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Effect of Inner/Outer Wall Thinning on Strength and

Deformation of Energy Plant Pipes

Kum-Cheol Seok

Department of UR Interdisciplinary FProgram of Mecharnical/
FEngineering Gradiuate School

LPukvong National/ University

Abstract

Fracture behaviors and strengths of pipes are very important for
the integrity of energy plants, ocean structures, and so on forth. In
pipes of energy plants and. ocean structures, sometimes, the local
wall thinning may result—from severe erosion-corrosion damage.
Recently, the effects of local wall thinning on fracture strength and
fracture behavior of piping system have been well studied.

In this paper, the monotonic bending analyses were performed on
full-scale carbon steel pipes with local wall thinning on the inside. A
monotonic bending load was applied to straight pipe specimens by
four-point loading at ambient temperature without internal pressure.

The elasto—-plastic analysis was performed by FE code ANSYS on

_iv_



straight pipes with wall thinning. We evaluated the failure mode,
fracture strength and fracture behavior from FE analysis. Also, the
effect of the axial strain on deformations and failure modes was
estimated by FE analysis.

Experiments for effects of location of thinned wall on the fracture
behavior of pipes were carried out, and were compared with the
analytical results. Local wall thinning for the bending test was
machined with the various sizes on the-outside of pipes in order to
simulate the metal loss due to  erosion/corrosion. Accurate
simulations of fracture behaviors of outer wall thinning, were
possible by three dimensional elasto-plastic analyses and then FE
analysis for the pipes with local wall thinning on the outside made a
comparative study with that of inside. Fracture type obtained from
the experiments and analyses could be classified into ovalization,
local buckling and crack initiation depending on. the thinned length
and thinned ratio. From  the results, the fracture behaviors of pipes
with the outer wall thinning were showed that can be applied to
estimate the fracture behaviors of pipes with the inter wall thinning.

Monotonic bending tests were performed on full-scale welded
carbon steel pipes with local wall thinning to compare unwelded
ones. A monotonic bending load was applied to straight pipe
specimens by four—-point loading at ambient temperature 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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Fig. 1.2 Schematic of the cooling system of pressurized water

reactor
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Fig 1.3 Stress distribution modelling of Net-Section Collapse
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Fig. 1.4 Stress distribution modelling of -circumferential
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Fig 1.5 Stress distribution modelling of circumferential cracked

pipe for Net-Section Collapse Criterion®?”
Note: R : Mean radius. of pipe

t : Wall thickness

p : Internal pressure

M, : Moment

[ One half of neutral angle

a ' One half of crack angle

oy - Flow stress
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AN e=ZRY 78 7 7A4 A2 2 S L5 247 Table 2.1

ottt AldH e TRl ol = 20745°, 90°, 180°, 360°9] 4714
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/+“Thinned length

d : Thinned depth
t : Nominal thickness (5.1mm)

20 : Thinned angle

Fig. 2.1 Pipe specimen with local wall thinning and 4-point

bending load used in the FE analysis
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Table 2.1 Mechanical properties

Tensile strength  Yield strength Elongation
Material
oy (MPa) oy (MPa) (%)
STS370 402 273 28
Table 2.2 Chemical composition [wt% ]
Material C Si Mn P S
STS370 0.25 0.17 0.5 0.035 0.035
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Fig 2.2 A example of FE analysis modeling for thinned pipe
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Fig. 2.4(a) Bending moment(M)-load point displacement(6) curves

of wall thinned pipes by FE analysis
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Fig. 2.4(b) Bending moment(M)-load point displacement() curves

of wall thinned pipes by FE analysis
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Fig. 2.4(c) Bending moment(M)-load point displacement(6) curves

of wall thinned pipes by FE analysis
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of wall thinned pipes by FE analysis
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of wall thinned pipes by FE analysis

_38_



€4l
Z
X —— d/t=0,1=0mm
S 3 - - --d/t=0.784)=20mm
Er ------ d/t=0.784]=80mm
o H /\2 1| --- d/t=0.784)=140mm
g Vi

5 o
OV ENY F B8
(@)] -.:..;.’.;:;.—-—---—-—._._._.______.‘.-.: ......
£ B S
21
S I
oM

0 I 1 I 1 I 1 1 | I 1 1 I 1

0 20 40 60 80 100 .+120 -~ 140 160
Load point displacemens,(mm)

[Case of 26=180° and d/=0.784]

Fig. 2.9(f) Bending moment(AM)-load point displacement(6) curves

of wall thinned pipes by FE analysis
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Fig 2.6(a) Relationship between load point displacement and axial

strain
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Table 3.1 Mechanical properties

Tensile strength  Yield strength Elongation
Material
oy (MPa) oy (MPa) (%)
STS370 402 273 28
Table 3.2 Chemical composition [wt%]
Material C Si Mn P S
STS370 0.25 0.17 0.5 0.035 0.035
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Table 3.3 Specimen geometries

) Thinned Thinned
Specimen '
length ratio
No.
¢ (mm) d't
Sound pipe
WTP-1 0 0
(EXP. & FEA)
OWT-2 10
OWT-3 g5 0.8
Outer wall OWT-4 120
thinning
(EXP. & FEA) ~OWT5 0.6
OWT-6 10 0.5
OWT-7 0.2
IWT-2 10
IWT-3 25 0.8
Inner wall IWT-4 120
thinning
(FEA) IWT-5 0.6
IWT-6 10 0.5
IWT-7 0.2

_57_



outer thinned area

y
v
le—

Fig. 3.1 Schematic of dimensions of a wall thinned pipe

specimen and four-point bending test system
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Fig. 3.2(b) Examples of FEM model
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[Case of d/t=0.8]
Fig. 3.4(a) Relationship between moment and displacement

obtained from experimental and analysis of pipes

with outer wall thinning
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Fig.

Bending moment, M (kKN-m)

o Crack initiation
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[Case of /=10 mm]
3.4(b) Relationship between moment and displacement

obtained from experimental and analysis of pipes

with outer wall thinning
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Fig. 3.5(a) 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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Fig. 3.5(b) 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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(b) Outer wall thinning; d/t=0.8 and ¢ =25 mm

(¢) Outer wall thinning; d/t=0.8 and ¢ =120 mm

Fig. 3.7 Stress distribution and failure mode occurred in the

outer wall thinning
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(d) Outer wall thinning; d/t=0.6 and ¢ =10 mm
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(f) Outer wall thinning; d/t=0.2 and ¢ =10 mm

Fig. 3.7 Stress distribution and failure mode occurred in the

outer wall thinning
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(b) Inner wall thinning; d/t=0.8 and ¢ =25 mm
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(¢) Inner wall thinning; d/t=0.8 and ¢ =120 mm

Fig. 3.8 Stress distribution and failure mode occurred in the

inner wall thinning
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(f) Inner wall thinning; d/t=0.2 and ¢ =10 mm

Fig. 3.8 Stress distribution and failure mode occurred in the

inner wall thinning
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3.0
OWT-2
Thinned ratiod/t=0.8

2.5+
Thinned lengthl=10mm
2.0 I~ //
/ Equivalent strain

w /
c 15k / calculated by
.a //
= / equivalent stress()
n ,/

1.0

Fracture ductility calculated by

modified Weiss's theory()

! 1 ! B !

3. (EXp.
1 i | 1 "
0 10 20 30 40 50 60

Load-point displacemeni(mm)

0.0k=— .
70 80

[Outer wall thinning, OWT-2]
Fig. 3.9(a) Relationship between equivalent strain and fracture

ductility as a function of displacement for the

prediction of crack initiation
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/ modified Weiss's theorg()

! 1 ! !

1 1 1 1 1 1 1 1
10 20 30 40 50 60 70
Load-point displacemeni(mm)

[Inner wall thinning, IWT-2]

80

Fig. 3.9(b) Relationship betw een equivalent strain and fracture

ductility as a function of displacement for the

prediction of crack initiation
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Strain,s

Fig. 3.9(c) Relationship betw een equivalent strain and fracture
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Load-point displacemeni(mm)

[Outer wall thinning, OWT-5]

ductility as a function of displacement for the

prediction of crack initiation
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1.0 v i modified Weiss's theory()
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[Inner wall thinning, IWT-5]

Fig. 3.9(d) Relationship betw een equivalent strain and fracture

ductility as a function of displacement for the

prediction of crack initiation
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[Outer wall thinning, OWT-6]
Fig. 3.9(e) Relationship betw een equivalent strain and fracture

ductility as a function of displacement for the

prediction of crack initiation
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Thinned lengthl=10mm
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[Inner wall thinning, IWT-6]
Fig. 3.9(f) Relationship between equivalent strain and fracture

ductility as a function of displacement for the

prediction of crack initiation
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+ d '/— Weldment

._$__ 1/

N

N\

%
.
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o ———-----

14

y

thinned area

(a)360°circumferentially thinned specimen

(welded and unwelded pipe)

'/— Weldment

thinned area

(b) Partially thinned specimen with the different depth

(welded and unwelded pipe)

Fig 4.1 Pipe specimens with local wall thinning
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Table 4.1 Mechanical properties

Tensile strength  Yield strength Elongation
Material
o, (MPa) oy (MPa) (%)
STS370 402 273 28
Table 4.2 Chemical composition [wt%]
Material C Si Mn P S
STS370 0.25 0.17 0.5 0.035 0.035
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Table 4.3 Specimen geometries and test results

Half Wall | Thinned Wall A%ially Thinned | Maximum
Specimen .Outer Thickness| Depth Thmr.led Thinned | Angle Moment .
No. Diameter Ratio Length by Exp. Failure
Minax Mode
A{{mm) | Amm) | Amm) d't Amm) 26(°) &N - m)
SP-1 24.3 51 0 0 0 360 3.918 O
SP-2 " ” 1 0.196 10 ” 3.837 O
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 " 3.590 O
SP-7 " U 4 0.784 50 ” 0.622 B
SP-8 " U 1 0.196 100 ” 3.409 O
SP-9 " " 4 0.784 100 ” 0.628 B
* SP-12 ” ” 4 0.784 50 63.4 3.795 O
* SP-13 " ” 4 0.784 100 ” 3.718 O
WP-1 " ” 0 0 0 360 3.625 O
WP-2 " ” 1| 0.196 10 ” 3.616 O
WP-3 " ” 4 0.784 10 ” 1.134 oC
WP-4 " Y 1 0.196 25 / 3.565 O
WP-5 " ” 4 0.784 25 " 0.631 B
WP-6 " ” 1 0:196 50 ” 3.592 0]
WP-7 " ” 4 0.784 50 ” 0.472 B
WP-8 " ” 1 0.196 100 ” 3.378 O
WP-9 " ” 4 0.784 100 ” 0.565 B
* WP-12 " ” 4 0.784 50 63.4 3.519 O
* WP-13 " ” 4 0.784 100 ” 3.482 0]

Note: O : 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
* 1 Maximum thinned depth = dmax
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tungsten arc welding; GTAW)Z o] & (8471, DHT-400)sto] A4 7}
Z~(Shielding gas)®A =% 99.99%¢2] o}=Z(Argon)stoll A 2 FAH A
(D.C. straight polarity )o. = Alsjalal, 1 AM3s 1L Table 44
of Yetdth Fig. 42v wldE&HF 9 3 2= A (Pass sequence)E U E}

RiAsy

Fig. 4.2 Pass sequence of w elded pipe

_94_



Table 4.4 Welding conditions

G,
Filler | QCN s
Bead k Temp. | Amps | Volts Speed Flow |Tungsten
Metal or Size . .
No. (C) (A) (V) |(cm/min)| Rate [Electrode
Type Lot No. .
(I/min)
EWTh-2.
1 |ER70S-6| 032456 | 2.4¢ 31 1207140 | 11712 13715 13715 A
2 ” " 78 ” " ”
3 ” ” 104 ” ” "
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Supporting Roller

P
1 Loading Direction

\ Loading Roller

150 mm Outer Dia.=48.6mm
600 mm Thickness=5.1mm

Fig. 4.3 Four—point bending test
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