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Evaluation of seismic performance of torsionally-stiff and torsionally-flexible steel
buildings under far-field and near-field ground motions

M.R. Vafidsarkari

Abstract

Near field ground motions with forward directivity and fling step effects, can impose high seismic energy to the building.
In this paper, the seismic performance of symmetrical steel of 5-, 10- and 20-story buildings with dual lateral load
resisting system, in both torsionally-stiff (TS) and torsionally-flexible (TF) archetype buildings has been investigated.
For this purpose, the buildings are subjected to nonlinear time history analysis, which are performed with applying two
horizontal components of three sets of far field (FF), non-pulse (NP) and with forward directivity pulse (FD) records.
The results are presented in the form of peak floor displacement, inter story drift ratio, story shear as well as ductility
demands of braces, beams and columns for three categories of earthquake records. The results show that in torsionally-
stiff and torsionally-flexible buildings of 5- and 10-story under the FD records, the maximum occures in the lower
stories and the first mode is predominant. Also, for the 20-story torsionally-stiff building, the maximum demands occurs
under the FD records in the lower stories, which the maximum difference between FD with NP and FF earthquake
records, for the story drift ratios are 115% and 79%, respectively, and for the ductility of the columns, they are 894%
and 798%, respectively. Also, contribution of higher modes of FF records for 20-storey buildings are greater than the
FD and NP records; therefore, the maximum demands in the upper stories occurs under the FF records.
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Near Field, Forward Directivity, Symmetric Building, Torsionally-Stiff Building, Torsionally-Flexible Building
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12 Chi-Chi 1999 TCU103 7.62 R. Oblique 6.08 0.13 0.14 8.6
13 Chi-Chi 1999 TCU128 7.62 R. Oblique 13.13 0.14 0.17 9.023
14 Parkfield 2004 Eades 6.00 Strike slip 2.85 0.32 0.39 1.218
15 Bam 2003 Bam 6.6 Strike slip 1.70 0.81 0.63 2.023

NP) (L 05 o8 s glas 585 lasita =V Jgr
Magnitude Dist PGA2 PGA1
No. Event Year Station (My) Mechanism (km) (g) (g)

1 Chi-Chi 1999 CHY028 7.62 R. Oblique 3.12 0.64 0.76

2 Chi-Chi 1999 CHY029 7.62 R. Oblique 10.96 0.29 0.24

3 Chi-Chi 1999 CHY080 7.62 R. Oblique 2.7 0.81 0.86

4 Chi-Chi 1999 TCU070 7.62 R. Oblique 19.0 0.25 0.16

5 Chi-Chi 1999 TCU071 7.62 R. Oblique 5.8 0.53 0.65

6 Chi-Chi 1999 TCU072 7.62 R. Oblique 7.8 0.48 0.38

7 Chi-Chi 1999 TCU089 7.62 R. Oblique 9.0 0.35 0.23

8 Loma Prieta 1989 ucsc 6.93 R. Oblique 18.51 0.31 0.41

9 Loma Prieta 1989 Bran 6.93 R. Oblique 10.72 0.46 0.50

10 Loma Prieta 1989 Corralitos 6.93 R. Oblique 3.85 0.64 0.48

11 Loma Prieta 1989 WAHO 6.93 R. Oblique 17.47 0.37 0.65

12 Cape 1992 Cape 7.01 R. Oblique 6.96 0.50 1.02

Mendocino Menocino a

13 Nortridge 1994 B.H.Rd. 6.69 R. Oblique 16.88 0.11 0.16

14 Northridge-01 1994 Sunland 6.69 R. Oblique 13.35 0.13 0.16

15 Northridge-01 1994 S.Ground 6.69 R. Oblique 16.74 0.23 0.29
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(FF) S 5 553 8550 las,y S5 Dlaseln —A J g

Magnitude Dist PGA2 PGA1

No. Event Year Station (Ma) Mechanism (km) (g) (g)
1 Kobe 1995 MZH 6.9 Strike slip 69.04 0.07 0.05
2 Kobe 1995 OKA 6.9 Strike slip 86.93 0.08 0.06
3 Northridge-01 1994 0Old Ridge 6.69 R. Oblique 20.11 0.57 0.51
4 Northridge-01 1994 Gabriel 6.69 R. Oblique 38.86 0.14 0.26
5 Chi.-Chi. 1999 TAP103 7.62 R. Oblique 114.28 0.12 0.18

Taiwan

6 Chi- Chi 1999 TCU095 7.62 R. Oblique 45.15 0.37 0.70
7 Hector Mine 1999 Amboy 7.13 Strike slip 41.81 0.18 0.15
8 Bam 2003 Abaragh 6.6 Strike slip 47.16 0.17 0.11
9 San Fernando 1971 Lake Hughes #9 6.61 R. Oblique 22.57 0.17 0.14
10 Landers 1992 Amboy 7.28 R. Oblique 69.21 0.12 0.15
11 Loma Prieta 1989 Golden Gate 6.93 R. Oblique 79.71 0.23 0.12
12 Loma Prieta 1989 SAGO 6.93 R. Oblique 29.54 0.04 0.06
13 Loma Prieta 1989 SLAC Lab 6.93 R. Oblique 24.82 0.19 0.28
14 Loma Prieta 1989 Downstream 6.93 R. Oblique 20.26 0.25 0.24
15 Loma Prieta 1989 Presidio 6.93 R. Oblique 77.34 0.10 0.20
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