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Abstract: One of the methods used in the building retrofitting against lateral loads (convergent or 
divergent) is the use of bracing system. The common picture of convergent bracing causes many 
common problems in providing the space for building openings. Architects have invented a new kind 
of bracing to provide enough space for openings in the building and to overcome the existing problems 
which are the same as bracings 7 or 8 with this difference that its members are not direct to provide the 
space for openings and they are connected from the midpoint with different slopes and at the other end, 
they are connected from the junction to the beam. Although most of the engineers do not care about 
this matter during the earthquake due to its two-dimensional instability of this type of bracing to the 
outside and inside of the frame at the junction that cause irreparable damages during the earthquake. 
For proper implementation of the bracing system, the absence of codified rules for the design of 
seismic bracing system, their behavior is of special importance, including the effect of various 
parameters, ( such as moment of inertia, cross section of bracing, the length of the bracing opening and 
etc..) on the non-linear behavior of off-center frames and also the calculation of behavior and ductility 
coefficient, which plays an important role in energy absorption of earthquake by non-linear behavior is 
very important. In this article, using the limited elements model and the software ANSYS, under the 
effect of increasing static loads, a proper method is chosen to implement the mid node of this bracing 
and then by changing the different parameters of bracing, the effect of each one on the non-linear 
behavior of the bracing has been examined and at last the coefficient amount of proper behavior has 
been suggested.  
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INTRODUCTION 

 
 Providing the strength and ductility of structures are the main objectives of seismic design. The new design 
philosophy, more particularly, the ductility is more important (AISC 2005). In addition to the structural 
instances, the designer should consider non-structural constraints and other objectives (Popov 1994).  
 The architectural considerations involved in determining the geometry of the bracing of building. Given the 
variety of structures, offering a variety of new systems has been a considerable expansion of the earthquake. 
Adoption of any new structural system by the regulations, the various tests and detailed analysis carried out by 
experts. In some regions, although there have been few tests and accurate analysis, there are a variety of 
initiative bracing common for some of which there is no criteria. One of these bracings called “off- center 
bracing” (Estekanchi, Soltani, and Vafai 2004; Moghaddam and Estekanchi 1995; Mosalman and Sulong 2010; 
Mosalman, Mosalman, and Yazdi 2011).  
 Such bracings are similar to diametric bracings or V and knee bracing (Balendra, Sam, and Liaw 1990; 
Maheri, Kousari, and Razazan 2003; Mofid and Khosravi 2000; Mofid and Lotfollahi 2006), with this difference 
that each member has shifted to a broken line and the place of fracture site is attached to the frame corners by 
another member (Figure 1). Off-center bracing is privileged to X-bracing due to the provision of more 
architectural space, but its hardness is less and more buckling of the page (Balendra, Sam, and Liaw 1991; 
DiSarno and Elnashai 2002). Since most bracing systems in Middle East are used as frames with joint 
connections, the main part of the building to absorb earthquake energy and to supply sustainability will be 
bracings. However, since the major reason in energy absorption and earthquake force in structure is ductility, the 
calculation of ductility and the behavior ratio, which reflects the characteristics of the system ductility, is of 
importance (Chopra and Goel 2002; Iervolino and Cornell 2005).  
 The main purpose of this paper is to determine the best way to run an intermediate node, and to calculate 
the coefficient of behavior R (Perotti and Scarlassara 1991) for a gate bracing system under seismic loading. 
Therefore, using finite element model and software ANSYS (Moaveni 1999), Three one-opening frames with 
one, two and three story are modeled which all openings have Off-center bracing.  
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 Each story has 3 meters height and the length of opening is 4.3 meter. The models are a bracing opening of 
a hypothetical plane with a loading cross section of 20 square meters per floor level. The amount of effective 
weight in per unit area of floor is assumed 1 ton divided by square meter. Method-based modeling which has 
been mentioned in Section 4, have been made. Then, the amount of behavior coefficient is determined under the 
increased static load.  
 
2- Off-Center Bracing System: 
 Off-center bracing is privileged to X-bracing due to the provision of more architectural space, but its 
hardness is less and more buckling of the page. The stability of frames in the frame, similar to other X-bracings 
can be investigated(Estekanchi, Soltani, and Vafai 2004; Maheri, Kousari, and Razazan 2003). The country’s 
most bracing frames, each frame member connections and inhibitory connections to the frame members, the 
joint is considered. Frames with Off-center bracing, the connection of frame members and bracing members to 
the corners of the frame is assumed to be inhibitory. Inhibitory connections to each other as members of the 
joint rotation of members on the inside cover page of the joint but it is perpendicular to the page frame, the 
frame geometry will cause instability. Therefore, the intersection point of three members of the inhibitory, it is 
necessary to connect with sufficient flexural deformation of the page.  
 The situation of the connection of brace members to each other (intermediate nodes) determines the space 
for frame opening (figure 1), if the intermediate node moves towards the frame corner, frame stiffness against 
lateral loads decrease. The interesting thing about this type of Off-center bracing is that according to the figure 
1, due to the effect of lateral load on the right side, three members of left bracing along the right column in 
tension and three bracing members with the left column are under pressure (Estekanchi, Soltani, and Vafai 
2004; Mosalman, Mosalman, and Yazdi 2011). 
 

 
 
Fig. 1: Off-center bracing system. 
 
3- Modeling and Assumptions:  
 Modeling with the finite element method was conducted to evaluate and observe the stresses in different 
parts of the frame was comfortable and focus on other issues such as the tension focus, local buckling 
and…have been considered in the model.  
 Accordingly, the paper is used the software ANSYS for modeling. The elements SHELL 181, SHELL 43, 
MASS 21 have been used for the modeling. The element SHELL 43 has been used as the modeling for the 
beam-forming plates, columns, bracings, connection plates and pustules furrow. The element SHELL 43 which 
is a four node element has been used to model the side welds. The element MASS 21 has been used for the mass 
of the structure. The assumptions used in this modeling are as follows:  
1- Considering the change of nodes in large deformations  
2- All yielding materials follow the yielding standard of Van Misses,  
3- The effects of axial force is the buckling of the elements  
 Figure 2 presented the prototype model of a one-story frame with off-center bracing and the connection in 
the central node of brace. 
 
3 -The Effect of Moment of Inertia of Bracing Members on the Non-Linear Behavior of Off-Center Bracing: 
 To investigate the effects of moment of inertia frame, bracing members have been replaced with profiles 
2UNP12, 2L90* 10 and IPB12. Then, they have been analyzed under the increasing load. As it is shown, the 
moment of inertia effects on the non-linear behavior of frames with off-center bracing considering the profile 
figures are different, so that if the profile of channel is used, the elastic stiffness, ductility, behavior ratio and 
final strength increases significantly compared to the original model but the use of side profiles for bracings, the 
hardness of plastics has increased, but the elastic stiffness, ductility and behavior ratio has remained almost 
constant (Figure 3). Survey of the results show that using a single profile causes the buckling of the page of the 
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intermediate nodes under the increasing load . Thus, in implementing this bracing system, single profiles should 
not be used. 

 
 
Fig. 2: The prototype mode of off-center bracing. 
 

 
 
Fig. 3: The effect of moment of inertia on off-center bracing. 
 
4- Evaluation of the Effects of Out of Center of Intermediate Nodes on Frame Behavior:  
 To investigate the effects of out of center of intermediate nodes on frame behavior of off-center bracing, 
two parameters e1 and e2 are introduced.  
 Figure 4 shows the effect of each of these parameters on the nonlinear behavior of the frame. As can be 
seen, with increasing departure from the axis e1 and fixed amount of e2= 0.61,because the intermediate nodes 
moves on the main diameter towards the corners of the frame, the connection place of the beam and column the 
hardness of elastic stiffness decreased but the hardness of the plastics remained almost constant. 
 

 
 
Fig. 4: The effect of out of center of intermediate node on the seismic behavior. 
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 Also, with the increase of e1, the ultimate strength, ductility decreases. However, with the augment of e2, 
per the fixed amount of e1= 0.45, the hardness, ductility and ultimate strength increases. In the case that e2= 0.6, 
the hardness and the ductility reaches their maximum. This is when a connector member of intermediate node is 
connected to the junction of the middle beam-column in the center of the main diameter member. With 
increasing e2, the hardness, ductility and ultimate strength decreases.  
 
5- An Investigation of the Effect of Bracing Cross Section on the Non-Linear Behavior of the Frame with 
Off-Center Bracing: 
 Figure 5 shows the effects of bracing cross section on the non-linear behavior of bracing under increasing 
static loading. With respect to the corresponding picture, elastic stiffness increased with the augment of bracing 
cross section, but the plastic hardness remains nearly constant. In addition, final resistance and ductility 
increases with the augment of braces cross section. 
 

 
 
Fig. 5: The effect of bracing cross section on dynamic responses of braces. 
 
6- The Calculation of Coefficient Behavior and Ductility Coefficient:  
 Design regulations of the earthquake do not necessitate the structure elasticity in the occurrence of a severe 
earthquake, but it is authorized to enter the structure into the plastic stage and amortizes the resultant energy of 
earthquakes in itself. Therefore, in determining the earthquake forces, the linear analysis and permitted stress 
design should be done to divide the earthquake force per a special coefficient named behavior coefficient. This 
ratio represents the quake performance and capability of energy absorption. The calculation method of the 
behavior coefficient and the ductility ability directly affecting the behavior coefficient are presented for two 
different loading conditions.  
 
6-1-The Calculation of the Behavior Coefficient Under the Increasing Static Load:  
 To calculate the behavior coefficient under the increasing static load, the frame was analyzed by Push-over 
method and the cut curve relevant to the analysis. Point of the curve, where the chart moves from linear to non-
linear loss, shows the displacement and force at the moment of the show (Δs, Vs).  
 To calculate the elastic force, the linear part of base shear curve continues the displacement in the same 
direction linearly to reach the displacement at the final moment (Maheri and Akbari 2003; Reyes-Salazar and 
Haldar 1999). The base cut pertinent to the ends of the linear section is the maximum base shear in the elastic 
mode (Ve).  
Behavior coefficient is obtained using the following relations:  
A- Behavior coefficient based on the corresponding level with the final load:  
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B- Coefficient of the corresponding level of allowable stress (Y=1.44):  
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6-2-The Calculation of Ductility Coefficient Under the Increasing Static Load:  
 Ductility ratio is the ratio of maximum lateral transform to the yielding lateral transform. Ductility 
coefficient under the increasing load is calculated based on the initial yielding or the first plastic joint. The 
ductility ratio is equal to:  
 In the above relations, the increase coefficient of displacement is obtained from the bilateral relation. Rs is 
the additional coefficient of the resistance which is obtained from the mutual relation. Au and Vu are the 
displacement and the final base shear of structure in elastic mode. 
 In table 1, the results of calculations of behavior coefficient and the ductility for models 1 to 3 story (figures 
1 and 6) under the increasing static loading is shown. 
 

 
 
Fig. 6: Selected off-center bracing frame with two and three story.  
 
Table 1: The seismic parameters of selected frame with off-center bracing 

Story R RW RS Cd μ 
1 3.460 4.980 1.340 3.570 2.66 
2 5.370 7.740 1.720 5.33 3.09 
3 4.380 6.310 1.460 4.30 2.940 

 
7- Summary and Conclusions:  
 Off-center braces have many applications due to providing the space for openings for building retrofitting 
but it is likely to confront many damages during the severe earthquakes due to the lack of attention to technical 
standards and the pertinent criteria in the design of these braces. In this bracing system, three elements 
connected to the intermediate node are stretched on one side and is presses on the other side.  
 Being pressure of three elements connected to the intermediate node causes the connection point to be 
exited from the plate in the severe earthquakes. Intermediate nodes to avoid leaving the connectors on this point 
must be rigid. The position of the intermediate node has a dramatic effect on the behavior of the off-center 
braces frames. As the intermediate node moves towards the corner of the frame, the connection point of bar with 
column, the hardness, ductility and the behavior coefficient of the frame decreases.  
 Also, the use of the single sections for the braces causing buckling of these members under lateral load is 
relatively low. Determining the behavior coefficient is the critical issues for seismic design of the off-center 
bracing system. Due to lack of sufficient studies about the non-linear behavior of these bracings, and because 
these bracings considered as convergent braces, the behavior coefficient of convergent braces, 7 or 8 can be 
used to design these bracings which is not logical. This paper analyzes the models under two increasing static 
and seismic loadings to calculate the real behavior coefficients and off-center bracings The studies done have 
gained the approximate value of the behavior coefficient for designing the extent and Rw= 5 for designing the 
permissible stress method.  
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