30 INSS JOURNAL Vol. 23 2016 NT-1

BEAPE A BRI IC & % S R 245 A0S Ot wf B!
(AT ¥ L A8 B & OV ot -5 5 B o Bed))

Load carrying capacity assessment of cracked components
by elastic-plastic finite element analysis
(Investigation of load carrying capacity assessment procedures
for stainless steel plates and pipes)
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Abstract A procedure for obtaining the load carrying capacity of cracked components of
ductile material conducting by an elastic-plastic finite element analysis(FEA)was discussed.
First, tensile tests using stainless steel plate specimens with through wall or part-through
wall crack were performed. The deformation and strain were measured by the digital image
correlation technique. Ductile crack initiation behavior was also observed. The tests was
simulated by the elastic-plastic FEA. It was shown that the maximum load obtained by the FEA
was about 1.15 times that obtained by the tests. The FEA using the stress-strain curve estimated
by the K-fit method, in which the curve is estimated using the yield and ultimate strengths,
agreed well that obtained using the curve by the tensile test. The FEA was also performed for
simulating four point bending tests of cracked stainless steel pipes. Since the drop in applied
load caused by ductile crack penetration of wall thickness was difficult to simulate, the stress
penetration criterion was newly proposed. It was shown that the load for crack penetration could
be predicted by the stress penetration criterion. Finally, the procedure for performing the FEA
using the K-fit method and the stress penetration criterion was discussed for applying fitness-
for-service assessments. The procedure allows deriving the load carrying capacity of cracked
components which has a complex geometry or has inhomogeneous material properties such as
welding portion.

Keywords Load carrying capacity, Fitness-for-service, Limit load, Elastic-plastic finite element analysis,
Stress-strain curve, Stainless steel, Digitial image correlation
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Table 1 Chemical content of test material (mass %).

Fe C

Si

Mn

P

S Ni

Cr | Mo

Bal. | 0.06

0.84

0.84

0.028

0.001|10.10

16.16 | 2.14

Table 2 Mechanical properties of test material.
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Fig. 1 Geometry of plate specimens (unit; mm, thickness 6 mm).
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Fig. 3 True strain distribution and surface image at maximum peak load. The strain was measured by DIC technique.
Relatively high strain was observed near machined pre-crack.
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Fig. 5 True stress-strain curve used for finite element
analyses. The IFD method allowed obtaining the
curve over the uniform elongation. The curve

estimated by K-fit method was also used for the
analyses.
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Fig. 6 Relationship between applied load and displacement obtained by finite element analyses. Two kinds of stress-
strain curve (IFD method and K-fit method) , and two kinds of maximum strain (failure strain and uniform

elongation) were adopted to the analyses.
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Fig. 7 The maximum load obtained by the finite
element analysis P, ga) Normalized by that
obtained by tensile tests P . The maximum
load by the analyses tended to be larger than the
test results regardless of the crack geometry.
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Table 3 Elemental content (mass %) of test material
for four point bending tests.
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Table 4 Summary of specimen geometry for pipe
bending tests.

D, (mm) ¢t (mm) a (mm)

Specimen No.

Fe C Si Mn p S Ni Cr

P1 104 8.35 4

Bal. | 002 | 047 | 1.03 | 0.029 | 0.002 | 9.05 | 16.08

P2 104 8.35 6
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Fig. 9 Change in applied moment with rotation angle
obtained by bending test using cracked cylinder.
Load drops was caused by crack penetration of
wall thickness.

42 BREZBEN

AERIR DT % ABAQUSIZ & 2 BB A7 BB
fEtr CRZTMNT) 12X ) HBIL 72, P2RRER 2 4
GLLARERETNVEMIIIRT. 205 mifk
WA EHR 2 Hv, W2 2 L atko 450 1
ZETMEL7: BrEATAEE (4K 1000 mm)

050
____________________________ A N
Do [ o () ps7.3[ 01143
30— S
(oo >0 QO
! 900 N
1200

Cross section A—A’

Fig. 8 Geometry specimens and loading system for pipe bending tests.

Fr2

y =300 mm

Center

300 mm

Fig. 10 Geometrical condition for calculating bending moment.



38

ZREL, MI2IZRT LIS, FodmificmsEth
FE—X Y MEHAML.

FEATICH V2R TT - O3 AR 2 131 R T
FlRRBOME L, 02%M ) (211 MPa) & 51k
HRE (611 MPa) % HI W T KAt D SiEE L7z i
D 2 M FH 7z SEBGRER T OFFFT CIER 5 1R
L7z& 912, Bo$AEToRS - OFAMBD
Hwniehs, &2 TOMPIClE—MHMORA T %
ERETZINT - OF A E VW £72, K7

v rHvi03, v 7 E13205 GPa k L7

Crack front\

Fig. 11 Finite element mesh used for analysis for
simulating deformation of the specimen P2.

Center
(Cracked plane)
//
)
Fig. 12 Boundary conditions for simulating the four

points bending tests.

35
30 e T
- _z "/‘\/‘\

Moment, kNm
G

\
\
[/

10
/ ——Test (P1)
5 —FEA
— — FEA (K-fit)
O 1 I
0 5 10 15 20 25

Rotation angle, deg.
(a) TestPl

INSS JOURNAL Vol. 23 2016 NT-1

1200
1000 /|_
&
800
= /
v ,
o 600 —
™) P
=) -
n /
o P
5 400 -
S
- -
Tensile test
200 - - Kfit ]
+ Necking initiation
0 1 1
0.0 0.1 0.2 0.3 0.4 0.5

True strain

Fig. 13 True stress-strain curve used for finite element
analyses. The curve estimated by K-fit method
was also used for the analyses. K-fit method
could derive almost identical curve to that
obtained by the tensile test.
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Fig. 14 Relationship between applied moment and rotation angle obtained by finite element analyses. The analyses
using the stress-strain curve of tensile test and that of K-fit method exhibited similar result.
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Fig. 15 The maximum moment obtained by the finite element analysis M, rzynormalized by that obtained by
bending tests M, (- The maximum moment obtained for P2 tests was much larger than the test results. By
applying “stress penetration criterion”, the difference between the analysis and test results was reduced.
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