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Fracture Behavior Evalustion of Pipes with Local Wall Thinning
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Abstract

Fracture behaviors of pipes with local wall thinning is very important for the integrity of nuclear
power plant. In pipes of energy plants, sometimes, the local wall thinning may result from severe
drosion-corrosion damage. However, effect of local wall thinning on strength and fracture behaviors of
piping system were not well studied. In this paper, the monotonic bending tests were performed of
full-scale carbon steel pipes with local wall thinning. A monotonic bending load was applied to straight
pipe specimens by four-point loading at ambient temperature without internal pressure. From the tests,
fracture behaviors and fracture strength of locally thinned pipe were manifested systematically. The
observed failure modes were divided into four types; ovalization, ovalization+cracking, local buckling
and local buckling+cracking. Also, maximum load was successfully evaluated.
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Table 1 Mechanical properties

. Tensile Yield .
Material Elongation
strength( o ,) | strength( o)

SPPH38 373 MPa 216 MPa 27 %

Table 2 Chemical compositions [wt%]

Material| C Si Mn P S
SPPH38| 0.25 0.25 0.43 | 0.035 | 0.035
48.6

thinned area

(a) 360° circumferentially thinned specimen

48.6

thinned area

(b) Partially
different depth

thinned specimen with the

Fig. 1 Pipe specimens with local wall thinning
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Fig. 2 Four-point bending test
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(b) The case of crack initiation after ovalization
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Table 3 Specimen geometries and test results

Half - Axially | . Maximum | L 12StC Plastic
Wall Thinned . Thinned Collapse Collapse
Specimen DOuter Thickness | Depth Thinned Angle Moment Moment Moment Failure
1ameter Length by Exp. by Cal. Ratio
No. Y. .IVIPC VL (Exo) Mode
Rs(mm) | t(mm) d(mm) ¢(mm) | 26 ) (N -m) | GN-m) | MecCal
LTP-1 24.3 51 1.0 10 360 3.966 2.181 1.818 OC
LTP-2 n " 4.0 10 " 0.582 0.505 1.153 BC
LTP-3 " ” 1.0 10 4 4.059 2.181 1.861 0oC
LTP-4 U " 4.0 10 " 0.649 0.505 1.285 BC
LTP-5 " U 1.0 100 " 3.466 1 2.181 15891 0]
LTP-6 U " 4.0 100 " 0.341 0.505 0.675 B
LTP-7 U " 1.0 100 " 3.466 2.181 1.589 0C
LTP-8 U " 4.0 100 " 0.550 0.505 1.089 BC
LTP-9 " y 4.0 100 63.3 3.866 1 2.436 15371 8]
LTP-11 U " 0.0 0.0 0.0 3.466 1 2.842 1.2201 0]
Note : OC=Crack initiation after ovalization
BC=Crack initiation after local buckling
0O=0valization
B=Local buckling
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(a) LTP-2 (d/t=0.784, £=10mm)

fpe O3

(b) LTP-3 (d/t=0.196, {=10mm)

upper : the front side / lower : the tensile side
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(¢) LTP-6 (d/t=0.784, ¢ =100mm)

(d) LTP-8 (d/t=0.784, ¢ =100mm)

upper : the front side / lower : the tensile side

Fracture mode occurred of a pipe with locally thinned area
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