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Seismic Behavior Analysis of Single Side Bolt Joint of CFST
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Abstract: A three-dimensional solid finite element model is used to analyze the seismic
performance of 9 CFST (concrete-filled steel tubular) column—composite beam single side bolt
joints. The concrete triaxial plastic-damage and steel mixed reinforcing-toughness damage
models are used to discuss the effects of tensile reinforcement, axial compression ratio, beam
height and stiffener on the seismic performance and failure forms of the joints. The results show
that the finite element model of steel with ductile damage is more consistent with the test results,
and the increases of the end plate stiffener and the steel beam height can greatly improve the joint
stiffness, bearing capacity and energy dissipation capacity. Then, the effects of different steel
beam sizes and reinforcement structures on the bearing capacity, stiffness and plastic energy
dissipation distribution and failure mechanism of concrete-filled steel tubular column-composite
beam unilateral bolted joints are investigated. The analysis results show that the tensile
reinforcement greatly improves the flexural bearing capacity and energy dissipation capacity of
the column end, making the joint maintain the failure mode of the beam end when the axial
compression ratio is 0. 8. When the joint beam-column bending capacity ratio is between 1. 57
and 2. 04, the beam energy dissipation will change to column energy dissipation. Therefore,
according to the definition of strong column and weak beam, it is suggested to raise the ratio of
beam to column flexural bearing capacity from 1. 0 to 1. 5 for this kind of joint.
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Fig. 1 Dimensions and constructions of specimens (unit:mm)
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Table 1 Main parameters of specimens

WOEgRS  JTRVE RS sl Al n ERE RS /mm A AE L s/mm BEARJR S /mm

J1-LS1 250x3 Jo o 0.2 194x125%6x9 150 60
J1-LS2 250%3 H x 0.2 194x125%6x9 150 60
J1-LS3 250%3 H f 0.2 194x125%6x9 150 60
J1-LS4 250%3 H i 0.2 250x125%6x9 150 60
J2-LS1 250%3 H H 0.6 194x125%6x9 150 60
J2-LS2 250%3 o f 0.6 194x125%6x9 150 60
J2-LS3 250x3 H g 0.6 194x125%6x9 150 60
J3-LS1 250%3 H H 0.8 194x125%6x9 150 60
J3-LS2 250%3 e} Jo 0.8 194x125%6x9 150 60
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Table 2 Properties of steel

N ¢ d B¢, D/mm f/MPa f/MPa E/(N-mm™) 5/%
W 3 305. 68 410. 47 2.08x10° 29.2
R AT 8 298. 97 405. 35 2.09x10° 30.9
N R 4 301. 87 395. 56 2.06x10° 28.7
FRHE % 9 296. 96 446. 63 2.05x10° 29. 1
FRIEMR 6 297. 87 428.51 2.03x10° 30.0
KA L% 8 279.79 410.97 2.08x10° 27.5
WANEAR 6 278. 63 409. 89 2.06x10° 25.0
iR 16 311. 61 416. 42 1.98x10° 29.8
e 294. 82 399. 87 1.98x10° 28.3
JinsE AR 304. 56 429. 84 2.02x10° 29.6
WA 10 406. 54 537. 62 2.04x10° 24.3

T 8 d 8D Oy VR EESCEAR S, e R L f, R FRAT R B2, E R AR, 0 i 2%
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Fig.2 Finite element model of typical joint
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Fig. 3 Moment-rotation hysteresis curves
(a)—J1-LS1; (b)—J1-LS2; (¢)—J1-LS3; (d)—J1-LS4; (e)—J2-LS1;
(f)—J2-LS2; (g)—J2-LS3; (h)—J3-LS1; (i)—J3-LS2.
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Fig. 4 Skeleton curves
(a)—J1-LS1; (b)—J1-LS2; (¢)—J1-LS3; (d)—J1-LS4; (e)—J2-LS1;
(f)—J2-LS2;(g)—J2-LS3; (h)—J3-LS1; (i)—J3-LS2.
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Mises)i 71/MPa
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Fig.5 Comparison of finite element failure modes and test results of joint specimens
(a)— 323 25 AR (b)—AE s R I (o) — 9 RO XA AR

2 ZHUH

2.1 SRS ES]

BT RSB R RTT J5 B IR BE A -2
B BRIR R TT FERE ST BCAIL -5 SR PR A 5 i B
AR G T 1-LS T g, SR I s in 2
I R RS 2 S A 1 D VA AR S Y
PRI IR LA A SR AL R 3 Ty 1, LT R SR 2
SO TR GE R SRR RS0 A S A
e S 5 1 o JBE o A DT 1245 SR [ 21 IR AN T

R U S A% 0 TR R D B U o, T
JEAZ IS A AR S5 1] B X EE AT
PRV A ZE NI EL &, G- e T B b & AP S
HRER T E ke, XTHRERE 3 L -5 2% ML A4 52 e L A
WIS EE R 25 75 2k 07 e e SCIL SRk 13 ].

3 BB 455 R J1-LS 1, GLS1~8, fil
JE 494 0.2, 0.4, 0.6 1 0.8, HoH T 45 8. 451 49
BRI R ST 250 mm*250 mm*3 mm,J1-LS1,
GLS1~4 FAN AT N A H194%125 mmx6 mmx
9 mm, GLS5~8 {8 ZE I )4 H250%125 mm

6 mmXx9 mm.

R3 TREREFER

Table 3 Node model information mm
A REETS dmm R gy TR B %k k&
J&/mm h,/mm
J1-LS1 — 194 e — 0.2 J — 1.63  0.65 1.30
GLS1 — 194 H — 0.2 g — 1.88 0.79 1.50
GLS2 8 194 H 200 0.2 el 0.57 1.84 0.73 1.47
i GLS3 10 194 A 200 0.2 A 0.90 1.67 0.70 1.33
1 GLS4 12 194 H 200 0.2 el 1.29 1.57 0.65 1.25
41 GLSS5 — 250 g — 0.2 g — 2.09 0.87 1. 67
GLS6 8 250 Jc 200 0.2 H 0.57 2.05 0.8l 1. 64
CLS7 10 250 g 200 0.2 H 0.90 1.85 0.77 1.48
CLS8 12 250 Jc 200 0.2 H 1.29 1.74  0.72 1.39
J1-LS1 — 194 Jc — 0.4 g — .68 0.72 1.34
GLS1 — 194 H — 0.4 g — 1.94  0.88 1.55
GLS2 8 194 H 300 0.4 H 0. 86 1.67 0.81 1.33
GLS3 10 194 A 300 0.4 A 1.35 1.57  0.77 1.25
/;f GLS4 12 194 H 300 0.4 H 2.08 1.54 0.67 1.23
% GLS5 — 250 J — 0.4 Jo — 2,15 0.97 172
GLS6 8 250 7 300 0.4 H 0. 86 1.85 0.90 1.48
CLS7 10 250 e 300 0.4 el 1.35 1.74 0.85 1.39
CLS8 12 250 Jc 300 0.4 el 2.08 1.71 0.74 1.37
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J1-LS1 — 194 X — 0.6 J — 1.83  0.93 1.46
GLSI — 194 H — 0.6 T — 2,12 1.12  1.69
GLS2 8 194 H 400 0.6 A 1.14 1.80 0.91 1.44
% GLS3 10 194 H 400 0.6 H 1.78 1.68 0.80 1.34
3 GLS4 12 194 H 400 0.6 H 2.58 1.59  0.71 1.27
il GLS5 — 250 TG — 0.6 ¥ — 2.35 1.24 1.88
GLS6 8 250 x 400 0.6 H 1.14 2.00 1.00 1.60
CLS7 10 250 " 400 0.6 H 1.78 1.87  0.89 1.49
CLS8 12 250 TG 400 0.6 A 2.58 1.77  0.79 1.41
J1-LS1 — 194 X — 0.8 J — 1.87 1.39  1.49
GLSI — 194 A — 0.8 G — 2,16 1.57 1.73
GLS2 8 194 H 600 0.8 A 1.73 1.88  1.37 1.50
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4 GLS4 12 194 A 600 .8 H 3.34 1.67 0.97 1.33
il GLS5 — 250 G — 0.8 G — 2.40  2.04 1.92
GLS6 8 250 ¥ 600 0.8 H 1.73 2,090 1.64 1.67
CLS7 10 250 " 600 0.8 H 2.69 1.93  1.32 1.54
CLS8 12 250 G 600 0.8 A 3.34 1.85 1.08 1.48
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Fig. 6

Influence of construction method on combined node hysteresis and skeleton curve
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Fig. 7 Influence of steel beam size and column structure on seismic performance of composite joints

with different coaxial pressure ratios
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Table 4 Total plastic energy consumption of joints and plastic energy consumption of components
. - " FERE i H/%

LWL BN oo e e B B RO oW
J1-LS1 0.2 116. 43 5.1 49.3 21.0 21.1 2.4 1.1 0.0 0.0

GLSI1 0.2 154.73 6.3 61.0 12.2 14. 8 0.9 1.0 3.8 0.0

GLS2 0.2 156. 24 4.1 64.7 9.4 14.0 0.8 0.4 5.5 1.1

i GLS3 0.2 155.35 3.1 67.8 8.9 12. 6 1.1 0.2 5.4 0.9
1 GLS4 0.2 156. 68 5.7 63.8 9.6 13.3 1.0 0.3 5.3 1.0
4 GLS5 0.2 182. 46 5.4 69.9 11.2 12.2 1.1 0.2 0.0 0.0
GLS6 0.2 184.52 5.7 67.7 10. 8 13.3 0.9 0.6 0.0 1.0

CLS7 0.2 183.48 0.9 74.6 10. 6 11.2 1.2 0.3 0.0 1.2

CLS8 0.2 186. 64 4.7 71.2 9.9 12.3 0.8 0.2 0.0 0.9
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FERE M LL/%
ol W RhER BORYERERE/KD
i) U (i He N B b y N
CFSTH: 8% wile  Bfe 12k BT Ehh  Fifh
J1-LS1 0.4 119. 53 4.1 54.2  21.8 18.8 1.0 0.1 0.0 0.0
GLS1 0.4 158.73 3.6 68. 7 7.1 14. 8 0.8 0.8 4.2 0.0
GLS2 0.4 160. 24 5.4 64.2 3.1 19.0 0.7 0.1 6.9 0.6
5 GLS3 0.4 164. 31 3.6 68.7 6.5 14. 1 0.7 0.1 5.5 0.8
2 GLS4 0.4 165. 68 1.6 66.2 7.8 18.6 0.5 0.0 4.3 1.0
il GLS5 0.4 183.55 3.5 70. 3 5.5 19.0 1.2 0.5 0.0 0.0
GLS6 0.4 188.91 1.6 70.9 7.9 17.2 1.3 0.1 0.0 1.0
CLS7 0.4 187. 65 2.5 75.9 5.4 14.2 0.9 0.1 0.0 1.0
CLS8 0.4 190. 32 3.6 66. 1 8.8 19.0 1.1 0.1 0.0 1.3
J1-LS1 0.6 126. 43 4.1 59.2  15.9  17.2 3.5 0.1 0.0 0.0
GLS1 0.6 168. 73 6.3 62. 1 6.9 19.7 0.1 0.3 4.6 0.0
GLS2 0.6 170. 24 0.7 73.1 6.3 14. 1 0.0 0.1 3.6 2.1
5 GLS3 0.6 173. 44 7.3 69. 1 2.2 14. 1 0.0 0.1 5.5 1.7
3 GLS4 0.6 175. 68 3.9 67.1 2.8 18.7 0.1 0.1 6.0 1.3
H GLS5 0.6 194. 64 12.8 73.0 4.1 8.7 0.9 0.5 0.0 0.0
GLS6 0.6 198. 34 6.8 76. 6 5.5 6.7 1.1 0.8 0.0 2.5
CLS7 0.6 196. 52 3.5 79.6 5.3 6.8 1.3 1.2 0.0 2.3
CLS8 0.6 199. 24 6.8 76.7 5.3 6.8 1.3 1.1 0.0 2.0
J1-LS1 0.8 134. 43 18. 6 50.3  11.6  16.9 2.5 0.1 0.0 0.0
GLS1 0.8 442. 67 88.5 2.6 5.0 3.0 0.1 0.8 0.0 0.0
GLS2 0.8 192. 24 16.0 55.6 5.2 17.8 1.1 0.7 1.6 2.0
- GLS3 0.8 194. 35 9.3 62. 1 4.5 18.3 0.8 0.7 1.6 2.7
4
i GLS4 0.8 195. 68 1.7 73.9 6.2 13.9 0.8 0.0 1.4 2.1
) GLS5 0.8 462.34 90. 6 3.3 2.6 2.8 0.6 0.1 0.0 0.0
GLS6 0.8 458. 42 85.6 2.0 7.4 0.4 1.0 0.9 0.0 2.7
CLS7 0.8 206. 64 6.3 73.9 4.7 10.2 0.9 0.9 0.0 3.1
CLS8 0.8 209. 92 8.5 74.2 5.3 6.8 1.0 1.2 0.0 3.0
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Fig. 8 Distribution law of plastic energy dissipation of composite joint beam-column under different

axial pressure ratios
(a)—J1-LS1; (b)—GLS1; (¢)—GLS2; (d)—GLS3; (e)—GLS4; (f)—GLS5; (g)—GLS6; (h)—GLS7; (i)—GLS7.
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