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Seismic Behavior of Square Tube Confined Steel-reinforced
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Abstract: In order to study the seismic behavior of square tube confined steel-reinforced concrete
column-RC ring beam joint, the finite element model of the joint was established by using finite
element analysis software ABAQUS. The correctness of the finite element calculation results was
verified by the comparative analyses of circular steel tube confined steel-reinforced concrete
column-RC ring beam joint in the existing tests. Then the numerical analyses of the mechanical
behavior of square tube confined steel-reinforced concrete column-RC ring beam joint was carried
out. The failure mode, hysteresis curve, skeleton curve and joint ductility of the joints under low
cyclic loading were studied. The effects of inner steel ratio of section, axial compression ratio and
reinforcement ratio of ring beam on the seismic behavior of the joints were also investigated. The
results show that the hysteretic curves of square tube confined steel-reinforced concrete column-
RC ring beam joint is full and the joint has good seismic behavior. After setting the ring beam in

the core area of node, the failure mode of the joint specimen is the plastic hinge failure at the end
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of beam. The ring beam has the protection effect obviously on the core area of the joint, and the

joint satisfies the seismic design principles of “strong column and weak beam” and “strong-joint

and weak-member”. With the decrease of the inner steel ratio of column and the reinforcement

ratio of ring beam, the maximum load, ductility coefficient and seismic performance of joints

decrease, and the strength degradation is accelerated. The axial compression ratio has great

influence on the seismic behavior. If the axial compression ratio increases from 0. 31 to 0. 63, the

ductility coefficient of the specimen is reduced from 4. 14 to 2. 12, and the decreasing amplitude of

the maximum load is as high as 15. 16 %3.

Key words: square tube confined steel-reinforced concrete column; seismic behavior; RC ring

beam joint; low cyclic loading

0 3

T3 N8 2 R R A TR BE b AR AR S — BT B A S
A AR EOT U= M RE B | it kP g e T A
RV SN DR Al s T B S £
8 7 S T TR e A - 1 TR R L R N — BOR
JHVZE OB 2 R B4 T ) s 4 i 3 45 O 0
A I 2 B PR R AN 5l M A2 4 L it T I S
[Fa)

BRER A2 451 % 6 A i DXAE 45 A8 B3 20 A9
TR BE LA AT IR 5 S5 R R W 2R A
HA R AP AE . Han 400 %R 29 30R %
S AE-RC BT (ORI TR BE L AE-RC 229 A A2
PEREHEAT 1O e as 56 AR 5T . 445 SR 3 W] i 2 B0 0 AR 1
REZUF T )5 # . Zhang 51X 4 AN DUHY 8 IR BE 1
- TR 5 b PR SR PR AT R 9 L A5 R 3R
BT S PR PR R AP . SR & 07 S 2 U A
TR GE AN A 32 18 R TR 2 PR RE HEAT 1R
F 58 B B 7 Hr » 45 2R 3 W 2R 0 B B S A
FAZIERE J1 . Pan 450000 B 40 1R BE - AL 5 00 5 1R
BE LI AT IR O ST AR R R
B PSS RE I MPLBTRE T

i

AR A BRIT 7 A 3 ABAQUS X J7 40 %
2y TR AN TR BE AR -RC BRGEAY 5 A H = M RE E AT
R R i B T = A iR e e N b AN A B
C f777 238 708 A 0T 5 S B0 R M R AR S )

1 RKHEFEt

AR SCHRE A 5 A 29 R R BT B - AE-RC 3R
DEAT Ao OB ALY R0 RE SR AT A XL R
7R 57 % 0] g 28, ASXOK A TR 8 A A ) 29 SRAE T 5 )
FE T DX A 7 TR O PR R T A W R
B A B RS UL 1,

T A5E AR 35 HUHEE S 45 ) 2 A i 25 0 2 [ ) e A
HOG, W RIS IMORE RS L 45 AR A
(GB 50936—2014)" Fin¢ & 5 H1 2 % 1T HMLTE ) (GB
5001120100 Ay S48 15 B e B A7 81T,

R AE JC1 it 280 A E 4 365 mm, £
AR R T R ST R 350 mm X 350 mm X5 mm, FE P
RV HW175X 175X 7. 5X 113K 1 485 mm,
B S 250 mm X 450 mm; B EANE N 790
mm, 8 i ] 5F R 100 mm X 450 mm, A 755 7F
WX W, H 52 W 8B A 15 mm 58 1Y 52 B
FRYAE 4 @ 18+4 9 18, 4 4 AR A L83 4

b~

Py A 4R A= R T
2, ! E 4 5 HW175X175><7.5X11h_|:|r:: 12520 8
B Y S ERE 1mm S SN «
8120 5 4818 vlo@ioo] 2 B /s8¢0 1 1
S e L r TR 3
] uaw |y 80 F i | L H-H I~y
: n ! g $10@100 o ) i o

mzb s ¥ & o N
153X 84X 10 ' FR A5 60015310 A.I %42?&% -
Fﬂﬂ 820 4418 _.I:ﬂ:l:l' L2

790 250 | 1485 350, 1485 |

@ HRATEHE by 1-18mH (c) RN EHE

B1 X JC1 MiER R~ (84 :mm)
Fig. 1 Structure and Size of Specimen JC1 (Unit: mm)



86 AEHAFE TRFIR

2019 5

PN PR 5 T T L NI 4 R A e R R P A
I RT SUE TR N ol o AR e A R R A AL
B S O T T 12 @ 205 40 f1f5 TR 6E + BRI 4155 1k
820, VREE+ Y H C60, % Al R H HPB300 44
i Y38 F 610, 9\ A7 35 R Ff HRB400 4K . # 4 9
B KR rh RSN A5 SN 4R T Q2358 4K,

2 ARTEEEZE

2.1 BELEIREMHERA

KA BRIT I Hr 31 ABAQUS #t 57 = 4 45 7
X5 A8 29 SRR TR B A - RC PR SR s R AT A
M ERAT BATE T B A BRIT AT o TR BE L A0 R4 24 R
PSR B0 C3DS8RL AW R T3D2 o,

B A 3 SR L RUE A 4% 1 (] A A e 59 98 PR R
H=Pr AR W 2, oo 6.6 7350 9 844 1L
TIHFBLE 20y vey »oueu 730 R BIMA 04 i 2 58 58 i
JO7 72 AW BIR 5 AR R BN 7 e SRy A B T DS I AR
BB RS 2 SR 16 T B A ) 2 Pk RE g 2 2R
kSRR LK 1.

[

Gy frmmmmmremmmm s

- S

2 WEMAEHRKXER
Fig.2 Constitutive Relation of Steel
x1 WHANF MR
Tab.1 Mechanical Properties of Steel

. JEREE | JEAREE | WBRER | EERLE o
¢t/mm | if/MPa | if/MPa | E/10° MPa
M 4.460| 352.7 | 488.0 1.95 0.3
FEP BRI | 7.099| 309.3 | 453.2 2.17 0.3
FEP BN 2 110,300 284.2 | 437.4 2.12 0.3
HPB300($10) | 9.960| 389.4 | 553.3 2.11 0.3
HRB400($ 20) [18. 940| 486.9 | 691.6 1.95 0.3
HRB400(418) [17. 060| 494.3 | 665.4 2.13 0.3
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Tab.2 Parameters of Damage Model of Concrete
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Fig. 9 Strain and Stress Cloud Charts of Specimen JC1 at Failure
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Tab.4 Design Parameters and Finite Element Analysis Results of Specimens

R4 U R ggfﬁ; BHIELE | RREAR/% | Py/kN | Ay/mm |Prux/kN| Apax/mm | Po/kN | Ay/mm | s
JC1 HWI175X175X7.5X11 4.08 0.23 3.79 120. 2 26.9 137.3 55.8 116. 7 111.3 | 4. 14
JC2 HW150X150X7X10 3.19 0.24 3.79 120.5 27.1 134.3 54.6 114. 2 102.4 | 3.78
JC3 HW125X125X6.5X9 2. 40 0.25 3.79 118.0 27.8 131.1 52.6 111.4 95.4 | 3.43
JC4 HW175X175X7.5X11 4.08 0.31 3.79 117.4 27.2 130.5 53.9 110.9 99.2 | 3.65
JC5 HWI175X175X7.5X11 4.08 0.47 3.79 115.0 27.6 122.8 45.6 104. 4 75.6 | 2.74
JC6 HW175X175X7.5X11 4.08 0.63 3.79 106. 1 28.6 116.5 41.4 99.0 60.7 | 2.12
JC7 HW175X175X7.5X11 4.08 0.23 2.84 119.9 27.1 134.1 54.9 114. 0 104.9 | 3.87
JC8 HW175X175X7.5X11 4.08 0.23 1. 89 118.4 27.5 130. 1 54.3 110. 6 98.3 | 3.57
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