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Flexural Strength of HSB I-Girder Considering Inelastic Flange
Local Buckling

ABSTRACT : The ultimate flexural strength of HSB I-girders, considering the effect of local bucking, was investigated through
a series of nonlinear finite element analysis. The girders were selected such that the inelastic local flange buckling or the plastic
yielding of compression flanges governs the flexural strength. Both homogeneous sections fabricated from HSB600 or HSB800
steel and hybrid sections with HSB800 flanges and SM570-TMC web were considered. In the FE analysis, the flanges and web
were modeled using thin shell elements and initial imperfections and residual stresses were imposed on the FE model. An
elasto-plastic strain hardening material was used for steels. After establishing the validity of present FE analysis by comparing
FE results with test results published in the literature, the effects of initial imperfection and residual stress on the inelastic flange
local buckling behavior were assessed. The ultimate flexural strengths of 60 I-girders with various compression flange
slenderness were obtained by FE analysis and compared with those calculated from the KHBDC, AASHTO LRFD and
Eurocode 3 provisions. Based on the comparison, the applicability of design equations in these specifications for the flexural
strength of I-girder considering flange local buckling was evaluated.

Key words : HSB steel, flange local buckling, finite element analysis, flexural strength
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Fig. 1. Finite element model

(b) Compression flange

Fig. 2. Initial imperfection on FE model
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Fig. 3. Residual stresses on FE model
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Fig. 4. Idealized stress-strain curves

Table 1. Mechanical properties of steels

Steel 1D F, (MPa) & E, (GPa) E
SM490-TMC 315 0.00154 3.8 0.01900
SM570-TMC 450 0.00220 3.1 0.01300

HSB600 450 0.00220 3.0 0.00220

HSB800 690 0.00337 22.85 0.00337

Table 2. Geometrical and material properties of test specimens
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Section b t ' t' F, (MPa) | E (GPa) Ar Aoy Aor
G-7 153 12.97 277 9.77 606.6 207 5.90 7.02 18.18
G-8 153 13.12 506 9.88 606.6 207 5.83 7.02 15.68
M-1 223 9.40 184 7.47 862.5 205 11.86 5.86 15.46
M-2 201 12.47 181 8.81 883.2 205 8.05 5.79 14.98
funit: mm
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Table 3. Comparison of flexural strengths by FEA and structural tests
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(kN_m) Test FEAGrccn FEAPrcscm Test F EAGrccn FEAPrcscnl F EAGrccn FEAPrcscm
G-7 463 504 455 481 1.09 0.98 1.04 0.90 0.95
G-8 1016 1024 1003 1000 1.01 0.99 0.98 0.98 0.98
M-1 404 315 - 320 0.78 - 0.79 - 1.01
M-2 493 478 - 455 0.97 - 0.92 - 0.95
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Table 4. Geometrical properties of girder sections analyzed

Steel ID A " . tw Eurocode 3 Class Ay Iy
) ) CW NW SW CwW NW SW
4 37.50 762.5 2 4 4
25.00 775.0 2 4 4
sm%o 8 18.75 781.3 9.0 6.0 53 2 4 4 9.7 17.1
10 15.00 785.0 3 4 4
12 12.50 787.5 3 4 4
4 37.50 762.5 2 4 4
25.00 775.0 2 4 4
HSB600 8 18.75 781.3 11.0 7.0 55 3 4 4 8.1 14.3
10 15.00 785.0 3 4 4
12 12.50 787.5 4 4 4
4 37.50 762.5 2 4 4
25.00 775.0 2 4 4
HSB800 8 18.75 781.3 13.0 9.0 55 3 4 4 6.6 11.5
10 15.00 785.0 4 4 4
12 12.50 787.5 4 4 4
Table 5. Yield and plastic moment capacities of girder sections analyzed (unit: kN-m)
SM490-TMC HSB600 HSBS00 Hybrid
Section As
4 2960 3247 4308 4769 6728 7514 6728 7060
2100 2316 3085 3443 4859 5487 4859 5018
Ccw 8 1660 1850 2459 2780 3905 4474 3905 3998
10 1394 1571 2080 2383 3326 3866 3326 3385
12 1215 1385 1825 2117 2937 3461 2937 2977
4 2877 3110 4149 4508 6484 7113 6484 6799
6 2011 2174 2915 3173 4600 5072 4600 4748
NW 8 1569 1706 2285 2506 3637 4053 3637 3723
10 1300 1425 1902 2105 3053 3441 3053 3108
12 1120 1238 1645 1838 2660 3033 2660 2698
4 2857 3078 4090 4410 6271 6762 6271 6570
1990 2141 2852 3072 4373 4710 4373 4512
SW 8 1547 1672 2219 2403 3403 3684 3403 3483
10 1278 1391 1835 2001 2814 3069 2814 2865
12 1098 1204 1577 1734 2418 2658 2418 2454

[¢]
frekg eyl o 2 ek HHlE-3137t 23438 Fig. 60| H|uls}
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AF-gE w3k 79, FEAIRS 2/H8s) 1538 v
et B9-E e Fig. 6(a)= 955

1002 vjekg ssfao] dPdsl= CW Ad=
FFo = st o] WS Fhasin] -8
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(b) NW girder with Ar=6

Fig. 6. Moment-rotation curves for HSB800 girders
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ZHo|EA S =

s, Mises
SNEG, (fraction = -1.0)

102321

(@) A=

8, Mises
SNEG, (fraction = -1.0)
)

(b) Ar=12

Fig. 7. Effective stress distributions and deformed shapes of
HSB800 girders with compact web at ultimate moment
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