame, infilled frame with openings, and 

infilled frame. 
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(a) 

 

(b) 

 

(c) 

Fig. 2: Frame model: (a) Open frame, (b) Infilled frame 

with opening, (c) Infilled frame 

Three-dimensional structural models were developed 

using SAP2000 with two infill conditions: equivalent 

diagonal strut and shell element model. In the shell element 

model, the infilled frame was modeled as shell elements 

which assumed to behave as homogeneous materials and 

discretized into multiple finite elements (mesh areas). For 

the infilled frame with openings condition, the area was 

defined as 25% of the total wall area. For the equivalent 

diagonal strut approach, the masonry infill frame was 

represented by an equivalent diagonal compression strut 

based on a macro-modeling concept. The effective strut 

width represents the interaction between the infilled frame 

and the surrounding RC frame, as expressed in Eq.1 – 327). 

For an infilled frame with openings, the reduction in 

stiffness and strength due to the presence of openings is 

incorporated through a reduction factor28) (Eq.4) based on 

the opening area ratio.  

𝛼 = 0.175(𝜆1 ⋅ ℎ𝑐𝑜𝑙)
−0.4 ⋅ 𝑟𝑖𝑛𝑓   (1) 

𝜆1 = (
𝐸𝑚𝑒⋅𝑡𝑖𝑛𝑓⋅𝑠𝑖𝑛 2𝜃

4⋅𝐸𝑓𝑒⋅𝐼𝑐𝑜𝑙⋅ℎ𝑖𝑛𝑓
)
1/4

  (2) 

𝜃 = 𝑡𝑎𝑛−1 (
ℎ𝑖𝑛𝑓

𝐿𝑖𝑛𝑓
)    (3) 

𝜆 = 1 − 2𝑎𝑤
0.54 + 𝑎𝑤

1.14   (4) 

2.2. Structural load 

In this study, the building function was an office and  

 

Fig. 3: Spectrum response of the design 

analyzed by seismic response spectrum located in 

Yogyakarta city with medium soil type (Figure 3). The 

structural loads were analyzed with a combination of 

loading by SNI 1726:2019 and then by pushover analysis. 

Pushover analysis is a method that evaluates the behaviour 

of a structure under static seismic lateral forces that 

increase in stages until it reaches the plastic limit. This 

analysis aims to determine the structure’s response to an 

earthquake based on the deformation that occurs29,30). 

Pushover analysis produces capacity curves that are useful 

for illustrating the relationship between base shear force, 

providing information on the strength of the structure.  

2.3. Structure performance based on ATC-40 

The seismic performance of a structure was determined by 

the capacity spectrum method based on ATC-40. This 

method includes a capacity curve and a demand response 

spectrum curve, displacement spectra (ADRS/ 

Acceleration-Displacement Response Spectra). 

Performance levels are expressed in terms of immediate 

occupancy, life safety, and collapse prevention, each of 

which indicates the ability of the structure to resist seismic 

lateral forces and protect its occupants. 

3. Results and discussion 

3.1. Reinforced concrete structure design 

The reinforcement requirements required by the structure 

were determined by applying Concrete Frame Design 

based on SNI 2847:2019. The reinforcement requirements 

(Figure 4) used in the open frames were determined as a 

reference for the infilled frame with openings and the 

infilled frame in both wall models.

 

Fig. 4: Design of reinforcement
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3.2. Load Combination Analysis 

Based on analysis of the open frames, it was found that the 

combination of load： 1.356 dead load + live load + 0.3 

force (x axis) + force (y axis) resulted in the most 

significant values of axial force, shear force, and bending 

moment compared to other loading combinations. 

Therefore, this load combination was used as a reference 

for subsequent analysis. 

3.3. Lateral displacement behaviour 

Table 1, Figure 5, and Figure 6 present the displacement 

for the infilled frame with openings and the fully infilled 

frame, analyzed using the equivalent diagonal strut and 

shell element modeling approaches. With the expected 

structural response of a multi-story frame under lateral 

loading. While for Y-direction can be seen at Table 2, 

Figure 7, and Figure 8. In all cases, the displacement 

increased progressively from the first floor to the roof floor.

Table 1: X-axis displacement (in mm) 

 Infilled Frame with Openings Infilled Frame 

Floor Equivalent 

Diagonal Strut 

Shell Element 

Model 

Equivalent 

Diagonal Strut 

Shell Element 

Model 

1st Floor 0.000 0.000 0.000 0.000 

2nd Floor 1.670 2.135 1.286 1.991 

3rd Floor 3.993 5.094 2.847 4.353 

4th Floor 6.183 7.908 4.301 6.544 

5th Floor 8.150 10.409 5.670 8.510 

6th Floor 9.820 12.524 6.857 10.188 

7th Floor 11.138 14.188 7.840 11.518 

8th Floor 12.047 15.329 8.562 12.444 

Roof 12.545 15.938 9.009 12.948 

 

Fig. 5: X-Axis Displacement of Infilled Frame with 

Openings 

 

Fig. 6: X-Axis Displacement of Infilled Frame

Table 2: Y-axis displacement (in mm) 

 Infilled Frame with Openings Infilled Frame 

Floor Equivalent 

Diagonal Strut 

Shell Element 

Model 

Equivalent 

Diagonal Strut 

Shell Element 

Model 

1st Floor 0.000 0.000 0.000 0.000 

2nd Floor 5.709 7.508 3.726 8.854 

3rd Floor 13.415 18.114 8.092 17.187 

4th Floor 20.594 28.208 12.137 24.372 

5th Floor 27.021 37.151 15.926 30.755 

6th Floor 32.448 44.670 19.193 36.144 

7th Floor 36.697 50.534 21.875 40.359 

8th Floor 39.578 54.492 23.821 43.224 

Roof 41.096 56.536 24.985 44.701 
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Fig. 7: Y-Axis Displacement of Infilled Frame with 

Openings 

 

Fig. 8: Y-Axis Displacement of Infilled Frame 

A comparison between the two modeling approaches 

shows that the shell element model consistently predicts 

higher displacement than the equivalent diagonal strut 

model in both directions. This behavior is expected 

because the shell element model can capture local 

deformation patterns, in-plane shear deformation, cracking 

progression, and nonlinear interactions between the infill 

and the surrounding frame.  In contrast, the equivalent 

diagonal strut model simplifies the infill as a single 

compressive element, leading to an overestimation of 

stiffness and an underestimation of lateral displacement. 

In the X-axis direction, the maximum roof displacement 

for the infilled frame with openings was 15.938 mm in the 

shell element model and 12.545 mm in the equivalent 

diagonal strut model—an increase of approximately 27%. 

For the fully infilled frame, the shell element model 

produced a roof displacement of 12.948 mm, which is 44% 

higher than the 9.009 mm obtained from the equivalent 

diagonal strut model. Similarly, in the Y-axis direction, the 

infilled frame with openings exhibited a roof displacement 

of 56.536 mm using the shell element model, compared to 

41.096 mm with the equivalent diagonal strut model, 

representing an increase of about 38%. For the fully 

infilled frame, the shell element model result (44.701 mm) 

was approximately 79% greater than that of the equivalent 

diagonal strut model (24.985 mm). These differences are 

consistent with the findings by Asteris31), who 

demonstrated that diagonal strut models tend to 

underestimate displacement demands, particularly in 

structures with strong frame-infill interaction. 

The effect of openings in the infill wall was also significant 

in both directions. Frames with openings consistently 

exhibited higher displacements than fully infilled frames, 

indicating a reduction in overall stiffness and lateral load 

resistance. The openings interrupt the continuity of the 

infill, weakening its ability to transfer shear forces and 

increasing lateral flexibility. At the roof level, the infilled 

frame with openings (shell element) experienced 

approximately 23% higher displacement in the X-axis and 

26% higher displacement in the Y-axis compared to the 

fully infilled frame modeled.  

3.4. Inter-story deviation analysis 

The X-axis and Y-axis inter-story deviation can be seen in 

Table 3 and 4, respectively. Inter-story deviation, 

representing the relative lateral displacement between 

consecutive floors, is a critical indicator of structural 

deformation capacity and potential damage under lateral 

loads. While, Figure 9 – 12 illustrates the inter-story 

deviation of the model, comparing the equivalent diagonal 

strut model (blue line) and the shell element model (green 

line). While the red line is for the inter-story permit (60 

mm) based on SNI 1726:2019.

Table 3: X-axis inter-story deviation (in mm) 

 Infilled Frame with Openings Infilled Frame 

Story Equivalent 

Diagonal Strut 

Shell Element 

Model 

Equivalent 

Diagonal Strut 

Shell Element 

Model 

1 9.185 11.742 7.072 10.949 

2 12.777 16.277 8.584 12.991 

3 12.046 15.473 8.002 12.055 

4 10.819 13.757 7.526 10.812 

5 9.184 11.633 6.531 9.225 

6 7.250 9.153 5.405 7.320 

7 4.998 6.275 3.973 5.089 

8 2.739 3.347 2.457 2.772 
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Table 4: Y-axis inter-story deviation (in mm) 

 Infilled Frame with Openings Infilled Frame 

Story Equivalent 

Diagonal Strut 

Shell Element 

Model 

Equivalent 

Diagonal Strut 

Shell Element 

Model 

1 31.398 41.293 20.494 48.697 

2 42.384 58.333 24.011 45.831 

3 39.485 55.519 22.248 39.515 

4 35.347 49.185 20.839 35.111 

5 29.850 41.354 17.968 29.636 

6 23.368 32.252 14.753 23.185 

7 15.850 21.770 10.700 15.756 

8 8.347 11.240 6.402 8.123 

 

Fig. 9: X-Axis Inter-story Deviation of Infilled Frame 

with Openings 

 

Fig. 10: X-Axis Inter-story Deviation of Infilled Frame 

 

Fig. 11: Y-Axis Inter-story Deviation of Infilled Frame 

with Openings 
 

Fig. 12: Y-Axis Inter-story Deviation of Infilled Frame 

For both directions, the maximum deviation generally 

occurs from the lowest to middle stories, particularly the 

second or third story, and gradually decreases toward the 

upper floors. This distribution shows that the expected 

behavior of multi-story frames is where shear forces and 

lateral demands are highest in the lower portions of the 

structure. 

A clear distinction was observed between the two 

modeling approaches. The shell element model 

consistently predicts higher inter-story deviations than the 

equivalent diagonal strut model. 

In the X-axis direction, the maximum second-story 

deviation for the infilled frame with openings was 16.277 

mm (shell element model) and 12.777 mm (equivalent 

diagonal strut), an increase of approximately 27%. For the 

fully infilled frame, the shell element model resulted in 

12.991 mm, about 51% greater than the 8.584 mm from the 

strut model.  

In the Y-axis direction, the peak second-story deviation of 

the infilled frame with openings was 58.333 mm (shell 
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element model) compared to 42.384 mm (equivalent 

diagonal strut), corresponding to an increase of 38%, while 

the fully infilled frame exhibited 45.381 mm (shell element 

model) and 24.011 mm for the equivalent diagonal strut, a 

nearly 91% increase. These differences highlight the 

greater flexibility captured by the shell element model, 

which accounts for local deformations and nonlinear 

frame-infill interactions, in contrast to the stiffer behavior 

predicted by the simplified strut model. 

The presence of openings in the infill wall has an impact 

on inter-story deviation. For both X- and Y-axis responses, 

the infilled frame with openings exhibits consistently 

higher deviations than the fully infilled frame. At the 

second story, the X-axis deviation of the frame with 

openings is approximately 25% higher than that of the 

fully infilled frame, while the Y-axis deviation shows a 

similar increase of 27%. This increase is due to the 

reduction in effective stiffness and the interruption of load 

transfer through the infill, which amplifies lateral 

deformations, particularly in the lower and middle stories. 

The findings demonstrate that adding openings in infill 

panels reduced the deviation demands of low-period stiff 

structures32). 

3.5. Capacity 

The capacity of each model can be seen in Figure 13 – 16. 

Figure 13 and Figure 14 represent the capacity curve of an 

infilled frame with openings, while Figure 15 and Figure 

16 represent the infilled one. Across all the models, the 

infilled frame resulted in higher base shear, especially for 

the shell element model. 

The comparison of capacity curves indicates that shell 

element model consistently predicts higher base shear 

capacity than the equivalent diagonal strut model in both 

directions. Specifically, for the infilled frame with 

openings, the maximum base shear by shell element model 

was 9.722% higher in the X direction, and 7.369% higher 

in the Y direction. Similarly, for the fully infilled frame, 

using a shell element model produced a maximum base 

shear that was 7.926% higher in the X direction and 

5.739% higher in the Y direction than the equivalent 

diagonal strut model. 

These differences suggest that the shell element model 

captures the contribution of the infill more effectively, 

leading to a higher overall lateral load resistance in both 

directions. Although the shell element model exhibits 

lower initial stiffness, it captures distributed stress transfer 

and progressive cracking, allowing higher base shear 

capacity. In contrast, the equivalent diagonal strut model is 

stiffer in the elastic range but strength-limited by its 

simplified single strut representation, resulting in earlier 

strength limitation. 

Despite these differences in base shear capacity, all models 

comply to the Strong Column–Weak Beam (SCWB) 

concept.

 

Fig. 13: X-Axis Capacity Curve of Infilled Frame with 

Openings 

 

Fig. 14: Y-Axis Capacity Curve of Infilled Frame with 

Openings 

 

Fig. 15: X-Axis Capacity Curve of Infilled Frame 
 

Fig. 16: Y-Axis Capacity Curve of Infilled Frame 
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This is evidenced by the initial formation of plastic hinges 

in the beams, followed by the subsequent development of 

plastic hinges in the columns as the load increases, 

demonstrating that the columns remain stronger than the 

beams as intended in SCWB design principles. 

However, the presence of an opening reduced the capacity 

of the infilled frame by about 30%, in agreement with the 

experimental findings of Dattatreya33) and Ubaid34) 

3.6. Ductility Factor Analysis 

The ductility factor was evaluated from the capacity curve 

as the ratio of the ultimate displacement to the yield 

displacement. Figure 17 illustrates the capacity curve of 

infilled frame with shell element model in the Y direction. 

Initial yielding occurred at a base shear of 6857 kN with 

corresponding displacement of 88.817 mm, while the 

maximum capacity was obtained at a base shear of 22615 

kN and displacement of 387.956 mm. 

The ductility factor results summarized in Table 5 and 6 

show distinct differences between modeling approaches 

for infilled frames. For an infilled frame with openings, the 

shell element model exhibits higher ductility compared to 

the equivalent diagonal strut model in both directions. 

Specifically, the X-axis ductility increased from 5.385 to 

5.687, and the Y-axis ductility increased from 4.597 to 

5.344. This indicates that modeling the infill as a shell 

element model allows the frame to sustain larger 

deformations before failure, capturing the more flexible 

behavior of the infill-wall interaction. 

In terms of ductility, the differences between the two 

modeling approaches are more pronounced. The shell 

element model shows a ductility factor of 4.108 in the X 

direction and 4.368 in the Y direction, whereas the 

equivalent diagonal strut model reaches only 2.209 and 

1.726, respectively. These results suggest that the diagonal 

strut model tends to underpredict the deformability of the 

infilled frame, likely due to its simplified representation of 

the wall behavior3,35). In contrast, the shell element model 

more accurately reflects the distributed interaction 

between the frame and the infill, resulting in a higher 

capacity to accommodate inelastic deformations. 

 

Fig. 17: Y-Axis Capacity Curve of Infilled Frame (Shell 

Element Model) 

Table 5: Ductility Factor of Infilled Frame with Openings 

Model X-Axis Y-Axis 

Equivalent 

Diagonal Strut 
5.385 4.597 

Shell Element 

Model 
5.687 5.344 

Table 6: Ductility Factor of Infilled Frame  

Model X-Axis Y-Axis 

Equivalent 

Diagonal Strut 
2.209 1.726 

Shell Element 

Model 
4.108 4.368 

In general, these findings highlight the importance of 

selecting an appropriate modeling technique, as shell 

element model provide a more realistic prediction of 

ductility, particularly in scenarios where large lateral 

deformations are expected36,37). More accurate modeling, 

such as using shell elements, enables engineers to better 

predict real deformation demands, avoid over-

conservative assumptions, and optimize material use. A 

design that accurately captures actual stiffness and 

ductility can prevent unnecessary over-strengthening, 

contributing to reduced material consumption. The 

improved ductility of the shell element model also implies 

better energy dissipation capacity during seismic events, 

enhancing the structural resilience of the frame.  

3.7. Performance Level Analysis 

Determining performance points requires several 

parameters calculated based on ATC-4038), such as 

determining the structural behavior type, and a damping 

value of 5%. Structural Behavior Type was determined as 

type B, meaning that the building is a new one with a long-

period response39). The maximum total deviation was the 

displacement value at the performance point divided by the 

building height, and then compared with the deviation 

limit at the structural performance level based on ATC-40. 

The results of performance level analysis can be seen in 

Table 7 and 8. In an infilled frame with openings, the 

equivalent diagonal strut model has the performance level 

of Immediate Occupancy (IO). Meanwhile, the shell 

element model has a Damage Control (DC) performance 

level. In the infilled frame, both models have IO 

performance levels. From design perspective, an IO 

performance level implies minimal structural damage and 

continued post-earthquake functionality, whereas a DC 

performance level allows for controlled damage, such as 

cracking of infill walls and inelastic behavior, while 

maintaining stability and life safety. 
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Table 7: Performance Level of Infilled Frame with Openings 

Model X-Axis Y-Axis 

 Maximum Total Deviation Performance Level Maximum Total Deviation Performance Level 

Equivalent 

Diagonal Strut 
0.00975 IO 0.00928 IO 

Shell Element 

Model 
0.01147 DC 0.01125 DC 

Table 8: Performance Level of Infilled Frame 

Model X-Axis Y-Axis 

 Maximum Total Deviation Performance Level Maximum Total Deviation Performance Level 

Equivalent 

Diagonal Strut 
0.00569 IO 0.00506 IO 

Shell Element 

Model 
0.00947 IO 0.00916 IO 

4. Conclusion 

The comparative analysis of masonry wall modeling using 

the equivalent diagonal strut and shell element model 

provides valuable insight into their influence on the 

seismic performance of reinforced concrete (RC) frame 

structures. The results from the displacement value 

analysis show that modeling the infill wall as an equivalent 

diagonal strut significantly increases the overall stiffness 

of the structure. This higher stiffness leads to smaller 

lateral displacements compared to models using shell 

element model, which represent the masonry wall in 

greater geometric and material detail. Although the 

diagonal strut model effectively captures the global 

stiffness contribution of the infill, it simplifies the complex 

interaction between the frame and the masonry panel, 

resulting in a stiffer and less deformable structural 

response. 

Similarly, the inter-story deviation analysis confirms that 

the equivalent diagonal struts model exhibits smaller 

deviation values than those modeled with shell element 

model. This outcome shows the influence of increased 

stiffness provided by the diagonal strut representation, 

which restricts lateral deformation under seismic loads. In 

contrast, the shell element model allows for a more 

realistic distribution of stresses and strains, leading to 

larger but more accurate deviation predictions that better 

represent actual structural behaviour during earthquakes. 

The ductility factor analysis further emphasizes the 

limitations of the simplified diagonal strut approach. The 

shell element model demonstrates a higher ductility factor, 

indicating that structures modeled with this approach 

possess greater deformation capacity and energy 

dissipation ability before failure. This is because the shell 

element model formulation can simulate progressive 

cracking and nonlinear stress redistribution within the 

masonry wall, which are not captured by the simplified 

strut representation. As a result, the shell element model 

offers a more comprehensive understanding of the 

structure’s post-yield behavior and overall seismic 

resilience. 

The performance level analysis also highlights clear 

differences between the two modeling approaches. For 

infilled frames with openings, the equivalent diagonal strut 

model corresponds to an Immediate Occupancy (IO) 

performance level, suggesting limited damage and 

minimal deformation under design-level seismic excitation. 

On the other hand, the shell element model reaches a 

Damage Control (DC) performance level, which, although 

indicating greater deformation, more accurately represents 

the realistic response of the structure with openings. For 

fully infilled frames without openings, both modeling 

approaches achieve the Immediate Occupancy level, 

confirming the beneficial effect of masonry infills in 

enhancing seismic performance.  

Nomenclature 

ℎ𝑐𝑜𝑙 
height of the column between beam centerlines 

𝐿𝑖𝑛𝑓 the infill frame length 

𝑟𝑖𝑛𝑓 the diagonal length of the infill wall 

𝑡𝑖𝑛𝑓 the wall thicknesses 

𝐸𝑓𝑒  the modulus of elasticity of the RC frame 

𝐸𝑚𝑒  the modulus of elasticity of the masonry 

𝐼𝑐𝑜𝑙 the moment of inertia of the column section 

𝜃 the angle formed between the infill wall  

height and length 

𝜆1 a coefficient used to determine the effective  

strut width 

𝑎𝑤 the opening area ratio 
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