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No p e (mm) Stiffeners No p e (mm) Stiffeners
1 0.5 30125 5 @ 75.31 10 1.4 843.50 9 @ 168.70
4 @ 100.41 8 @ 140.58
3 @ 150.63 7 @ 120.50
2 0.6 26150 6 @ 72.30 6 @ 105.44
5 @ 90.37 11 15 903.75 10 @ 150.62
4 @ 120.50 9 @ 129.11
3 @ 180.50 8 @ 112.97
3 0.7 42175 6 @ 84.35 7 @ 100.42
5 @ 105.43 12 1.6 964.00 10 @ 160.67
4 @ 140.58 9 @ 133.77
3 @ 210.80 8 @ 120.50
4 0.8 48250 7 @ 80.33 7 @ 107.11
6 @ 96.47 13 0.5 301.25 5 @ 75.31 (Y)
5 @ 120.50 5 @ 75.31 (N)
4 @ 160.67 14 0.6 361.50 6 @ 72.30 (Y)
5 0.9 54225 8 @ 77.46 6 @ 72.30 (N)
7 @ 90.37 15 0.7 421.75 6 @ 84.35 (Y)
6 @ 108.45 6 @ 84.35 (N)
5 @ 135.56 16 0.8 482.50 7 @ 80.33 (Y)
4 @ 180.75 7 @ 80.33 (N)
6 1 60250 8 @ 150.62 17 0.9 542.25 8 @ 77.46 (Y)
7 @ 120.50 8 @ 77.46 (N)
6 @ 100.41 18 1 902.50 7 @ 120.50 (Y)
5 @ 86.07 7 @ 120.50 (N)
7 1.1 66275 9 @ 165.68 19 1.1 662.75 7 @ 110.46 (Y)
8 @ 132.55 7 @ 110.46 (N)
7 @ 110.46 20 1.2 723.00 7 @ 120.50 (Y)
6 @ 94.68 7 @ 120.50 (N)
5 @ 82.84 21 1.3 783.25 7 @ 130.54 (Y)
8 1.2 72300 9 @ 180.75 7 @ 130.54 (N)
8 @ 60.15 22 1.4 843.50 7 @ 140.58 (Y)
7 @ 120.50 7 @ 140.58 (N)
6 @ 103.28 23 15 903.75 7 @ 150.62 (Y)
5 @ 90.37 7 @ 150.62 (N)
9 13 78325 9 @ 156.65 24 1.6 964.00 8 @ 133.77 (Y)
8 @ 130.54 8 @ 133.77 (N)
g g 217%5809 A2l e e b a4 b3l ales s

Table 1. Characteristics of SRFs stiffeners with different length ratios of shear fuses
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Table 2. Nominal and true values of stress-strain curve
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Model V.:Z/\—/ Yo%) Yo(E%) Model V?/\_/n Yo %) Yo (5%)
1-SRF5-11-5-S1 2.6 0.16 (*) 0.2 (*) 9-SRF13-11-6-S4 1.93 0.15 (**) 0.193 (***)
1-SRF5-11-4-S2 1.76 0.17 (**) - 10-SRF14-11-9-S1 2.65 0.137 (*) 0.173 (**)
1-SRF5-11-3-S3 1.34 0.19 (***) - 10-SRF14-11-8-S2 2.40 0.137 (*) 0.173 (**)
2-SRF6-11-6-S1 2.60 0.14 (*) 0.177 (**) 10-SRF14-11-7-S3 1.98 0.14 (**) 0.178 (**)
2-SRF6-11-5-S2 2.39 0.19 (**) 0.24 (***) 10-SRF14-11-6-S4 1.73 0.14 (**) 0.178 (***)
2-SRF6-11-4-S3 1.99 0.23 (***) - 11-SRF15-11-10-S1 2.62 0.13 (*) 0.16 (*)
2-SRF6-11-3-S4 1.70 - - 11-SRF15-11-9-S2 2.56 0.127 (*) 0.16 (*)
3SRF7-16-S1  2.66  0.16(%)  0.203(*)  11-SRF1511-8-S3 228 0.128 (%) 0.162 (**)
3-SRF7-11-5-S2 2.01 0.206 (**) 0.25 (***) 11-SRF15-11-7-S4 2.02 0.13 (**) 0.164 (**)
3-SRF7-11-4-S3 1.98 0.193 (**) - 12-SRF16-11-10-S1 2.53 0.116 (*) 0.149 (*)
3-SRF7-11-3-S4 1.29 - - 12-SRF16-11-9-S2 2.28 0.118 (*) 0.15 (**)
ASRF8-II-7-SL 262 0.176 (%) 0.22 (%) 12-SRF16-11-8-S3 210 0.118 (%) 0.15 (**)
A-SRF8-1I-6-S2 238 022(*%)  023(***)  12-SRF16-1-7-54 202 012(*) 0153 (%
A-SRF8-1I-5-S3 224 0.226 (**) - 13-SRF5-(Y)5-S1 250  0.17 (%) 0.2 (%)
A-SRF8-1I-4-S4 201  0.173 (**%) - 13-SRF5-(N)5-S1 240 0.12 (*%) 0.15 (**)
5.SRFO-1I-8-S1 268  0.194 (%) 0.24 (%) 14-SRF6-(Y)-6-SI 255  0.146(*%) 0.18 (**)
5-SRFO-1-7-52 265  0.196(%)  0.248(%)  14SRF6-(N)6-SL 247  0.142(*%) 0.18 (**)
5.SRFO-1-6-53 210  0.196(**)  022(**)  15SRF7-(Y)6S1 243  0.17(*) 0.2 (*%)
5.SRFO-115-S4 149 0.2 (%) - 15-SRF7-I(N)-6-SL 242 0.12(*%) 0.17 (**)
5.SRFO-114-S5 141  0.15 (%) - 16-SRF8-I(Y)-7-SL 237 0.17(*%) 0.22 (**)

6-SRF10-11.8-S1 269 0.19 () 0238(*)  16SRF8-I(N)7-S1 199  018(*%)  0.226(*%)
6-SRF10-11.7-S2 261  0.19(**)  024(**)  17-SRFO-(Y)8SL 248 0.2 () 0.246 (*%)
6-SRF10-11-6-S3 227  0.195(*%)  0.246(**)  17-SRFO-IN)8SL 247  0.12(* 0.15 (**)
6-SRF10-115-54 202 0199 (**) 0247 ()  18-SRF10-(Y)7-S3 210  0.19(*¥) 0.24 (**)
7SRFLLII9-S1 264  0173(%)  0218(%)  18SRFIO-IN)-7-S3 201  0.19(* 0.24 (**)
7SRFLL-11-8-52 254  0.174(%) 022(*)  19SRFLLI(Y)7-S3 225  0.18(*) 0.22 (*%)
7SRFLLII-7-S3 248  0175(%)  022(*%)  19SRFLLI(N)-7-S3 218  0.18(* 0.22 (%)
7SRF1L-11-6-54 211 0179(*)  0.226(**)  20-SRF12-1(Y)7-S3  2.08  0.165(**) 0.21 (**)
7SRFLL-1I5-S5 185  0.18(*%)  0.227 ()  20-SRF12I(N)-7-S3 204  0.165(*) 0.21 ()
8-SRF12-11.9-SL 267  0.16(%) 0202 (%)  20LSRF131(Y)7-83 205  0.18(*% 0.22 (**)
8-SRF12-11-8-S2 257  016(%)  0.204(**)  21-SRF13I(N)7-S3 203  0.15(*¥) 0.2 (*%)

8-SRF12-11-7-S3 224 0166 () 0207 (**)  22-SRF141(Y)7-S3 207  0.16(*¥ 0.2 (**%)

8-SRF12-11-6-S4 196  0.169 (**) 0209 (***)  22-SRF14I(N)7-S3 194  0.16(*¥) 0.2 (**%)

8-SRF12-115-S5 178  0.168 () 0209 (***)  23-SRF15-I(Y)7-S4 183 0.3 (¥ 0.16 (**)
O-SRF13-11-9-S1 268  0.147(%)  0186(%)  23SRFI5I(N)-7-S4 179  0.13(* 0.16 (**)
O-SRF13-11-8-52 247  0.147(*%) 0189 (**)  24SRF16-1(Y)7-S3 194  0.12(" 0.15 (**)
9-SRF13-11-7-53 215  015(*%)  019(*%  24SRFI16-I(N)7-S3 191  0.12(" 0.15 (**)

Table 4. Overtrength factor of 1-story SRFs resulted from cyclic loading
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Abstract

Structures designed to resist moderate and frequently occurring earthquakes must have sufficient stiffness
and strength to control deflection and prevent any collapse. Since stiffness and ductility are generally two
opposing properties; it is desirable to devise a structural system that combines these properties in the most
effective manner without an excessive increase in the cost. Steel structural systems including moment
resisting and concentrically braced frames have been widely used to resist earthquake loads. Concentrically
Braced Frames (CBFs) have high stiffness, and due to the probable buckling of their diagonal members, are
not ductile enough. Versus, Moment-Resisting Frames (MRFs) have adequate ductility as their beam
sections can undergo inelastic deformations. However, due to the low stiffness of moment frames, the
construction costs will be increased. In recent decades, steel shear panels are utilized as one of the lateral
resistant systems, in Steel Plate Shear Walls (SPSW5s), and the link beam of steel frames with eccentric
bracing to achieve the aim of shear performance and keep the adjacent members in the elastic range. The
Tubular frame is one of the common lateral resistant systems in which the columns are placed in close spaces
and connected through deep MRF beams around the building perimeters. Based on the new design codes, the
minimum limit of span-to-depth ratio (7 for moderate moment-resisting frames and 5 for special moment-
resisting frames) is not satisfied at tubular system. So the idea of Shear Resisting Frames (SRFs) with non-
prismatic beams connected by a shear fuse in the middle of the span was proposed as one of the alternatives.
Using SRFs remove these limitations and increase the energy dissipation capability. In this new concept, the
shear force in the beam is considered as the displacement-controlled component of the system. Similar to
eccentrically braced frames (EBFs), the link is tuned as a sacrificial component so that the seismic energy is
dissipated by shear yielding in a small segment in the middle of the beam. According to the stiffeners layout,
lateral loading capacity in SRFs usually is achieved through buckling strengths or post- buckling capacity
resulted from tension field action or load carrying capacity from the yielding of the web plates. So stiffeners
play a crucial role in the lateral loading capacity of shear resisting frames and have a significant effect on the
energy dissipation capability. Following this issue, the effect of transverse stiffeners with different layouts
and placements (various spaces and two or one-sided arrangement) on the seismic performance parameters
(response modification factor, overstrength factor and rotation capacity of link beam) of steel shear frames
with different link length ratios where all of them are controlled with shear behavior, are evaluated by finite
element cyclic and pushover analysis. At the end, an optimum space is proposed for different link length
ratios and the response modification factors and overstrength factor of multi-story shear resisting frames
including 3, 5, 7, 9, 10, 15, and 20-story for a specific link length ratio are presented. Also for facilitating the
modeling process of multi-story SRFs in SAP2000 software, modeling parameters and acceptance criteria
were extracted from cyclic and monotonic curves. Finally, pushover curves from SAP2000 were compared
to ABAQUS to validate these parameters. At the end, a 25-story building with two different lateral resisting
systems including tubular frame and SRFs were compared.

Keywords: Steel Shear panels, steel Shear Resisting Frame (SRF), transverse stiffener, seismic parameters
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