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Abstract: In order to study the seismic fragility of high-strength steel frame-and-tube structures (HSS-SFTS) with
end-plate bolted connection of replaceable shear links, the finite element models of 20-story, 30-story and 40-story
HSS-SFTS were established by using of SAP2000 software. From the PEER seismic database, 40 near-field pulsed
and 40 ordinary far-field seismic waves were selected respectively, and the IDA curve clusters of the example under
the action of far-field and near-field earthquakes were obtained based on the incremental dynamic method (IDA).
At the same time, the seismic vulnerability curves under different limit states were obtained based on the four-level
seismic fortification target, and the seismic vulnerability evaluation of HSS-SFTS was carried out. The results
show that the exceedance probability of the HSS-SFTS example under the four different fortification levels is less
than 50% , which can meet the seismic fortification aims of “no damage in small earthquakes, mild damage in
moderate earthquakes, replaceable in large earthquakes, and anti-collapse in huge earthquakes”, and has good
seismic performance. The surpass probability of near-field pulsed earthquakes corresponding to different levels of
each example is at least 20% higher than that of ordinary far-field earthquakes, indicating that the near-field pulsed
earthquakes have a deeper degree of plastic damage to the structure.
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Tab. 1 F20 section size( Unit: mm)

2% S FERAE T B A FEE P EE

17~20 H400X200X12X20 H220X160X8X12 H400X280X12X18 B400X 22 B420X 24
13~16 H440X220X14X22 H240X170X10X 14 H440X320X14X20 B440X 26 B460 X 26
9~12 H500X230X16X24 H270X170X10X 14 H480X340X20X28 B480 X 32 B520X 30
5~8 H540X240X 18X 24 H300X 180X 12X 16 H530X380X22X30 B540X 36 B560 X 36
1~4 H580X250X20X26 H330X190X12X16 H580X400X 24 X32 B580X40 B600XX40
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Tab. 2 F30 section size( Unit: mm)
2 RS FEREGE B Wit FAE PR
29~30 H430X200X12X18 H240X160X10X 14 H420X280X14X22 B380X 24 B420X 24
25~28 H470X200X14X20 H260X160X12X16 H460X280X14X22 B420X 28 B460X 26
21~24 H510X 220X 14X 20 H280X 175X 14X 18 H500 X320 X 18X 26 B460 X 32 B500 < 30
17~20 H550X 220X 16 X 22 H300X 175X 14X 18 H540 X340 X 18X 26 B500 X 36 B540 X 34
13~16 H600X220X16X22 H320 X 180X 16X 20 H580X360X24X30 B540X 40 B580 X 38
9~12 H620X250X 18X 24 H340 X 180X 18X 22 H600 X400 X 28X 34 B580 X 44 B620X42
5~8 H640X 280X 18X 24 H360X200X20X24 H640 X400 X 28X 34 B620X 48 B660 X 46
1~4 H680X300X20X26 H380X200X20X24 H680X 420X 32X 38 B660X52 B700X50
®3 FHEHBBER(RL4E: mm)
Tab.3 F40 section size( Unit: mm)
2 S FERER B it FiAE P
37~40 H450 X200 X 14X 20 H260X160X12X18 H440X290X14X22 B460 X 26 B440X 26
33~36 H480X220X16X22 H280X165X12X18 H460X300X16X24 B490 X 28 B480 X 28
29~32 H500X220X16 X22 H300X180X16 X20 H480 X320 X 18X 26 B520X30 B510X30
25~28 H540 X240 X 18X 24 H320X180X16 X 20 H500 X340 X 20X 28 B550X32 B540 X 34
21~24 H560 X240 X 18X 24 H340 X 190X 18X 22 H520X350X24X32 B580 X 36 B570X 38
17~20 H600X260X20X26 H360X190X18X22 H540 X 380X 26X 34 B610X40 B600X 42
13~16 H640X280X22X28 H380X200X18X22 H580 X400 X 30X 38 B640X 42 B620X42
9~12 H680X 280X 22X28 H400X 200X 20X 24 H600X420X32X40 B670X 46 B640X 42
5~8 H700X300X24X30 H420X200X 20X 24 H640 X440 X 36 X 44 B700X50 B680 X 48
1~4 H740X300X24X30 H440X200X20X24 H660 X460 X 38X46 B730X 54 B720X48
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Fig. 8 Seismic vulnerability curves of structures under

far-field and near-field earthquakes
ARTEAN ™ AG W R B BE R AR A R/ (3) [ —
AR KT, HSS-SETS 25 4 i) 8 8 4 2 b
A2 fA FR AR K P 1 38 R BE 2 8, B2 A
XREEEAR SEUE . RN . wT B DL R A i A A
PR PR R 75 B0 Ml 52 By 1 ih 202 i e i il b 2
HR P, BURHE T RE, W) HSS-SEFTS 2544
VY R BRI Q235 IRFERE R BRRE . R I
(1 i Dol RE BEVE BEAS B ST 20 K A%, S5 44 B 445 12
TR, R R AR AT, X
—BRFFE L B IR YEN] s (4) 6] — TM K
ST, A SR ) A T 3 M TR T ek N A AR BR AR A
Fh R B R 3 e T G S MR, i W AT g R
Xt HSS-SFTS &5 44 0 1547 85O0 F B2 B 0y, 0k ol
T ok i 70 5 I HL A IR I i ol R fik
RN, ASTRE BRI )RR TR, 5 Bl A B0 R St

M R EsR. PrLL, HSS-SFTS 25 1% i it i,
I 2% T 37y 1 7 B 0 45 44 A L ey S8 ) AS ) 5 e

MR CHURL ) 8 PR T RV i, 45 &
(HbRE 3l 250X R 1) ) 25 A 1 6 S T
HARAIE] J2 B0 HSS-SFTS i 28 5461 %5 . % it b 7%
(Service level earthquake, SLE). & Pj#hZE (De-
sign basis earthquake, DBE). % i#i #t & ( Maxi-
mum considered earthquake, MCE) I #k 5 i 1 =
(Very rare earthquake, VRE) F#J S, (T,, 5% )&
M 6 Prow. W TR HE 5 vkt 24, 5
k. EHHE T, & SR B A ) AR BRCR 2
T A R L T~ 8.

% 6 HSS-SFTS #EE FI3t 5 REHEKETH

STy, 5%
Tab.6 S,(T1, 5%) values of HSS-SFTS typical

examples corresponding to different seismic levels

RGP RE T, /s Sa.sLE /g8 S.ipse/g Simce/g S.vee/g

F20 2.432 0. 039 0.105 0. 204 0. 305
F30 3. 498 0. 035 0.095 0.184 0. 277
F40 4.373 0.032 0. 086 0.169 0. 253

A& 7T~£ 8 LAR: ()i, TpiEE
HF, X SLE HifE /K f) F20, F30 il F40 &
ik B A 52 U AR BR R A5 00 A R 4 ] 7R
17.65% ~34.57 % F1 24. 31% ~48.83% ; DBE il
IKIE T = A 45 40 A0 T 4% B 000 A IR CR AR
FBAEAE 22 43 B AE 25.79% ~37.99% fl 34. 67 % ~
47.09% ; XFF ol E AR Rk, MCE HuZKifE
AN L5 R X R ) R RE R 4y N AE 24. 84 %6 ~
35.96% il 32.56% ~48.40%; A4, F20. F30
1 F40 B HFE VRE HuFE /K il T Ab T A iy e 2 R
RS B R R A A AE 27. 27 % ~ 35 % Fl 34.99%
~45.64%. WILLE h, HSS-SFTS 5 {5 45 #4) 78 1Y
= VB KT R RO B BT R 1 R K B A R
¥/ANF 50%, I, M EAE M T HSS
SETS Z5# B A )2 “/NEA . hRERE .
KEW . BB E5R7 0 YK BT = M RE H b
ZoR, BAEBCOHRIFMPTELERE; (2)EF kb Y
HWET, F20. F30 Ml F40 545 4b T 3 A 2 I 4% R
RN BB R AR T @y E RS
24.28% , Ee R 29.20% 5 =ANEA5| 454 I8 B
JEE 50 AR B TR 2 G R R 2R P ) i T 3 R
20.06%, H AR 25.61%; 4bF 0I5 E AR RAR DS
) R RARE R A L I 3 MR P X 21, 2400, K|
25.70% ; HAb, F20, F30 1l F40 B3k ) A4 4y
e M PR CR 2R B 8RR AR R O X T Om i R
20.93%, ‘KW 27.87%. VL Erdrual s, £
HEXT HSS-SFTS Z5# H A H ™= E B R1EH,
BRI, 2 B it 4k T i 3 K ay, 75 EE AR
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Tab. 7 Transcendence probabilities of typical examples

corresponding to different limit states under far-field earthquakes

S R B R P(LS | S.)/%
s K LS, LS, LS; LS,
SLE 17.65 0.32 0. 00 0. 00
20 DBE 86. 68 25.79 1. 59 0.32
MCE 99. 26 78.12 24. 84 7.61
VRE 100. 00 95.13 58. 67 27.27
SLE 24.78 0. 85 0. 00 0. 00
. DBE 91. 32 37.99 3.28 0.21
Fa0 MCE 99. 57 86. 46 33.76 8. 25
VRE 100. 00 97.57 67.72 31.22
SLE 34. 57 0.53 0. 00 0. 00
DBE 94.79 36.70 2.77 0. 00
Fa0 MCE 100. 00 88.51 35.96 9.36
VRE 100. 00 98.19 70. 96 35.00

F 8 EFHHE T BN E ISR A [E) 4] BR R 75 B 8 M R
Tab.8 Transcendence probabilities of typical examples

corresponding to different limit states under near-field earthquakes

i HAE MR P(LS | S.)/%

ge KM LS, LS, LS, LS,
SLE 24. 31 0. 74 0. 00 0. 00

F20 DBE  89.75 34. 67 3.49 0. 85
MCE  99.58 82. 98 32.56  12.90
VRE  100. 00 96. 30 65.12  34.99
SLE 34. 60 1. 38 0. 00 0. 00

40 DBE 94. 60 47.09 6.35 0.63
MCE  100. 00 90. 79 44.97  14.29
VRE  100.00 98. 62 77.46  43.28
SLE 48. 83 1.28 0. 00 0. 00

10 DBE 96. 49 43. 30 7.56 0.85
MCE  100.00  89.79 48.40  17.13
VRE  100.00 98. 30 78.19  45.64

4 Z5ig

(DALH S (Ty, 5%)5 Oun KR IDA Hh 4L
Bl i B R E B &R R HET A,
B S.(Ty, 5V E ARS8 E SRR IDA
Hh 20T bR v 22 B /N, 2 R R 2 R e N S
PEAEX RN, B R A

(2) FBIAEPYAS A T3] BE BT 7K HE T A S A R )
AT 500, WHERCNEAR . PEBRERMG . K
el R EURPIEI TR YUR NN B, HAR
YU ERE ;

(3) % FA50 % A [ 7K 1 TR 3 37 ok b 284 b 5% 1)
FRBE R Y 5 Tl R = D 2000, RMIE
5 ik e 200 1 7 Xk 45 A 0 S R AL R R B,

T 3 1 B % HSS-SFTS 4544 () A F) 520
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