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Abstract 

Reinforced concrete (RC) frames with unreinforced masonry infill panels are common structural building systems 

all over the world. Although many analytical investigations and experimental observations emphasize the 

contribution of masonry infills to the overall stiffness and strength of the structures, their effects are not considered 
by the engineers in the design and the analysis calculations. Due to the variations in the actual behavior of the infill 

walls and using different parameters to define the infill walls in modeling and capacity calculations, they have 

unpredictable effects on the global response of the structural systems. The purpose of this study is the simulation 

of a collapse mechanism scenario that may be developed during the earthquake through applying incremental 

equivalent static load. Infill panels were represented using equivalent compression diagonal struts and their effects 

on the behavior of RC structural systems having asymmetrical placement of unreinforced masonry infill walls 

along the elevation has been scrutinized. The equivalent static load was applied to the structural system in +/-X 

directions to focus on the effects of using only one diagonal strut. It has been observed that the influence of the 

infill panels on the structural system has beneficial effects in decreasing the story drift, which may be attributed to 

the contributory effect of the infill panels on the lateral stiffness of the structural system. Furthermore, the axial 

forces and bending moment diagrams have been plotted for each increment in the equivalent static load, which can 

give insight to understand the significance of masonry infill walls. 
Keywords: Infill walls, seismic loading, equivalent diagonal strut.  

 
 

Yükseklik Boyunca Asimetrik 2B Betonarme Yapısal Sistemlerde Yığma 

Dolgu Duvarların Etkisinin İncelenmesi 
 

 

Öz 

Güçlendirilmemiş yığma duvar dolgu panelleri kullanılarak oluşturulan betonarme çerçeveler, tüm dünyada yaygın 

olarak kullanılan yapısal sistemleridir. Birçok analitik araştırma ve deneysel gözlem, yığma dolgu duvarların 

yapıların genel rijitliğine ve dayanımına katkısını vurgulasa da, mühendisler tarafından tasarım ve analiz 

hesaplamalarında etkileri dikkate alınmamaktadır. Dolgu duvarların gerçek davranışlarında farklılıklar bulunması 

ve dolgu duvarları modelleme ve kapasite hesaplamalarında tanımlamak için kullanılan farklı parametreler 

nedeniyle, bu duvarlar yapısal sistemlerin genel tepkisi üzerinde öngörülemeyen etkilere sahiptirler. Bu çalışmanın 

amacı, deprem sırasında gerçekleşebilecek bir göçme mekanizması senaryosunun artımlı eşdeğer statik yük 

uygulanarak simülasyonudur. Dolgu duvarları eşdeğer diyagonal basınç elemanları kullanılarak temsil edilmiş ve 

yükseklik boyunca asimetrik olarak yerleştirilen güçlendirilmemiş yığma dolgu duvarların betonarme yapı sistem 

davranışı üzerindeki etkileri irdelenmiştir. Sadece bir çapraz destek kullanmanın etkilerine odaklanmak için 

yapısal sisteme eşdeğer statik yük +/- X yönlerinde uygulanmıştır. Dolgu duvarların yapısal sistemin kat yer 
değiştirmelerini azaltmada faydalı etkilere sahip olduğu gözlemlenmiştir. Bu durum dolgu duvarların yapısal 

sistem yanal rijitliği üzerinde katkı sağlayıcı etkisine bağlanmaktadır. Ayrıca, eşdeğer statik yükteki her artış için 

eksenel kuvvetler ve eğilme momenti diyagramları çizilmiştir, bu da yığma dolgu duvarlarının önemini anlamak 

için fikir verebilir. 
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1. Introduction 

 

Masonry infill walls are a part of the traditional building systems used for separating the spaces in the 
architectural plans as well as providing acoustic and thermal insulation in the reinforced concrete (RC) 

structural systems. Since masonry infill walls are considered as non-structural members during the 

design process, most of the civil engineers do not consider the influence of them on the structural 
response. Recent earthquakes in the world showed that infill walls have generally beneficial effects on 

lateral load resisting of the structural systems, especially in high seismic regions [1-4]. The main 

problem in the masonry infills issue is the lack of a modeling approach that could reasonably simulate 

the actual behavior of the infilled frames. Infill panels are typically modeled using macro-modeling 
approach, which is preferred as a simple concept to predict the global behavior of the structural systems, 

or micro-modeling approach that may assist in predicting the local response and failure modes of the 

infilled frames. However, due to the requirements of supercomputers and long times for the analysis of 
structural systems, using micro-modeling approaches of masonry infill walls is not stated in design codes 

(e.g., FEMA-356, [5]).  

The latest version of the Turkish Seismic Code [6] has some modifications and improvements 
compared to the previous version, in terms of natural vibration period [7] and soil classes [8]. These 

code provisions can be reliably used to evaluate the seismic performance of buildings (see also [9-11]). 

Masonry infill walls have been mentioned in some areas of the code, but require further updates in this 

regard. 
Many researchers have been studied experimentally and numerically on masonry infilled steel 

and reinforced concrete (RC) frames to understand their mechanism through applying lateral load on 

the structural systems. It was first proposed to simulate the behavior of infill walls as diagonal struts in 
1960s, and this approach was modified later to obtain more accurate models. It is well understood that 

during applying the lateral load on the structural system having infilled frames, the infill panel works in 

compression across two diagonal corner joints and the strut in the orthogonal direction to the first one 

was in tension resulting in gaps between the infill panels and the surrounding frames. According to this 
concept, the methodology of the diagonal compression strut was created. Also, as a prediction of the 

failure mechanisms, five types of failure modes (i.e., corner crushing, sliding shear, diagonal 

compression, diagonal cracking, and failure in frame) were presented in the literature during the 
assessment of the masonry infilled frames [12] which may be occurred at both infill panels and frames. 

Although it is commonly known that the presence of infill panels can increase the lateral stiffness of the 

structures, modeling of these non-structural elements is neglected in current design codes. Besides, 
undesirable results in seismic design (e.g., short column effects) were not considered due not to the 

modeling of masonry infill walls. Therefore, the contribution of infill panels should not be ignored in 

the design calculations. On the other hand, in performance-based design codes [5] and numerous 

analytical studies [13-16], using only one diagonal strut is proposed with a defined backbone curve. In 
seismic analysis due to the presence of an earthquake ground motion having reversed cycle loading 

hysteresis, these types of approaches cannot adequately predict the damage occur in the other direction 

[17]. 
Within the scope of this study, the failure mechanism that has been developed in each strut was 

investigated to show the gradual effect of the presence or absence of masonry infill walls during seismic 

loading. The effect of masonry infill walls on the global response has been represented via simplifying 
the envelope capacity of the single diagonal strut approach available in the literature. The earthquake 

scenario was defined by increasing the equivalent static load and eliminating the struts that reach the 

compression load capacity at each earthquake loading step. The reversed cyclic effect of the earthquake 

load has also been simulated by first imposing the earthquake load in one direction (+X) only on the 
model that has one diagonal strut for each infill wall. Secondly, the earthquake load has been applied in 

the opposite direction (-X) with again defining only one diagonal strut. Hence, collapse mechanisms due 

to reaching axial load capacity in masonry infill walls and internal forces under the earthquake scenario 
were presented for +X direction and -X direction. The aim of defining two earthquake scenarios in 

opposite directions using only one strut for simulation of masonry infill walls is to investigate the results 

on a 2D frame system having asymmetry along the elevation under earthquake load. 
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2. Analytical Modeling 

 

2.1. Description of the Structural System 

 

Five-bays eight-story frame was investigated in this study by using the computer software SAP2000 

[18]. The 2D frame system is assumed to be in İstanbul city which has coordinates as 40.9816929o for 
latitude and 28.63929o for longitude. The foundation is modeled as fixed support, the soil class is ZC, 

and the ductility level is assumed to be high by considering R=8. The frame members were considered 

to resist the lateral load sufficiently. All columns and beams have 80x80 and 80x30 cross-sectional 

dimensions, respectively, and story height was defined as 3.5 m. The frame has asymmetrical bay 
lengths along the elevation (i.e., different span lengths were considered as shown in Figure 1) which are 

intentionally chosen to highlight the severe effects of infill panels on a non-symmetric structural system 

and to provide a widespread solution approach for such analyses. The dead load of the infill walls and 
the structural members with a live load has been considered as the vertical loads existing on the 2D 

frame system. The concrete compressive strength is defined as 25MPa and the modulus of elasticity of 

concrete is 30000MPa. Weight per unit volume of concrete and brick is 2500 kg/m3 and 1922 kg/m3, 
respectively. The poisson ratios for concrete and brick are 0.2 and 0.15, respectively. All infill panels 

were modeled as single diagonal struts oriented opposite to the loading direction, from top left to the 

bottom right for the earthquake load in the +X direction, and from bottom left to the top right for the 

earthquake load in the -X direction, as they are assumed to carry only the compressive load. The 
connection between the struts and the surrounding frame members was considered pin-connection at 

both ends of the struts since they are only capable of carrying the applied axial load. 

 

 
    (a)                                                                                  (b) 

Figure 1. Model used in the analysis; (a) Earthquake load applied in +X direction, (b) Earthquake load applied 

in -X direction. 

 

2.2. Diagonal Strut Definition 

 
In literature, most researchers have been focused on the definition of the back-bone curve of the diagonal 

struts that have been used for simulation of masonry infill walls between frame members. Holmes [19] 
studied the stiffness and strength of infill panels with steel frames subjected to lateral shear force and 

carried out small-scale test specimens for comparison purposes. A simple procedure to determine the 

ultimate load and deflection in the frame was proposed. The diagonal strut width (ainf) was assumed for 

the first time as; 
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where dinf is the diagonal length of infill walls. The ultimate load and deflection results obtained from 

the proposed equations were compared with the experimental small-scale test results and had a good 

agreement. However, these equations were valid only for infill panels having limited aspect ratios. In 
the study of “Stafford et. al. [20]”, a design method based on an equivalent strut concept was developed 

to predict the lateral stiffness of the composite frames. The behavior of infilled frames under lateral load 

has been tested. The length of contact between the diagonal strut with the surrounding frame is one of 
the most important parameters used to determine the lateral stiffness and strength of the infill panel, 

which have been estimated by the following equation. 
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This equation was modified later by Mainstone and Weeks [21] as shown in the equation below;  
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where λh is the unitless parameter and can be calculated as: 
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In the above equations, ainf is the width of the diagonal strut, Icol is the moment of inertia, H is 

the height of the column, θ is the angle between the infill length and diagonal length in radians, Ec and 
Einf are the expected elasticity modulus of the frame and infill panel, respectively, hinf is the height of the 

infill panel, tinf is the thickness of the infill panel and dinf is the diagonal length of the infill panel. To 

determine the width of the diagonal strut, FEMA-356 [5] use Equation 3 developed by Mainstone and 
Weeks [21]. Some of the other researchers [12], [22] proposed models based on single or multi-strut 

concepts trying to simulate the observed behavior of the diagonal strut.  

In this study, the infill panels were modeled as single diagonal struts which only have axial 

compressive limits. The aim of using single strut only is to investigate the shortcomings of using one 
strut for simulation of infill walls and to show the behavioral response of the structural system which is 

expected to show discrepancy when the lateral load is applied in +X and -X directions. The width of the 

diagonal strut for each bay is presented numerically in Table 1 and plotted in Figure 2, where it was 
calculated according to FEMA-356 [5] equations. (as shown in Equation 3 and Equation 4). The values 

of the other parameters in Equations 3 and Equation 4 can be found in Table 2. 

The material properties of the strut members were defined similarly to the brick masonry walls 
in literature, where the property of the infill wall materials and strut dimensions used in the analysis are 

assumed as follows. The modulus of elasticity of the masonry (Einf) is 550 times the masonry prism 

strength f'm, where the mean value of f'm is 4.1 MPa, 6.6 MPa, and 7.5 MPa for prism constructed by 

weak, intermediate, and strong mortar, respectively [23]. In the current study the mortar was assumed 
to be intermediate (f'm = 6.6MPa) and the modulus of elasticity of masonry was calculated as Einf = 

3630MPa. Besides, the thickness of the diagonal strut is assumed to be 135 mm for all panels. 

 
Table 1. The width of the diagonal strut for each infill panel 

Strut ID 
Bay length 

(m) 

rinf 

(mm) 
  

 
(rad) 

dinf 

(mm) 

ainf 

(mm) 

1 8 7689.6 1.446 0.359 7689.6 1161.1 
2 7 6762.4 1.485 0.411 6762.4 1010.2 

3 6 5859.2 1.527 0.479 5859.2 865.6 

4 4 4186.9 1.600 0.700 4186.9 607.1 

5 3 3482.9 1.597 0.877 3482.8 505.4 
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Table 2. The parameters used to calculate the width of the diagonal strut 

H (mm) tinf (mm) Ic (mm4) hinf (mm) 
Einf 

(MPa) 

Ec 

(MPa) 

3500 135 3.41E+10 2700 3630 30000 

 

 
Figure 2. Diagonal strut width for each bay length 

 
In addition to the definition of the cross-sectional dimensions of the diagonal struts, the axial 

load capacities of the diagonal struts have been calculated using one of the backbone curves mentioned 
in the literature and summarized herein. The seismic behavior of the infilled frames that had strong infill 

panels (i.e., infill panels constructed by strong mortar) was investigated by Panagiotakos and Fardis 

[24]. It was clearly shown that the strong infill wall that is generally considered as the non-structural 
element is effective for seismic resistance of RC frames. Panagiotakos and Fardis [25] conducted 

nonlinear seismic analyses, using the equivalent diagonal strut approach, which was quite simple due to 

being a macro modeling approach compared to the micro modeling approaches that need calculation 

effort and time. Tsai and Huang [26] investigated numerically the effects of masonry infill panels on the 
collapse mechanism of infilled RC frames with several positions of the infills in the plan and the 

elevation. According to their study, a new backbone curve was developed to determine the ultimate 

strength of the diagonal strut. Dolsek and Fajfar [27] similarly investigated a four-story RC building in 
case of the bare frame and infilled frame with and without openings. The infill panels were modeled 

using the diagonal compression strut approach for the sake of simplicity. They considered the expression 

proposed by Žarnić and Gostič [28] with a little simplification and suggested a new model as shown in 
Figure 3. The suggested model was capable of simulating the behavioral response of the experimentally 

observed results with good agreement. The model also provided results close to those calculated by 

Panagiotakos and Fardis [25]. Due to the reliability in predicting the experimental results, the backbone 

curve proposed by Dolsek and Fajfar [27] has already been chosen to obtain the capacity of the diagonal 
struts in the current study. 

 

 
Figure 3. Force-displacement relationship for the diagonal strut [27]  

 

In the backbone curve (Figure 3), initial stiffness was calculated as; 
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and the load capacity in the diagonal strut is defined as following; 
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where,  
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The cracking force Fy was assumed as 60% of the maximum force Fm. The story drifts at 

maximum force Dm is 0.2% for infill panel without opening. The ratio between the story drifts at zero 
load capacity (Du) and the maximum force (Dm) was assumed to be 5 [27]. In the above equations, tinf is 

the thickness of the infill panel, Linf, is the length of the infill panel and hinf is the height of the infill 

panel. Gw is the shear modulus of the infill panel and ftp is the tensile strength of the infill panel obtained 

either from the diagonal tensile test or from the cyclic shear test of the masonry panel. The experimental 
results showed that ftp value varies tremendously depending on the mechanical characteristics of the 

masonry material itself [28]. The tensile strength and the shear modulus of the infill panel were assumed 

in the current research as 0.2 MPa and 1452 MPa, respectively. Using the equation proposed by Dolsek 
and Fajfar [27] summarized above, the capacity of each strut was calculated and shown in Table 3. 

 
Table 3. Capacity of the diagonal strut for each infill panel  

Strut 

ID 

Bay length 

(m) 

Capacity 

(KN) 

1 8 192.99 

2 7 171.37 

3 6 149.93 

4 4 108.14 
5 3 82.68 

 
Some researchers studied on improving the seismic performance of infilled frame systems. 

Aksoylu and Kara [29-30] investigated RC frames strengthened by precast infill panels by conducting 

experimental tests on five (1:3 scaled) specimens under reversed-cyclic lateral loading and proposed a 
technique to improve the response of such infilled frame system. They concluded that this type of 

strengthening increases the stiffness, load carrying capacity, and energy dissipation capacity of the 

infilled frame as well as it can control the drift values within the limits. 

 

2.3. Analysis Procedure 

 

Analyses were conducted using the backbone curve capacity for the struts defined in the previous section 
with the applied equivalent static earthquake load on the frame system as per the Turkish Building 

Seismic Code (TBSC-2018) [6]. The analysis was divided into 10 steps in case of both +X and –X 

loading directions. The analysis procedure seems like a simulation of pushover analysis; however, it is 
a stepwise linear static analysis with scaled seismic loading for each step. The stepwise lateral loading 

was conducted to investigate the effect of the gradual failure of brick infill walls on the global response 

of the structural systems. This procedure was suggested for simulation of the infill panels even in humble 

linear-elastic analysis. In the first step, the frame was fully infilled, and after applying the lateral load, 
only one strut had reached capacity. In the second step, the strut that reached capacity in Step-1 was 

deleted from the model and the analysis proceeded for the remaining components. In this way, the other 

steps were conducted until most of the struts reached capacity. It is worth mentioning that if the applied 
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earthquake load did not result in reaching the capacity of new struts in any one of the steps, the 

earthquake load was increased using a scale factor. It may seem awkward to scale earthquake load with 

an ad-hoc factor, however; the earthquake load was calculated using the design earthquake ground 
motion according to TBSC-2018 [6], and increasing it reasonable since it is well known that the actual 

ground motion may be bigger than the design earthquake. In each step, earthquake load was recalculated 

to consider the change in the mode shapes and periods due to the effect of extracting the struts that 
reached axial load capacity. The story masses were kept constant to focus on the effect of fails in infill 

panels on the lateral stiffness of the structural system. Also, it is aimed to see the effect of diagonal struts 

on the columns’ internal forces, the lateral stiffness of the structural system, and the natural period of 

the 2D frame system under an arbitrary earthquake load. This method can show the global response of 
infilled frame by controlling the base shear levels to get new struts that reach the axial load capacity in 

each step.  

 

3. Discussion of Results 

 

Model descriptions with the analysis procedure are summarized in the previous section. In this section 
analysis results with the applied stepwise earthquake static load will be discussed. As it is explained, the 

struts that reach the lateral load capacity were assumed as failed and eliminated from the 2D frame 

model. The elimination of diagonal struts at each step is shown in Figure 4 for the applied earthquake 

static load in +X and –X directions. In the figure, the initials S- means to the step. In common, using 
single strut is not capable of simulating the interaction between the infill and the surrounding frame, and 

the force distribution in frame elements accurately [31]. In this section, it is aimed to show the effect of 

using a single strut for modeling the infill walls in axial forces and bending moments of columns. The 
effects of deleting the struts to the natural period, drift ratios, story shear forces, and internal forces were 

separately discussed herein. 

 

 
 (a)                                                                   (b) 

Figure 4. Step by step elimination of struts; (a) Earthquake load applied in +X direction, (b) Earthquake load 

applied in -X direction. 

 

3.1. Effects of Natural Period of the 2D Frame System 

 

The natural periods of the 2D frame system for each step are shown in Table 4 with the corresponding 

base shear values, where the base shear values are the same for the +X and -X loading directions. 
Considerable differences in the natural periods can be recognized within the step numbers; S-2, S-3, S-

4, and S-5. The reason for that may be attributed to the difference in the number of struts that were 

deleted due to reaching capacity. In the following steps with the increase in the earthquake load, natural 
periods are closer to each other, since the strut eliminations have become equal. Figure 5 shows the step 

number vs. natural periods for each step, which again manifests significant differences at the natural 

C1 C2 C3 C4 C5 C6 C1 C2 C3 C4 C5 C6

S-8

S-9 S-9

S-6 S-6

S-5 S-2 S-7 S-3 S-6

S-4 S-1 S-5 S-2 S-5

S-5S-5S-5S-4S-5 S-1 S-1 S-2 S-3 S-3

S-3S-2S-3S-1S-2

S-3 S-7

S-8 S-5 S-6

S-9S-9

S-4 S-2 S-8
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periods in the mid-steps. On the other hand, the bare frame has the greatest values of the natural period 

compared to the analysis for the infilled frame systems. 

 
Table 4. Period and corresponding base shear for each step. 

Step number Base shear 

(kN) 

Natural period 

(+X) 

Natural period 

(-X) 

S-1 1999.74 0.451 0.451 

S-2 1981.54 0.455 0.463 

S-3 1941.99 0.464 0.478 

S-4 1920.41 0.473 0.494 

S-5 2000.74 0.478 0.498 

S-6 1986.87 0.497 0.501 

S-7 2028.35 0.507 0.506 

S-8 2148.01 0.508 0.507 

S-9 2237.12 0.510 0.511 

S10 2387.78 0.517 0.517 

Bare frame 1657.3 0.539 0.539 

 

 
Figure 5. Natural periods for all steps in +X and –X loading directions. 

 

3.2. Effects on the Drift Ratio 
 

For comparison of the drift ratios for both +X and –X loading directions in the current study, the 2D 

frame system was also subjected to the earthquake ground motion levels that were calculated according 
to TBSC-2018 [6]. Four earthquake ground motion levels are defined in TBSC-2018 [6], which are 

DD1, DD2, DD3 and DD4. The design earthquake level of DD-2, which means to 10% probability of 

exceedance in 50 years (recurrence period 475 years) was first applied. In addition to the DD-2 level of 
the earthquake ground motion, DD-1 and DD-3 levels were also performed for 2D bare frames (B) and 

fully infilled frames (I). The earthquake ground motion levels were named as B-DD1, B-DD2 and B-

DD3 for bare 2D frames, and I-DD1 (+X), I-DD1 (-X), I-DD2, and I-DD3 for infilled 2D frames. Infilled 

2D frame case means that the lateral load was applied on the fully infilled 2D frame, then the struts that 
reached axial load capacity have been deleted. After removing the struts that reached the axial load 

capacity, lateral load with the new natural period and mode shape has been applied again and the drifts 

have been recorded. It can be noted that in case of I-DD1, the drift ratios show differences in +X and -
X cases. Hence, the I-DD1 load cases are shown separately in Figure 6 for +X and –X loading directions. 

Analyses results for 10 steps are completed and the result of drift ratios vs. building height are shown in 

Figure 6. Since the drift ratios indicate significant differences between +X and -X loading directions, 
their results are presented separately in the figures. Drift ratios can show a notable difference between 

drifts in +X with straight lines and in -X with dashed lines. This difference seems little in the first and 
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the second steps; however, it has larger values in the later steps especially at the mid-height story levels 

where the simulated infill panels were failed due to reaching axial load capacity in the diagonal struts. 

In TBSC-2018 [6], two equations (Equation 8 and Equation 9) have been defined to specify the 
limit of drift ratios depending on the connection details between the infill walls and the frame members. 

Equation 8 and Equation 9 are used to determine the drift limits for the infilled and bare frame, 

respectively. 
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,max
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In the equations above,  is the ratio of elastic design spectral acceleration of DD-3 to elastic 

design spectral acceleration of DD-2, h is the story height, x
i,max is the maximum story drift of ith story, 

and K is a coefficient taken as 1 for RC buildings. These two inter-story drift (ISDR) limits were 
calculated for the present case study and shown as vertical lines in Figure 6. The drift ratio exceeds the 

limit of the infilled frame (considering the brick infill walls) in the last three steps of the analysis, while 

the drift ratios of the bare frame system (neglecting the brick infill walls) seem to be under the limits. 
The analysis results have shown that drift limits defined in TBSC-2018 [6] are sufficient for frame 

systems. Although the drift limits for the infilled frame system has been exceeded in the last three steps 

of the analysis, it is reasonable since most of the infilled walls has been reached their axial load capacity 
and deleted from the 2D frame system. 
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Figure 6. Drift ratios vs. Building height for all steps in +X and –X loading directions. 
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Figure 6. (Cont’d). Drift ratios vs. Building height for all steps in +X and –X loading directions. 

 

3.3. Effects on the Story Shear Forces 
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earthquake ground motion (DD-3). For the DD1 earthquake ground motion level, the bare and infilled 

frame systems have nearly equal story shear forces and total base shear forces, which may be attributed 

to identical behavioral responses of both frame systems under this earthquake level. 

 

 
Figure 7. Story shear forces vs. Building height for all steps in +X and –X loading directions. 

 

3.4. Effects on the Axial Forces and Bending Moment of the Columns 

 

It is widely known that the presence or absence of infill panels can alter the axial force and bending 
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results were obtained for the normalized bending moment values at the top of the columns (Figure 10). 

Due to deleting the struts, the bending moment values diverse in the mid-height of the 2D frame system 

between +X and –X loading directions, revealing that considering the effect of the infill walls is 
inevitable since they may provide either advantageous or disadvantageous effects on the structural 
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Figure 8. Normalized axial forces vs. Building height in columns for all steps in +/–X loading directions. 
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Figure 8. (cont’d). Normalized axial forces vs. Building height in columns for all steps in +/–X loading 

directions. 
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Figure 9. Normalized bending moments vs. Building height at the bottom of the columns for all steps in +/–X 

loading directions. 
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Figure 9. (cont’d). Normalized bending moments vs. Building height at the bottom of the columns for all steps 

in +/–X loading directions. 
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Figure 10. Normalized bending moments vs. Building height at the top of the columns for all steps in +/–X 

loading directions. 
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Figure 10. (cont’d). Normalized bending moments vs. Building height at the top of the columns for all steps in 

+/–X loading directions. 
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directions by controlling the base shear and extracting the struts that reached the axial load capacity. It 

was observed that the presence of unreinforced masonry infill walls has significant effects on the 

structural response in terms of decreasing story drifts and the natural period of the structural systems as 
well as affecting the interaction between the bending moments and the axial loads on the columns. 

Although several studies in the literature recommend using one strut [13-16] for representing the infill 

panels, and in code provisions [5] there is only one strut definition for simulation of the infill walls, the 
earthquake ground motion has an inverse loading effect which can be imposed in the model of the 

structural systems in both (+) and (–) directions. Within the scope of this study, the 2D frame system 

was intentionally selected as asymmetric along the elevation to emphasize the inadequacy of using one 

strut for simulation of infill panels.  
Comparison between infilled frames subjected to earthquake loads in +/–X loading directions 

revealed that using only one strut for simulation of infill walls is not sufficient for reliable response 

predictions of structural systems under earthquake ground motions. Even in these two analytical results, 
with the same parameters except altering the direction of the struts and earthquake loading directions, 

there are discrepancies between axial force and bending moment distributions as well as the natural 

periods and story drifts due to using diagonal struts in only one direction. 
 It was also observed that the first strut reaches capacity at the mid-height of the 2D frame system 

and some of the struts in the upper levels need significant base shear values to reach their axial load 

capacity. Thus, the analytical procedure proposed in the present study can be conveniently used to 

investigate the soft-story issue in the building systems. 
As it is presented in many code provisions [6], not considering the effect of the infill walls in 

the design of the structural systems is not sufficient for simulating the actual response of them. 

Considering the infill walls in each span where the infill walls exist is also not a reliable approach, since 
they may fail under earthquake ground motion. Although the world tends to design and analysis the 

structural systems under nonlinear cases, there are simply designed structural systems that can be 

designed under linear cases due to consideration of time and effort for the relevant project. Hence, it is 

simply proposed in this study that in linear seismic analysis for any earthquake load level first define an 
axial load capacity for each strut that may be the one that was used herein. Second, conduct the analysis 

and delete the struts that reach the defined axial load capacity and rerun the analysis for obtaining the 

final model of the structural system. 
Compared to infilled frame, bare frame shows significant values of drift, moment, shear forces, 

and period as well as small values of axial forces in columns. Consequently, ignoring the presence of 

infill walls in a structural system during the seismic design process can either overestimate or 
underestimate the behavioral response of that system. In other words, current code provisions should 

focus on the consideration of not only the weight of the infill panels but also their stiffness and 

interaction with frames. 
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