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frame members  Floors  Width (mm) Depth (mm) Reinforcement details stirrups details
2-Story beams 1 350 350 6¢p16top+3¢16bot 2¢10@75mm
beams 2 350 350 5¢16top+3¢16bot 2$10@75mm

columns 1 2 350 350 12016 3¢610@125mm

4-Story beams 12 450 450 6¢p18top+4pl6bot 2$10@100mm
beams 34 400 400 5¢18top+3¢16bot 2$10@100mm

columns 12 450 450 16018 3¢$10@125mm

columns 3 4 400 400 12916 3¢610@125mm

8-Story beams 123 600 600 4925top+3p25bot 2$10@125mm
beams 456 500 500 6¢20top+5¢20bot 2610@100mm

beams 78 400 400 5¢18top+3¢18bot 2010@75mm

columns 123 600 600 2020 4$10@125mm

columns 456 500 500 16020 3p10@125mm

columns 78 400 400 12916 3010@125mm

Table 1. Section details of the RC frames with intermediate ductility
055 Gl S L ol glasl 5 Sl 5 slal Slasin Y Jgd
Reinforcement

frame members  Floors Width (mm) Depth (mm) details stirrups details
2-Story beams 1 350 350 6¢16top+3¢16bot 4$10@75mm
beams 2 350 350 S¢pl6top+3¢l6bot 3$10@75mm

columns 12 350 350 12914 410@50mm
4-Story beams 12 450 450 6¢16top+4¢16bot 4$10@100mm
beams 34 400 400 5¢16top+3¢16bot 3$10@100mm

columns 12 450 450 16916 410@50mm

columns 3 4 400 400 12914 410@50mm
8-Story beams 123 600 600 5¢20top+4¢p20bot 3$10@125mm
beams 456 500 500 5¢20top+4¢p20bot 3$10@100mm

beams 78 400 400 S¢pl6top+4el6bot 3$10@75mm

columns 123 600 600 12920 4$10@50mm

columns 45 500 500 12018 4$10@50mm

columns 78 400 400 12914 4$10@50mm

Table 2. Section details of the RC frames with special ductility
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Fig. 6. a) Capacity curve of 2 story RC frame with intermediate and special ductility b) Capacity curve of 4 story RC frame with
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frame frame type  Performance Level 1 (0.756,) Performance Level 2 (6,)
Rs Ry R Rs Ry R Reso
2-Story Intermediate 1.61 4.69 7.56 1.61 5.15 8.3 5
Special 1.27 6.77 8.6 1.39 6.96 9.7 75
4-Story Intermediate 1.42 4.35 6.18 1.42 4.93 7.02 5
Special 1.53 6.46 9.9 1.48 5.04 10.17 75
8-Story Intermediate 1.37 3.61 5.14 1.37 3.98 55 5
Special 1.68 5.23 8.8 1.41 6.34 9 7.5

Table 3. Calculated behavior factor of 2, 4 and 8 story RC frame with intermediate and special ductility
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Abstract

Today, most seismic design codes reduce the lateral elastic force by the behavior factor to design structures,
so that by designing a structure based on elastic analysis, the effects of non-elastic behavior of the structure
are applied. To obtain a behavior factor of structures, a nonlinear analysis is necessary. Research has shown
that the nonlinear behavior of RC members depends on factors such as the effect of varying axial load, the
effect of shear failure of the members and the effect of the buckling of the longitudinal bars. It is now
generally accepted that axial load plays a dominant role in evaluating the seismic behavior of reinforced
concrete columns. However columns, especially the exterior ones, can be subjected to varying axial loads
depending on the lateral loads. Also the effects of shear on beams and columns are usually neglected in
nonlinear analysis, which is carried out based on the flexural behavior of each element. In this research, the
behavior factor of 2, 4, and 8 story reinforced concrete frames with intermediate and special ductility based
on the proposed nonlinear analysis is considered. Initially, for verification, the proposed nonlinear analysis
model was compared with existing experimental models. The verification results show that the proposed
model has a very high accuracy. Designing and detailing of the 2, 4 and 8 story reinforced concrete
structures are on the basis of the regulation of the Standard 2800 and the National building regulation chapter
9. In order to obtain the behavior of the 2, 4, and 8 story reinforced concrete frames, the effect of varying
axial load, shear failure of the members and the buckling of the longitudinal bars are considered in nonlinear
analysis. The behavior factor is mostly effected by ductility factor and over strength factor. The ductility
factor has dependence with ductility of the reinforced concrete frames. To obtain ductility of reinforced
concrete frames, ultimate deformation is needed. To calculate the frames' behavior factor, various criteria are
used to calculate the ultimate deformation of frames. One of the criteria is the deformation correspond to the
0.75 percent of ultimate rotation in critical structure member. The other criteria is the deformation
correspond to ultimate rotation of critical structure member. The results of the study and comparison of the
obtained behavior factor with the proposed behavior factor of the reinforced concrete structures of Standard
2800 with intermediate and special ductility have shown that the calculated behavior factor for 2, 4 and 8
story reinforced concrete frames is bigger than the behavior factor in Standard 2800. Also the results indicate
that the calculated behavior factor with the ultimate deformation correspond to the 75 percent of ultimate
rotation in critical structure member is close to the proposed value of Standard 2800. In intermediate
reinforced concrete frames, the amount of ductility factor and over strength factor decreased when the height
of the reinforced concrete frames raised, which is not seen in concrete frames with special ductility.

Key words: behavior factor, RC moment resisting frame, nonlinear analysis, varying axial load, shear
failure, ductilit
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