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Abstract: Steel tubes are used to constrain traditional reinforced concrete (RC) columns, forming steel
tube-reinforced concrete (STRC) columns, which exhibit superior load-bearing capacity and energy
dissipation performance. However, when applied to frame joint design, the joint area still adopts ordi-
nary RC column node structures, potentially leading to weak points without steel tube constraints,
making the joint area prone to damage. To address the issue of weak seismic performance at the joints
of STRC columns, an enhancement method using built-in short steel columns was proposed. Finite el-
ement models of joint specimens with the same construction form were established based on the

ABAQUS working platform and the numerical results for failure modes, hysteresis curves, and steel
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stress were compared with test results, showing good agreement. On this basis, the influence of the

built-in steel length and axial compression ratio on the seismic performance of the joints was discussed.

The results indicated that with the increasing length of the built-in steel, the load-bearing capacity, ul-

timate displacement, and ductility of the specimens were improved to varying degrees, while the axial

compression ratio had a minor effect on the mechanical properties of the specimens. Through further

analysis of the failure mechanism, bending resistance, and energy dissipation capacity of the built-in

section steel, suggestions for the optimal length of the built-in section steel to meet the seismic perfor-

mance requirements of the joint were proposed.

Keywords: steel tube-reinforced concrete (STRC) column; built-in section steel; numerical analysis;

seismic performance; section steel length
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Fig.1 Failure mode of STRC column joints
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Fig.3 Reinforcement drawing of test specimen
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Table 1 Mechanical property index of steel
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MPa % (Nemm )
HPB235 346.4 18.9 2.0X10°
HRB335 360.5 27.54 2.1X10°
110 334.9 32.2 2.0X10°
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Table 3 Comparison of strain state of section steel

I SRCI3 SRCJ4
MR WERRES AR WIRRE
P./kN 44.77 102.64 38.87 93.67
P kN 42.88 99.85 34.51 96.71
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e(X10°°) 590 13 540 599 11998
e/ 1.06 1.04 1.08 1.06

T PP 3531 D X055 AR AL I K £ 280, e, e, 20500 A 1 6 5 A6 48
T 720 94 2 Al 2 72 i

23 #EF0EZe MLk

N SRC HE T A5 A s 101y 2 R0 B 2 il 42 1 3K 50
g5 HL 5 BO(E A L 4 S R AT X L, & 10 AE 11
AN o FH AT AT (1) ] il 2R A0 i ] 26 5 3 50 25 S
SN PNt 7 R i AT R A I B N A
8 P B — B, o T AR AR S0 280 A7 AE —

120 120
90 90

60F 60F
Z 30F 30+
= of !
A —30- 30+

-60F -60F

90t -90}

- - L A L L A ' L
12960 0 12960 30 0 0 60
120 120

90 90

60+ 60+
= 30F 30
= of % of
A 30k &30+

60 -60F

-90f -90}
120 20— =

=60 -30 0 30 60 -60 -30 0 0 60

A/ mm A/ mm

(c) i {FSRCI3
10 s Il i e % L

Fig.10 Comparison of hysteresis curves

(d) S fFSRCI4

853



—— SRCJ1-i5%
--=- SRCJI-fiEitl
——SRCI2-i#5%
--a--SRCI2-Fl
—~— SRCI3-id 5
~a SRCI3-fiaft]
—o— SRCI4-il B
o+ SRCI4 il

15 30 45 60

P/KN
=1

A/ mm

B AR E L

11

Fig.11 Comparison of skeleton curves

B >, S BOPF IE LB e (B 7R 28007 22 0 K T A
U3 Hr AR 2 A D BRARL, U I A7 i 5 O XA 5 (2)
AT AU S PR R SR A W R A
B, 3 B I (EDPR AR I, 8L 15 30X 6 I A 1) U6 L A7 4
HAZETE 206 LA i BROR S I AR 22 500 LLIN

SRR, BUE 23 BT T 45 B TE 25 AR 4 g
55 A5 R W) B R L 3R SRR 5 vk o B
STRCHET SRR VERE R AT AT 1Y

q{

3 mRMEFmMERS W

KR AWFFE STRC AE AT £ P15 PR fig , % H g
ST A R TT A AT AL A PR R A AR PN R 2 D
JE G n X5 32 T3 Re 52 ) , DL Oy i i 4R It
Z % . KM% 5 K IR B STRCIFA-1~11 #i
STRCJI-B-1~11, H i “A [ B” 43 ) e 7n i 56 4l & 1L
S 0.5H10.7, 845 EH A2 D R 300 mm , BG4 (1) =5 1 L e
JE IR E K B % BREE B 43 0 R b X b X, K =
148 mmX100 mmX6 mmXx9 mm, ¥ 41 = %
W24,

F4 KEETSH
Table 4 Design parameters of the specimen
S BNEmNT  TARKE R HHHER VAKX BIRKE B AN : 6 il
hy X b X t,Xt/mm R a/% HiKoe/ % HiKe/% i //mm K [/mm JE L n
STRCJ-A-1 148X 100X 6 X9 5 2.71 0.66 4B8 550 100 0.33D 0.5
STRCJ-A-2 148X 100X 6 X9 5 2.71 0.66 4B8 650 150 0.5D 0.5
STRCJ-A-3 148X 100X 6X9 5 2.71 0.66 4B8 750 200 0.67D 0.5
STRCJ-A-4 148X 100X 6X9 5 2.71 0.66 4B8 850 250 0.83D 0.5
STRCJ-A-5 148100 X 6X9 5 2.71 0.66 4B8 950 300 D 0.5
STRCJ-A-6 148100 X6 X9 5 2.7 0.66 4B8 1050 350 1.17D 0.5
STRCJ-A-7 148X 100X 6 X9 5 2.71 0.66 4B8 1150 400 1.3D 0.5
STRCJ-A-8 148X 100X 6 X9 5 2.71 0.66 4B8 1250 450 1.5D 0.5
STRCJ-A-9 148X 100X 6X9 5 2.71 0.66 4B8 1350 500 1.67D 0.5
STRCJ-A-10 148X 100X 6X9 5 2.71 0.66 4B8 1450 550 1.83D 0.5
STRCJ-A-11 148X 100X 6X9 5 2.71 0.66 4B8 1550 600 2D 0.5
STRCJB-1 148X 100X 6X9 5 2.71 0.66 4B8 550 100 0.33D 0.7
STRCIJ-B-2 148X 100X 6 X9 5 2.71 0.66 4B8 650 150 0.5D 0.7
STRCJ-B-3 148X 100X 6X9 5 2.71 0.66 4B8 750 200 0.67D 0.7
STRCJ-B-4 148X 100X 6X9 5 2.71 0.66 4B8 850 250 0.83D 0.7
STRCJ-B-5 148X 100X 6X9 5 2.71 0.66 4B8 950 300 D 0.7
STRCJ-B-6 148100 X 6X9 5 2.71 0.66 4B8 1050 350 1.17D 0.7
STRCJ-B-7 148 X100 X 6X9 5 2.71 0.66 4B8 1150 400 1.3D 0.7
STRCJ-B-8 148X 100X 6 X9 5 2.71 0.66 4B8 1250 450 1.5D 0.7
STRCJ-B-9 148X 100X 6X9 5 2.71 0.66 4B8 1350 500 1.67D 0.7
STRCJ-B-10 148X 100X 6X9 5 2.71 0.66 4B8 1450 550 1.83D 0.7
STRCJ-B-11 148X 100X 6X9 5 2.71 0.66 4B8 1550 600 2D 0.7
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Fig.12 Influence of section steel length
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Fig.13 Influence of axial compression ratio
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Fig.14 Strain cloud maps of specimens at each stage
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Fig.15 Bending moment of section steel at column end
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Fig.16 Energy dissipation capacity of section steel
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