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Experiment on the static behavior of steel tubular column joint
assembled by high strength steel core tube-bolts

DUAN Liusheng', ZHOU Tianhua', SU Mingzhou’

(1. School of Civil Engineering, Chang’ an University, Xi’an 710061, China;
2. College of Civil Engineering, Xi’an University of Architecture and Technology, Xi’” an 710055, China)

Abstract: To solve the problems of steel tube column joints, such as insufficient anchorage strength and complex
construction, steel tube column joints assembled by high strength steel core tube-bolt assemblies were proposed.
The assemblies were composed of high strength steel core tubes embedded in steel tube columns and normal bolts.
To study the static behavior of the new connections, six full scaled specimens of steel tubular column frame exterior
joints were tested under monotonic loading. The research parameters included the types of the steel core tube, the
thickness of the steel core tube plate, the bolt diameter, and the end-plate thickness. The stress distribution of the
specimen key parts, the deformation capacity, the failure modes, the bolt tension stress, and the joint types were
analyzed. Results show that the specimens were semi-rigid joints, and all joint failure modes belong to steel beam
plastic hinge mechanisms. When the plate thickness of the enclosed type core tube was equal to the bolt diameter,
the joint could satisfy the strength conditions of the rigid joint in the Chinese code. The deformation of the joint
panel zone could be ignored, and the rotations of the core tubes were less than 10% of the total rotation. When the
core tube plate thickness decreased, the width of the gap between the end-plate and the column would increase
rapidly, and the bolt might be pulled out. The steel plate-bolt assembly tension force design value could be
calculated as 70% of the tension bearing capacity of the threaded hole in high strength steel plates.

Keywords: blind bolt; joint rotation capacity; bolt tension stress; failure modes; joint type
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Fig. 1

Details of steel tube column and beam joint ( mm)



174 - W

R

T ik K

¥ o i 51 %

RN T R SEE T g ot AR R s
a7 , PR AL Xk 1o TS 8 T R A 681 L, o 5 FaT 4 ALY
AR X I A SRR R B O DTSk MR [, 7 i A [
FLAE X B8 T T FL 022, O PRIk 22 2 X E A, 40
AR ] — Bl LSRR 5 B4 e s R 400 222 i 2
ZE T AL P R R A 2 TR A A BE AR 3T A
SR 2ZAL, SEMELE.

®1 KHRESEEH

Tab.1 Number and parameters of the specimens
i e L,/ mm t,/mm s i
HTBJ1 M20 20 20 Tk TR
HTBJ2 M20 20 20 B R
HTBJ3 M24 25 30 Hik JEE
HTBJ4 M24 25 30 E Tl BE Y
HTBJ6 M24 16 20 EiA ZNiN
HTBJ9 M24 12 30 B TR
x2 AR
Tab.2 Material properties of specimens
BALY) ¥ Sy/MPa f./MPa  E/10° MPa 6/%
Q235B U 291.53 458.11 2.11 27
Q235B W 305.44 432.18 2.09 25
Q460C O 484.25 611.57 2.02 20
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Layout of the measuring equipments (mm)
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Tab.3 Gaps between beam endplate and column mm
W IR 1E EIN AR
HTBJ1 2.0 2.8 0.8
HTBJ2 3.0 4.0 1.0
HTBJ3 2.4 3.1 0.7
HTBJ4 2.5 3.5 1.0
HTBJ6 0.5 1.6 1.1
HTBJ9 0.0 3.0 3.0
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Tab.4 M — 6 curves analysis of specimens

RIEE Ko/ St IR B B {27y
JEREE JEMH:
((kN+m) -rad”') M/(kN+m) 0 /mrad M,/(kN-m) ,/mad M,/(kN-m)  ,/mrad
HTBJ1 20 678 242.94 30.2 289.95 73.2 246.65 95.9 3.18
HTBJ2 23 956 257.42 22.7 304.33 65.4 258.75 87.6 3.86
HTBJ3 21 093 241.38 24.3 274.99 62.9 233.16 112.7 4.64
HTBJ4 23 637 249.70 22.3 293.42 55.1 249.40 118. 1 5.30
HTBJ6 22 590 244.11 16.5 278.43 43.3 236.65 108.0 6.54
HTBJ9 20 889 248.57 16.3 288.73 46.3 245.42 94.6 5.81
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Tab.5 Analysis of joints rotation angle

1 0,,/mrad 6,,/mrad 0,/ mrad Op/mrad — (6,/60,)/%  (6,/6,)/%  (6/6,)/%  (0,/6,,)/%
HTBJI1 73.2 54.3 1.8 5.6 2.47 7.67 3.34 10.35
HTBJ2 65.4 54.2 1.0 4.9 1.60 7.53 1.93 9.07
HTBJ3 62.9 43.9 1.3 5.2 2.12 8.20 3.04 11.74
HTBJ4 55.1 29.7 0.9 4.1 1.64 7.48 3.05 13.88
HTBJ6 43.3 29.5 1.0 5.1 2.20 11.73 3.23 17.21
HTBJ9 46.3 34.6 1.8 3.4 3.91 7.25 5.23 9.70
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Fig.8 Comparison of rotation angles of specimens
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Tab.6 Analysis of bolts bearing capacity
v ad NP /KN N,,/kN Ny’ kN Nb/KN Nt /kN N,/ kN ((Nyy =N /N y) /%
HTBJ1 245 300 146 124 172 210 18
HTBJ2 245 300 116 124 172 210 18
HTBJ3 353 445 175 180 247 312 21
HTBJ4 353 445 140 180 247 312 21
HTBJ6 353 238 116 120 158 167 5
HTBJ9 353 145 138 90 119 102 -17
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