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Effect of Local Wall Thinned Location due to Erosion-Corrosion on
Fracture Behavior of Pipes
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ABSTRACT: This study on the effects of local wall-thinned location on the fracture behavior of pipes was carried out, and the results were
compared with the analytical results. Local wall-thinning for the bending test was machined with various sizes on the outside of pipes, in order
to simulate the metal loss,due to erosionfcorrosion. In addition, we had carried out FE analysis for the pipes with local wall thinning on the
inside, and its results were comparatively studied with that of the outside. Three-dimensional elasto-plastic analyses were able to accurately
simulate fracture behaviors of inner or outer wall thinning. Fracture types, obtained from the experiments and analyses, could be classified into
ovalization, local buckling and crack initiation,depending on the thinmed length and thinned ratio. Based onthe resulis, the fracture behaviors of
pives with the outer wall thinning can be applied to estimate the fracture behaviors of pipes with the inner wall thinning.
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Table 1 Mechanical properties

Tensile strength - Yield strength Elongation

Material o o
[MPa] [MPa] [%]
STS370 402 273 28

Table 2 Chemical composition [wt%)]

Material C Si Mn P S

SIS370 0.25 0.17 05 0035 0035

Table 3 Specimen geometries
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Fig. 1 Schematic of dimensions of a wall thinned pipe
specimen and four-point bending test system

Speci Thinned Thinned
T length ratio
No.
£ (mm) dft (a) Outer wall thinning
Sound pi
une PIPE  wrpa 0 0 [
(EXP. & FEA)
OWT-2 10
OWT-3 25 08
Outer wall thinning OWT-4 120
(EXP. & FEA) OWT-5 0.6
' OWT-6 10 0.5
OWT-7 0.2
TWT-2 10
IWT-3 25 08
Inner wall thinning WT4 120 i
(FEA) 7IWT_5 —0'6 (b) Innerer wall thinning
IWT-6 10 05
IWT-7 0.2

Fig. 2 Examples of FEM model
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Fig, 3 True stress-true strain curve used in FE analysis
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Fig. 4 Relationship between moment and displacement
obtained from experimental and analysis of pipes
with outer wall thinning
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Fig. 5 Comparison between inner and outer wall thinning

for moment and displacement obtained from FE
analysis of pipes with local wall thinning
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(c) Outer wall thinning; d/=0.8 and #=120 mm
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(e) Outer wall thinning; d/#=0.5 and ¢=10 mm
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(f) Outer wall thinning; d/#=0.2 and ¢=10 mm

Fig, 7 Stress distribution and failure mode occurred in the
outer wall thinning
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(¢) Inner wall thinning; d/t=0.8 and £=120 mm
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(d) Inner wall thinning; d/t=0.6 and £=10 mm
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Fig, 8 Stress distribution and failure mode occurred in the
inner wall thinning
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Fig. 9 Relationship between equivalent strain and fracture ductility as a function of displacement for the prediction of crack
initiation
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