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Finite element analysis on seismic performance of high strength
steel frames with Y-type eccentrically braces
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Abstract; The finite element models of test specimen were established after the shake table test of high
strength steel frames with Y-type eccentrically braces (Y-HSS-EBF). A 9-story Y-HSS-EBF structure was
designed and nonlinear time history analysis were conducted to study the influence of link length, link web
ratio of height to thickness and ratio of depth to span to seismic performance of 9-story Y-HSS-EBFs.
Results indicated that different link length and ratio of depth to span had different influence to the
interstory displacement, seismic performance of link, column moment and energy dissipation capacity, but
slight influence to column axial force and base shear force. Different link web ratio of height to thickness
had different influence to energy dissipation capacity, but slight influence to interstory displacement,
seismic performance of link, column force and base shear force. Finally, some recommendations for
engineering design were given based on the analysis.
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Table 1 Mechanical properties of steel

A SRR JRMRERE O PURIRIE O MMERRE E/ KR
Ao t/mm  fy/MPa  f,/MPa 10° MPa 8/ %

Q235 3 283. 1 397.1 2.14 31.57
Q235 4 271.9 402. 1 2.17 31. 83
Q235 8 276.7 421.1 2.18 32.18
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Table 2  Size of links

1 H125X70X4X8
2 H100X70X4X8
3 HB0X 70X 3X8
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Fig. 1 The test model with redesigned links
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Table 3 Acceleration response comparisons of analysis and test results

A 2 J2 i1 3 2 1 T i 13
i‘m};}?i& I 3 5 3, 5 3, 3N 3, 5 2,y
I3/ g S /g Sy HT/SE 3T g SM/g aFr/EEN S/ e S /g A3/ S
8 BEEEI 0.71 0.68 1. 04 0. 81 0.79 1.02 1.27 1. 35 0. 94
El Centro
9 JFFIH 0. 87 0.92 0.95 0.97 0.98 0.99 1.32 1.84 0.72
Taft ¥ 8 FE A 0.79 0. 86 0.92 0. 85 0.93 0.91 1. 34 1.57 0. 86
alty
9 FEA 1.18 1.15 1.02 1.33 1.17 1.13 1. 69 2.20 0.77
T 8 FEEIE 0.73 0. 80 0.92 0. 81 0. 90 0. 90 0.95 0.99 0. 96
=Y
9 EEIE 0. 85 1.04 0. 82 0. 96 1.13 0. 85 1. 18 1.48 0. 80
x4 ARTUHESAENCBESRRERLE
Table 4 Displacement response comparisons of analysis and test results
‘ 2 R AN LR 3 R RS 2 T A X2 A%
Hh AR T
Syrtr/mm SO /mm ARHT/SEI Sr AT /mm S/ mm SpAT /S50 SR AT /mm SEI/mm AT/ SE
8 JiHEiH 4.91 5. 04 0.97 7.05 7.46 0. 95 10. 74 11. 90 0. 90
El Centro i
9 LA 6. 74 7.97 0. 85 9.73 10. 79 0. 90 13.96 18.77 0. 74
8 BEEEIE 5. 36 5.82 0.92 8. 87 9.49 0.93 15.07 17. 34 0. 87
Taft
9 FEAE 6.91 7.25 0. 95 10.78 11. 82 0.91 17. 56 24. 27 0.72
" 8 il 4.01 4.27 0.94 5.26 5.72 0.92 8.83 9.30 0.95
=2 Nk
9 BEEIH 4.93 5.82 0. 85 6. 69 7.95 0. 84 10. 86 14. 50 0.75
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Fig. 4 Strain responses of test model during Taft wave
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Table 5 Sizes of structural members
2 A R T e [ 5 A T B BRI o [ 55 % A T FERE 2 B SCHEEAO

1~3 H420X420X20X25 H500X500X25X30 H400X200X16X20 H400X200X16X20 H360X200X12X20 H250X200X12X20

4~6 H350X350X16X20 H400X400X25X30 H340X200X16X20 H340X200X16X20 H360X200X12X20 H220X200X12X20

7~9 H270X270X16X20 H290X290X16X20 H280X200X16X20 H280X200X16X20 H360X200X12X20 H200X200X12X16
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Table 6 Details of YA models

Ve TR e/mm eV,/M,
YA-1 500 0.76
YA-2 600 0.91

YA-3 (Base) 700 1. 06
YA-4 800 1.21
YA-5 900 1.37
YA-6 1 000 1.52
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3.1.2 YB A7 #A  YB R AIE L RRFERE 2 R8 YCHRIIRE
B I A A T T AR A BT BE T B IR AR A I AR AR A Table 8  Details of YC models
HARSEARFEA AR BT G 5 T AH W FE RE 2 B IR Al TR 252 L/mm H/L
EE LR 7, o hy Al 2, 439 A FERE R BUE AR S YC-1 7 000 0.51
BERIJRLEE . YC-2 6 500 0.55
X7 YBRIEER YC-3 6 000 0. 60
Table 7 Details of YB models YC-4 (Base) 5 650 0. 65
il o /mm Lo /mm ddad YC5 5 000 0.72
YB-1 427 9 17.4
YC-6 4500 0. 80
YB-2 384 10 38.4
YB-3 349 11 31.7 .
3.2 HIERIER
YB-4 (Base) 320 12 26. 7 . e N o
" o ) o T BFGER I 5 B Y B 2 0
"~ b .
. . 0 o s DR G BLRE P RE (0 5 ), X 4% 4 Y g AT 8 B R A

3.1.3 YC RFUHA YC RAHALRRAS b S 85
CH )5 1) g 5 L Ah AR S B IR AN A8 L 5B g
S KRR L e i b L 8, Hir H=3 600 mm,L i3
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Table 9 Ground motion records

Hh 7R il ok B BUWIREE/km PGA/g  PGV/ (ecm-s™!)
Imperial Valley 117 El Centro Array #9, IMPVALL/I-ELC180 7 8.3 0.313 29.8
Kern County 1095 Taft Lincoln School, KERN/TAF021 7.4 41 0. 156 15.3
Chi-Chi, Taiwan TCU095, ChiChi/TCU095-W 7.6 43.4 0. 379 62
Northridge 24278 Castaic-Old Ridge Route, NORTHR/ORR090 6.7 20.1 0. 568 52.1
Friuli, Italy 8012 Tolmezzo, FRIULI/A-TMZ270 6.5 15.5 0. 315 30. 8
Loma Prieta 47006 Gilroy-Gavilan Coll, LOMAP/GIL067 6.9 10 0. 357 28.6
Cape Mendocino 89324 Rio Dell Overpass-FF, CAPEMEND/RIO360 7 14. 3 0. 549 42.1
Landers 22170 Joshua Tree, LANDERS/JOS000 7.3 11 0.274 27.5
Kobe Japan 0 KIMA., KOBE/KJM090 6.9 1 0.599 74.3

Superstitn Hills

01335 El Centro Imp. Co. Cent, SUPERST/B-SUP135 6.

o
l
>
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Table 10 Natural periods of models s : :
15 45 5 T, T, T me me®
) %>
YA-1 0.635 0.583 0.509 4 4
3 3
YA-2 0. 65 0.601 0.551 2 2
1 , : . L1 . " . ,
YA-3 0.66 0.618 0.566 0.000 0.003 0.006 0.009 0.012 0.000 0.003 0.006 0.009 0.012
’ JE& S fi frad JE2 S Ff /rad
YA-4 0. 689 0. 641 0.591 #: = YA-1 - YA2 -YA3 {: = YB-1-—- YB-2 -YB-3
—~ YA-4 — YA-5 «+ YA-6 ~ YB-4 — YB-5 —«+YB-6
YA-5 0.714 0.641 0.603 (a) YARERY (b) YBARAY
YA-6 0.74 0.68 0.636 1
YB-1 0. 655 0.614 0.561 Z
YB-2 0. 657 0.615 0.563 5
4
YB-3 0. 658 0.616 0.564 3
2
YB-4 0. 66 0.616 0.564 f . . ,
0.000 0.003  0.006 0.009 0.012
YB-5 0. 662 0.619 0.567 2 [ B £ /rad
R #: = YC-1 - YC2 -YC-3
YB-6 0. 664 0.621 0. 569 YO YC5 < YOt
YC1 0.712 0.67 0.619 (c) YCARAY
YC-2 0.691 0. 649 0.607 7 SEFBHMETHIESAKEEAMNE A FEHE
YC-3 0. 676 0. 628 0. 585 Fig. 7 Mean maximum interstory drifts of models during
YC-4 0.653 0. 604 0. 561 level eight rare earthquakes
YC-5 0. 627 0.568 0.539 » . NN
/N YD R 45 B RE B Ot B i K% A bb e e il
YC-6 0. 604 0.539 0.51
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Table 11 Rotation drifts of links

LT 245 0/ rad
YA-1 0.051 3
YA-2 0.043 9
YA-3 0.038 9
YA-4 0.034 9
YA-5 0.0315
YA-6 0.028 6
YB-1 0.038 9
YB-2 0.038 7
YB-3 0.038 7
YB-4 0.039 0
YB-5 0.039 3
YB-6 0.039 5
YC-1 0.038 1
YC-2 0.042 2
YC-3 0.038 9
YC4 0.039 2
YC-5 0.040 1
YC-6 0.040 9
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Fig. 8 Stress nephograms of links in YA models
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during level eight rare earthquakes
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Fig. 10 Mean maximum column moment of models

o

during level eight rare earthquakes
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Table 12 Base shear force of YA models

e § Bl 9 1
YA-1 1478 2110
YA-2 1508 2 134
YA-3 1520 2 157
YA-4 1515 2176
YA-5 1513 2189
YA-6 1523 2 200
YB-1 1503 2168
YB-2 1515 2 140
YB-3 1517 2159
YB-4 1517 2160
YB-5 1515 2161
YB-6 1512 2161
YC-1 1511 2158
YBC2 1517 2 157
YC-3 1518 2159
YC-4 1516 2203
YC-5 1510 2166
YC-6 1504 2170
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Fig. 11 Energy dissipation of models during

level eight rare earthquakes
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