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ABSTRACT

This paper presents the finite element analysis of stress intensity factor (SIF) values for H-shaped steel beams with symmetrical
flange cracks subjected to tension or bending. A comparison with the previous study showed that the current analysis results
were in good agreement with the previous one. A parametric study showed that the flange-to-web area ratio ( ) affected the SIF
values at both flange and web crack tips, while the depth-to-width ratio (y ) affected only the SIF value at the web crack tip. In
addition, the SIF equations were proposed for H-shaped steel beams with symmetrical flange cracks subjected to tension or
bending. The SIF equations were developed by analyzing the database of SIF values obtained from the finite element analysis
using the genetic programming.

KEYWORDS: Finite element model method; Genetic programming; Stress Intensity Factors; H-shaped steel beams; Fracture;

Crack
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W-shape (SI) Jij ¥ d (mm) d j (mm) t, (mm) b; (mm) t; (mm)
1.W1000 X 222 0.83 3.16 970.3 949.2 16.0 300.0 21.1
1.W610 X 92 0.84 3.29 603.0 588.0 10.9 178.8 15.0
2.W760 X 161 1.01 2.77 757.7 738.4 13.8 266.1 19.3
2.W1000 X 249 0.99 3.18 980.2 954.2 16.5 300.0 26.0
3.W1000 X 286 1.11 2.11 970.3 949.2 18.0 449.8 21.1
3.W920 X 253 1.11 291 918.7 890.8 17.3 305.6 27.9
4.W530 X 92 1.24 2.47 533.1 517.5 10.2 209.3 15.6
4.W690 X 170 1.24 2.62 693.1 669.5 14.5 255.8 23.6
5.W1000 X 296 1.38 2.39 982.3 955.2 16.5 400.1 27.1
5.W610 X 153 1.36 2.62 623.1 598.2 14.0 228.6 24.9
6.W760 X 284 1.71 1.96 779.3 749.2 18.0 382.0 30.1
6.W920 X 417 1.68 2.11 927.6 887.7 22.5 421.5 399
7.W530 X 150 1.91 1.67 542.5 522.2 12.7 312.2 20.3
7.W530 X 219 1.91 1.67 560.3 531.1 18.3 317.8 29.2

W840 X 299 1.55 2.07 855.5 826.3 18.2 399.9 29.2

W460 X 144 2.04 1.59 472.2 450.1 13.6 283.1 22.1

(a)
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Parameter Value
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Probability of mutation 25%
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500 0.864 0.855 0.881 0.889 0.852 0.847 0.889 0.906
1000 0.931 0.931 0.921 0.926 0.916 0.918 0.937 0.941
1500 0.981 0.983 0.984 0.986 0.976 0.978 0.989 0.989
2000 0.991 0.992 0.995 0.995 0.991 0.990 0.993 0.991
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6.1  @uMIMINEM SIF NIASVUTING
K=t (ﬂw,/lf,ﬂ)o“/naf (MPa\/mm) (16a)

KY= 1" (4.4, B.7)o[ra, (MPamm) (16b)

o £ = CC—"ﬁ+(cz/1f )" |(cuy +ct.)cﬁﬂw)+_\lc7ﬂW Cy+Cyp

(@wmsuaesesinluiln) (17)
1 87¥f
c,A c,A o o
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8
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CO Cl CZ C3 C4 CS C6 C7 CB C9 ClO

ftf 24.773 1.8975 1.8567 6.0000 1.8968 12.774 | 0.8754 | 2.0794 | 0.44354 0.01053 1.0292

ftw 1.3173 0.37607 1.3148 | 10.0000 1.7353 1.7105 1.6398 | 2.1049 | 0.39695 | 0.021882 | 0.73199

fbf 1.0689 -0.1337 | -0.4485 | 19.240 1.6370 6.000 3.4531 1.6692 6.0000 0.29138 1.0179

fbw 0.64487 1.3038 | -1.0000 | 1.9842 0.62382 | 0.86454 | 1.8988 | 1.0105 | 0.088216 | -0.34575 | 0.80652
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