Hadk  HIY oM K E R B AR E D Vol. 44, No. 1
20174 1AH4 Journal of Hunan University(Natural Sciences) Jan. 2017

XEHS:1674-2974(2017)01-00102-10 DOI:10.16339/j.cnki.hdxbzkb.2017.01.013

960 MPa 75 38 B K 41 1 JE4+E
BEBIREMERE KiZiIT T E

WA AT A
(hATRES SHAHEHESLRE HERE LA TRR T 100080

W E.AFR 960 MPaCR& R 3& AR AL &R MM s 2 EMB 0 B HRE T T
MRe, KX A ANSYS b S AR UER AN BH RO IANTFHATOHC T E
M HATT AR BBE R T LT de et RITHE AN 03 va 3R IR 6 MR
ARBEAFBHRBEBERABAGARA T AERL X N4 RBATATIL,BIET HEA W
A A, A R XA AL kL 2F 960 MPa & 3% R AM M T e T F T oS 1 R A A 69 By 3 A
EGNEREITTARAEKSMN FEARATELER AAALLEWE R EL R,
S5 E £ BARMGMERZ T ITE F O EMAGRT R RITT AT, FREB T
o3 AR R KRR IR R 6 R PR AL T R AR 9 R R e AT 3T S 960 MPa & 5% E
AR B 2 SR AR 69 By 3R R W 2 A M AR TUAT A Ak B T8 e 8RB ) ST A R G A TR B ) 89 %
oo AR o AR ST S AR AR GE R YO AR R MY AR 0 By 6 R W R ) 8 B e AR XTI K AR AT T P £ BRILAT R
MR LT b e ik, AR B a9 AKX 2 E R T 960 MPa & 3% E AR 4o % &
Mk o By 3R R W R F) Fe R G MR B A 6 3% A FE.

G FH RN S F R B AR A IR T kRt

RES%ES:TU3IL MR ERG A

Analysis and Design Method on Local Buckling Behavior of 960 MPa
High Strength Steel Columns under Axial Compression
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of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to examine the local buckling behavior of 960 MPa (yield strength standard) high strength
steel (HSS) columns under axial compression, finite element models were developed by using the finite element (FE)
software, ANSYS. Local buckling of four welded box section and four welded I-section columns under axial compres-
sion considering the initial geometric imperfections and welding-induced residual stresses was investigated. The FE

model was then verified by comparing the ultimate bearing capacity and bearing capacity governed by local buckling of
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the existing test results. Using the validated FE modeling approach, parametric analyses were conducted on the local

buckling behavior of 960 MPa HSS box section and I-section columns under axial compression. Moreover, the FE a-

nalysis results and the existing test results summarized in this paper were compared with the design curves in Chinese,

American and European codes. It is found that the FE model established in this paper can accurately simulate the local

buckling behavior of 960 MPa HSS columns under axial compression. The initial geometric imperfection and the resid-

ual stress have little influence on the ultimate stress of 960 MPa HSS columns, but exhibit a great influence on the lo-

cal buckling stress. Compared with the design methods in the Chinese, American and European codes, the new design

formulae proposed in this paper were recommended for the design of the local buckling stress and post-buckling ulti-

mate stress of 960 MPa HSS columns under axial compression.

Key words: high strength steel;axial compression; local buckling; finite element method; design
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Fig. 1 Material model
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Tab.1 Material properties
JEE Iy Su . . E fu
/mm /MPa /MPa v ! /GPa /[y
14 973.24 1051.99  0.005 0.019 208.03 1.08
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Fig. 2 Geometric imperfection model
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Fig. 3 Residual stress distribution of specimens
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Tab.2 Comparison between test results and FEA results

145 Fr/kN Fe/kN A%
B-960-1 7172.6 7 347.6 2. 44
B-960-2 11522.2 11518.9 —0.03
B-960-3 16 778.5 17 580. 9 4.78
B-960-4 15 320. 8 15 769.7 2.93
1-960-1 8389.5 8 646.9 3.07
1-960-2 10 291.7 10 118.9 —1.68
1-960-3 11217.4 10 619. 3 —5.33
1-960-4 10 436. 1 10 090. 8 —3.31
THH 0.36
PRk 3.55
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Tab.3 Comparison between test results and
FEA results of box section specimens

1 45 Fre/kN Frc/kN A%
B-960-1 7172.5 7 347.6 2.44
B-960-2 11 522.2 11 518.9 —0.03
B-960-3 14 409.7 14 762. 1 2.45
B-960-4 12 943.8 13 502. 6 1,32
FHE 2.29
f/]\?ﬂ_% 1.78
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Tab.4 Comparison between test results and FEA
results of I-section specimens

F’I'(‘F FE(‘F A(‘F F'I‘(‘W Fl—j(‘W A(?W
/kN /kN /% /kN /kN /%

£
Jo

1-960-1 7815.0 8333.2 6.63 8389.4 8 646.9 3.07
1-960-2 9459.3 9520.1 0. 64 10 291.7 10 118.9 —1.68
1-960-3 9538.2 9070.9 —4.90 10495.6 9822.9 —6.41
1-960-4 8983.6 8696.2 —3.20 9659.0 9684.1 0.26
FHE —o.21 T 119
pRifEE 5011 PR 3.99
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Fig. 4 Two kinds of section types
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Tab.5 Dimensions of normal specimens with box section
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Tab. 6 Dimensions of normal specimens with I section

. L /)( lf hw lw /)r }Lw L

G / / / / / / / /
/mm /mm /mm /mm /mm I Jtw /bg

17-1 240 150 14 200 10 5 20

1Z-2 240 178 14 200 10 6 20

1Z-3 248 206 14 200 10 7 20

1Z-4 281 234 14 200 10 8 20

1Z-5 315 262 14 200 10 9 20

1Z-6 348 290 14 200 10 10 20
12-7 516 130 14 200 10 15 20
1Z-8 684 570 14 200 10 20 20
1Z-9 852 710 14 200 10 25 20
1Z-10 1020 850 14 200 10 30 20
1Z-11 1188 990 14 200 10 35 20
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Tab.7 Normal material properties

fy fu . . E
/MPa /MPa v . /GPa Y
960 980 0.004 7 0.055 206 0.3

L ho tw ho L

5 /mm /mm /mm [tw /ho
BZ-1 120 100 10 10 1.2
BZ-2 180 150 10 15 1.2
BZ-3 240 200 10 20 1.2
BZ-+4 300 250 10 25 1.2
BZ-5 360 300 10 30 1.2
BZ-6 420 350 10 35 1.2
BZ-7 480 400 10 40 1.2
BZ-8 540 450 10 45 1.2
BZ-9 600 500 10 50 1.2
BZ-10 660 550 10 55 1.2
BZ-11 720 600 10 60 1.2
BZ-12 780 650 10 65 1.2
BZ-13 840 700 10 70 1.2
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Fig.5 Patterns and calculation formulas
of residual stresses for box section
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Fig. 6 Patterns and calculation formulas
of residual stresses for I section
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Tab. 8 Post-buckling ultimate stresses and local buckling
stresses of box section member plates

) %Tﬂ&/f‘& W) AR PR et ot 1oz g tt{ﬁ

MPa Gery/ MPa Gerb/ Oub
BZ-1 966. 28 966. 28 1. 000
BZ-2 947. 66 947. 66 1.000
BZ-3 880. 04 880. 04 1.000
BZ-4 761. 46 761. 46 1. 000
BZ-5 651.70 632.15 0.970
BZ-6 577.22 548. 94 0.951
BZ-7 521. 36 464.53 0. 891
BZ-8 486.08 412.68 0. 849
BZ-9 448. 84 343.81 0.766
BZ-10 117. 48 293.91 0. 704
BZ-11 390. 04 243.00 0.623
BZ-12 365. 54 200. 00 0. 547
BZ-13 343.98 155.82 0.453
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Tab.9 Post-buckling ultimate stresses and local
buckling stresses of I-section member flanges

FGMIRNL T TG R I h 1) i

£

out/ MPa oot/ MPa et/ Out
1Z-1 960. 00 931.00 0.970
12-2 934. 96 905. 52 0. 969
1Z-3 889.72 864. 36 0.971
124 844.82 825.16 0.977
12-5 799.18 752. 64 0.942
1Z-6 755.09 696.78 0.923
12-7 634.23 436.10 0.688
1Z-8 573.53 342.02 0.596
129 522.37 288.12 0.552
1Z-10 478.29 194. 04 0.406
1Z-11 430.95 171.50 0.398
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Tab. 10  Variation of post-buckling ultimate stresses of I-section
member flanges with different web height-to-thickness ratios

fRdfEdl  MEARRIELE e EERREL

of normal specimen plates with different amplitudes
of local initial geometrical imperfections
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Tab. 12 Variation of post-buckling ultimate stresses

o
A ou/MPa 40y /MPa  ouni /our 60cuz/MPa  gupz /our
1Z-1 960. 00 814.02 0.85 780.72 0. 81
1Z-2 934. 96 798. 28 0.85 778.14 0.83
1Z-3 889.72 772.92 0.87 759.01 0. 85
1Z-4 844,82 742,53 0.88 732,84 0. 87
1Z-5 799.18 705.09 0.88 701. 88 0. 88
1Z-6 755.09 674.16 0.89 671.38 0.89
1Z-7 634.23 599. 04 0.95 603.57 0.95
1Z-8 573.53 562.09 0.98 555. 27 0.97
1Z-9 522.37 528.06 1.01 513.98 0.98
1Z-10 478.29 484,98 1.01 480. 93 1.01
1Z-11 430. 95 421.03 0.98 445,13 1.03
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Tab. 11 Variation of local buckling stresses
of I-section member flanges with different web
height-to-thickness ratios

PRfEAL AR WE ERERI

o A o BEERW/DN  ow/owBl  BREMK  ow/ow
B our/MPa 6.1 /MPa oul/out 6wz / MPa ou2/0ut
BZ-1 966. 28 975. 94 1.01 927.63 0. 96
BZ-2 947. 66 957. 14 1.01 862,37 0.91
BZ-3 880. 04 924. 04 1.05 774,44 0. 88
BZ-4 761.46 799. 53 1.05 677.70 0. 89
BZ-5 651. 70 671.25 1.03 606.08 0.93
BZ-6 577.22 582.99 1.01 548. 36 0.95
BZ-7 521. 36 526. 57 1.01 505,72 0.97
BZ-8 486. 08 186. 08 1.00 466. 64 0. 96
BZ-9 448. 84 448, 84 1. 00 439. 86 0.98
BZ-10 417,48 417,48 1.00 413. 31 0.99
BZ-11 390. 04 390. 04 1.00 386. 14 0.99
BZ-12 365, 54 365, 54 1.00 361. 88 0.99
BZ-13 343.98 343.98 1.00 343.98 1.00
1Z-1 960. 00 988. 80 1.03 844, 80 0. 88
1Z-2 934. 96 981.71 1.05 804.07 0. 86
1Z-3 889.72 960. 90 1.08 765.16 0. 86
1Z-4 844,82 920. 85 1.09 734,99 0.87
1Z-5 799.18 871.11 1.09 711.27 0. 89
1Z-6 755.09 807.95 1.07 687.13 0.91
1Z-7 634.23 640. 57 1.01 602.52 0.95
1Z-8 573.53 579.27 1.01 556. 32 0.97
1Z-9 522.37 522.37 1.00 511.92 0.98
1Z-10 478.29 483.07 1.01 468.72 0.98
17-11 430. 95 435,26 1.01 430. 95 1. 00

i Gert/MPa 40 6eert /MPa 6ert1 /oert 60 Gerta/MPa Geriz /gert
1Z-1 931. 00 - - - -
1Z-2 905. 52 - - - -
17-3 864. 36 — — — —
1Z-4 825.16 - - - -
1Z-5 752. 64 — — — —
1Z-6 696. 78 - - - -
1Z-7 436,10 288.12 0.66 - —
1Z-8 342.02 213.64 0.63 167.58 0.49
1Z-9 288.12 163. 66 0.57 98. 00 0.34
1Z-10 194,04 127. 40 0. 66 99. 96 0.52
17-11 171. 50 97.02 0.57 57.82 0. 34
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Tab. 13  Variation of local buckling stresses of normal
specimen plates with different amplitudes of local
initial geometrical imperfections
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AT DL s Jy &8 LA ) 46 ik 63 s 8 8 Ak % T 4% BR
T AR B 3t 15 %, R L, Jey 38 JLART 400 B B B el
{H 12546 % T 960 MPa #1032 He t: 19 bz R & 28
{14 5% Wi R /)N

LR A SR JE B NL T TR ARG S b
13 7. AT LAFE H o 22 Sk s 1 0 /) BsF o A 4 ) 350 i
i1 N7 g 388 R 5 214 i o L 18 RIS A SRy 3 e il 1
BN I HL S XE T 20 A A T TR L s R B R A S R B
R (L JHL Bl R g 5 e R 2 50 %6, R, #E 960
MPa il i 52 FE #9250 1k 72 rpr o 75 88 7 % 425 i
T2 AU/ IN R 35 TUART 0 46 8 B 1) AS )52 1

i ;

W oot/ MPa 60/ MPa o1 /ot oe2/ MPa 6e2/0ct
BZ-1 966. 28 975.94 1.01 927.63 0.96
BZ-2 947. 66 957. 14 1.01 862.37 0.91
BZ-3 880. 04 924,04 1.05 774,44 0. 88
BZ-4 761.46 799.53 1.05 670. 08 0. 88
BZ-5 632.15 663.76 1.05 581.58 0.92
BZ-6 548. 94 565,41 1.03 510.51 0.93
BZ-7 464,53 469,18 1.01 427,37 0.92
BZ-8 412,68 416. 81 1.01 383.79 0.93
BZ-9 343.81 354.12 1.03 316. 31 0.92
BZ-10 293.91 293.91 1.00 273. 34 0.93
BZ-11 243.00 243.00 1.00 196. 83 0.81
BZ-12 200. 00 199. 50 1.00 166. 00 0.83
BZ-13 155. 82 155. 81 1.00 123.10 0.79
1Z-1 931. 00 949. 62 1.02 847.21 0.91
1Z-2 905. 52 923.63 1.02 787. 80 0.87
1Z-3 864. 36 916. 22 1.06 760. 64 0.88
17-4 825.16 882.92 1.07 726,14 0. 88
1Z-5 752. 64 827.90 1.10 722.53 0. 96
1Z-6 696. 78 794. 33 1.14 710.72 1.02
1Z-7 436. 10 627.98 1.44 392.49 0.90
1Z-8 342,02 444,63 1.30 229.15 0.67
1Z-9 288.12 371.67 1.29 141.18 0.49
1Z-10 194. 04 228.97 1.18 95.08 0.49
17-11 171.50 176. 65 1.03 65.17 0.38
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Tab. 14 Comparison with results of normal specimens

3) Jr BB JLAT 4] s tofe i A0 556 A T 17 g #9728 A T
e A28 £ Tt by 1 A BRI 3 #6934 /0 R 3 A 1 1
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{4 748 A0S TR 1 14 = 3 i 52 3 1 B )52 e B D
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Tab. 15 Comparison with results of normal specimens

FREA ooy JERL W/ oes/o  FERENMER  oa/oen

FRUEAL o FERL IR/ ous/ow  FERAMKR  ow/ow

Lk B our/MPa 63/ MPa  H ous /ot 0w/ MPa 5 6w /our
BZ-1 966. 28 966. 28 1.00 966. 28 1.00
BZ-2 947. 66 947. 66 1.00 947. 66 1.00
BZ-3 880. 04 888. 84 1.01 880. 04 1.00
BZ-4 761. 46 791.92 1.04 746.23 0.98
BZ-5 651.70 677.77 1.04 638.67 0.98
BZ-6 577.22 600. 31 1.04 554,13 0. 96
BZ-7 521. 36 542.21 1. 04 516.15 0.99
BZ-8 486.08 490, 94 1.01 471.50 0.97
BZ-9 448, 84 453. 33 1.01 439, 86 0.98
BZ-10 417,48 421,65 1.01 409,13 0.98
BZ-11 390. 04 393. 94 1.01 382.24 0.98
BZ-12 365. 54 369. 20 1.01 358. 23 0.98
BZ-13 343.98 347.42 1.01 340. 54 0.99
17-1 960. 00 960. 00 1.00 960. 00 1. 00
1Z-2 934. 96 934. 96 1. 00 934. 96 1. 00
1Z-3 889.72 889.72 1.00 889.72 1.00
1Z-4 844,82 844, 82 1.00 844,82 1.00
1Z-5 799.18 799.18 1.00 799.18 1.00
17-6 755.09 755.09 1.00 755.09 1.00
1Z-7 634.23 634.23 1.00 634,23 1.00
1Z-8 573.53 573.53 1.00 574,27 1.00
1Z-9 522.37 522.37 1. 00 522,37 1. 00
1Z-10 478.29 478.29 1.00 478.29 1.00
1Z-11 130. 95 130. 95 1.00 431. 26 1.00

K oot/ MPa 63/ MPa B 6es /ot ot/ MPa 5 60t /o
BZ-1 966. 28 966. 28 1.00 966. 28 1.00
BZ-2 947. 66 947. 66 1.00 947. 66 1.00
BZ-3 880. 04 888. 84 1.01 880. 04 1.00
BZ-4 761. 46 791.92 1. 04 738.62 0.97
BZ-5 632.15 676. 40 1.07 606. 86 0.96
BZ-6 548. 94 587.37 1.07 521,49 0.95
BZ-7 464,53 501. 69 1.08 441. 30 0.95
BZ-8 412.68 137. 44 1.06 367.29 0.89
BZ-9 343. 81 371.31 1.08 319. 74 0.93
BZ-10 293.91 329.18 1.12 252.76 0. 86
BZ-11 243.00 279.45 1.15 201. 69 0.83
BZ-12 200. 00 232.00 1.16 158.00 0.79
BZ-13 155. 82 183.87 1.18 129.33 0.83
1Z-1 931.00 903. 07 0.97 921. 69 0.99
1Z-2 905. 52 896. 46 0.99 887.41 0.98
1Z-3 864. 36 855.72 0.99 847.07 0.98
17-4 825.16 808. 66 0.98 808. 66 0.98
1Z-5 752.64 760. 17 1.01 752. 64 1.00
12-6 696. 78 696. 78 1.00 710.72 1.02
12-7 436.10 436.10 1.00 436.10 1.00
1Z-8 342.02 342.02 1.00 342.02 1.00
1Z-9 288.12 288.12 1.00 247.78 0.86
1Z-10 194. 04 194. 04 1.00 194, 04 1.00
1Z-11 171.50 171.50 1.00 142. 35 0.83
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Fig. 7 Comparison of post-buckling ultimate stress
between test results, FEA results and design results for
box section member plate and I-section member web
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Fig. 8 Comparison of post-buckling ultimate stress
between FEA results and design results
for I-section member flange
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Fig. 9 Comparison of local buckling stress between test
results, FEA results and design results for box section
member plate and I-section member web
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Fig. 10 Comparison of local buckling stress between
test results, FEA results and design results
for I-section member flange
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