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Abstract - In this study, the seismic behavior of light steel 
frame structures has been studied by two lateral diagonal load 
bracing resistant systems and lightweight steel shear walls. In 
this regard, a number of the shear panels in the two-
dimensional form as an alternative to a lateral resistance 
system have been modeled and analyzed with the same 
qualities. Modeling has been done by the SAP Software, and 
the coefficient of hardness, added resistance coefficient, 
ultimate deformation, final strength level, base shear 
coefficient, and other seismic behavior factors was compared 
to various shear panels. The results indicated suitable seismic 
performance and behavior for this type of structures, but 
lightweight steel-framed (LSF) shear walls’ behavior was more 
favorable and desirable than the diagonal bracing. 
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1. INTRODUCTION  

Using Light Steel Frame (LSF) structures have been 
extensively applied in industrial production of commercial, 
residential, and office buildings, due to its role in lightening 
the structures in comparison with the conventional systems 
of construction around the world these days. This method 
started in developing countries as an alternative to replace 
traditional methods of construction and provide extensive 
applications [1] 

In this study, the effect of seismic behavior of light steel 
frame has been studied by two lateral diagonal load bracing 
resistant systems and lightweight steel shear walls and 
several shear panels in the two-dimensional form as an 
alternative to a lateral resistance system with the same 
qualities have been modeled and analyzed. Modeling was 
performed by the SAP software, and the results of resistance 
and other seismic behavior parameters were compared to 
the panels and also due to the new standard "code-style of 
design and implementation of the structural lightweight 
steel frame (LSF) " [2]. In particular, this research can lead to 
understanding and further develop this type of structures. 

The study assumed different types of resisting lateral and 
diagonal bracing cold rolled steel that has different effects on 
the building with shear walls light steel frame systems (from 
flexibility, ultimate load, hardness, etc.). 

 

2- Basics of Design Theory and Method 

The behavior of structural members according to the curve 
of force - deformation under a controlled force or controlled 
deformation can be classified by force and are introduced 
based on three different behaviors including deformable, 
semi-deformable and brittle behavior. Deformable behavior 
is a kind that its structure in that area is elastic, but brittle 
behavior is that structures are low with great difficulty and 
the distance between the stress and the yield [3]. 

Deformable structures where the gap between the end and 
yield stress is high, and structures in the elastic area will 
continue. In Fig-1, the pushover curve load-shift is shown. 

 

Fig -1: Pushover load-displacement curve of a sample of 
structures [3] 

Pushover analysis is an analysis of the structure under 
lateral loads increasing and determining diagrams of load - 
shift with a curve of the structural capacity of the quantities 
of base shear and lateral displacement that is usually used a 
reference level point for drawing the graph. 

To facilitate diagramming and graphing pushover, a bilinear 
curve can be drawn. Deformable coefficient (μ) is the 
structural capacity to withstand deformations without 
collapsing structures. According to this description, it can be 
stated that the maximum displacement of structures (Δmax) 
to shift of yield point (Δy) is the coefficient of deformability 
and defined as Eq. (1): 
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µ = ∆ max / ∆ y                                                                           Eq. (1)   

Added resistance coefficient of the shear panel is a factor of 
resistance in most structural design codes, and a structure is 
tolerated more than designed resistance, and it is the ratio of 
ultimate strength to yield strength panel that could be 
defined as Eq. (2): 

𝛺  =  Vu / Vy                                                                                Eq. (2) 

3- Analyze of designing Panels in SAP2000 software 

SAP2000 Program, as a general software application, with 
the most advanced two-dimensional [4] and three-
dimensional structural analysis methods, was used for 
pushover analysis. According to the capabilities of the 
SAP2000 Program in static pushover analysis, the user can 
do this type of analysis as a simple and quick for two-
dimensional [5] and three-dimensional structures based on 
the evidence presented in FEMA-273 and ATC-40 [6]. In Fig-
2, the three-dimensional image of the model and output of 
pushover diagram is presented in SAP2000 Software. 

 

Fig -2: Frame has designed in software with the 
output curve results of a pushover 

It is worth mentioning that the lateral behavior of diagonal 
bracing and shear walls panel were compared by the steel 
frame of the lateral shear resistant system and how to 
connect two systems. According to the results of research 
conducted by previous researchers, since holes, less than 4 
percent are effective on the resistance of the frame. Thus, it 
affects to facilitate the modeling of all members of the panel 
without holes and models in this study. 

4-Shear Panel Analysis in Software 

In this section, the modeling and charting a pushover shear 
panel, and the physical properties of the LSF system will be 
examined. 

 

 

4.1 Dimensions and Mechanical Properties in 
Modeling Frames 

As indicated in Fig-2, a two-dimensional frame of 
structures which represents lateral load system in that 
direction is modeled, and a selected sample is modeled in a 
laboratory by Cheng Yu [7], and SAP2000 Software and the 
results are compared. As can be seen in Fig-3, the structure 
has two openings at intervals of 0.61 m and a height of 2.44 m 
with parallel clamps in the middle which have fixed 
connections and lateral roller staddle at the junction of 
staddles to the rolling pin. 

 

Fig -3: View of the shear frame with the lateral resisting 
system was designed in the software 

Table-1 has indicated the values of the modulus elasticity, 
Poisson's ratio, and yield stress of the frame sections and 
diagonal bracing lateral load resisting system and shear walls 
of the lightweight steel frame (LSF). 

Table -1: material properties of sections 

No. Section names E (Mpa) Poisson's 
ratio 

Fy (MPa) 

1 STUD 203,000 0.3 230 

2 TRACK 203,000 0.3 230 

3 BRACE X 203,000 0.3 230 

4 STEEL WALL 203,000 0.3 230 

 
Table-2 has illustrated the dimensions of the staddles and 

the tracks used in this study that are identical in all cases. 

Table -2: Dimensions of the staddles and the tracks 

No. Section names Flange 
width, bf 

(mm) 

Section 
depth, D 

(mm) 

Length of 
edge 
(mm) 

1 STUD 41.3 88.9 12.7 

2 TRACK 38.1 88.9 --- 
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Table 3 has shown the height and width of the shear 
frame with naming the different sections and thickness of 
lateral load resistant system. 

Fig-4 has illustrated the analysis results of the pushover 
diagrams for diagonal bracing frames with different thickness 
in one graph. 

Fig-5 has indicated the analysis results of pushover 
diagrams for cold-rolled shear wall frames with various 
thicknesses in one graph as well. 

Table -3:  height and width of the shear frame with 
naming the different sections and thickness 

No. Section 
names 

Frame 
width 
(mm) 

Frame 
height 
(mm) 

The thickness of 
the lateral resisting 

system, t (mm) 

1 CFS-B0.55 1220 2440 0.55 

2 CFS-B0.85 1220 2440 0.85 

3 CFS-B1.00 1220 2440 1.00 

4 CFS-B1.25 1220 2440 1.25 

5 CFS-B1.50 1220 2440 1.50 

6 CFS-B2.00 1220 2440 2.00 

7 CFS-SW0.55 1220 2440 0.55 

8 CFS-SW0.85 1220 2440 0.85 

9 CFS-SW1.00 1220 2440 1.00 

10 CFS-SW1.25 1220 2440 1.25 

11 CFS-SW1.50 1220 2440 1.50 

12 CFS-SW2.00 1220 2440 2.00 

 

 

Fig -4: Pushover diagrams of diagonal bracing frames for 
different thickness 

According to the pushover diagrams of case studies in this 
research, the following analysis could be developed: 

 

4.2 Deformability and Hardness 

Fig-6 offered the comparison chart of deformability factor 
of lightweight steel shear wall frames with diagonal bracing, 
and Fig-7 indicated the comparison chart of the hardness of 
frames with diagonal bracing and lightweight steel shear 
walls. 

4.3 Ultimate load and gain strength 

Figure 8 offered a comparison chart of increasing the 
ultimate load of frames with diagonal bracing and lightweight 
steel shear walls, and Figure 9 presented comparison chart of 
gain strength and cold rolled shear wall frame with diagonal 
bracing. 

 

Fig -5: Pushover diagrams of lightweight steel shear wall 
frames with various thicknesses 

 

Fig -6: Deformability factor graph 
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Fig -7: Hardness of the frames graph 

 

Fig-8 Increasing the ultimate load graph 

 

Fig-9 Gain strength graph 

4.4 Average values 

Table 4 compared the average coefficients of 
deformability, hardness, ultimate load, and added resistance 
in the frames with diagonal bracing and lightweight steel 
shear walls. 

 

 

Table -4: The average values 

Description numerical values 
(concentric 

brace/shear wall) 

shear 
steel 
wall 

concentric 
brace 

Deformability 4.89 15.4 3.15 

Hardness 12.49 3.5 0.28 

ultimate load 1.1 16.81 15.41 

gain strength 1.02 1.09 1.07 

 

5- Conclusions 

In lightweight steel frame (LSF) panels, lightweight steel 
shear walls or diagonal bracing or other adverse allowable 
bearing systems in accordance with the regulations of " 
lightweight steel frame (LSF) Design and Construction". The 
main components of lateral diagonal bracing in lightweight 
steel shear walls LSF are with other aforementioned lateral 
load resisting systems that lateral behavior, in general, is 
dependent on the performance of the components, the lateral 
load applied to the panel are tolerated by tensile and frame 
performance of vertical and horizontal members of the panel. 
Meanwhile, the system is much more resistant to the lateral 
portion of the lateral load, if the under lateral loads, lateral 
load resisting system has a larger portion to tolerate the 
tension without serious damage to other parts of the panel, 
desirable behavior of the panel will be observed. In this 
regard, the materials of lateral load resistant system than 
other members of the panel, especially in the vicinity of the 
border areas are considered such a weak connection. Given 
that the seismic behavior of structures to a large extent 
depends on the type and resistance of structural connections. 
The seismic design should be submitted to the lateral 
resisting system. 

By definition, the maximum ratio of shift to shift yielding 
place, deformability of system, the maximum load ratio to 
yielded load is once called, by averaging accordance with the 
comparison table and the corresponding addition of 
resistance and area under the pushover curve of load-shift 
indicate that the statistical results of increasing the shear wall 
thickness lightweight steel frame (LSF) to diagonal bracing 
lead to see an increase in deformability equal 4.89, an 
increase of 12.49 times in difficulty, an increase 1.1 times in 
the final load, and increase 1.02 times in added resistance. 

The results of numerical analysis of steel shear walls with 
different thicknesses indicate that, according to the ratio of 
length to the height of the frame in the research by 2, nominal 
shear strength increased and the results of analysis make 
clear that this type of shear walls has high deformability. The 
added resistance of the samples averagely is 1.1 that 
indicates good seismic profile of the system. The numerical 
results also indicate different thick steel diagonal bracing for 
increasing the thickness of braces that also generally 
increases the hardness and strength of the panel. 
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According to the presented results, cross bracing, and cold-
formed steel (CFS) framed shear walls performance in a 
thickness of about half or two-thirds thickness of the staddles 
and tracks in these structures, and the panel recommended 
deformable behavior. 

According to Table-4 the regulation of " design and 
implementation of lightweight steel frame (LSF)" for 
lightweight steel walls with diagonal bracing belt, multiplier 
factor of 4 and resistance 2 (with a maximum height of the 
structure 15 meters) in all seismicity zone as well as the 
lightweight steel walls that are covered with steel plates, the 
coefficient of 5.5 and coefficient of resistance 3 (with a 
maximum height of the structure 15 meters) in all zones of 
seismicity, and this also confirms the good performance of 
this type of structures (short and mid-rise structures). 
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