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e v wall and
tube = i a thickness
of 170 mm, plane III in
figure 2. The fracture gur-
face was completely brittle
and showed no shsa lipes.
Zxzamination ¢f the cture
surfa " [ il
gmall raglor
possil @
chara de
MOEt appeara
defe 5.9 mm

[#Y)
kg
g
g
&
5
c
f=

)
il

Three differe
this vessel,
he critical

by

R SRR RS I T
]
W
3
B
0
¢
::!
g
o

o l=§ "

[LEN eI}

4]

o
[

[rox
o
f
¥
o
LS
®
0
=

=
juy
B
t
6
1}

e

LT
O

@ ™
LA
[

RSN

na dimengionsz of the

K]
o
zone | g
[}
]
ol
PPN Y S
Bone 277y T
79 e
L1 g
o
s

Zone 3

f © .e'//\\
70 o
Figure 2. Defact zones =
tura planes.

£

13

lysis method
PD-6493 and

L
e

o]

o

o
)
-

‘

?

LY B o
o Ly &

joB
o
O

o @0



lyticsl assessment curve was
factor was calculated with the
tension and bending (Newman and i 8
lapse no solutions exist for the cylinde
pl%te solution was applisd (Millex 1983).

To show the influence oFf the availeble information threae
information levels have been defined. The analvsaes at the
minimal level {(level 2) and at the intermediate level (level B
are based on information avallable bsfore pressurizing the
vessel till failurxe. The analvsis at the maximal information
level (level C) ig bhased on information after fzilura of the
vagasel.

Leval A: Minimal infowmation.
- Defects:
Because the ultrasgonic testing method used could not dig-
cern batwesen the separate defects in a regiloen of 10-15 mm
the inside this evaluation is based on 2 circumferen-
defect with depth a = L5 mm in plane I and I, shown
gure 2. Plane II was chosen because the finite elemant
resulits showad a2 maximum in the stress near the inner
o2

h ot
defe configuiat toughnes are the
szme ag for the imal informaticn level specified above.

Lavel C: Maximal informetion.
- Defects;
0f the defects present in the real fracture plans {plane
I1) the most severs appears Lo be i o
s

I}
=
53
o
=

¢ 2070 MPa Nmm {lowest wvalus), ¥, = 2630 MPa mm
. . i o .

Application of the fracture analysis me mantioned above
requires the determination of the stresses at the location of
the postulated or observed flawz., For the minimal information
level the stresses are bkased on zimple analytical Fformulas where
71i

&

the tube shset is assumed to be vigid, =so the end of the ¢

der is assumed te be built in. Solving this problem results

menmbrane stress of 3.76 MPa and a bending stress of 16.08 Mpa
. . o
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Figuwrs 4. Predicted failure pressures.
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Figure 5. Predicted failure Figure 6. Predicted failure
pressures. presasuves.
glosg to the design praessurs. At L i measured fracturs
toughness (2070 MPa Vmm) the predicted results zve below the
test pressure. Consegquently exact information concerning the
fracture toughness could not have prevented the rejection of the
vassel,



Figure 6 gives the results for ths ion level
whare the real defect dimensions (a = g mm)
used. Fow reasons of comparis s
By = 1600 MPa Jmm are givenm too. For t

S
ture Loughness all thres methods make

The R6 method gives the most conservative predi
to the level A and B analyses, which showed a go
between the ASME ¥I and the R6 results. This is caused by the
fact that for the semi-elliptical surface defect 2

level C analysisz the plastic collapse cxi i
ading to lower predicticns. Taking
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