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STEEL DAMAGE CONDITION AND APPLICATION OF ULTIMATE
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Abstract: In this paper, the failure condition of steel is proposed based on the concept of ultimate strain point
failure, and the failure function and damage surface are given. Taking a simply supported steel beam as an
example, this paper attempted to apply the ultimate strain method of the numerical limit analysis to steel structures
by using FLAC? software. In the method, the numerical limit analysis was adopted to solve the ultimate strain of
materials and regard it as the failure criterion for material points. For both tension and compression, the steel is
regarded as an ideal elastic-plastic material. The steel shall yield when it reaches the elastic ultimate strain under
the yield load, and shall break under the elastic-plastic ultimate strain. First of all, a direct pulling test was
conducted on direct-pulling steel test pieces whose material is the same with the steel beam to obtain the
mechanical parameters of the steel material. Furthermore, the numerical limit analysis method was used to
determine the ultimate strain of the steel material. Afterwards, a pure bending test was carried out on the simply
supported steel beam until it is destroyed. FLAC?® was utilized to simulate the test process. The numerical
calculation results were compared with the test results. The results showed satisfying consistence in the failure

mode and ultimate load-bearing capacity of the steel beam. It proved that the ultimate strain method can be
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applied to steel structures and further studies on complicated structures can be conducted. The failure standard of

the steel beam based on the ultimate strain is compared with the current specification failure standard.
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Fig.1 Stress-strain curve of ideal elastic-plastic and
hard-softening materials
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Fig.2 Determination of ideal elastic-plastic yield strain of

steel materials
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Table 1  Steel tensile test data 45# middle-carbon steel

B EnAL b JEMR RAEEIR AR BR AR A(%)
MEL BiJj/MPa Bif/MPa B J)/MPa NAE/(%)  (FEHE 0.2%)

45-1 669.02  66223.24  357.11 0.69 11.07
45-2 705.62  58246.71  368.97 0.77 11.42
45-3 740.96  209074.93  403.71 0.39 12.13
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Table 2 Steel tensile test results of 45# middle-carbon steel

AT Rt B JEAR AR E AR B AR R R /(%)
MEL BJ)/MPa 55/ MPa 8 J)/MPa NAE/(%)  (IWFE 1 0.2%)
ASHEPTA 741 209074.93  403.71 0.19 0.39
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Table 3 Physical-mechanical parameters of material in

numerical calculation
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Table 4 Ultimate strain of low-carbon steel (using FLAC®®,
obtained by Mises condition pure pulling test)
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Fig.12 Schematic diagram of simple beam loading and strain
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Fig.14 Strain-load curve of 45# steel monitoring points
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Table 6  Strain values of No. 8,9, 10 and 11 points in 45# middle-carbon steel under varied levels of test loads

il i1 ff 2k /kN
0 50 100 120 130 140 144 150 158
W8 0 0.37%o 0.79%o 0.97%o 1.08%o 1.17%o 1.22%o 1.3%o 1.4%o
W9 0 0.51%o 1.07%o 1.32%o 1.45%o 1.58%o 1.64%o 1.74%o 1.86%o
A5 10 0 0.57%o 1.18%o 1.45%o 1.6%o 1.75%o0 1.83%o 1.98%o 2.19%o
WA 11 0 0.58%o0 1.19%o 1.46%o 1.6%o 1.71%o 1.75%o0 1.83%o0 1.98%o
T fif 2k /kN
165 171 177 182 186 192 197 203 208
WA 8 1.51%o 1.62%o 1.8%o 1.98%o 2.2%o 2.7%o 3.55%o 5.52%o 6.3%o
M9 1.99%o 2.12%o 2.28%o 2.5%o0 2.76%0 3.38%o 4.53%0 7.13%o 8.15%o
WM 10 2.40%o 2.56%o 2.79%o 3.0%o 3.25%o0 3.82%o 5.05%o 8.05%o0 9.72%o
W 11 2.17%o 2.34%o0 2.57%o 2.8%o0 3.13%o0 3.91%o 5.16%o 8.28%o0 10.06%o
W Lk
210 214 217 219 222 225 228 231 234
e 8 6.67%o 7.37%o 7.79%o 8.29%o 8.56%o0 8.95%o0 9.39%o0 10.02%o0 10.58%o
=) 8.64%o 9.43%o 10.12%o 10.78%o 11.14%o0 11.65%o0 12.22%o0 13.04%o0 13.77%o
WA 10 10.61%o 11.37%o0 12.12%0 12.51%o 13.06%o0 13.70%o0 14.61%o0 15.42%o0 16.23%o
WA 11 10.99%o0 11.79%o0 12.59%o 13.00%o 13.57%o 14.23%o0 15.17%o 16.02%o 16.86%o
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Fig.16 Steel beam grid and positions of monitoring points
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Table 7 Calculated strain value of point 8, 9, 10 under key

loads
A GE
120 158 177 203.6 212 241
M e 8 1.02%  1.5%0  1.93%0 3.64%  4.7%0  75.1%o
MWri9 1.24%0  1.83%0 2.43%0 4.43%  5.71%0  89.2%o
WEL10 1.31%0  1.94%0  2.58%0  4.69%0  6.03%0  93.7%o

RS XBREHTRRREE
Table 8 Deflection of steel beam under key loads

FIAUKN el /mm  BeE/RREE R (| frd/kN B /mm  BEE/ RS
120 2.81 1/356 203.6 6.56 1/152
158 3.87 1/258 212 7.51 1/133
177 4.66 1/215 — — —

& 7 FI5R 8 W&, 4faf#k 120 kN i, 253l
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Fig 17 Calculated strain-load curve of steel monitoring points
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Table 9 Result comparison of steel beam test and ultimate

strain method

i WREN(%)
HHHE
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