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Evaluation of Behavior of Failure on wall thinned pipe under

internal pressure

Hyo seong Gwon

Department of Material science & Engineering
Graduate School
Pukyong National University

Abstract

Fracture behavior and pipe strength are very important to the integrity of energy
plants, and ocean structures. The pipes of energy plants and ocean structures are
subject to local wall thinning, resulting from severe -erosion-cotrosion damage.
Therefore, evaluation of failure pressure and fracture behavior of pipes in energy
plants, ocean structures must be needed for getting integrity of them. In this study,
the pipe failure tests were performed on rcarbon steel pipe with various local wall
thinning shapes, wall thinning length, wall thinning depth. The tests were conducted
under internal pressure. The results of tests showed that failure mode of wall thinned
pipe depended on magnitude of internal pressure and wall thinning length as well as
wall thinning depth. The circumferential strain of wall thinned pipe was measured by
using strain gage and compared with that estimated by using finite element
analyses(FEA). FEA could estimate the precise elastic circumferential strain but
could not estimate the precise plastic circumferential strain. When circumferential
strain was over 0.2%, failure of wall thinned pipe began. And twice of pressure at
0.2% circumferential strain was needed to burst pipe with t/T=0.1, L=102 mm.
When the pressure was reached at failure pressure, wall thinned area of STS370 pipe

burst as a result of plastic behavior with large plastic deformation. Acoustic emission



has been widely used in various fields because of its extreme sensitivity, dynamic
detection ability and location of growing defects. In this study we also investigated
Acoustic emission signal by burst test. The AE signals began to be detected when
circumferential strain was over 0.2% at yield region, plastic deformation region,
except elastic region and the frequency range of AE signals was 78 to 351 kHz at
that time. The 78~195 kHz signals and 292~351 kHz signals concentrated yield
region, plastic deformation region, respectively. The results of the dominant
frequency range would be expected to be basic data that can inspect energy plant in

real-time.
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Node

Fig. 2.1 Node and element

Fig. 2.2 Schematic diagram of strain

gage
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Fig. 2.3 Schematic diagram of Wheatstone bridge

_12_



31 Hj# 243 A=

H AFoM AgH As+= A7 486 mm, F74 51 mme STS370 1U&

B>

ZJH) #(Carbon Steel Pipes for High Pressure Service)©]th. STS3709] 7]A
dd 2 S-S 22 Table 3.1 ¥ 3.200 YeEldT. Z71AA A2 ul

olA HHI AFANFHAE A3t QAN GOz RE dojzl Aot

Y

riy

Table 3.1 Mechanical properties of STS370

Tensile : .
Yield strength Elongation
strength
Material
Oy Oy
[MPa] [MPal [%6]
STS370 402 273 28

Table 3.2 Chemical composition of STS370[wt.%]

Material C Si Mn P S

STS370 0.25 0.17 0.5 0.035 0.035
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Thinned area

—

1
L
| ‘ Quter diameter : 48.6 mm
Inner diameter : 38.4 mm
800 Wall thickness : 5.1 mm

Fig. 3.1 Shape and dimensions of a pipe specimen with wall thinning
(a) LWT-1~8, (b) LWT-10, LWT-12, (¢) LWT-14, LWT-16 (d)
LWT-18
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Table 3.3 Specimen geometries and burst pressure

, Wall  Thinned Thinned Rest of burst ,

Specimen ) ) pressure  Thinned
thickness depth length  thickness t/T
© T (mm) d (mm) L (mm) t (mm) P shape
(MPa)

LWT-1 5.1 454 102 0.56 0.11 8.16 360°
LWT-2 " 4.50 102 0.6 0.12 8.14 360°
LWT-3 # 4.36 102 0.74 0.15 11.6 360°
LWT-4 4 4.28 102 0.82 0.16 11.2 360°
LWT-5 % 410 102 1.00 0.20 19 360°
LWT-6 i 481 25 0.29 0.05 371 360°
LWT-7 . 479 25 0.31 0.06 3.82 360°
LWT-8 ! 473 25 0.37 0.07 5.54 360°
LWT-10 4 4.79 25 0.31 0.06 6.85 1 plane
LWT-12 " 4.59 102 0.51 0.10 13.02 1 plane
LWT-14 " 459 102 0:51 0:10 14.55 2 plane
LWT-16 " 48 25 0.30 0.06 7.65 2 plane
LWT-18 " 476 18.53 0.34 0.07 19 Round
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.A;.I'ID . P.C
converter Y
Amplifier

Pressure transducer

/

Strain gange AE sensor

FEEEEEEEE R RS

Pressure pump

1 1
AE analwysis
Channel 1

Fig. 3.2 Schematic diagram-of internal pressure tester
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(b) Detail of thinned area

Fig. 3.3 An example of the FEM analysis model
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Fig. 3.4 Treu stress-true strain curve used in-FE analysis
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24+ - L=102 mm
Py 22 . —O—L=25 mm
S 0L
[~ I
2 18' n)
: 16_'
; 14'
% 12_‘ |
o 10r
2 6 o
; 4F o
MR 9L
O L i 1 ’ 1 . 1 . 1 i 1 ’ 1 . 1
0.03 0.06 0.09 0.12_ 0.15 0.18 0.21 0.24
t/T

Fig. 4.1 The relationship between wall thinning depth and burst

pressure under design pressure (15 MPa)
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18+
" LWT-5 LWT-18

15}
z 12
s 7 LWT-12
2 o LWT-1
x
2 L
& 3r

0_ 1 1 1 1 " 1 1 1 1

AR RITIYT a 6 7 8
Strain (%)

Fig. 4.2 The relationship between strain and pressure under design

pressure
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Fig. 4.3 Comparison of experimental and analysis on LWT-5

_26_



—— LWT-1(Exp)
| —— LWT-3(Exp)
25+ —— LWT- 5(Exp)
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B~ 20+ LWT-5(Cal) —— LWT-3(Cal)
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Fig. 4.14 Pipe appearance after test, (a) LWT-1, (b) LWT-12, (c)
LWT-7, (d) LWT-10
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