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Abstract: To fulfill the requirements for the assembly of building structures, this paper proposes a new type of

socketed column—column joints, which uses internal and external sleeves as the splicing members of the upper and
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lower steel tube columns and is assembled only through high—strength bolts. To study its load—bearing performance
under bending—shear action, three specimens were designed and studied by static tests. The load transfer
mechanism, failure mode, ultimate bearing capacity, and strain development of the joints were obtained. The finite
element models were established, and based on verification of the accuracy of these models, a parametric analysis of
the joints was carried out. The effects of the sleeve grouting, the inner sleeve thickness, and the joint length on the
ultimate bearing capacity were analyzed. The results show that the inner sleeve near the plate to the first vertical bolt
is the key area for load transmission in the joint domain. The sleeve grouting and joint length reduction can retard the
joint strain development, but the influence is limited. When the length of the joint and the relative bending stiffness
of the inner and outer sleeves are unchanged, sleeve grouting can make the connection force performance better, and
the ultimate bearing capacity is increased by 19.3%. When other parameters are unchanged, the greater the length of
the node, the greater the level-hold effect. The ultimate bearing capacity is increased by 15.1% as the length of the
joint is increased from 300 mm to 600 mm. The greater the thickness of the inner sleeve, the higher the load—bearing
capacity safety reserve of the section. The ultimate bearing capacity is increased by 31.4% as the inner sleeve
thickness is increased from 8 mm to 12 mm. Based on the finite plastic development strength criterion and level-hold
effect, a formula for calculating the flexural capacity of the joints was presented. The accuracy of the calculation
formula is verified by comparing experimental results with numerical predictions.

Key words : column—column joints; static test; parametric analysis ;finite plastic development strength criterion;

level-hold effect;ultimate bearing capacity
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Fig.1 Schematic diagram of specimen splicing
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Tab.1 Main parameters of the specimen
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Fig.5 Measuring points layout

SEARAET BARFR R QIR BE 1 W B ) 2 M RE 1R
J7 B BRAE) (GB/T 50081—2019) "™ 14 2 58 0 J 47t
JE 385 4 49.8 MPa.

2 REERNESH

21 REHWK
AR R A I R AR DT T B By



J 0 T4 - AR R B TR U R 3 2 R AR BF 5 97

®2 MHERBER

Tab.2 Results of material mechanical test
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Fig.11 Load-longitudinal strain curves of the inner sleeve
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Fig.16 Load displacement curve comparision of FE and test
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Tab.3 Comparison between experimental

and numerical results

JIE AR A7 28 P /kN W PR P /kN
T MR —————— WM
e e AT W AT

= " It R 2E1% " " REI%
= = = =
WJ-1 192 196 2.04 264 271 2.58
wJ-2 253 258 1.94 315 320 1.56
WJi-3 150 156 3.85 226 235 3.83
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RGP M B0 E T 2.3 715 42 2 Al g0 v s N ) & A
B 1) NN FEZ i ff 1 BN G S b
i e FE A 7 T e SR A, # AR 0 g e e T A T e
TEBUIBYERE , N R AT S A . 2) i iy B X F2 2
O3 AT TE PN 2 1 30T g AR Ak A B — AR R ) MR AR 2 T, %
DX B T Bl A T R SR A . B A — AR R R AR
e, NERN S BB . 3) AN ERZ I
N HEAS A TR B (H N AN D i & R
THRKR AN J7, UE B TR SCHRE R A FAT RN
IAFTE .

S, Mises
(P42 75%)
+5.681e+02
+5.228e+02
+4.775e+02
+4.322e+02
+3.868e+02
+3.415e+02
+2.962e+02
+2.508e+02
+2.055e+02
+1.602e+02
+1.149e+02
+6.952e+01
+2.420e+00

(a)W]-1 NERH

S,Mises
(CF¥: 75%)
+4.604e+02
+4.229e+02
+3.855e+02
+3.480e+02
+3.106e+02
+2.732e+02
+2.357e+02
+1.983e+02
+1.608e+02
+1.234e+02
+8.597e+01
+4.853e+01
+1.109e+01

(b)WJ-14M1

S,Mises
(P42 75%)

+5.905e+02
+5.422e+02
+4.940e+02
+4.458e+02
+3.976e+02
+3.494e+02
+3.011e+02
+2.529e+02
+2.047e+02
+1.565e+02
+1.083e+02
+6.004e+01
+1.182e+01
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+4.7526+02 +3.668e+02
+4.3240+02 B 13.373e+02
L] 13:897e+02 | 13.078e+02
| 13.4690+02 L 1277836402
+g.gﬂe+gg +2.4886+02
+2.614e+ 2.193e+02
+2.1860+02 11.839::82
+1.759e+02 +1.604e+02
+1.331e402 +1.309¢+02 ~
12-%%‘5:8} +1.014e+02 T AR
-138e +7.193e+01
+4.816e+00 424501 BBy
(W24 EE (h)WJ-2
S, Mises .
351 75% S,Mises
i 35.400:202 (P 75%)
+4.975e+02 +4.584¢+02
+4.551e+02 +4.228e+02
+4.1260+02 +3.871e+02
+3.7026+02 +3.514e+02
+3277e+02 +3.157e+02
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+2.428e+02 +2.4440+02
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+3.0496+01 16.6030401 R
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+3.870e+02
+3.560e+02
1 +3.250e+02
{ +2.940e+02
+2.629e+02
+2.319e+02
+2.009e+02
+1.699¢+02
+1.389¢+02
+1.078e+02
+7.682e+01
+4.580e+01
+1.478e+01

(DWI-34M1
B 17 MIRA RN AN EE 2=
Fig.17 Stress nephograms of inner and outer sleeves

under ultimate load
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+2.827e+02
+2.580e+02
+2.333e+02
+2.086e+02
+1.839e+02
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+8.514e+01
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Fig.18 Stress nephograms of high strength bolt

under ultimate load
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Fig.19 Stress nephograms of level-hold effect
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ER . 2 e BRSNS 1 5 I Az e 4k &
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Tab.4 Parameters of FE models

HEF R HMERRT IR
powas wEm e wes e o R
X Limm
mm mm mm mm
wJ-1 160 12 200 16 T 500
WJ-12 160 12 200 16 JTH 300
WJ-L3 160 12 200 16 TH 400
WJ-L4 160 12 200 16 TH 600
WJ-T2 160 8 200 16 P4 500
WJ-T3 160 10 200 16 P4 500
WJ-T4 160 8 200 16 K 500
WI-TS 160 10 200 16 K 500
WJ-2 160 12 200 16 I 500
wJ-3 160 12 200 16 I 300
WJ-L5 160 12 200 16 %4 400
WI-L6 160 12 200 16 it 600
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Fig.20 Failure mode of models WJ-L2~W]-L6
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Fig.21 Load displacement curves with the different joint length
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Fig.23 Load displacement curves with the different

inner sleeve thickness
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Fig.25 Force diagram of the high—strength bolt
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Tab.5 Comparison between the calculated values and

the numerical results

B M M/ M/ M/ M/ i

#'7  (kN'm) (kN-m) (kN-m) (kN.m) (kN-m) e
WJj-1 1319 3838 734 2441 2243 1.08

WJ-2 1531 38.8 734 2653 2560  1.03

WJ-3 1531 19.4 513 2238 1888  1.I8
WJ-12 1319 19.4 513 2026 1915 1.05
WJ-L3 1319 388 61.8 2325 2083 LIl
WJ-L4 1319 583 856 2758 2605  1.05
WJ-L5 1531 388 61.8 2537 2460  1.03
WJ-L6 1531 583 856 2970 2805  1.05
WJ-T2  98.2 38.8 734 2104 1698 1.3
WJ-T3 1162 388 734 2284 1925 118
WJ-T4 1204  38.8 734 2326 1928 120
WJ-T5 138.0  38.8 734 2502 2328 107
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b AIEE.

I EIUERE N FE ST EREULNER
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