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Thermal-Elasto-Plastic Analysis on Occurrence of Liquid Zinc
Induced Cracking in Bridge Girder under Hot-Dip Galvanizing

Tohru Iezawa, Tatsuo Y amasurta, Shogo Kanazawa, Yuiaka Tor and Keiji Kosasui

Synopsis :

The aim of the present study is to clarify the mechanical behavlor of a bridge girder during hot galvanizing. The

mechanical béhavior is analyzed using finite element method (FEM) analysis in which the constitutive equation is given
by Bodner’s viscoplastic model. The mechanism of zinc induced cracking is also discussed in detall. A shape and size
parameter, Ro‘,,iax is proposed and discussed. Romax is the ratio of the maximum compressive thermal stress to the
elastic buckling stress of the panel and is related to zinc induced cracking. The parameter Romax correlates well with
the final tensile strain calculated by FEM analysis. Critical strain for crack initiation, &, was obtained from bending
tests and from FEM analysis for several steels. Each value of Royax at crack initiation was estimated from comparison
with the final tensile strain and e.. The estimated critical value of Romex is nearly the same as the critical value of Romax
obtained by calculation of the transition from non-cracking to cracking behavior of bridge girders.

Key words : bridge girder ; hot galvanizing ; liquid zinc induced cracking ; thermal-elasto-plastic analysis ; thermal stress ; tensile

strain.
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Fig. 2. Schematic of plate girder for bridge and its
galvanizing process.
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Fig. 3. Finite element subdivision of plate girder
model.
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Table 1. Examples of size of plate girder models
applied to analysis.

Size of section (mm)
NO. NH RGmnx
HW TW BUF BLF TUF TLF

1 1 1850 9 620 620 32 32 10.3
2 2 1850 9 620 620 32 32 9.0
3 2 2300 10 660 660 32 32 8.0
4 2 2700 10 580 580 28 28 6.9
5 2 2300 10 530 530 28 28 5.9
6 2 2500 10 470 470 22 25 4.6
7 2 2700 10 380 380 19 19 3.0
8 2 2900 10 360 360 16 16 2.4

4 : Number of horizontal stiffners
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Fig. 4. Method of bending test in molten zinc.
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Table 2. Chemical compositions and mechanical properties of steels investigated.

Mechanical properites
Thick- Chemical compositions (mass%) -
ness R.T 450°C
Steels Stm-400
Y.P T.S Ob.2 T.S
(mm) C Si Mn P S Nb Ceq | (MPa) (MPa) | (MPa) (MPa) (%)
A SM490 9 0.15 0.20 112 0.017 0.004 - 0.35 349 505 199 370 77
B SM490 9 0.15 0.37 1.44  0.024 0.004 — 0.41 380 562 225 447 14
C SM570 9 0.08 0.25 155 0.013 0.003 0.02 0.35 485 588 338 431 61
D SM570 9 0.14 0.26 1.44  0.013 0.004 — 0.39 535 635 407 439 15

T Sim(Susceptibility to Liquid Metal Embrittlement)id, FEIEHEBEIEOFERMTE AR O KBERTIL 1) £ HERHE ©EF QYIRS OB 5 E LT,
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Fig. 6. Example of analyzed whole deformation of
plate girder under hot zinc galvanizing.
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Fig. 7. Example of thermal-elasto-plastic behavior
of plate girder under hot zinc galvanizing.
(a) history of out-plane deflection of point A
and (b) stress-strain curve of point B.
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Fig. 8. Schematic illustration of strain concentra-
tion mechanism at the toe of horizontal
stiffner. (a) deformation of C-C’ cross sec-
tion obtained by FEM analysis and (b)
details of strain concentration zone D.
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Fig. 9. Stress-strain curves at the toe of horizontal
stiffner of various flange thicknesses.
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Table 3. Critical displacement &, obtained by bend-
ing test and crack initiating strain e,
obtained by FEM analysis.

Crack initiating Crack initiating strain
displacement by obtained by FEM analysis
bending test
6c (mm) (%)
Steels &c (%)
=0 6=60° 6=0° 6=60°
A 5.2 6.0 0.50 0.50 0.50
B 35 4.3 0.36 0.39 0.36
C 3.8 4.7 0.39 0.42 0.39
D 22 3.8 0.25 0.36 0.25
6 : Ship angle
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