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ABSTRACT

This paper evaluates the "Response Modification”, "Reduction due to
ductility" and "Over-strength” factors for steel frames with "Linked
Columns Frame™ as dual systems. Since, LCF is a relatively modern
lateral load resisting system, the necessity of a more comprehensive study
is felt for performance evaluation of these frames under strong ground
motions. In this regard, steel frames equipped with the linked column
frame with 3, 5, 7, 9, and 11 stories are designed based on the lranian
earthquake design code (Standard No. 2800, 4th version) and
implemented in Opensees software. Response modification factor (R
factor) is calculated based on the result of incremental dynamic analysis
(IDA), linear and nonlinear dynamic analysis under far-field earthquakes
which have been presented in FEMA-P695. For a more accurate
assessment, the shear and flexure performance of link beams is
investigated in this study. The results show that R factors change in the
height of steel frames with LCF. However, the mean values of the R factor
do not necessarily increase or decrease as the number of stories
increases. In most cases, R factors for LCFs with shear links are larger
than the related result of steel frames containing flexural links. Also, the R
factor does not need to consider more than 6.0 for regular LCFs with
studied shear link beam.
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4 Response modification factor

5 Force-based design

6 probabilistic distribution of repair cost

7 Sohrabi-Haghighat and Ashtari

8 Diagrid system

® Multi-level response modification factor
10 Design basis earthquake

1T Maximum considered earthquake

12 Mixed structures
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18 Link beam
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21 Collapse prevention (CP)
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Linked columns system (LC)

Moment frame system (MF)

Frames
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-story 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
1 155 x1.2-27.5 X2 160 x1.2-27.5 X2 W14 x 311 W14 x 109 W14 x 120 W12 x 87
2 150 x1.2-27.5 x2 150 x1.2-25 x2 W14 x 311 W14 x 109 W14 x 120 W12 %87
5-story 3 144 x1-28 X2 138 x1-28 x2 W14 x 176 W14 x 82 W14 x 109 W12 x 79
4 132 x1-27 X2 132 x1-27 X2 W14 x 176 W14 x 82 W14 x 109 W12 x 79
5 132 x1-27 X2 132 x1-27 X2 W14 x 109 W14 x 74 W14 x 82 W12 x 58
1 170 x1.2-25 x2 170 x1.5-22.5 x25 W14 x 370 W14 x 82 W14 x 109 W12 x 96
2 165 x1-25 x2 167.5 x1.2-25 x2 W14 x 370 W14 x 82 W14 x 109 W12 x 96
3 155 x1.2-27.5 x2 160 x1.2-27.5 x2 W14 x 233 W14 x 74 W14 x 82 W12 x 106
7-story 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
1 160 x1.2-27.5 x2 165 x1.2-27.5 x2 W14 x 730 W14 x 132 W14 x 159 W12 x 120
2 158 x1.2-27.5 x2 154 x1.2-27.5 x2 W14 x 605 W14 x 132 W14 x 159 W12 x 120
3 154 x1.2-27.5 X2 150 x1.2-28.5 x2 W14 x 605 W14 x 132 W14 x 145 W12 x 152
4 150 x1.2-28.5 x2 146 x1-27.5 X2 W14 x 455 W14 x 120 W14 x 145 W12 x 152
9-story 5 150 x1.2-28.5 x2 146 x1-27.5 X2 W14 x 398 W14 x 120 W14 x 132 W12 x 210
6 146 x1-27.5 x2 138 x1-27.5 x2 W14 x 257 W14 x 120 W14 x 132 W12 x 210
7 138 x1-27.5 x2 132 x1-27.5 x2 W14 x 176 W14 x 109 W14 x 120 W12 x 210
8 132 x1-27.5 x2 132 x1-27.5 x2 W14 x 132 W14 x 109 W14 x 120 W12 x 210
9 132 x1-27.5 X2 132 x1-27.5 X2 W14 x 120 W14 x 82 W14 x 120 W12 x 106
1 170 x1.2-27.5 X2 177 x1.5-27.5 X2 W14 x 730 W14 x 145 W14 x 176 W12 x 106
2 165 x1.2-27.5 X2 165 x1.2-27.5 X2 W14 x 730 W14 x 145 W14 x 176 W12 x 136
3 160 x1.5-27.5 x2 154 x1.2-27.5 X2 W14 x 605 W14 x 145 W14 x 176 W12 x 136
4 158 x1.2-27.5 x2 150 x1-27.5 x2 W14 x 605 W14 x 132 W14 x 159 W12 x 152
5 154 x1.2-27.5 x2 150 x1-27.5 x2 W14 x 500 W14 x 132 W14 x 159 W12 x 152
11-story 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
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Linked columns system (LC)

Moment frame system (MF)

= Story
rames No. i i i i i
Story link Mid-story link Column Exterior column Interior column Beam

1 140 x1.2-20 x2 140 x1.2-20 x2 W14 x 109 W14 x 38 W14 x 38 W12 x 53

3-story 2 135 x1.5-20 x2 135 x1.5-20 x2 W14 x 109 W14 x 38 W14 x 38 W12 x 53
3 135 x1-17.5 x2 135 x1-17.5 x2 W14 x 109 W14 x 38 W14 x 38 W12 x 53
1 146 x2-17.5 x2 150 x2-17.5 x2 W14 x 311 W14 x 82 W14 x 109 W12 x 96
2 144 x2-17.5 x2 144 x2-17.5 x2 W14 x 311 W14 x 82 W14 x 109 W12 x96

5-story 3 140 x1.5-16x%2 140 x1.5-16x2 W14 x 211 W14 x 74 W14 x 82 W12 x 87
4 136 x1.5-16x2 136 x1.5-16x2 W14 x 211 W14 x 74 W14 x 82 W12 x 87
5 130 x1-15 x2 130 x1-15 x2 W14 x 82 W14 x 68 W14 x 74 W12 x 58
1 155 x2-17.5 x2 160 x2-17.5 x2 W14 x 500 W14 x 82 W14 x 109 W12 x 87
2 150 x2-17.5 x2 152 x2-17.5 x2 W14 x 426 W14 x 82 W14 x 109 W12 x 96
3 146 x2-17.5 x2 146 x2-17.5 x2 W14 x 311 W14 x 74 W14 x 82 W12 x 96

7-story 4 144 x2-17.5 x2 144 x2-17.5 x2 W14 x 311 W14 x 74 W14 x 82 W12 x 106
5 140 x1.5-16.5 x2 140 x1.5-16.5 x2 W14 x 211 W14 x 68 W14 x 74 W12 x 136
6 136 x1-16 x2 136 x1-16 x2 W14 x 132 W14 x 68 W14 x 74 W12 x 136
7 130 x1-15 x2 130 x1-15 x2 W14 x 82 W14 x 68 W14 x 68 W12 x 72
1 160 x1.5-20 x2 165 x2-20 x2 W14 x 730 W14 x 132 W14 x 159 W12 x 106
2 158 x1.5-20 x2 160 x1.5-20 x2 W14 x 605 W14 x 132 W14 x 159 W12 x 106
3 154 x1.5-18 x2 1 55 x1.5-20 x2 W14 x 605 W14 x 132 W14 x 159 W12 x 136
4 150 x1.5-17.5 x2 152 x1.5-18 x2 W14 x 455 W14 x 120 W14 x 145 W12 x 136

9-story 5 146 x1.5-17.5 x2 146 x1.5-17.5 X2 W14 x 426 W14 x 120 W14 x 145 W12 x 210
6 138 x1.2-17.5 x2 138 x1.2-17.5 X2 W14 x 370 W14 x 120 W14 x 145 W12 x 230
7 132 x1-17 x2 132 x1-17 x2 W14 x 257 W14 x 109 W14 x 120 W12 x 230
8 132 x1-17 x2 132 x1-17 x2 W14 x 145 W14 x 109 W14 x 120 W12 x 170
9 130 x1-15 x2 130 x1-15 x2 W14 x 109 W14 x 109 W14 x 109 W12 x 72
1 1 65 x2-20 x2 168 x2-20 x2 W14 x 730 W14 x 145 W14 x 176 W12 x 136
2 158 x1.5-20 x2 160 x1.5-20 x2 W14 x 730 W14 x 145 W14 x 176 W12 x 136
3 154 x1.5-18 x2 155 x1.5-20 x2 W14 x 730 W14 x 145 W14 x 176 W12 x 190
4 152 x1.5-17.5 x2 154 x1.5-18 x2 W14 x 605 W14 x 132 W14 x 159 W12 x 190
5 146 x1.5-17.5 x2 150 x1.5-17.5 x2 W14 x 500 W14 x 132 W14 x 159 W12 x 210

11-story 6 138 x1.2-17.5 x2 138 x1.2-17.5 x2 W14 x 455 W14 x 132 W14 x 159 W12 x 210
7 138 x1.2-17.5 x2 138 x1.2-17.5 x2 W14 x 398 W14 x 120 W14 x 145 W12 x 210
8 132 x1-17 x2 132 x1-17 x2 W14 x 257 W14 x 120 W14 x 145 W12 x 230
9 132 x1-17 x2 132 x1-17 x2 W14 x 176 W14 x 120 W14 x 120 W12 x 230
10 130 x1-15 x2 130 x1-15 x2 W14 x 132 W14 x 109 W14 x 109 W12 x 170
11 130 x1-15 x2 130 x1-15 x2 W14 x 109 W14 x 109 W14 x 109 W12 x 96
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30 Leaning column

31 UniaxialMaterial Hysteretic
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32 Bolted unstiffened extended end-plate (BUEEP) moment connections
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D No. Earthquake Recording Station

Year Name Name Owner
1 6.7 1994 Northridge Beverly Hills - Mulhol uscC
2 6.7 1994 Northridge Canyon Country-WLC uscC
3 7.1 1999 Duzce, Turkey Bolu ERD
4 7.1 1999 Hector Mine Hector SCSN
5 6.5 1979 Imperial Valley Delta UNAMUCSD
6 6.5 1979 Imperial Valley El Centro Array #11 USGS
7 6.9 1995 Kobe, Japan Nishi-Akashi CUE
8 6.9 1995 Kobe, Japan Shin-Osaka CUE
9 7.5 1999 Kocaeli, Turkey Duzce ERD
10 75 1999 Kocaeli, Turkey Arcelik KOERI
11 7.3 1992 Landers Yermo Fire Station CDMG
12 7.3 1992 Landers Coolwater SCE
13 6.9 1989 Loma Prieta Capitola CDMG
14 6.9 1989 Loma Prieta Gilroy Array #3 CDMG
15 7.4 1990 Manyjil, Iran Abbar BHRC
16 6.5 1987 Superstition Hills El Centro Imp. Co. CDMG
17 6.5 1987 Superstition Hills Poe Road (temp) USGS
18 7.0 1992 Cape Mendocino Rio Dell Overpass CDMG
19 7.6 1999 Chi-Chi, Taiwan CHY101 cwB
20 7.6 1999 Chi-Chi, Taiwan TCU045 cwB
21 6.6 1971 San Fernando LA - Hollywood Stor CDMG
22 6.5 1976 Friuli, Italy Tolmezzo --
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Sa at First Mode Period (g)
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