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Abstract

The objective of this study is to develop a local failure criterion for a wall thinning defect of
piping components. For this purpose, a series of tensile tests was performed using several types of
simulated specimens with different stress states, including smooth round bar, notched round bar (five
different notch radii), and grooved plate (three different groove radii). In addition, finite element (FE)
simulations were performed on the simulated specimen tests and the results were compared with the
test results. From the comparisons, the equivalent stress and strain corresponding to maximum load and
final failure of notched specimens were proposed as failure criteria under tensile load. The criteria
were verified by employing them to the estimation of failure of grooved plate specimens that simulate
the wall thinning defect. It showed that the proposed criteria accurately estimate the maximum load

and final failure of grooved plate specimen tests.
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(a) Notched round bar specimens
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(b) Grooved plate specimens

Fig. 1 Geometries of simulated specimens
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Fig. 2 Test set-up for grooved plate specimen
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Fig. 3 Load-displacement curves obtained from
smooth and notched round bar specimens
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Fig. 5 FE meshes for notched round bar
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Table 1 Comparison of loads and displacements at

maximum load point obtained from
experiment and FE simulation
Specimen Type Exp. | FEA |Diff.[%]
smooth round bar load | 5.720 | 5.741| 0.37
disp. | 4.447 | 4124 | 7.26
notched round bar { load | 4939 {5.012} 148
V-4 (R,=0.5mm) | disp. | 0.298 {0.264 | 114
notched round bar | load | 4224 | 4283} 1.40
R,=1.5mm disp. [ 0.340 { 0.287 | 15.6
notched round bar | load | 3.870 | 3.867 | 0.08
Ry,=3mm disp. | 0414 [ 0.390 | 5.78
notched round bar | load | 3.523 | 3478 | 1.28
R.=12mm disp. | 0.712 | 0.688 | 3.37
notched round bar | load | 3.454 | 3.435| 0.55
R,=24mm disp. | 0.909 | 0.881 ] 3.08
32 IREMVIE HF
321 &AM Aol xR 33 F HHE 2R
Fig. 8& EZF AFAER B2 =AANE AE
Ago)A AWsles AF et Fo] o] B
ks AFAA AR 9Rd 3% 39 A

(stress triaxiality)9} 57158 o F/HEEE
2 yehd RAojth #3384 AlEHA @3401]"1
FF gt AL B9yt wXAE AR HF
gro] PAstE W} dX }" FHe=r A4
Atk rat 3] G A ¥k Fo] S E Al
He| 27 wt7og —rz]--%_zi:}if_ O 7 rfa=02 A
FA, r/a=1S A H EEE uldith q7]A, 3
$8 Axe A () 2ol F7HEH(o,)l
BT $H(0,)9 YIZ FYsATH

A

o.l}, Fl
oo

m >i

o e g op

! +o,+ o3
o, 30 M

zodoln, Sr1ee s
A @)% (33 #o] Hedn.

1/2

24 (0 —0p) + (o= 0)'] (2)

B L (AP KRN
2 URe 3% 39 AE
o) FerS 3% 49
golX Hopd B4R
Aolsta, 57152

o AT

tlo ol



308 429 - A%

1.6
=
8
X
8
=
0N
[
£
)
0.0 . A . A
0.0 0.2 0.4 0.6 0.8 1.0
rfa
700
600 L_.,._\.‘?_k_‘ iy
500
400 |
§
o 300} —R =05
---R=15
200 e R =
—-=R =12
100 - -+--R 224
0 ) . i sr’l‘woothl round bai
0.0 0.2 0.4 0.8 0.8 1.0
r/a
(a) At maximum load
2
8
x
©
s
7]
173
2
»
0.0 : ) A .
0.0 0.2 0.4 0.6 0.8 1.0

rla

0.0 0.2 04 0.6 0.8 1.0
rla

(b) At final failure

Fig. 8 Stress triaxiality and equivalent stress and
strain distributions at notched section
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Fig. 10 FE meshes for grooved plate specimen
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Table 2 Comparison of maximum loads estimated by Eq. (5)~(7) and grooved plate tests

Notch Experimental Estimated max. load [kN] Diff. [%]
radius max. load [kN] Eq. (5) Eq. (6) Eq. (7) Eq. (5) Eg. (6) Eq. (7)
55.30 55.23 55.25 55.18 -0.13 -0.09 -0.22
R,=3mm 55.69 55.23 55.25 55.18 -0.83 -0.79 -0.92
55.48 5523 55.25 55.18 -0.45 -0.41 -0.54
52.40 51.81 51.74 51.63 -1.13 -1.26 -1.47
R,=6mm 52.65 52.42 52.35 52.26 -0.44 -0.57 -0.74
52.16 52.42 52.35 52.26 0.50 0.36 0.19
48.76 48.44 48.31 48.21 -0.66 -0.92 -1.13
R,=24mm 48.96 48.98 48.84 48.75 0.04 -0.25 -0.43
48.38 48.12 47.99 47.90 -0.48 -0.81 -1.11
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Table 3 Comparison of estimated and measured
strains at final failure of grooved plate

specimens

Notch |Measured strains |Strains estimated| Diff.
radius | from experiment| by Eq. (8) [%]
0.7904 0.8823 10.42

Rq,=3mm 0.7987 0.8823 9.48
0.7871 0.8823 10.79

0.8851 0.9609 7.89

R,=6mm 0.8683 0.9614 9.68
0.8596 0.9614 10.59

0.9646 1.0631 9.27

R,=24mm 0.9598 1.0624 9.66
0.9606 1.0741 10.57
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Table 4 Comparison of estimated and measured
loads at final failure of grooved plate

specimens

Notch |Measured failure [Estimated failure| Diff.
radius loads [kN] loads [kN] [%]
48.17 47.02 -2.38

Ry=3mm 48.08 47.02 -3.66
47.77 47.02 -1.58

45.72 46.13 0.90

R,=6mm 45.71 45.60 -0.23
45.24 45.61 0.81

43.45 41.75 -3.91

Ry=24mm| 43.17 42.84 -0.76
42.64 42.12 -1.22
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