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A Benchmark study on the reference stress to supply fatigue
analysis of welded structures
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ABSTRACT

Various type of welded joints of the ship structure have been examined numerically and experimentally
under bending and tensional cyclic constant-amplitude loading. Cyclic loading on structures can produce
failures not readily predicted by conventional static analysis. The aim of a benchmark study is achieved
with a generalization of the reference stress concept. Also different methods and procedures exist for the
computation of the welded structure hot-spot stress a welded joints. These are either based on the
extrapolation of stresses at certain reference points on the plate surface (or edge) close to the weld
toe-as known from experimental investigations- or on the linearization of stresses in the
through-thickness direction. In the present paper, the different methods are reviewed and applied to four
different details in order to compare the methods with each other and to illustrate the differences.
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Fig.1 The estimation method of the Hot-Spot Stress by measuring strain
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Fig.2 The estimation method of the structural Hot-Spot Stress by FEM analysis
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Fig.3 Specimen configuration {Type-A)

Fig.4la} Specimen configuration {Type-B) Fig.4{b} Specimen configuration (Type-C)
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Fig. 5(a) Strain gauge locations in 5mm and 15mm distance(Type-B)
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Fig. 5(b) Strain gauge locations in 5mm and 15mm distance(Type-C)
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Table 1 Stress distribution of type-A

Extrapolati
Type |Method Element Size Weld effect on method HSS(MPa) Offset
Shell Solid Bead Linear Loc_A | Loc_B
TA-1| DnV 8node t O O 47.36 | 30.88 35mm
TA-2 DnV 8node 1 O O 49.73 37.81 Omm
TA-3 DnV 8node 0.5t O O 49.85 48.31 35mm
TA-4 | DnV 8node 0.5t O O 52.72 | 4045 Omm
TA-5} DnV 20node t O O 47.63 | 39.37 35mm
TA-6 | DnV 20node t O O 50.47 | 38.95 Omm
TA-7 nmw 8node t O O 62.61 | 52.89 35mm
TA-8 1w 8node t O @) 60.98 48.17 Omm
TA-9 W 8node 0.5t O O 50.42 40.90 35mm
TA-10{ TIW 8node 0.5t O O 52.63 | 40.24 Omm
TA-11| IIW 20node t O O 66.24 | 56.67 35mm
TA-12| IIW 20node t O O 64.47 51.39 Omm
TA-13] DnV 8node t O 133.50 | 116.78 Omm
TA-14| DnV 8node 0.5t O 107.14 | 94.22 Omm
TA-15| Dnv 4node t O 152.81 | 138.31 Omm
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TA-16|( DnV 4node 0.5t O 129.84 | 111.29 Omm
TA-16] IIW 4node t O 154.64 | 135.53 Omm
TA-17] IIW 4node 0.5t @) 154.56 | 133.15 Omm
TA-18| IIW 8node t O 135.64 | 118.70 Omm
TA-19( IW 8node 0.5t @) 126.96 | 110.72 Omm
Table 2 Stress distribution of type-B
Extrapolation
Type |Method Element Size Weld effect method HSS(MPa) Offset
Shell Solid Bead Linear Loc_A
TB-1{ DnV 20node t O O 42.4 35mm
TB-2 | DnV 20node t O O 44 .2 Omm
TB-3| DnV 8node 0.5t O O 44.2 35mm
TB-4 | DnV 8node 0.5t O O 45.8 Omm
TB-5 DnV 20node 0.5t O O 45.8 35mm
TB-6| DnV 20node | 0.5t O O 44.0 Omm
TB-7 W 20node t O O 43.1 35mm
TB-8 w 20node t O O 43.2 Omm
TB- 1w 20node | 0.5t O O 41.6 35mm
TB-10| IW 20node | 0.5t O O 41.6 Omm
TB-11] 1IW 8node 0.5t O O 43.9 35mm
TB-12) IIW 8node 0.5t O O 44.8 Omm
TB-13| DnV 4node t O 47.8 35mm
TB-14| DnV 4node t O 41.9 Omm
TB-15| DnV 4node 0.5t O 47.0 35mm
TB-16] DnV 4node 0.5t O 41.8 Omm
TB-17{ DnV 8node t O 46.8 35mm
TB-18| DnV 8node t O 41.8 Omm
TB-19! DnV 8node 0.5t O 43.7 35mm
TB-20{ DnV 8node 0.5t O 41.8 Omm
Table 3 Stress distribution of type-C
Extrapolation
Type |Method Element Size Weld effect method HSS(MPa) Offset
Shell Solid Bead Linear Loc_A

TC-1| DnV 20node t O O 459 35mm
TC-2| DnV 20node t O O 56.0 Omm
TC-3 | DnV 8node 0.5t O O 46.2 35mm
TC-4} DnV 8node 0.5t O O 56.3 Omm
TC-5| DnV 20node 0.5t O O 46.4 35mm
TC-6 | DnV 20node 0.5t O O 54.6 Omm
TC-7 W 20node t O O 45.8 35mm
TC-8 1w 20node t O O 55.4 Omm
TC-9 nw 20node 0.5t O O 46.3 35mm
TC-10] IIW 20node 0.5t O O 55.2 Omm
TC-11] oW 8node 0.5t O O 46.7 35mm
TC-121 W 8node 0.5t O O 57.4 Omm
TC-13} DnV 4node t O 52.3 Omm
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TC-14| DnV 4node 0.5t O 52.9 Omm
TC-15( DnV 8node t O 57.5 Omm
TC-16] DnV 8node 0.5t O 50.6 Omm
TC-17 nw 4node t O 60.6 Omm
TC-18| IIW 4node 0.5t O 63.1 Omm
TC-19| IIW 8node t O 56.7 Omm
TC-20| W 8node 0.5t O 54.2 Omm

Table 4 Stress measurement of each specimen, Experiments vs. FEA (type B, C)

Load Measured stress by strain gages(MPa) HSS

FEA
Shell | Solid
Type-B [ Tension | 5838 | 59.7 | 582 | 552 | 315 | 33.7 | 321 | 293 | 5947 | 41.8 | 44.2
Type-B | Bending | 683.9 | 463.3 | 481.3 | 440.6 | 569.2 | 525.1 | 398.8 | 419.2 | 4746 | 533.8 | 492.0
Type-C [ Tension | 57.2 | 628 | 523 | 50.2 | 36,7 | 383 | 448 | 420 64.3 57.5 56.0
Type-C [ Bending | 374.7 | 409.2 | 314.1 | 306.2 | 239.0 | 205.3 | 282.0 | 2774 | 4328 | 539.0 | 5586

type #1 #2 #3 #4 # #6 #7 #3 Exp.
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Fig.8 The Comparison of DnV vs. IW method of FEM analysis
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