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Seismic Behavior of High Strength Steel Composite K-type Eccentrically
Braced Frames with Direct Displacement-based Design Method
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Abstract: Links and braces use Q345 steel, while other structural members use high strength
steel (e.g. Q460 steel). In particular, this is used in high strength steel combination eccentrically
braced frames ( HSS-EBFs), as it improves economic efficiency due to its weight and high
strength. In this paper, in order to study their seismic performance, four groups of HSS-EBFs
were designed using the direct displacement-based design (DDBD) method and included 5-, 8-,
and 12-story structures. Nonlinear pushover analysis and dynamic elastoplastic analysis were per-
formed on all designs, and inter-story drift and failure modes under rare earthquake events stud-
ied. The results show that the inter-story drifts satisfy the deformation requirement of the seismic
code under rare earthquakes and the K-HSS-EBF structure presents an ideal progressively plastic
mechanism, proving that this new design method is reasonable and reliable.
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Fig.1 Dimension of the experimental specimen (Unit: mm)
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Table 1 Performance parameters of steel
bt B JRREE MRMREE WMARE E i &
t/mm fy/MPa  f,/MPa /(X10° MPa) /%
Q345B 6 414.7 542.03 2.11 28.29
Q345B 10 363.8 545.8 2.01 28.74
Q460C 8 473.5 635.1 2.12 25.36
Q460C 10 516.0 691.97 2.06 23.51
F2 HMEBER-
Table 2 Section size of the members
T i/ (mm X mm X mm X mm)
HE Z 7 H140 X 100X 8X 10
HE S AE H145X 145X 8X 10

Fx: H100X 100X 6X 10
FERE R B H140X 100X 6X10

T A A A A5 3 M T S SR T ) A A R
B Ao 78 A% Ikt 0 Ay B I 0 26K, il 5 9 o A BT
EE M /INBI R B I 64T 2% T 00 65 180 i A o B8
MR 1.2 2 1, R T ok 3 frsl,
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Table 3 Loading cases of tests

TS 1 2 3 4 5 6 7 8 9

Mok e VI EZ M VIl iz £ 388 I Fe AR XEEZ 8 VI E 3 A VI EE=E VI RE =l / X B A X 22208

S El-Centro % El-Centro #f El-Centro i El-Centro #f El-Centro J# El-Centro ¥  El-Centro Ji¥ El-Centro i El-Centro I

5 AT Taft Taft Taft Taft Taft Taft Taft Taft % Taft
=TS =X )S 2 Mk 2k TP/ 3 XU )3 2N 2k 2k

f;gi 0.042 0.084 0.120 0.168 0.240 0.264 0.480 0.744 1.0

1.2 ARTEBRESTERIL

o 56 UE FT A BR G 20 B B R A TE A A L R 46
F o3 BT B SAP2000 #E N7 4k 3l & 3 56 1k 1 1Y A BR
JUBERLCIE 20 I X 5 M AT il g T8 e A, K 4
M5 A T U B e VI 22 38 A5 08 M e oK

e El-Centro W AE T i hn i B2 #1467 % A FRocit 5
H-5SCME Rt g . WFoE 45 R R A IR oc T3 45
R0 25 B a3, N Ik T A A R O 7R
SAP2000 >k #4174 LR A B 23 17



680 ooz

=

T B ¥ iR

2016 4%

®4 ARTHERAMEESREERIEER

Table 4 Comparison between the maximum acceleration calculated by finite element method and test results

TH S iy 187 =R/ g J& TN/ g
SPOTME SEIME BR2E/% HHE SEDIME R/ aWHE SEIE R/ %
Vil g £ i 0.084 0.11 0.10 9.09 0.14 0.13 7.14 0.20 0.19 5
VI = 3 0.480 0.62 0.58 6.45 0.88 0.82 6.82 1.18 1.15 2.54
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Table S Comparison between the maximum results relative displacement calculated by finite element method and test

ZJE % /mm =20 /mm JR T /mm
T I/ g
o MR T N BB AW EWE BE/G AR EWE RE
Il & £ 14 0.084 1.10 1.13 2.7 1.86 2.04 8.8 1.51 1.41 6.6
I 57 3 0.480 6.40 5.98 6.6 9.77 9.22 5.6 6.75 6.55 3.0
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Fig.2 The finite element model of test specimen
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Fig.3 Plan view of the example (Unit: mm)
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Table 6 Design parameters of three examples

52 8 2 12 2
HHEE He/m 15.6 22.5 30.3
AARAF Ag/mm 93.2 166.8 215.5
LB €. 0.182 0.165 0.161
SERUAM T /s 1.17 1.83 2.38
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Table 7 Member sections of 5-story Structure (Unit:mm)

ZH HE 48 B2 T FERE L HE S8 A R AT S AR eV,/M,
5 H310X140X6X12 H360X140X6X12 [J300X 300X 16 H200X200X10X18 1.21
4 H370X160X10X16 H400X160X8X 14 [J350X 350X 16 H220X220X10X18 1.23
3 H430X180X10X16 H430X180X10X16 [1400 X 400X 16 H250X250X10X18 1.23
2 H480X180X10X16 H490X180X10X16 [1460X 460X 16 H250X250X10X18 1.09
1 H510X180X10X16 H520X180X10X16 [J460X 460X 16 H250X250X10X18 1.04

8 SEMMHEEHME (LM : mm)
Table 8 Member sections of 8-story structure (Unit:mm)

L1 HE 48 22 R THT FERE R HE 48 48 T SCPE A eV,/M,
8 H440X200X10X16 H490>X180X10X16 [J400 X 400X 16 H240X240X12X18 1.09
7 H500X200X10X16 H500X200X12X18 [J400 X 400X 16 H240X240X12X18 1.13
6 H530X220X10X16 H570X200X12X18 []450 X450 %16 H260X260X12X18 1.00
5 H490X 240X 12X 18 H540X240X14X20 [1450 X 450X 16 H300X300X12X18 1.08
4 H520X 240X 12X 18 H580X240X14X20 [1550 X 550X 20 H300X300X12X18 1.02
3 H540X240X12X18 H610X240X14X20 [J550 X550 X 20 H300X300X12X18 0.97
2 H550X 240X 12X 18 H630X240X14X20 [1610X 610X 22 H300X300X12X18 0.94
1 H560X240X12X18 H640X240X14X20 [J610X 610X 22 H300X300X12X18 0.93

*9 LR2EHHFEE (RS :mm)
Table 9 Member sections of 12-story structure (Unit: mm)

JEH HE 42 L HT FEAE LU HE B2 HE AR 17D ST eVy,/M,
12 H320X150X6X12 H340X160X6X12 [1500 X500 %18 H220X220X10X16 1.28
11 H340X 180X 8X 14 H380X180X8X14 [1500 X 500X 18 H220X220X10X16 1.28
10 H380X160X10X16 H400X180X10X16 [J500 X 500X 18 H220X220X10X16 1.31
9 H420X160X10X16 H440X180X10X16 [J500 X500 %18 H220X220X10X16 1.21
8 H500X200X12X18 H480X200X10X16 1600 X 600X 20 H260X260X12X18 1.11
7 H510X200X12X18 H500X200X12X18 1600 X 600X 20 H260X260X12X18 1.07
6 H520X200X12X18 H520X200X12X18 [J600 X 600X 20 H260X260X12X18 1.04
5 H530X200X12X18 H540X200X12X18 [1600 X 600X 20 H260X260X12X18 1.00
4 H540X200X12X18 H580X200X12X18 [1700 X 700X 22 H300X300X14X20 0.94
3 H540X200X12X18 H580X200X12X18 [J700 X 700X 22 H300X300X14X20 0.94
2 H550X200X12X18 H600X200X12X18 [J700 X700 X 22 H300X300X14X20 0.91
1 H550X200X12X18 H620X200X12X18 [J700 X700 X 22 H300X300X14X20 0.88
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Fig.4 Capacity curve of 5-story model
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Table 10 Interstory drift angles of the example

JZ M fh /2

o 5 2R 8RB 12 AWM
1 0.38 0.39 0.34
2 0.68 0.75 0.73
3 0.78 0.87 0.90
4 0.83 0.82 0.96
5 0.75 0.74 0.98
6 0.55 0.94
7 0.48 0.87
8 0.35 0.83
9 0.82
10 - - 0.74
11 - - 0.63
12 - - 0.523
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Fig.6 Failure modes of the examples
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Table 11 Ground motion records

P M Hh R A A vl LR/ g M R/km PGA/g PGV/(cm:+s')

1 P0006 Imperial Valley 117 El Centro Array # 9 IMPVALL/I-ELC180 7.0 8.3 0.313 29.8

2 P0016 Kern County 1095 Taft Lincoln School KERN/TAF021 7.4 41.0 0.156 15.3

3 P1461 Chi-Chi, Taiwan TCU095 ChiChi/ TCU095-W 7.6 43.4 0.379 62.0

4 P0883 Northridge 24278 Castaic-Old Ridge Route NORTHR/ORRO090 6.7  20.1 0.568 52.1

5 P0764 Loma Prieta 47006 Gilroy-Gavilan Coll LOMAP/GIL067 6.9 10.0 0.357 28.6

6 P0816 Landers 22170 Joshua Tree LANDERS/JOS000 7.3 11.0 0.274 27.5

7 P1043 Kobe Japan 0 KIMA KOBE/KJM090 6.9 1.0 0.599 74.3

8 P0729 Superstitn Hills 01335 El Centro Imp. Co. Cent SUPERST/B-SUP135 6.5 5.6 0.894 42.2
4.2 HABMRPER TAEREIE R T EEMFERRAE ], St 2 T IRE
B TS % R I L A ST B EL Centro 3 AFE H FEA R AERE B BOtE AR T A A R R R AL T
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Fig.7 Failure modes of the examples
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Fig.8 Interstory drift angles of each example
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