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Numerical study of the seismic performance of steel frame-tube
sub-structures fused by using bolt-connected replaceable
steel shear links with double channel section
WANG Yian', LIAN Ming**, ZHOU Yuhao®

(1 Shaanxi Construction Engineering Group Corporation Limited, Xi'an 710003, China;
2 School of Civil Engineering, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China;
3 Key Lab of Structural Engineering and Earthquake Resistance, Ministry of Education (XAUAT ), Xi'an 710055, China)

Abstract: Due to the poor ductility and energy dissipation of the existing steel frame-tube structure (SFTS), the
seismic performance of the structure is insufficient, and it also presents difficulties for post-earthquake repair. A
proposed solution is to introduce a steel frame-tube structure with a replaceable shear link (SFTS-SL). The shear
link is connected using double-channel steel web bolts. This paper presents design examples of both SFTS and
SFTS-SL structures, selecting three substructures from each example and establishing the finite element model.
Seismic performance is studied by nonlinear numerical analysis, revealing similar elastic lateral stiffness between
SFTS-SL. and SFTS. Although the ultimate bearing capacity of SFTS-SL is slightly lower, its ductility and energy
dissipation capacity are superior. Compared with SFTS, SFTS-SL can concentrate plastic deformation on the energy
dissipation beam section, while the remaining components remain in an elastic state, facilitating structural function
restoration by replacing the damaged energy dissipation beam section.
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Tab. 1 Cross sections of the structural components in SFTS building/ mm

35 ik HtE e P 5 P EE

1—5 H850 X350 X20X30  H500X400X20X25 BOX900X 900X 40 H700X300X25X30  BOX800X800X40
6—10 HS820X300X20X30 H480X380X20X25 BOX850 X 850X 40 H700X300X25X30  BOX750X750X35
11—15 H800X300X20X30 H470X360X20X25 BOX800 X 800X 40 H700X300X25X30  BOX700X700X35
16—20 H750X300X20X25 H450X350X20X25 BOX750 X750 X35 H700X300X25X30 BOX650X650X30
21—25 H720X300X20X25 H420X320X20X25 BOX700X 700X 35 H700X300X25X30  BOX600X600X30
26—30 H650X300X20X25 H400X300X20X25 BOX650 X 650X 30 H700X300X25X30 BOX550X550X30

®2 SFISSLHGIEMHMAGEERT (mm)

Tab.2 Cross sections of the structural components in SFTS-SL building/mm

e FERER R W R FikE N IER P EE

1 H450X125X8X 20

9 H440%125x8x20  H850X350X  H500X 400X BOX900 X H700X 300X BOX800 X
3 H430X125X8X 20 2030 20X 25 900 X 40 2530 800 X 40
Lo TMZOPIZO S 20 (15 ) (1~5 J2) (1~5 J2) (1~5 J2) (1~5 J2)
5 H410X125X8X 20

6  H430X125X8X20 ]

7 H420X125x8x 20  H820X300X H480 X 380 X BOX850 H700 X 300X BOX750 X
8  H420X110X8X22 2030 20X 25 850 X 40 2530 75035
0 HALOXTI0X8X22 (510 j2) (6~10J2) (6~10 J2) (6~10 J2) (6~10 J2)
10 H400X110X8X 22

11 H390X 110X 8X 22

12 H380X110x8x 22  H800X300X H470 % 360 X BOX800 X H700 X 300X BOX700 X
13 H410X100X7 X 22 2030 20X 25 800 X 40 2530 700X 35
14 HA00 X100 X722 (11 15 )2) (11~15 2) (11~15 ) (11~15 2) (11~15 )
15 H390X100X7X 22

16 H380X 1007 X 22 ]

17 H370X100X7x 22  H750X300X H450 X 350 X BOX750 X H700 X 300 X BOX650
18 H400X 100X 6X 20 2025 20X 25 750 %35 2530 650 % 30
19 H390 100620 (1620 fz2) (16~20 J2) (16~20 J2) (16~20 J2) (16~20 J2)
20 H380 X100 X 6 20

21 H370X 100X 620

92 H360X100x6x20  H720X300X  H420X320% BOX700 X H700 X 300 X BOX600 X
23 H350X 100X 620 20X 25 20X 25 700X 35 2530 600 X 30
24 H390X100X5X16 (5125 j2) (21~25 J2) (21~25 J2) (21~25 ) (21~25 )
25 H370X100X5X 16

26 H330X100X5X16 ]

97 H320%100%5%16  H650X300X  H400X 300X BOX650 < H700X 300X BOX550 X
28 H340X100X4X 14 20X 25 20X 25 650 % 30 2530 550 X 30
29 H330X100X4X 14 (5630 f2) (26~30 J2) (26~30 J2) (26~30 2) (26~30 2)
30 H320X100X4X 14
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Fig. 9 Hysteretic curves and deformation comparison
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capacity of each FEM

SFTS #i#Y SFTS-SL 7Y
INET7 1h) R
SFTS-1 SFTS-2 SFTS-3 SFTS-RSL-1 SFTS-RSL-2 SFTS-RSL-3

P, /kN 2 387.32 1622.61 1212.21 1 230. 88 752.71 642.55

1E ] P.../kN 2529.77 1792.94 1 293. 65 2 067.87 1 496. 44 1129.5
P.../P, 1. 06 1. 10 1. 07 1. 68 1.99 1.79
P,/kN 2 399. 26 1 633.69 1 224. 43 1232.67 752.71 626. 05

71 ] P.../kN 2 539. 39 1793.19 1 295.70 2 054. 04 1 498. 49 1 130. 04
P.../P, 1. 06 1. 10 1. 06 1. 67 1. 99 1. 81




208 o o# O R Ok % ¥ RBKRBEER) 5556 %
7 R TR 8 A ) B Kee B 5 B .
7R, SETS-SL 7 {1y 38 1 BT 00 R FEE W ARG T 4 7 (0 e Shres /ﬁ
SETS iR, {H I K ALA2E 3. 6%, 6 W £ 4 2 5 O e v
o A 0 6 T T 540 B 017 5 Bkt 2 200 S e a
b i (B 0000 2 B 2 S, R A T K O S 1500}
FERR A B AR R S o AL B N L B R £ 1 oool
5 A5 B 0 16 )2 0 A1 s00
x5 BARTERBEERE (KN/mm) 0 11‘1y 221y 34‘»y 44'»y sjy A‘target‘
Tab. 5 Elastic latetal stiffness of each FEM (kN/mm) (a) B RS FERE
. SFTS fi% SFTS-SL % 12 000 e
SFTS-1 SFTS-2 SFTS-3 SFTS-SI.-1 SFTS-SI.-2 SFTS-SIL.-3 10000 SFTS-SL-I
1Eml 84.5 56 37.4 81.5 52.7 34. 2 _
filh]  84.5 56 37.4 81. 8 52.9 34.2 é o
A % 6000

B B ) SiE P E AE P R B (= 0 /6,) AT
VAL, 0, R O 53 ) 4 25 7 R T A5 2 1) B R A 5
R RIS 1. £ 6 BoR TR AR R 2 1 R
. i FW 1, SFTS & FIAE I 1) 4 P 2 Kbl 5 4
O 35 e b 3 R T HE K, R NI AR S S & L
SR FEREAR SFTS M 4E ¥, i SFTS 48 2 15 &t
A, ELBRHE T AR HE 402544, SFTS-SL & 1) 8 78
() BH S TAH N ) SETS LAY, Hh iR SFTS-
SL-1 M ZEVE RE 2 A H SFTS1 Wi fis, KW
FEAE I B vh T BY D) 2 R RE O B onT R 45 Y
ZE .

6 HRTEIEMRY
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