578 1 LS =S D A N = Vol. 57 No. 1
202541 H JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jan. 2025

sEE Q460C HNEEFE N BT R AKBAAR

s EAN R EF EFA O AR

(1. TR F AR TR SIS S0 WL T % 315211 ; 2. dhdt o2 ik (BETY ) @5 R R A PR |, T84 7100765
3. TR TTREE M T S S ST S WIT. T 315211 4. T T RS TR IE B A BR A | T T 315042)

W OE: A EmBEMENNETEEARNEMARA NG OAE, BT A RMERTRAH#TT EEHERS KR,
R ERFN AT ENHEAER N EE LR LIS B AR, BT AR B NG th A BB 4 2 JF 35 e
BFTARNAEIREAT ARG T 9.4% ~36.5% ;i mBREE, THERE T AARSY, KA ABAQUS #H # xt & L F2 fm
AR B Q460C FRAEE R N AT EHATTARTSHAR , A X T EEHEL y EXEFREL 9 EXERERB.X
NEXELGEERAOXERELSEERERESTABRTER LA 0N EEFTR- B X BEFR AR L W E
WAL, RAE RIS A R AL R W T AU 3 AR An 3R B Q460C 7 4R AE 18] IR N A3 B R T R Fe R 2,
KW : Q460C 7 4R ;N A A7 5 1 IR D A A HER

FESES . TU391 XHRFRERD . A XEHS: 0367 —6234(2025)01 —0149 - 12

Study on bearing capacity of strengthened gap N-joints
of Q460C steel square tube truss

YE Yuesong', ZHAO Dongping’, WANG Wanzhen'® , XIAO Linfeng®

(1. School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, Zhejiang, China;
2. China State Construction SilkRoad ( Shaanxi) Construction Development Co. Ltd., Xi’an 710076, China;
3. Ningbo Key Lab of Energy Geostructure, Ningbo 315211, Zhejiang, China;
4. Ningbo Housing Architcture Design & Research Institute Co. Ltd., Ningbo 315042, Zhejiang, China)

Abstract: In order to investigate the effect of the stiffening structure on the failure mechanism and bearing capacity
of the N-type joint, static loading tests under axial compression on brace were performed on strengthened joints and
basic joint. The test results show that the failure mode of the basic joint is the buckling of the upper flange of
chord, while the failure mode of the reinforced joints are the buckling of the stiffened ribs and the cracking of the
weld between cover plate and flange of chord. The bearing capacity of the strengthened joint increases by 9.4% ~
36.5% compared with that of the basic joint. Increasing the thickness of the cover plate can obviously improve the
bearing capacity of the gap N-joint. The finite element parameter study of the gap N-joints of Q460C steel square
tube reinforced by clover plate and stiffening ribs was carried out by using ABAQUS software. The effects of the
ratio of width to thickness of chords, 7y, the ratio of the thickness of chord to brace, 7, the ratio of the width of
chord to brace, B, the angle between tensile brace and chord, 8, the ratio of the gap between two braces to the
width of chord, &, on failure mode of gap N-joints, stress distribution, load-displacement curve of chord and
fracture index, I, of fillet weld between cover plate and chord flange were investigated. Based on the results of
experiment and numerical simulation, the formula of bearing capacity calculation for the gap N-joints of Q460C
steel square tube strengthened with cover plate and stiffening ribs was derived and the structural design suggestions
were put forward.
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Tab.1  Tested mechanical properties of Q460C steels and
CHES57RH welds

(NN f,/MPa f./MPa E/GPa ©

4 mm AR 539.5 629.1 197.6 0.269
5 mm R 512.2 590.5 195.4 0.258
6 mm R 509. 4 607.3 203.9 0.280
4 mm WA 719.5 802.2 178.7 0.246
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Tab.2 Test results of N-joints

iE9s N/kN AN /% u/mm Au/% 6/(°) A/ %

NO 192 — 30.490 — 3.405 —

N1 210 9.4 22.815 -25.2 0.954 -72.0
N2 253 31.8 23.645 -22.5 1.447 -57.5
N3 262 36.5 25.460 -16.5 1.069 -68.6
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Tab.3 Comparison of numerically simulated bearing capacity and test results of specimens NO ~ N3

A2 R RIAA N, /kN HRAME N,,,,/kN W2/ %
NO 192 194 1.04
NI 210 229 9.05
N2 253 262 3.56
N3 262 281 3.82
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Tab.4 Parameters of finite element models of N-joints

ENLE R ST Ry, x 2,/ mm ERHI b, xt,/mm KEME ¢/mm 6/(°) Y Ul B £
N4 100 x3 150 x6 80 45 25 20 1.5 0.5
N5 100 x4 150 x 8 80 45 19 2.0 1.5 0.5
N6 100 x5 150 x 10 80 45 15 20 1.5 0.5
N7 100 x6 150 x 12 80 45 13 2.0 1.5 0.5
N8 100 x3 150 x 8 80 45 19 2.7 1.5 0.5
N9 100 x5 150 x 8 80 45 19 1.6 1.5 0.5
N10 100 x6 150 x 8 80 45 19 1.3 1.5 0.5
N11 90 x4 150 x6 80 45 25 1.5 1.7 0.5
N12 100 x4 150 x6 80 45 25 1.5 1.5 0.5
N13 110 x4 150 x6 80 45 25 1.5 1.4 0.5
N14 120 x4 150 x6 80 45 25 1.5 1.3 0.5
N15 100 x4 150 x6 80 65 25 1.5 1.5 0.5
N16 100 x4 150 x6 80 55 25 1.5 1.5 0.5
N17 100 x 4 150 x6 80 35 25 1.5 1.5 0.5
N18 100 x4 150 x6 140 45 25 1.5 1.5 0.9
N19 100 x4 150 x6 100 45 25 1.5 1.5 0.7
N20 100 x4 150 x6 60 45 25 1.5 1.5 0.4
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Tab.5 Numerical calculation results of N-joints
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Tab.7  Comparison between the calculated values and the test

values of the bearing capacity of strengthened gap N-joints
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u,t

Nu,|
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N3 262 272 3.8 258 -1.5
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