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Effects of Thinning Length on Failure Mode of Local Wall Thinned
Pipe
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Key Words: Thinned Pipe(Z58l31), Failure Mode(£4+ 52

), Pipe Fracture Test() &3 chAl &)

Abstract

The pipe fracture tests were performed on 102mm-Sch.80 carbon steel pipe with various local wall
thinning shapes, in order to understand failure behavior of thinned pipe. Pipe specimens were subjected
to monotonic bending moment, using 4-points loading system, under intemally pressurized condition.
From the results of experiment, the failure mode, load carrying capacity, and deformability of local
wall thinning pipe were investigated. Failure mode of thinned pipe depended on magnitude of internal
pressure and thinning length as well as loading direction and thinning depth and angle. The variation
in load carrying capacity and deformability of thinned pipe with length of thinned area was determined
by stress type appled to thinning region and circumferential thinning angle. Also, the effect of internal
pressure on failure behavior was dependent on failure mode of thinned pipe, and it promoted crack

occurrence and mitigated local buckling at thinned
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Table 1 Chemical composition of pipe material.

slgtx C
w/0 0.19

g

Si
0.21

Mn
0.59

p
0.0015

S
0.0011

Table 2 Tensile properties of pipe material.

Yield stress Ultimate
s.(MPa) | tensile stress, |Elongation, %
Y Guts(MPa)
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Fig. 1 Geometry of local wall thinning in pipe.
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Table 3 Test matrix of thinned pipe tests.

P Loading
ID t| 260 | Limm)
P type | Y i

SP-17 tension 25
SP-18 . 200
sP19| : 180" o5
SP-20 compression 200
SP-31 . 25
Sp-32 tens.+comp. 360 200
SP-12 tension 2
SP-13 074 on° 200
SP-15 90T s
SP-16 compression 200
SP-1 . 25
Sp-4 10 tension D 200
SP-5 . 180° o5
SP-8 compression 00 |
SP-9 . 25
SP-10 tens+comp. 360 200
SP-22| 10 " 0 10 0
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Fig. 3 Photographs of 4-points pipe test loop.
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Table 4 Failure mode of locally wall thinned pipe.
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ID Failure Mode
SP-17 Necking — Cracking
SP-18 Ovalization
SP-19 Local Bucking
SP-20 Local Bucking
Sp-31 Local Buckling/Necking

— Cracking

SP-32 Local Buckling + Ovalization
SP-1 Necking — Cracking
SP—4 Cracking
SP-5 Local Bucking
SP-8 Local Bucking
SP-12 Necking — Cracking
SP-13 Ovalization
SP-15 Local Bucking
SP-16 Local Bucking
SP-9 | Local Buckling/Necking — Cracking
SP-10 Local Buckling — Cracking
SP-22 Bending
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Fig. 4 Effect of internal pressure and thinning
length on crack occurrence in thinned
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Fig. 5 Comparison of load-displacement curves with
length of thinned area for (a) 26 =90° , (b)
20 =180° , (c) 20 =360° .
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Fig. 6 Comparison of load-displacement curves
with internal pressure for (a) 26 =180° ,

(b) 20 =360°
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