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An Experimental Study on Failure Behavior of TP316 Stainless Steel Pipe with

Local Wall Thinning and Cracking

Cheung, Jin Hwan" Kim, In Tae”* Choi, Seock Jin® Choi, Hyung Suk” Kim, Hee Sunga

Y Professor, School of Civil and Environmental Engineering, Pusan National University, Busan, 609-735, Korea
" Associate Professor, School of Civil and Environmental Engineering, Pusan National University, Busan, 609-735, Korea
9 Master Course, School of Civil and Environmental Engineering, Pusan National University, Busan, 609-735, Korea
# Research Professor, Seismic Simulation Test Center, Pusan National University, Busan, 626-870, Korea
% Assistant Professor, Division of Architecture and Civil Engineering, Dongseo University, Busan, 617-716, Korea

ABSTRACT : Although nuclear power plant piping system is designed conforming to design specifications, the piping
systems are deteriorated with increase in service life. In this study, monotonic and cyclic loading tests were carried out
on TP316 stainless steel pipe specimens, and the effect of local wall thinning and cracking on failure behavior was
investigated. In the tests, 0%, 35% and 75% wall thinning and cracking of initial thickness were artificially introduced
to inside elbow and straight pipe specimens, and internal pressures of 20MPa were applied to simulate real operation
condition. From the test results, the effect of local wall thinning and cracking on failure mode, ultimate load, number of

cycle and strain energy was presented, and maximum bending moment was compared with allowable bending moment

calculated by ASME code.
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1. M B
A2 38A % A Aokl i Byl Fksta )
A, A Mg E Sk gl A% g 39

1
ng A% o AR 942 2] FE5 go

Note.-Discussion open until June 30, 2013. This manuscript for this
paper was submitted for review and possible publication on August
17, 2012; revised October 30, 2012; approved on December 6, 2012.
(© KSSC 2012

* )
Corresponding author

Tel. +82-51-510-2497; Fax. +82-51-513-9596
E-mail: itkim@pusan.ac.kr

Fomw $3 ¥ 1 3940 48 A0 dEn

1986 4] A A2 a9} 2011d
39 FRA0E A BALY A o), A WAk

A AL 17} s el 1 sl st webq €
Arid 2] AT A24e] s

QAAs) W7 B BRN 2R Bk v
gele] e 2

ZA s

j=3

=

=

121%) 2012d 128 647

U xsts| =2 F

Y H24d 65(sd



KA. ZIolEf - &M

o (= =

[al

- E A .23

[ d
S = S

HjaAe] A el

flo
olo
Niv)
T
1>
=
e
=2
Lo
rot
-
e

Miyazaki 57 25 74&0] g4o] vazt o] 337
T 93 484 4 M4 oR HESSIH Ahn
580 gazt dree A7 Feo] wHS gfon ww
ool Zhso] LAG A9 FHrsg g gEel tis)
AEsL}t. 12]3 Takahashi S0 e 20 71g0
TR BA7) AR AR widE ddeR I s
wje] HA gl Ajel S B2 s AFe A 9% A
dHoZ HESIG. o|<} Zo| i A5l tidt A+e
F2 B uiHE gigeR slar 9lom, A de Aley]
I e ZHQE A wjae] S AEE gt dig
AF7F B3 Aoltt, Telal wdo] HAS wje] 2
A% 2 AT gk AFE FE3 ARo|t). whbA
RA/ARA, o|FFEHEY], Y s8R 9 A
e 1 S =2 R R = ) =2 A s e o e - i
ek oA AEs} Fesi?,

2 Aol Al daE Al ] AREE T 9l
2173 31| dE5- 5 A7 Fejo] 2HQI=] A7 (TP316)
)] ©xsls 9 vl Alskd Es At 5740
WA e fde] A=t wjee slRe o gkt
o] vlAlE 93 ddgow Frlsieieh. 22l ASME™
Code Section M, DivisionI, NB-3656<] 47 & =l
EQ AgoA Tt o @ EHEE vlwsle] ASMES] 2
g 51871%s WUkl

it

> O

P

it

-l

2. MEA w2 & AU

2.1 ARA| HE

£ Aol 2802 273(TP316)S o83l Fig. 1
yd

7} o] HAe] 321%](88.90mm)°]x FA7} 11.13mme!
AL A} A AFAE AL

AHL- AlEAE Zo] 170mm 2 271 90° e gt
th7] &8kl ARfsll e, BFAE 7 A AldAle
Zo] 100mm 2541l 200mm &S gf7] 853k] A
Aspict. SERARE, 45 28T Ee ARE
off] fese dEe Fig 19 855 A-ATdA A
AR oyt 2| AA| wjel o] f g =i
A9l 7+ Fig. 19 B-BHHI} 22 YA|el|A] 2 A
o7 diEn} old] & AFAE Fig. 29 #2o] s

648 s=z7xsts =27 H2uH 65(EH 1213) 20124 12%

(a) Elbow Pipe Specimen
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(b) Straight Pipe Specimen
Fig. 1 Geometry of Specimens (unit; mm)
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(b) Local Wall Thinning
Fig. 2 Detail of Initial Crack and Wall Thinning (unit; mm)
Table 1. Specimen Geometry and Defect Size
g g ] Initial Wall
Spff,%gen Sprfacglréen Def%gt/tlgatlo Crack Thinning Notation
(degree) (degree)
EL REF 0 0 0
Blbow pipe | -0 055 60 o | Am E A
(monotonic and EL C75 0.75 EL C75: ELbow A#,
repeated load) | g, w35 0.35 Crack 75%%1 A%
0 60
EL W75 0.75
CA REF 0 0 0
Straight pipe | CAC3 0.35 60 0 CA W75: CAntilever
(monotonic and CA C75 0.75 H, Wall thinning 75%
repeated load) CA W35 0.35 ol AlEA
0 60
CA W75 0.75
Table 2. Chemical Compositions (wt.%)
C Si Mn P S Ni Cr Mo
< 0.08 < 1.00 < 2.00 <0.04 <0.03 12.00 16.00 2.00
Table 3. Welding Process Parameters
L4 At Q7 zE o9 Ln ol gk
QAW QAH] =T oH oH T oH T HE 0
& e 2% (Volt) (Amp) (cm/min) (kJ/cm2)
AWS A5.9 ER316L, ) . ) )
GTAW 9 4pi. DCEN 8-15 90-180 5-20 5.7-17.8
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Table 4. Measured Defect Size (unit; mm)
TEAHA T A5 23s A A T A3E
EL C35 3.70-4.40 11.13 33-39% EL W35 3.80-4.35 11.13 34-39%
EL C75 7.95-8.45 11.13 T1-76% EL W75 8.16-8.68 11.13 73-18%
CA_C35 3.85-4.45 11.13 34-40% CA W35 3.68-4.15 11.13 33-37%
CA C75 7.90-8.85 11.13 T1-79% CA W75 8.01-8.60 11.13 T1-T1%

(b) Loading System

Fig. 3 Elbow Pipe Specimen
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(b) Loading System

Fig. 4 Straight Pipe Specimen
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(a) Intrados

(b) Extrados
Fig. 5 Ovalization of Elbow Pipe Specimen

(b) Plastic Deformation
Fig. 6 Typical Failure of Straight Pipe Specimen
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Table 5. Maximum Monotonic Load and Failure Mode

9] 3 3 -‘JK’HO]’T’] _I-Eﬂ‘o‘]- KdgaN gé})(] \%}g g & F O]E} ) Redgction
Specimen 1}%‘?3@%? Hf;g?nﬁfn Failure mode
120 ‘ load(%)
‘ ‘ EL C75 EL REF 93.21 0.0 OV-NF
10 % ELC35 | 9341 0.2 OV-NF
" K,ﬂmﬂ:&* ELCT5 | 95.42 2.4 OV-NF
2 | f/ N\ EL_C35 | EL W35 92.39 0.9 OV-NF
5 f \ FL REF EL W75 - : :
X = ‘ EL W75 86.88 6.8 OV-NF
e EL_W35 =
g CA REF 114.12 0.0 PD-NF
¥ CA C35 103.03 9.7 CR-IC
CA C75 94.70 -17.0 CR-IC
20
CA W35 114.47 0.3 PD-NF
5 , ., ; CA W75 109.86 -3.7 PD-NF

0 20 40 60 80 100 120 140 160 180
Displacement (mm)

Fig. 7 Load-Vertical Displacement Curve of Elbow Pipe
Specimen
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Fig. 8 Load-Vertical Displacement Curve of Straight Pipe
Specimen
052 s=zTxsts =2 MAH 63(EH 1213) 20124 128

OV-NF: Ovalization-No failure,
PD-NF': Plastic deformation-No failure,
CR-IC: Cracking from initial crack.

(b) Extrados
Fig. 9 Failure of Elbow Pipe Specimens
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(b) Cracking from Initial Crack

Fig. 10 Failure of Straight Pipe Specimens
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4. ASME 7|=1te| & ZHE H|W

ASME™&  gAwds dde] AAMNE ASME
CODE Section I, DivisionI, Subsectlon NB, NC,
NDel| g8t gltt. 28]a ASME 7155 7122 & %7}
2E=24 ASME CODE Sec.XI, DivisionI°X< 7Hs%
Agto] LAY wljte] hek H7h Ak 3 wAl, B AlESAL
G e At 23S Algata ok

B Ao AR ¥ AldAlE ASME CLASS 1 SA-312
GRADE TP316Hi#e]7] wj&ed] ASME CODE Section
I, DivisionI, Subsection NB &= |gHc} £ Ao
Me AdZ9E oldste] ASME 7IFdl 2at dxpeds
gl AMEEE Ha o 7 7|5 TSR A 2 '
HES Hrleit.

Table 6. Strain Energy and Failure Mode

Specimen DIASII%%?SJ%G? ' Force é&{rlnqﬁ)htude Str[?{lﬁ /Ei?f gy Strf;aol?%e)rgy Cycle Failure mode
EL REF 40.6 220.8 3.49E+05 0 180 PD-NF
EL C35 40.3 225.8 2.94E+05 -16 180 PD-NF
EL_C75 40.2 184.3 2.01E+04 -94 13 CR-IC
EL_W35 40.2 197.7 1.88E+05 -46 112 CR-IN
EL_WT75 40.5 174.3 1.71E+05 -b1 117 CR-IN
CA REF 40.2 237.2 2.92E+05 0 141 CR-WT
CA C35 40.2 238.9 1.82E+04 -94 4 CR-IC
CA CT5 40.2 195.7 2.45E+03 -99 1 CR-IC
CA W35 40.5 244.3 4.23E+05 45 180 PD-NF
CA W75 40.2 238.8 2.90E+05 -1 180 PD-NF

PD-NF': Plastic deformation-No failure, CR-IC : Cracking from initial crack, CR-IN : Cracking at intrados,

CR-WT: Cracking at weld toe

654 s=z7zsts =27 H2AH 65(EF 1213) 20124 12%
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ASME CODE Section T, Division I, NB-36400 AA|
wo] e 4 (1)< ol Ak 4 oivt, a2ja ALk
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P+ D,

min ZW+A (1

25t

Pa:m (2)

Table 7. Design Wall Thickness and Internal Pressure
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Table 8. Parameters used in Eq.(3)

Minimum Test Maximum
Defect ratio/ required q allowable
thickness wall internal internal
(mm) thickness p{ﬁ;:l]re pressure
(mm) (MPa)
0% | 11.13 38.40
35% 7.24 6.09 20 24.02
5% 2.78 8.86

o]7]A, P—HHJJHHTJ 28 4= (MPa),
=5 (mm), Hﬂﬂfﬂ 832 (MPa),
0.0(2%<= =% 04 7)ot

2 AgefMs} 7 L°1 20MPa2] wisto] AHgshe 74-9-<] F
2 AT A (1) ol&sta, i Zge] g 7
Soe 2gog O] H a9 FAE A (2) Ys)
of ZAgo] gl A9 HAdl & vde 78 F Utk
20MPa®] Wge] 2H8sta, 0%, 35%, 75%°] 453 ¢4
o] WA 735 ANt 4w FA 9 Hdl &8 U=
Table 7 JeplITt. WA Wik 20MPa°] #-&3sk= 4%
o] & wjFFAE 6.09mm=E 75%9] A5 Aol =Y
o AldAE ASME 71ee e ¥t a8la 75%
3 gdo] M A9 Ho oSS 8.86MPa®E
B Aol 20MPaXt} Ztorg ASME 7|55 wEslR] &
=k webA 0%9F 35% 453 7 Al@AE ASME 71+

Do=274(mm),
y=0.4, A=

T

rr

S WESANE 75% A3 79 AldAle ASME VS
TS| et
tZ=sts AHstA| =|of B ZHE H|w
ASME CODE Section I, DivisionI, NB-3640] #|

AR A (DT olest] wxalF 483l WA B mE
2 AN % 9ok

T8 A5 | AFAA AHL- AJH Condition
B, Bi=05 | Bi=-0.1+0.4n | Put not <0 nor
%0.5
B;=1.3/h??
B, B;=1.0 h=txR/rm’ but not(1.0
rm:(Do_t)/2

Table 9. Bending Moments under Monotonic Load

Specimen A%Mgﬂf B ﬁ%ﬁg g&é 3 mHlE B
name (KN'mm) (KN'mm]
EL _REF 26,521 2.44
EL (35 26,744 2.46
EL_CT75 10,860 27,708 2.55
EL_W35 26,747 2.46
EL_W75 25,304 2.33
CA REF 24,322 1.38
CA (35 21,338 1.21
CA_CT5 17,675 18,882 1.07
CA W35 24,013 1.36
CA WT5 22,762 1.29

= E_%L?_Z:_é_!*?J —E— z I-”24':',:l 6= (

ZrlEd] gk Ao ek Hdf ¥ RelES] HE Jehfislrt.
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