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Fracture Behaviors and Failure Modes

of Welded Pipes with Local Wall Thinning

Yong-Un Kim

Department of UR Interdisciplinary Program of Mechanical
Engineering Graduate School

Pukvong National University

Abstract

Fracture behaviors of pipes with local wall thinning are very
important for the integrity of nuclear power plant. In pipes of energy
plants, sometimes, the local wall thinning may result from severe
erosion-corrosion (E/C) damage. However, the effects 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 welded and unwelded carbon steel pipes with
local wall thinning. A monotonic bending load was applied to
straight pipe specimens by four-point loading at ambient temperaturc
without internal pressure. The observed failure modes were divided
into four types: ovalization, crack initiation/growth after ovalization,

local buckling and crack initiation/growth after local buckling. Also,



the strengths of welded and unwelded piping system with local wall

thinning were evaluated.
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(a) 360°circumferentially thinned specimen (welded and unwelded pipe)

/—— Weldment

48.6mm

thinned area

(b} Partially thinned specimen with the different depth (welded and

unwelded pipe)

Fig. 2 Pipe specimens with local wall thinning
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Table 1 Mechanical properties

Tensile strength  Yield strength Elongation
Material
a0, (MPa) J. (Mpa) (%)
SPPH38 402 273 28

Table 2 Chemical composition [wt2]

o
w

Material C Si Mn

SPPH38 0.25 0.17 0.5 0.035 0.035
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Table 3 Specimen geometries and test results

Half Wall | Thinned W all Ax-ial ly | Thinned | Maximum
Specimen F)uter Thickness| Depth Thmrvled Thinned | Angle | Moment y
No, [Hameter Ratio | Length by Exp. Failure
M Mode
Re(mm) | timm) | d{mm) d/ Zimm) | 268(7) N - 1)
SP-1 24.3 5.1 0 0 0 360 3918 0
Sp-2 # " 1 0.196 10 ” 3.837 )
SP-3 " ” 4 0.784 10 " 1.167 BC
Sp-4 ” ” 1 0.196 25 ” 3.782 0
SP-5 " ” 4 0.784 25 " 0.732 B
SP-6 " " 1 0.196 50 d 3590
SP-7 “ d 4 0.784 30 r 0622 B
SP-8 4 ” 1 0.196 100 " 3409 O
SP-9 " " 4 0.784 100 ” 0.628 B
@ SP-12 ” ” 4 0.784 50 63.4 3.795 O
= 5P-13 " ” 4 0.784 100 " 3.718 0]
WPk-1 ” " 0 0 0 360 3.625 0
WP-2 4 " 1 0.19% 10 ” 3.616 (@]
WP-3 v " 4 0734 10 ” 1.134 oC
WP-4 ” ” 1 0.196 25 ” 3.5605 0]
WP-5 r " 4 0.784 25 ” 0.631 B
WP-6 " " 1 0.156 H0 " 3.592 O
WP-7 " " 4 0.784 50 v 0472 B
WP-8 " ” 1 0.196 100 ” 3.378 0
WP-9 " " 1 0.7684 100 “ 0.565 B
# WP-12 ” d 4 0.784 50 63.4 3.519 9]
+ WP-13 ” ” 4 0.784 100 " 3.482 O

Noter O 0 Ovalization

OC : Crack initiation after ovalization

B Buckling

BC : Crack initiation after buckling

SP-1~5P-13 @ Unwelded specimens
WP-1-WP-13 ¢ Welded specimens
SP 1 and WP 1 : Non local wall thinning specimen

© Maximum thinned depth  dpue

_‘]8._
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oo olgF wiwe fHe E2FAvts WHAE obAEH(Gas
tungsten arc welding; GTAW)S ©] & (&4 7]; DHT-400)sF] 4 7}
> (Shielding gas)®A] &% 99.99%¢9] o}= Z(Argon)atol A ZHFATA
(D.C. straight polarity )2 & Alsiatla, 1 AAF =342 Table 40|
LFEFAITH Fig. 38 wiabg-g 5o uj 244 (Pass sequence)E HERIT

Fig. 3 Pass sequence of welded pipe
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Table 4 Welding conditions

1a
Filler QCN . . )
Bead B Temp. | Amps | Volts Speed Flow |Tungsten
) Metal or Size N i o
No. (CH (A) (V) |(cm/min)| Rate |Electrode
Tyvpe Lot No. .
( £ /min)
- - N - EWTh-2.
I |ER705-6| 032456 | 2.40 31 1207140 | 11712 13715 13716 A
2 78
3 104
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(a) The case of non local wall thinning

Fig. 5 Moment—displacement curves for locally thinned pipes

with weldment and unweldment
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‘ — Increase in value
= .
QEJ —— SP-2 (d/+=0.196; ovalization)
e 2+ SP-3 (d/t=0.784; crack initiation after buckling)
£ ~ WP-2 (d/t=0.196; ovalization)
%ﬂ -- WP-3 (d/1=0.784; crack initiation after ovalization)
:'é O  Maximum moment
L% A Crack initiation
B Crack penetration
] . ! . ! , 1

20 40 60 80 100
Load point displacement, & (mm)

(b) The case of ¢£= 10mm

Fig. 5 Moment-displacement curves for locally thinned pipes

with weldment and unweldment
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Z
= 3r
E? — Increase in value
)
£ ol —— SP-4(d/t=0.196; ovalization)
= I SP-3 (d/t=0.784; buckling)
éﬂ WP-4 {d/t=0.196; ovalization)
N WP-5 (d/=0.784; buckling)
0.:) o S O Maximum moment
m Ay Tteeeeall
0 . 1 . 1 . 1 . I .
0 20 40 60 80 100

Load point displacement, & (mm)

(c) The case of #Z= 25mm

Fig. 5 Moment—displacement curves for locally thinned pipes

with weldment and unweldment
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e 4r
2
= 3r
= —— SP-6 (d/t=0.196; ovalization)
g \ ~ SP-7 (d/t=0.784; buckling)
o 2r - WP-6 (d/=0.196; ovalization)
fn —————— WP-7 (d/t=0.784: buckling)
K= O Maximum moment
S i
= — Increase in value
L
R e
0 1 L -m 1 L 1 L 1 n
0 20 40 60 80 100

Load point displacement, § (mm)

(d) The case of #= 50mm

Fig. 5 Moment-displacement curves for locally thinned pipes

with weldment and unweldment
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E? — Increase in value
(0]
§ ) —— SP-8 (d/t=0.196; ovalization)
s (| SP-9 (d/t=0.784; buckling)
éo WP-8 (d/t=0.196; ovalization)
S 1 e WP-9 (d/=0.784; buckling)
5 : 0 Maximum moment
s m——

0 ‘ 1 L ‘ﬁl i 1

0 20 40 60 80 100
Load point displacement, & (mm)

(e) The case of ¢= 100mm

Fig. 5 Moment-displacement curves for locally thinned pipes

with weldment and unweldment
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= 37
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<F)
g 50
g — Increase in value
cﬁD —— SP-12(d__ /=0.784, /=50mm; ovalization)
N I SP-13 (d_/t=0.784, /=100mm; ovalization)
5 WP-12 (d__/t=0.784, /=S0mm; ovalization)
as - WP-13 (d__ /t=0.784, /=100mm; ovalization)
0 ). 1 5 1 1 1 N 1 )
0 20 40 60 80 100

Load point displacement, & {(mm)

(f) The case of dmax= 4mm

Fig. 5 Moment-displacement curves for locally thinned pipes

with weldment and unweldment
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Fig. 6ol ZWatEAle ZilE Mmaxsh o|&Hez 3 £455
2 E Mpegtel #AE vebddh S5E 7hA SPPH38 AL S o=
Zhupst Ald o] tlsk o2&l Aatgte ATd §3H 7T (net-section
stress criterion) o] oldted Fakg Huw ¥ v|FEol 28k

SE o] EAe A (31w o] Fojuth
=2 Rt o ,[2sinf+(n—28cosfl—[A ra,] 3.1

ol 7] A,

A= R.*0— R cosf sinf

—siné cosé I

rchosBJr(z,fs)[g sin 0 ] R———RS—(—%)

oA, P =HE 9z AL Z&d 94, Re AN, Ree =
g 8= 728%" 92ZH(radian), r& EWE SHarm), t= i i FAE

A7k Jebdch 181 ool §E-2d(flow stress) 2 FEA 4 3.20¢ 3
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M, _ (Experiment), (kN-m)

4+ % é
3F M_=119M,.
2k M (non local wall thinning ; Cal)
| — Increasein value
¢ Umelded pipe
0 Welded pipe
0 ] L | 1 ] 1
0 1 2 3 4 5
M, (Caleulation), (kN-m)

Fig. 6 Mmax(EXp.) VS. MPC(Cal.)
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(d) Z=100mm and d=4mm

Fig. 7 Failure mode of locally wall thinned pipes (unwelded pipes)



(d) ¢=100mm and d=4mm

Fig. 8 Failure mode of locally wall thinned pipes (welded pipes)
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Fig. 9 Moment ratio vs. wall thinned length
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