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1. Linked columns frame system
2. Dual system
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1. Force-based design

2. Response modification coefficient (R)

3. Seker et al.

4. Design earthquake (DE)

5. Maximum considered earthquake (MCE)
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1. Linked columns (LC)
2. Link beam
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2. Narrow-band
3. Energy-Absorbing links
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Link beams length (m)

Frames Shear Flexural
3 stories 1.25-1.67-2 2-245
7 stories 1.25-1.67-2-245 2-245
11 stories 1.67-2-245-3 2-245-3

Table. 1. The Link beams length investigated in this study
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3. Effective Peak Acceleration
4. Time gap or time interval
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1. Fiber
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Frames Story Linked column system (LC) Moment frame system (MF)
No. Story link Mid-story Link Column Exterior column Interior column Beam
1 140 x1-27.5 X2 140 x1-27.5 X2 W14 x 109 W14 x 38 W14 x 38 W12 x 50
3 stories 2 135 x1-28 X2 135 x1-28 X2 W14 x 109 W14 x 38 W14 x 38 W12 x 50
3 130 x1-27.5 X2 130 x1-27.5 X2 W14 x 109 W14 x 38 W14 x 38 W12 x 50
1 170 x1.2-25 x2 170 >><<12'55-22'5 W14 x 370 W14 x 82 W14 x 109 W12 x 96
2 165 x1-25 x2 167'5;21'2_25 W14 x 370 W14 x 82 W14 x 109 W12 x 96
7stories | 3 155 xi.22-27.5 160 Xi'zz'27'5 W14 x 233 W14 x 74 W14 x 82 W12 % 106
4 150 x1.2-27 X2 150 x1.2-27 X2 W14 x 233 W14 x 74 W14 x 82 W12 x 106
5 144 x1-24 X2 144 x1-24 X2 W14 x 132 W14 X 68 W14 x 82 W12 x 136
6 138 x1-25 X2 138 x1-25 X2 W14 x 132 W14 x 68 W14 x 74 W12 x 136
7 130 x1-27.5 X2 130 x1-27.5 X2 W14 x 82 W14 x 61 W14 x 74 W12 x 72
1 170 Xi'22_27'5 177 X>1'25_27'5 W14 x 730 W14 x 145 W14 x 176 W12 x 106
2 165 Xi.22-27.5 165 X)i'22-27'5 W14 x 730 W14 x 145 W14 x 176 W12 x 136
3 160 Xi.25—27.5 154 X>1'22_27'5 W14 x 605 W14 x 145 W14 x 176 W12 x 136
4 158 Xi.22-27.5 150 x1-27.5 X2 W14 x 605 W14 x 132 W14 x 159 W12 x 152
11 stories
5 154 Xi'22_27'5 150 x1-27.5 x2 W14 x 500 W14 x 132 W14 x 159 W12 x 152
6 150 x1-27.5 X2 146 x1-27.5 X2 W14 x 455 W14 x 120 W14 x 159 W12 x 152
7 146 x1-27.5 X2 146 x1-27.5 X2 W14 x 398 W14 x 120 W14 x 145 W12 x 190
8 138 x1-27.5 X2 132 x1-27 X2 W14 x 257 W14 x 109 W14 x 145 W12 x 190
9 132 x1-27 X2 132 x1-27 X2 W14 x 176 W14 x 109 W14 x 120 W12 x 136
10 130 x1-27.5 X2 130 x1-27.5 X2 W14 x 132 W14 x 109 W14 x 109 W12 x 106
11 130 x1-27.5 X2 130 x1-27.5 X2 W14 x 82 W14 x 82 W14 x 109 W12 X 96

Table. 3. Sections for 3, 7 and 11 stories with a length of 2.0 m (shear behavior)
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Cq For linked column frame system
Linked | Performance Based on inter-story drift ratio Based on roof drift ratio
Frames | length (shear or Mean values per story Max of mean values Mean values
(m) flexural) L first Seismic first Seismic
first shock Seismic sequences
shock sequences shock sequences
1.25 shear 6.23-5.85-5.57 6.45-5.93-5.57 6.23 6.45 5.39 5.5
3 1.67 shear 6.19-5.83-5.87 6.41-6.0-5.85 6.19 6.41 5.48 5.66
storics 2 shear 6.39-6.22-6.26 6.89-6.54-6.34 6.39 6.89 5.59 5.92
2 flexural 6.65-6.02-5.87 7.03-6.25-5.93 6.65 7.03 5.77 6.05
245 flexural 6.69-6.15-6.02 6.99-6.3-6.08 6.69 6.99 6.18 6.35
6.61-6.23-6.06- 6.7-6.33-6.07-5.84-
125 shear 5.82-5.81-5.71-5.95 | 5.82-5.72-5.96 661 67 361 364
6.21-5.79-5.41-5.6- 6.35-6.05-5.68-
167 shear 6.04-6.26-6.74 | 5.67-6.06-628-679 | 74 6.7 564 386
6.31-5.53-5.08- 6.42-5.57-5.15-
I shear 5.165.9-6.54-6.77 | 521-5.93-655-6.78 | &7 6.78 399 6.03
7.06-5.78-5.16- 7.1-5.83-5.21-5.17-
2 flexural 5.13-5.85-6.69-6.99 5.9-6.72-6.99 706 71 6.09 6.14
6.82-6.18-6.17- 6.85-6.2-6.2-6.56-
2.45 shear 6.55-6.8.7.3.7.14 6.8-73-7.14 7.3 7.3 6.12 6.15
7.29-7.29-5.26- 7.95-7.32-5.43-
245 flexural 5.42-6.03-6.98-7.58 | 5.85-6.09-6.99-7.58 738 795 625 647
5.99-6.4-6.49-6.28- 2;;:2"9‘2:2‘35:
1.67 shear p 3f§'§f§'§£§'22 6.39-6.99-6.99- 6.95 6.99 5.91 393
) ) i ) 6.98-6.24
6.55-6.4-6.07-6.14- | 6:646:43-6.09-
11 2 shear 3.77-5.99-6.54- 6 2.51 2_2472_33)92_8 6.93 6.99 5.99 6.02
. 6.83-6.93-6.8-6.47 O TR ' : :
stories 6.47
6.33-6.13-6.53- 636:6.16-6.55-
2 fl, 1 5.77-5.66-5.9-6.22 3.78-5.68-5.91- 6.1
exura 886560 60610 | 6:28-6.97657- 6.88 6.97 6.08
) ) ) ) 6.69-6.12
7.02-6.81-5.92- 7.28-6.99-6.06-
2.45 shear 5.46-5.34-5.31- 5.51-5.4-5.38-6.07- 6.16
6.05-6.82-6.91- 6.82-6.91-6.88-6.36 7.02 7.28 6.12
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6.87-6.35
TOROTEOST |1 s oo
2.45 flexural AR 3y 2y, | 667-645656.71- | ) 13 613 6.16
7.31-7.56-8.02-8.13
8.0-8.12
gg;gg;gég 7.09-7.0-6.27-6.32-
305 shear 6.97-6.88-7.07- p 6952761286773217 . 7.29 7.36 6.18 623
7.29-6.96 oo
PRI TS | 7.627.87.9-679-
3.05 flexural 7 43-7.65-8.59- 6.68-7.05-7.45- 957 964 6.33 6.36
505.0.57 7.69-8.67-9.1-9.64

Table. 5. Ca results for linked column frame system under critical single and successive earthquakes
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Abstract

Most seismic hazard assessments are usually performed only with consideration of the initial shock in the
technical literature of structural and earthquake engineering while the magnitude of aftershocks that occur
after the main earthquake, may be enough strong to cause a lot of damage to the structures. Most aftershocks
increase the structural damage caused by the main earthquake because of cumulative damage and increased
vulnerability may seriously threaten the safety of residents. The structures are designed for solely a single
earthquake — design earthquake — based on the existing seismic design codes. For example, these codes did
not provide specific values for the actual relative displacement under successive earthquakes to assess the
structural damages. Therefore, considering the effect of multiple shocks consists of foreshock and main
shock or main shock and aftershock seems necessary. Moreover, the construction of a new building is not
economic and requires a lot of time, which is not easily available to many communities. Hence, the design of
structures considering the some capabilities such as replacement of damaged elements can improve
significantly the performance of structures after severe successive earthquakes. However, most of the
proposed structural systems are not generally repairable while replacing several damaged members under the
earthquake can be very economic and applicable. The linked column frame (LCF) as a relatively modern
lateral load resisting system, is a type of dual systems; the recent emergence of this structural system has
reinforced the need for multiple seismic studies. For this reason, LCF is selected in this paper and the
deflection amplification factor (Cq) for this system is evaluated under critical earthquakes with seismic
sequences. This coefficient is calculated based on the linear lateral displacements obtained from linear static
analysis and actual values from nonlinear analysis. In this regard, 18 steel buildings equipped by the linked
column frame as lateral load resisting system, with 3, 7, and 11 stories are designed based on the Iranian
earthquake design code (Standard No. 2800, 4™ version — 2014). These buildings are implemented in
Opensees software and have been subjected to linear static, linear, and nonlinear dynamic analyses using
critical earthquakes with/ without seismic sequence phenomenon to calculate the deflection amplification
factor (Ca) and C«/R for each of them based on Uang method. In order to better investigation of the mentioned
coefficient, the effect of various parameters such as the link beams length as well as the flexural or shear
behavior of the links beams has been considered. Thus, after the evaluations, the findings indicate an slight
increase in mean values of Cq4 and C4/R, for the linked column frame exposed to successive earthquakes.
However, the increase of this coefficient has been more in short-frame frames. So that the most increase
which has been related to the 3-story frame with shear link behavior (2 m), is about 11 percentage under the
successive earthquakes. Also, the average results which have been obtained from consecutive earthquakes
reveal that the proposed values for Cy coefficient in the technical literature are not sufficient, and larger
values have been demanded.

Keywords: Linked Columns Frame (LCF), Deflection Amplification Factor (Cg4), Nonlinear Dynamic
Analysis, Dynamic Analysis, Critical Seismic Sequences
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