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Seismic performance of high-strength steel framed-tube structures with

replaceable shear links based on performance design
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Abstract: The high-strength steel framed-tube structure with replaceable shear links ( HSS-SFT-RSL ) is a
structural system with excellent seismic performance, which combines the advantages of strong energy-dissipating
beam section, high lateral stiffness of framed-tube tube and high bearing capacity of high-strength steel. The
traditional design method requires complex iterations and calculations to achieve the expected performance goals of
the structure, and it is impossible to control the plastic development sequence and failure mode of the structure
more accurately. In this paper, a set of 30-story HSS-SFT-RSL cases and common steel frame-tube structures with
replaceable shear links (CS-SFT-RSL) cases are designed using the performance-based plastic design method
(PBPD) proposed by the research group, and the seismic performance of the two cases is compared by static and
dynamic elastic-plastic analysis. The research results demonstrate that the two cases designed by PBPD method
have similar vertex lateral shift angles and damage modes, and the HSS-SFT-RSL case has slightly lower lateral
stiffness but higher ultimate bearing capacity. Under the rare level earthquake, the energy-consuming beam
segments of the two cases can participate in energy dissipation, and the inter-story lateral shift angles are evenly
distributed along the height of the structure, which avoids the weak layer. In addition, the residual inter-story
deformation is small, which is conducive to the replacement of the energy dissipation beam section and the rapid
recovery of the structure after the earthquake.
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Tab. 1 Analysis models number S
LT3t CS-SFT-RSL HSS-SFT-RSL EEI et e et
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mEWE 3 rx. PBPD 0% M & 500048 Fig. 3 Elevation layout of the structure
£ 2 CFI-30 H®@ R~ (mm)
Tab.2 Member section of CFT-30/mm
3= FE A 2 B FE B 2 B RS AR IR W o firkk A EE
1~3  H380X200X16X20 H640X260X24X28 H660X250X22X26 H700X460X36X42 [J640X50  []720X50
4~5  H375X200X16X20 H630X260X24X28 H6E650X250X22X26 H680X440X34X40 []620X48 (168048
6 H370X200X16X20 H625X260X24X28 H650X250X22X26 H680X440X34X40 []620X48 []680X48
7 H370X200X16X20 H625X260X24X28 H640X250X22X26 H640X440X34X40 []J600X46 [1630X46
8 H360X200X16X20 H610X260X24X28 H640X250X22X26 H640X440X34X40 []600X46 [1630X46
9 H360X200X16X20 H610X260X24X28 H620X250X22X26 H640X420X30X36 []600X46 [1630X46
10~11 H350X200X16X20 HE600X 260X 24X 28 H620X 250X 22X 26 H620X420X30X36 []590X42  []580X 44
12 H335X200X16X20 H580X260X24X28 H610X250X22X26 H620X420X30X36 []590X42 [1580X 44
13 H335X200X16X20 H580X260X24X28 H580X250X22X26 H600X420X30X36 []570X42 [1520X42
14 H320X200X16X20 H560X260X24X28 H580X250X22X26 H600X400X30X36 []570X42 (152042
15 H320X200X16X20 H560X260X24X28 H560X250X22X26 H600X420X30X36 []570X42 []520X42
16 H305X200X16X20 H550X240X24X28 H570X230X22X26 H580X400X28X34 []550X38 [1480X38
17 H305X200X16X20 H550X240X24X28 H560X230X22X26 H580X400X28X34 []550X38 [1480X38
18 H315X200X14X18 H530X240X24X28 H560X230X20X24 H580X400X28X34 []550X38 []480X<38
19 H300X 200X 14X 18 H530X240X22X26 H550X230X20X24 H540X400X28X34 []530X36 []430 X34
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20 H290X 200X 14X 18 H510X240X22X26 H530X230X20X24 H540X400X24X30 []530X36 [1430X 34
21 H275X 200X 14X 18 H490X240X22X26 H510X230X20X24 H540X400X24X30 []530X36 [1430X 34
22 H260X 200X 14X 18 H470X240X22X26 H480X230X20X24 H520X380X22X28 []J510X32  []J400X28
23 H270X 200X 12X 16 H440X240X22X26 H480X210X20X24 H520X380X22X28 []510X32  []J400X28
24 H250X180X12X16 H440X240X18X22 H460X210X20X24 H520X380X22X28 []510X32 []400X28
25 H240X180X12X16 H440X220X16X20 H440X210X18X22 H520X380X22X28 []460X30 []380X22
26 H210X180X12X16 H430X220X16X20 H410X210X18X22 H480X380X22X28 []460X30 []380X22
27 H210X180X10X14 H410X220X14X18 H400X200X16X20 H480X380X22X28 []460X30 []380X22
28 H210X180X8X12 H400X180X14X18 H400X180X14X18 H480X320X16X22 [1430X26 [1360X18
29 H200X180X6X10 H400X170X10X14 H390X180X10X14 H460X320X16X22 [1430X26 [1360X18
30 H180X150X4X8 H370X150X10X14 H390X160X8X 12 H420X320X16X22 [1400X26 [1360X18

* 3 HFT-30 ™R~ (mm)
Tab.3 Member section of HFT-30/mm

= FERETLBL FERE L BUES AR e HrkE FAEE P A
1~3  H390X200X16X20 H640X230X20X24 H660X230X18X22 H700X440X32X38 [1640X44  []680X45
4~5  H385X200X16X20 H630X230X20X24 HE650X230X18X22 H680X420X30X36 [1620X42  []650X42
6 H380X200X16X20 H625X230X20X24 H640X230X18X22 H680X420X30X36 []620X42  []650X42
7 H380X200X16X20 H625X230X20X24 H640X230X18X22 H640X420X28X34 []600X40  []610X40
8 H370X200X16X20 H610X230X20X24 H630X230X18X22 H640X420X28X34 []600X40 []610X40
9 H370X200X16X20 H610X230X20X24 H620X230X18X22 H640X400X28X34 []600X40 []610X40

10~11 H360X200X16X20 H6E600X230X20X24 H610X230X18X22 H620X400X28X34 []570X36 [1570X 38
12 H350X200X16X20 H585X230X20X24 H600X230X18X22 H620X400X28X34 []570X36 [1570X 38
13 H340X200X16X20 H585X230X20X24 H580X230X18X22 H600X380X26X32 []560X34 []530X34
14 H340X200X16X20 H560X230X20X24 H580X230X18X22 H600X380X26X32 []560X34 []530X34
15 H320X200X16X20 H560X230X20X24 H560X230X18X22 H600X380X26X32 []560X34 []530X34
16 H320X200X16X20 H550X220X20X24 H560X220X18X22 H580X380X26X32 []550X32 []480X32
17 H300X200X16X20 H550X220X20X24 H540X220X18X22 H580X380X24X30 []550X32 []480X32
18 H300X 200X 14X 18 H530X220X18X22 H520X220X18X22 H580X380X24X30 []550X30 []480X32
19 H300X 200X 14X 18 H530X220X 18X 22 H550X220X16X22 H550X380X24X30 []530X30 []430X28
20 H295X 200X 14X 18 H510X220X 18X 22 H530X220X16X22 H550X380X24X30 []530X30 []430X28
21 H280X 200X 14X 18 H490X220X18X22 H510X220X16X22 H550X380X24X30 []530X30 []430X28
22 H265X200X 14X 18 H470X2220X 18X 22 H480X220X16X24 H520X360X22X28 []510X25 [1400X 24
23 H280X200X 12X 16 H440X220X18X22 H480X200X16X20 H520X360X22X28 []510X28 []400X24
24 H260X 180X 12X 16 H440X220X16X20 H450X200X16X20 H520X360X22X28 []510X28 []400X24
25 H240X180X12X16 H440X200X16X20 H450X200X14X18 H500X360X20X26 []480X28 []380X18
26 H210X180X12X16 H420X200X14X18 H410X200X14X18 H500X380X20X26 []480X27 []380X18
27 H210X180X10X14 H410X220X12X16 H400X200X12X16 H480X360X20X26 []480X28 []380X18
28 H210X180X8X12 H380X180X12X16 H400X180X10X14 H480X320X16X22 [1460X26 [1360X16
29 H210X180X8X10 H370X150X10X14 H390X180X8X12 H460X320X16X22 [1430X26 [1360X16
30 H180X150X4X8 H370X150X10X14 H390X160X8X 12 H420X320X16X22 [1400X26 [1360X16
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Tab. 4 Performance parameters of analysis models

) FAEDT B MR AL AR BRE 58
i REE/,  R#E B/ RE B/
kN « mm ' J7/kN mm 71/kN mm
CFT-30 26.73 16 174 881 22 145 2 455
HFT-30 22.47 16 156 951 22 589 2 666
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Tab.5 Ground motion records of natural wave

KR G Mo A Lok B M R/km  PGA/g PGV/em - s
RSN9 Borrego El Centro 6. 50 56. 88 0. 066 6.2
RSN15 Kern country Taft Lincoln School 7.36 38. 89 0.159 15. 2
RSN28 Parkfield Cholame-Shandon Arrat #12 6.19 20. 64 0. 060 6.6
RSN93 San Fernando Whitter Narrows Dam 6.61 39. 45 0.101 10.1

RSN163 Imperial Valley-06 Calipatria Fire Station 6.53 23. 17 0.129 15.6
RSN172 Imperial Valley-06 El Centro Array #1 6.53 21.68 0. 141 16.0
RSN186 Imperial Valley-06 NilandFire Station 6.53 36.92 0.109 12.2

3.2 BUYESTH

BT RIE, A2 T HFT-30 fil CFT-30
FE RSN28 B /E H T kg or A, HEWE 9. M
Ehw LR S, EFBMEEHT, FEREREE
RHEEFEREMME L T EEEH, 2R
BRI HEN IR AR S BE AT #ERE iy H At A A B AR
Rb TR PEIR S, SRR L BT O . 7EAH W] Hb
BREEMT, 5 CFT-30 Mk, HFT-30 M) #EHE 2
Btk RAR W . X E IR HET-30 41
IR REAE AN, S EOHZ mES itk CFT-30 Kk, M
7 A B R ) RE RE T2 B BT DI AR I

3.3 EaM#Esh

B 10 25 T AN BB & SRR A T Y
JZ NS fa oA, LUK 2 18] 00 F% fa - X408 0 X6 He.
EF S EE AT, WA E 2000 AN
THOHRAE 1/50°7, T L2 18] 00 5% £ 7 w5 BE 1Y 4%
fkEHIEA -5, TEs)2. Rm, HFT-30 %
S22 M ¥ EES & T CET-30, FZERK
HEFT-30 (IHTMIK BEEE /N, AN A5 25 kg 1) )2 18) )
AT TR EMER K, b B2 %
SRR, Yoh21%. Wik, HFT-30 i) 28R
K, fHEE ES CFT-30 ML Z R A K, FFHABR
G A2 235 Ay 0 5 P A TR PR A A R



%1 Ny SR BT PEREAY G NI B ARG BE TR B o KA T 25 M DU R RE R O 71
0.4 307
——RSN9
——RSNI5 251
2 0a ——RSN28
K ———RSN93
§_ M‘J ~———RSNI63 20
2 ‘ RSNi72 Tk
]5 0.2 H RSN186 15k
11;4 — AT
= —— AT2 . 1ok
=R | — R
=01 — R 1
5t —=—CFT-30
—e—HFT-30

B8 RIS

Spectrum analysis of seismic wave

0.0 04 08 1.2 1.6 2.0
J= IS i/ %
(c) TS Fi--F i

10 ZEMETEEAHEGMNB AN
Fig. 10 The inter-story drift distribution of models under
rare earthquakes
11 24 HFT-30 1 CFT-30 & #E VE H Ja iy
B2 BN S f P BB . B e A, A SR
ZER IR AR 2 B AL A1 55 45 40 J2 1R) S £ 43 A WA
KA, HET-30 B4kl 2N F CFT-30, SEAEF
HRE T BYGARJZ MNF Aig & T CFT-30, {HIE s
FEAKR. WH, P 5 AR AT 4 m AR T SCEk[ 22 ]

IR C( ‘n W R FERE L B AT AR IR 0. 400, 55 HTSCA
e e cp HE S 2540 B E B0 A B0, 3 W) i 0T SR A R fE
TR s Ls GEBEAT LASE B A D RE A PR E K .
g g ¢ IOH ’OF 307
ch cheheldach dach B b eh e daheh BT 25+
CFT-30 HFT-30
. 201
B9 RSN28EIERTHOIZMRS M ¢
Fig. 9 Plastic hinge distribution of analysis models under ISt
the action of RSN28 wave 1ok
3or ‘ » 301 st —=—CFT-30
] ::—_;;ITH)* - —o—HFT-30
2 j3 — ke &l 0.0 04 0.8 12 1.6 2.0
ok £ ersNIG3 0l . SRR fi1/%
RSN172 - . . N
y RSN 3 o RoNs Bl FEETRER NS ST HE
T I A
s = Jti:i)éz ! :E:ESZ Fig. 11 Average value of residual inter-story drift angle of
— J‘J (it 3
10 10F +§§§}$2 models under rare earthquakes
e
| -L —— )4
’ ’ “ae 4 FHNEXTLE
— I
0 ! . * ! p—" : ! !
0.0 05 1.0 15 20 00 05 10 135 20 HFT-30 CFT-30 A T B H AR 8 6
JZ IR $41/% JE LS fiy/% N Hl A P 2 !
(a) CFT-30 (b) HFT-30 FEWLF 6.
R6 FMEXILE (1)
Tab. 6 Comparison of steel consumption/t
R BN FERERBL R o PE fikE RS
CFT-30 2718.8 18.4 531.9 1076.9 240.0 258.9 592.7
HFT-30 2 303.5 18.7 428.9 959. 4 203. 8 229.7 463.0
TEE 415. 3 —0.3 103 117.5 36.2 29.2 129.7

LRI, RAE®NG, HFT-30 1)
SR R A 250 CFT-30 9748 1 415.3 t,
25 CET-30 454 HE 9 15. 3%, Hod, HFIRY
W RRTE L ARE SR A5 R A S BT A T

BRI 6800, LM R AR ORI, A
W 1) SR A T 48 e, el S BT R BB B AR ST
REZoBORB N, Hl T HSS-SFT-RSL 5 A R
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