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Study on Fatigue Behavior of Right—angle Mutational Steel Crane Beam
Reinforced with “Shell Plate”
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Abstract: A consolidating method of “shell plate” aiming at the existing right-angle mutational steel crane
beam is proposed, where a “shell type” steel plate with an arc is welded on both sides of the web at the variable
section of the crane beam for fatigue reinforcement. The stress level of fatigue detail is reduced by increasing the
stiffness of the web in variable section areas, thus improving its fatigue strength. In this paper, the fatigue
performance of a right—angle mutational steel crane beam reinforced with “shell plate” is studied through a scaled
fatigue test, the fatigue failure law of the crane beam reinforced with “shell plate” is analyzed, while the fatigue
performance of the reinforced crane beam is evaluated. Meanwhile, taking the principal stress of the most dangerous
fatigue detail of the reinforced crane beam as the basic parameter, the S, —N fatigue curves of the reinforced crane

beam are given. Moreover, the correctness of crack propagation simulation and fatigue life calculation of the crane
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beam after reinforcement is verified by the experimental results, and the fatigue crack propagation characteristics of

the crane beam damage details after the “shell plate” reinforcement are further analyzed. The influence of the

variation in thickness and height of the “shell plate” on the reinforcement effect is studied, which provides the

reference for the crane beam reinforcement design.

Key words: “shell plate” reinforcement ; crane beam ; crack propagation ; fatigue life ; fatigue test
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Fig.1 Section parameters of right—angle mutation steel crane beam (unit:mm)
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Fig.2 Specific parameters of specimen (unit:mm )
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Tab.1 Loading tonnage and bearing reaction

) . piliE= oA AR F1/KN
RIS RNE
min Pmax Rmin Rmax
A 12.25 1225
GLI 25 25
B 12.25 1225
A 14.7 147
GL2 3 30
B 14.7 147
A 12.25 1225
BKGLI 2.5 25
B 12.25 1225
A 14.7 147
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B 14.7 147
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B 19.6 196
A 19.6 196
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B 19.6 196
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Fig.4 Fatigue crack propagation path of unreinforced specimens
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Fig.5 Fatigue crack propagation path of reinforced specimens
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Tab.2 Summary of fatigue test results
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Tab. 3 Calculation process of fatigue life

e TER A RS mm AK / AK, /
a 2¢  (MParmm"?) (MPa-mm'")
0 0 0.100  0.200 98.88 106.69
1 73570 0.117  0.248 111.68 116.14
2 130791  0.135  0.293 120.49 124.80
3 177258 0.154 0339 129.24 132.69
4 216194 0173 0.383 136.01 140.57
5 250172 0.192  0.428 141.35 147.36
6 307116 0230 0.519 152.46 160.82
7 353718 0268  0.609 160.40 172.17
8 393412 0305 0.703 168.52 183.17
9 428722 0342 0.798 171.51 189.70
10 460926 0379  0.900 177.43 198.61
11 517544 0453 1.096 186.65 214.25
12 566717 0527  1.306 193.54 226.77
13 610365 0599  1.534 200.09 236.85
14 650789 0.671 1.770 206.56 244.93
15 688164 0743  1.974 211.92 253.89
16 756681 0.892 2478 219.97 269.70
17 817594 1.035 2953 229.74 282.28
18 872432 1181 3422 237.62 290.45
19 922587 1327  3.966 245.34 298.10
20 969743 1472 4439 250.62 304.69
21 1055575 1770  5.466 261.93 317.02
22 1132921 2062 6416 271.18 32321
23 1204633 2389  7.659 279.30 326.77
24 1271277 2.668  8.677 290.09 329.37
25 1333349 3.008 9.919 294.69 333.69
26 1458206 3.560 11.477 318.14 328.41
27 1576250 4.160 13.130 325.62 331.40
28 1685370 4722 15.171 336.88 334.69
29 1796212 5306 16.618 345.98 337.10
30 1899684 5.864 18.179 354.80 343.34
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Tab.4 Comparison between test results (N, ) and finite

test

element calculation results (V)
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Fig.13 Fatigue detail principal stress of crane beam with

different “shell plate” thickness and height
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