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RESIDUAL STRESS DISTRIBUTION AND OVERALL STABILITY
LOAD-CARRYING CAPACITIE OF H-SHAPED AND BOX SECTION
COLUMNS WELDED BY Q345GJ STRUCTURAL STEEL PLATES UNDER
AXIAL COMPRESSION

NIE Shi-dong*? , DAI Guo-xin*?, SHEN Le'?, YANG Bo'?
(1. Key Laboratory of New Technology for Construction of Cities in Mountain Area (Chongging University) Ministry of Education, Chongging 400045, China;

2. School of Civil Engineering, Chongging University, Chongging 400045, China)

Abstract: Sectioning method was adopted to obtain the residual stress distributions on three column sections
fabricated by Q345GJ structural steel plates. The test results of residual stress distribution were simplified as multi
line modes by using MATLAB and compared with national code modes. Nine welded H-shaped columns and
three box section columns were axially loaded under compression to achieve the overall stability load-carrying
capacities. Finite element models considering various distribution modes of residual stress, were employed via
ABAQUS to simulate the experimental tests. The simulation results were then compared with the test results and
calculation results from design code formula. Furthermore, parametric studies were performed to obtain the
column curves. The experimental and analytical results show that the simplified multi line mode of residual stress
distribution is more suitable than the one proposed by the national design code for both H-shaped and box section
columns. Additionally, it is found that the residual stress distributions of one layer flange simplification and
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multi-layer flange simplification cause little distinction on the load-carrying capacities of H-shaped section
columns around the weak sectional axis. Due to the apparent differences of residual stresses on section flange
ends between the experimental results and the mode proposed by the national design code, the buckling
resistances would decrease if the normalized slenderness ratio lies in the range of 0.4~1.1 in column curves.
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Fig.1 Diagrams of column sections and welding
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Table 1 Dimensions of specimens

IakE R R H/mm B/mm tw /mm t /Imm A Imm? L /mm Le /mm p) In
ZH1-1 347.80 248.82 15.96 35.30 21991 5023 5262 79.14 1.165
ZH1-2 352.20 249.27 16.35 35.53 22310 4962 5201 78.28 1.153
ZH1-3 347.20 249.38 16.68 35.28 22211 5048 5287 79.68 1.173
ZH2-1 351.60 249.38 16.08 25.88 17729 5017 5256 82.59 1.243
ZH2-2 352.20 249.76 16.36 26.34 18058 5036 5275 82.74 1.245
ZH2-3 352.80 249.40 16.52 26.18 18022 5025 5264 82.91 1.248
ZH3-1 348.40 248.85 16.22 25.70 17353 3530 3769 58.41 0.894
ZH3-2 347.80 249.00 15.60 25.84 17608 3542 3781 58.79 0.891
ZH3-3 347.40 249.31 15.90 25.34 17488 3550 3789 58.50 0.896
ZX-1 249.38 249.38 15.70 15.70 14675 5037 5276 63.83 0.797
ZX-2 251.76 251.76 15.82 15.82 14930 5045 5284 62.32 0.791
ZX-3 250.76 250.76 15.60 15.60 14674 5056 5295 62.67 0.795

H25 350 250 16 25 17300 2100 — — —
H35 350 250 16 35 21980 2100 — — —
B16 250 250 16 16 14976 1800 — — —

T 1) R A RNBIEER: LA TARE: LA SRR, BOSOREa R R 2 AKaItt, i, AIER KL,
2) ¥ H25. H35. B16 AFRARRJMAMIE:, b Brol R vt R) .

&2 Q345G) MM NFIEIFEH
Table 2 Mechanical properties of Q345GJ structural steel

tImm  EI/GPa f,/MPa f,/MPa  filf, ey l(%) & /(%)

16 215 443 583 0.76 1.94 14.07
25 219 459 611 0.75 1.91 13.69
35 218 432 587 0.74 1.57 12.84
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Fig.3 Arrangement of strip selection and the detail of
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Fig.5 Test setup and layout of strain gauges
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MFE AR S B AR R ) 406 v LU, R
THI U F 1R G A A7 AE O R N g, TTAZE 2 A 0 X 35
D2 I g FE A S A BN IR AR N T R 9 DU £ 02
GER MRS BRI VORI, TR R AR AR i i AR
LI B e T AR TT I AN, S5 B T3 14
Y AR Bk A o L g W K 22 19 00 T 4 23 2
AR PR S0 et i B2 443 MPa

N T BT ETRAN s R A HER I, AT
Q) TSR BT AT T ME oerror HE
TN 2% 3 A 7 Ak AR DA S A i AN T
R HTHEA IR, FTLAE Y H BB R S . R
PEAYAT L S5 e AN N 3980 AT A
T R 8% AF 58 40 BRAEAS 25 A BARAFAE — E A
87y, AHEEARBIAFHT R AR o BHEFT SR, Bk
RIS SR AT AR, I H ATy H TR AL
T 8- 2H AR AR N B AR I 0 2 P48, AT AR
TR PR AR N ) 4% A A THT 15 18

Oenor = 24,0, 1 2 4; @
x3 TLEEH IMPa
Table 3 Residual stress closing error
e F#% THZS EEKR AER SHm
H25 20.39 25.31 -3.76 15.47
H35 —21.49 -8.91 28.23 -6.35
B16 4537 —62.49 59.70 58.13 2.50
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Fig.9 Comparison between experimental data and fitting curves
R4 BEEXESELE
Table 4 Key data on different sections
X RZ MR
H TR X
frE o1 Ort2 Orcl a b c on3 Orc2 d e
BFC 37.8 327.0 -213.4 411 63.1 107.8
H25 FC 4Mul 1215 284.4 -164.2 314 70.0 108.5 444.2 -128.7 18.5 48.9
FC A -17.0 365.4 —242.8 43.4 61.4 105.0
BFC 117.3 263.6 -174.6 375 74.4 101.0
FC 4l 107.2 275.2 -128.6 375 75.0 117.3
H35 N 413.4 -153.0 211 54.5
FC i 99.4 240.6 -166.0 375 733 99.1
FC A 174.2 343.2 -218.3 326 78.0 97.5
T A (A Ot Orc S
B16 BFC 435.9 -143.0 65.74

E: MIEAA MPa, KR SALN mm.

S SR A 14 6 T A8 T B 4 . 77 40 A Tl AL X
(fiiic v BFC 0t 5 GB #iazin, W NrENf
JR4E AL TR AR N 1R B £y, AR GB AT
TEA BRI AT B BEARR A o Bede A v sl
BRI A S B AR AR TR B 7K ST BB A S B 0L
HACEBEHK T GB Bl RN X B, HIME
/NT GB AR AR H B AR
22 MHEREABRNINRITEERS SR
221 MfFREELER

L6 HH AT A6 AT b A Ak 21

B R 28 By SRR T T DA B, R R A £
RERRFETIR . SRR RIS Rk 5
FiR. 769 HERIGHI L ZH3-1 BRI B B AR,
X HL TR AT S i (R B T i e o R e U, TR S
S oM eh T USRS o
222 HibitFE4R

e CNEERTH T POl Mk i R
AR, Hh H RS2 5 e Fadk b
Fhdk, FHW R c Rithdk. LM ATt
FAARIRGE RAINE 5 FR.
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Table 5 Results from experimental tests, simulations and theoretical calculations
Fa 14 ' R PSRN ARt 1-GB fFRIE 2-BFC 19BR T 3-FC
ZH1-1 5300 4797 4608 4851 4830 0.905 0.869 0.915 0.911
ZH1-2 5950 4933 4722 4996 4975 0.829 0.794 0.840 0.836
ZH1-3 5150 4804 4613 4859 4837 0.933 0.896 0.943 0.939
ZH2-1 4150 3712 3951 3719 3754 0.894 0.952 0.896 0.905
ZH2-2 4450 3772 4010 3779 3818 0.848 0.901 0.849 0.858
ZH2-3 4200 3753 3989 3760 3798 0.894 0.950 0.895 0.904
(ZH3-1) (4100) (5337) (5504) (4932) (4969) (1.302) (1.342) (1.203) (1.212)
ZH3-2 5060 5319 5489 4916 4955 1.051 1.085 0.972 0.979
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S R BARLEA ARt 1-GB At 2-BFC  #jt 3-FC
ZH3-3 4800 5250 5417 4857 4889 1.094 1.129 1.012 1.019
FHE* 0.972 0.991 0.947 0.951
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