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Limit load analyses of weld-center cracked plates under tension
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Abstract

In the present work, the effect of strength mismatch on plastic limit loads is quantified for strength-
mismatched plates with constant-depth surface cracks under tension, via three-dimensional, small strain
elastic-perfectly plastic finite element analyses. Relevant variables related to plate and crack geometries are
systematically varied, in addition to the weld width. An important finding is that a parameter related to the
weld width-to-ligament ratio is proposed, based on which limit loads can be uniquely quantified. The
proposed limit load solutions is a valuable input to estimate nonlinear fracture mechanics parameters based on

the reference stress approach.

754 Y
N;p  net section limit load assuming the plate is wholly
made of base material
Npy  net section limit load of mismatch configuration
M strength mismatch factor
v ligament-to-weld width ratios ((w-a)/h)
Veir ligament-to-effective weld width ratios
(w-)/hep)
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Fig. 1 (a) Schematic illustration of a similar welded
plate under tension. Crack is located at weld-
center. (b) Crack shape considered in the present
work : through-wall crack and part-through
surface crack.

w/t a/t | C/w|h/w M
0.5
0.75

1,5, 02~ | 025~ | 0.025 | |,

10, 20 1.0 0.8 ~0.2 '
1.5
2.0

Table 1 Variable considered in this study

(b)
Fig. 2 Typical finite element meshes for similar welded
cracked plate : (a) through-wall cracked plate and
(b) part-through surface crack plate.
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Fig. 3 Typical tension-displacement curves from FE
analyses of the strength mis-matched plate with
w/t=10, ¢/w=0.5, h/w=1.0. Three different mis-
match factor is considered, A=0.5, 1.0 and 2.0.
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Fig. 4 Comparison of the mis-match limit load
solutions with FE results for through-wall
cracked plate. Various parameters associated with
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Fig. 5 Comparison of the mis-match limit load
solutions with FE results for wvarious plate
thickness. Thickness constraints effect arises in
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Fig. 6 Classification of plasticity deformation patterns
for mis-matched plates. A dark region indicates
the region where plastic strain is over 5% : (a)
deformation penetrating to the base material
(w/t=10, ¢/w=0.25, h/t=0.5, M=2.0), (b) base
plate deformation (w/=10, ¢/w=0.25, h/t=3.0,
M=2.0), (c) deformation penetrating to the base
material (w/t=10, c/w=0.25, h/t=2.0, M=0.75), (d)
deformation confined to the weld metal (w/=10,
c/w=0.25, h/t=1, M=0.5)
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Fig. 7 Comparison of mis-match limit load solutions
with FE results for part-through surface cracked
welded plate. FE mis-match limit load is defined
by (a) ligament-to-weld width ratio, , and (b)
proposed effective v, w4

Fig. 8 Comparison of plasticity deformation patterns of
cracked plate (w/t=5, c/w=0.5, h/w=0.25, M=1) :
(a) Through-wall cracked plate (a/r=1.0), (b)
part-through surface cracked plate (a//=0.5)
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