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Abstract: The seismic behavior factor (R) is investigated for three-dimensional space structures. The R 
factor components including ductility reduction factor and overstrength factor are extracted from 
inelastic pushover analyses of space structure systems of different heights and configurations. The 
effects of some parameters influencing the value of R factor, including the height, length and width of 
the frame, and the type of steel members are investigated. It is found that the first parameter has a more 
localized effect on the R values and their effect does not warrant generalization at this stage. However, 
the width of this type of lateral load-resisting system has a profound effect on the R factor, as it directly 
affects the ductility capacity of the dual system. Finally, based on the findings presented in the article, 
tentative R values are proposed for two-layer space structures. 
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INTRODUCTION 

 
 The experience of the effect of past earthquakes on structures shows that the structures have non-linear 
behavior during the earthquake, and for this reason, they waste some considerable amount of earthquake input 
energy as the attenuated and wasted energy(Maheri and Akbari 2003; Allport 2006).Thus, the structures are 
usually designed based on the criteria of earthquake regulations of earthquake power which is less than the force 
required in the case of linear elastic behavior(Tremblay 2002; Mitchell, Tremblay et al. 2003; Tremblay, Bolduc 
et al. 2006). 
 Behavior analysis and detailed design of structures against severe earthquakes are possible only with non-
linear analysis. This type of analysis with respect to time-consuming computing and the requirement of having 
advanced software and powerful analytical knowledge is an expensive method and doing it for usual structures 
in the engineering offices is practically uneconomical(Sam, Balendra et al. 1995; Moghaddam and Estekanchi 
1999; Mofid and Lotfollahi 2006). 
 Therefore, considering the ease and extent of analysis methods and linear design of structures, commonly 
used method in seismic design regulations of different countries is based on structural analysis and design in the 
linear range of the reduced earthquake forces(Malla and Serrette 1996; Wang, Li et al. 2003).Earthquake force 
for linear structural analysis and design is obtained from linear spectrum of earthquake. In order to reduce the 
seismic force due to nonlinear behavior of structures resulted from factors such as ductility, added resistance, 
damping, etc, the calculated linear power from linear spectrum of design by the coefficient, named the behavior 
coefficient of structure (R), is reduced(Iranian Building Codes and Standards 1999; TURKISH STANDARDS 
INSTITUTION 2004; Fayaz and Kari 2009). 
 To determine the behavior coefficient factor of two-layer flat space structures and access to a certain 
amount and total number of models is needed to study(Ramaswamy, Eekhout et al. 2002; Zhuangning 2004). 
 In this study, the number of two layer flat space structures with openings (10,40, 30, 20, 15) and with 
different heights have been considered which the total number of models selected is 150.Each of these two-
layered flat space structures under the loading are in accordance with regulation 519 and then they have been 
analyzed and designed in software SAP2000.It should be mentioned that the designs have been done according 
to AISC-ASD89 regulation and all design criteria such as control of buckling and tension have been considered 
in the members and after the design, these have been transferred to software ANSYS for the non-linear analysis. 
 
Finite Elements Model: 
 ANSYS software has been used for modeling. The library of element program ANSYS, includes 18 
element group consisting of more than 100 types (Moaveni 2003). In this situation, the element beam 189 has 
been used for modeling.The element BEAM 89 is used to model the bar, pillar (column), braces and all three-
dimensional penicillate members. This element has 4 nodes (2 nodes on one end and a knot tied in the middle 
and one outside of element) which each node has 6 degrees of rotational and transferred freedom. It is likely that 
this element provides the possibility of modeling the non-linear behavior of materials in various ways. In 
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addition, it can have strain and large deformation. This beam is considered as a beam with a thin to medium 
sections and is based on beam theory Tymoshenko(Nelson 1980) and its unique characteristics are the 
acceptance of different levels publicly and conventionally. 
 
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. 
 
3.1 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 ( ss V, ).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 (Reyes-Salazar and Haldar 1999; Maheri and Akbari 2003). The base cut 

pertinent to the ends of the linear section is the maximum base shear in the elastic mode )( eV .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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3.2  An Investigation of the Effect of the Fixed Span Length, Variable Height: 
 To investigate the height effect on the behavior coefficient, four types of two-layered flat space structures 
having span length of 40,30, 20, 15, and 10 meter and different heights have been considered.  
 

 
 
Fig. 1: Behavior factor versus span length. 
 
 At this stage, the behavior coefficient per different heights for fixed span length has been obtained and then 
the mean value for each opening is obtained depending on the type of network, and then we draw a bar graph of 
them.Given the above diagram, we notice that the numbers of the chart have a little scattered. So, for calculating 
the behavior coefficient, the mean of the numbers are obtained. 
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R= 3 Behavior coefficient corresponding to ultimate load 
RW= 4.71 Behavior coefficient corresponding to permitted tension 
 
3.3  An Investigation of the Effect of Variable Span Length, Fixed Height: 
 To investigate the effect of span length on the behavior coefficient, we have considered four types of two-
layered flat space structures with different openings and the height  1 m to 10 m. 
 At this stage, the behavioral coefficients 1 to 3  obtained per different openings for a fixed height are 
averaged and then we draw them in terms of network type and height as bar graph, as it is shown below. 

 
Fig. 2: Behavior factor versus height of structures. 
 
 Given the above graph, we notice that the numbers of graph are a little scattered. So, for calculating the 
behavior coefficient, the mean of the numbers are obtained. 
R= 2.90Behavior coefficient corresponding to ultimate load  
Rw= 4.55 Behavior coefficient corresponding to  permitted tension 
 
3.4  Aninvestigation of the Effect of Opening to Height Ratio: 
 In order to investigate the effect of height to opening ratio on the behavior coefficient, the two-layered flat 
space structures with different levels are considered. At this stage, the behavioral coefficients obtained per 
different ratios for different kinds of networks are averaged and then we draw them in terms of network type and 
height to opening ratio as bar graphs, as shown below. 
 

 
Fig. 2: Behavior factor versus Span-to-height ratio. 
 
 The following graph/chart shows that the numbers of the chart are a little scattered. So, the following results 
are obtained by using regression analysis on the numbers. 
R= 2.91Coefficient based on ultimate load 
R= 4.56 Behavioral coefficient corresponding to permitted tension 
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Conclusions: 
 By investigating the results obtained from the effect of these parameters on the behavior coefficient, it is 
observed that the effect is almost identical for all three parameters. Therefore, by averaging the effect of the 
three parameters, the final behavior coefficient is obtained as follows: 
- Behavior coefficient corresponding to ultimate load :  

3.0 2.90 2.91
2.94 3.0

3.0
R

 
    

- Behavior coefficient corresponding to allowable tension:  
4.71 4.55 4.57

4.61 4.5
3.0wR

 
    

 
 The same steps like above were done to calculate the coefficient of ductility and strength which the results 
are shown below: 
- coefficient of ductility                              μ=1.77 
- coefficient of increasing resistance            μ=1.65 
 According to the results, increasing the height lowers the effect on the behavior coefficient of the structure 
because of using the higher moment of inertia based on structural design of specific structures, but this shift 
increases. In all models examined in this study, it can be seen that the increase in opening has little effect on 
behavior coefficient.  
 In addition, with increase in the height to opening ratio, the behavior coefficient, ductility and increasing 
strength are reduced.The results of the studies show that increasing indefinite temperature generally and 
hardness of structure reduces the behavior coefficient. 
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