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TCUO087, NS 3.2 76 012 37 4.3
Chi-Chi,
TCU087, EW 3.2 76 013 41 9.2
Kobe KIM,
090 0.6 6.9 0.6 74 1.2
Cape
Mend. Rio Del 185 71 0.29 44 1.3
Cape
Mend. Petrolia 9.5 7.1 0.66 90 0.7
Loma Pr 51 69 048 45 08
Corralitos
Loma
Pr.Gilroy 127 6.9 032 39 15
Chi-Chi,
CHY101, EW 111 76 0.35 71 3.2
Chi-
Chi,WGK, 111 76 0.33 69 3.2
EW
Chi-Chi
TCUO64, NS 151 7.6 0.12 54 7.2
Chi-Chi
TCU059, EW 178 7.6 0.17 59 6.4
Table 1. Near field earthquekes with forward directivity

effects
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(km) (@ (cmls) (s)
chi chi,
TeUoe2Ng 184 76 0488 7237 79
chi chi,
TCUOs2Ew 184 76 0356 50673 56
chi chi,
TCUOGEEW 249 76 0789 19431 44
chi chi,
TcUoeTEw L1l 76 0499 18616 23
chi chi,
TcUoeeNs 301 76 035 86776 10
chi chi,
TcUoeBEw 301 76 0505 70911 94
chi chi,
ToUoTeEy 338 76 0332 17107 42
chi chi,
TcLoTeEw 317 76 0343 10855 37
chi
chiTCUO87- 342 7.6 0113 9309 45
NS
chi chi, 008 7.6 0144 14539 7.4
TCU128-EW ' v ' '
chi-chi
TcUlzsNs 97 76 017 1803 7.2

Table 2. Near field earthquekes with fling effects
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25 story-
im Column Beam Brace
1-3 TUBE120*120 IPE240 UNP140
3-6 TUBE140*140 IPE240 UNP140
6-9 TUBE160*160 IPE240 Unp160
9-12 TUBE180*180 IPE240 UNP160
12-15 TUBE200*200 IPE270 UNP180
15-18 TUBE220*220 IPE270 UNP180
18-21 TUBE240*240 IPE270 UNP200
21-25 TUBE280*280 IPE270 UNP220

Table 4. 25 Storey frame with 1m eccentricity
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* ;gry_ Column Beam Brace b Yo Sbile b Yo S
1-3 TUBE140*140 IPE240 UNP140
3-6 TUBE160*160 IPE240 UNP140
6-9 TUBE180*180 IPE240 Unpl60
9-12 TUBE200*200 IPE240 UNP160
12-15 TUBE240*240 IPE270 UNP180
15-18 TUBE280*280 IPE270 UNP180
18-20 TUBE300*300 IPE270 UNP200
Table 5. 20 Storey frame with 2m eccentricity
SV o D bakb Vo OB lael Dlasiia A Jgae
20 itzry' Column Beam Brace
1-3 TUBE120*120 IPE240 UNP140 b Vo ‘HB(C
3-6 TUBE140*140 IPE240  UNP140 Fig. 5. Two dimensional view of designed 15, 20 and 25
6-9 TUBE160*160 IPE240 Unpl60 storey frames
9-12 TUBE180*180 IPE240 UNP160
12-15 TUBE200*200  IPE270  UNP160 oY o op b kb YO OB glasl wlasile ¥ dyux
15-18 TUBE220*220 IPE270 UNP180 25
story- Column Beam Brace
18-20 TUBE240*240 IPE270 UNP220 om
Table 6. 20 Storey frame with 1m eccentricity 1-3 TUBE140*140 IPE240 UNP140
Y e O b aib 10 B slasl Slasiie ¥ Jpd 3-6 TUBE160*160 IPE240 UNP140
15 story- 6-9 TUBE180*180  IPE240  Unpl60
Column Beam Brace
2m 9-12 TUBE200*200 IPE240 UNP160
1-3 TUBE140*140  IPE240  UNP140 12-15  TUBE240*240  IPE270  UNP180
3-6 TUBE160*160  IPE240  UNP140 15-18  TUBE280*280  IPE270  UNP180
6-9 TUBE180*180  IPE240  Unpl60 18-21  TUBE300*300  IPE270  UNP200
12-15 TUBE280*280  IPE270  UNP160 Table 3. 25 Storey frame with 2m eccentricity

Table 7. 15 Storey frame with 2m eccentricity
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Fig. 8. Plastic joints in 23" floor of 25 storey frame
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1-3 TUBE140%140  IPE240 UNP140
3-6 TUBE160*160  IPE240  UNP140
6-9 TUBE180*180  IPE240  Unpl60
9-12 TUBE200*200  IPE240  UNP160
12-15 TUBE240%240  IPE270  UNP200

Table 8. 15 Storey frame with 2m eccentricity
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Limite States

IO LS CP
16% 04 045 133

Sa(T1,5%) 50% 0.36 041 1.2
84% 032 038 1.04

16% 002 0025 0.1

0 50% 0.02 0025 0.1
84% 0.02 0025 0.083

Table 9. Capcities of 25™ storey frame with 1m eccentricity
for near field earthquekes with forward directivity effects
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Fig. 11. General IDA curves for 25 storey frame with 1m
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Fig. 9. General IDA curves for 25 storey frame with 1m eccentricity
for near field earthquekes with forward directivity effects
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Fig. 10. 16™ 50" and 84" fractile General IDA curves of 25
storey frame with 1m eccentricity for near field earthquekes with
forward directivity effects
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Table 10. Capcities of 25™ storey frame with 1m eccentricity
for near field earthquekes with fling effects
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Table 14. Capcities of 25™ storey frame with 2m eccentricity
for near field earthquekes with fling effects
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Table 11. Capcities of 25™ storey frame with 1m eccentricity
for near field earthquekes with forward directivity effects
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Table 12. Capcities of 25™ storey frame with 1m eccentricity
for near field earthquekes with fling effects
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Table 13. Capcities of 25™ storey frame with 2m eccentricity
for near field earthquekes with forward directivity effects
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Fig. 15. CP for 15 storey frame with 2m eccentricity for near
field earthquekes with forward directivity effects
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Fig. 16. CP for 15 storey frame with 2m eccentricity for near
field earthquekes with fling effects
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Table 15. Comparison of 6 using IDA method and calculated
CP performance methods
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Abstract:
The aims of this research are mainly to obtain the collapse preventation (CP) seismic capacity of eccentric
braced high rise steel moment resisting frames under near field earthquakes and evaluate the effects of fling
step and forward directivity, using incremental dynamic analysis and capacity spectrum methods. Drift ratio
0 and mode acceleration specrum with 5% damping Sa(T1,5%) are selected as the appropriate damage
measue (DM) and intensity measure (IM) respectively. Six eccentric steel braced frames with 3 bays and 15,
20 and 25 storeys with eccentricity of 1m and 2m are designed according to standards. The frames systems
are equivalently taken as shear-flexural beams with representative lateral stiffness ratios. Twenty two
earthquakes according to FEMAP695 are chosen which are divided in two groups, one with fling step effects
and the other with forward directivity effects.
Incremental dynamic analysis (IDA) is one of the efficient tools for estimating seismic capacity of frames. In
this research, IDA is implemented for each of 6 frames using all 22 earthquakes. The frames are once
subjected to multiple scaled 11 selected earthquakes with forward directivity effects, and once more they are
subjected to other multiple scaled 11 selected earthquakes with fling step effects, and response parameters
of frames are calculated using nonlinear dynamic analysis. Each IDA curve is ploted for Sa(T1,5%) versus
maximum inter story drift ratio 6. Spectral acceleration Sa(T1,5%) is scaled until the collapse of the frames
occure. IDA analysis results show that fling step and forward directivity characteristics of near field
earthquakes have less effects on drift ratios compared with their effects on spectrum acceleration values.
Frames under earthquakes with fling step reach CP point with lower acceleration spectrum values compared
to those under earthquakes with forward directivity characteristics. Also 10 and LS limit state spectrum
values for frames under earthquakes with forward directivity effects are more than those values for frames
under erthquakes with fling step effects.
Collapse prevention (CP) points are also calculated using the capacity spectrum method. For this purpose, at
first, mode shapes for elastic vibration of frames are calculated. Then each scaled shear force is distributed
using the first mode of vibration and capacity curves are drawn using nonlinear static push over analysis. The
push over capacity curve is then converted to capacity spectrum using first mode of vibration. Acceleration
resposnse spectrum are drawn for each of 22 earthquakes using 5% damping and then converted to demand
spectra. The demand spectra are then corrected for effective damping which is a value more than 5%. The
corrected demand spectra for 11 near field earthquakes with fling step effects and those for other 11
earthquakes with forward directivity effects are then averaged. CP point for each frame is then obtaind from
the point of conjuction of the averaged corrected demand spectra with those corresponding capacity spectra
of frames. Results from capacity spectrum method show that CP values are less than thos CP values
calculated from IDA analysis.

Keywords: Near-Fault Records, IDA Analysis, NSP Analysis, Point of Collapse Prevention, Forward
Directivity, Fling Step
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