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Finite element analysis of structural hot-spot stress for
orthotropic steel bridge deck
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China; 2. College of Civil Engineering and Architecture, Zhejiang University , Hangzhou 310058, China)

Abstract; A comparative study was conducted to determine the structural hot-spot stress at the weld toe of
the welded joint in the orthotropic steel bridge deck by use of different methods. The finite element models
of the welded joint were established by the finite element software ANSYS with the solid element and the
shell element, respectively. Seven types of the mesh size were divided adjacent to the weld toe zone. The
structural hot-spot stress at the weld toe of the welded joint in the orthotropic steel bridge deck was
calculated using the direct extraction method, the surface extrapolation method, and the structural stress
method. The results obtained from different methods were compared in respect of the accuracy and the
sensitivity with the mesh size and the element type. The achieved results reveal that when the finite
element models are constructed by use of different mesh sizes and element types, the structural hot-spot
stress calculated by the direct extraction method and the surface extrapolation method has significant
discreteness, while the structural hot-spot stress derived from the structural stress method has good
consistency.
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Fig. 1 Nonlinear stress distribution through thickness
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Fig. 2 Definition of structural hot-spot stress at weld toe
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Fig. 3 Surface extrapolation method
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’ Fig. 5 Schematic of structural hot-spot stress determi-
nation for solid element model
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Fig. 6 Coordinate transformation of nodal force
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Fig. 7 Welded joint in orthotropic steel bridge deck
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Tab.1 Calculated results by different methods

./ MPa
1 II Il v \ Vi I
20-Solid 213.870 179. 290 144. 810 118. 980 103. 630 102. 570 101. 440
8-Solid 177. 840 151. 560 126. 430 107. 081 96. 138 92.999 90.011
8-Shell 115.531 111.590 103. 462 99. 780 97.570 94. 860 93. 445
4-Shell 102. 170 101. 830 101. 020 99. 464 96. 331 93.334 93. 305
20-Solid 100. 963 101.018 100. 288 101.618 102. 406 — —
8-Solid 100. 618 100. 793 102. 530 107. 081 — — —
8-Shell 102. 379 102. 378 102. 378 102. 368 102. 438 — —
4-Shell 102. 322 102. 339 102. 330 102. 396
20-Solid 102. 703 102. 710 102. 707 102. 805 102. 687 102. 600 102. 722
8-Solid 102. 171 102. 179 102. 714 102. 708 102. 651 102. 528 102. 414
8-Shell 102. 694 102. 694 102. 696 102. 699 102.720 102. 770 102. 827
4-Shell 102. 633 102. 638 102. 621 102.675 102.675 102. 808 102. 763
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Fig. 10 Calculated results by direct extracti thod
'8 alcufated results by direct extraction metho Fig. 11 Calculated results by surface extrapolation method
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