Experimental Verification for Application of Fracture
Mechanics to Failure of Pressure Vessel

J- Imamasa and T. Miki

Results of two series of experiments, which were eem-
ducted to verify the application of Facture meehaniocs to
the catastrophic failure of pressure vessel, were reported
in this paper.

1. Test medels
Six medel vessels as shown im Pig. 1} were fabricated

by 18 Ni marage steel with 28,000 psi tensils atremgth.
After initial surface flaw was outted by alectrio die~
charge on half-cylindrical plate, and develeped te fae~
tigue ocrack by applied load, then twe parts were welded
to cylinder. Fracture tonghnmess (Kz¢) ane growsh rate of
flaw were measured as shown in Fig. 2 by test specimen
with penetrated flaw at center.

2., Test Result
Three models were subjected by intermal pressure um-

t1l failure occured with measurements of stress, defer-
mation, crack opening displacement and acoustic emission,
Size of initial flaw, experimental result and pre-
dicted burst pressure are showa in Table 1. Burst pres-
sure is calculated from condition the stress intensity
factor of flaw (K) shown by equ. (1) attain to critical

value (Kic).
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K = 1.1. 0. M 1/./Q

where a, 2C flaw depth and lenth
o = pR/t : normal hoop stress
Q ¢ Flaw shape parameter shown in Fig. 3
Mx

Stress intensity Bagnification factor

for thin wall thickness vVessels shown in

Fig. 4,
1.1 : for surface flow, 1.0 for submerged flaw

Mx
was affected by flaw shape, but Bax. value was used for

L]
stimation. Estimations of burst pressure shows the good

Agreement to experimental results. Vessels were failed

ontnltrophienlly as shown in Pho, 1

did't show

» but fracture surface
the feature of brittle fracture as Chevron
a
pattern. As example, outbreak of acoustic emission was
shown

in Fig. 5, which shown the possibility ror foreknow
ledge of fraoture.

Other three models were subjected internal cyclice
STR88wre im expectation of twe types of failure

Predication of number to

J/h" [
Ng = ——— da
- Al aky)"

where A = 1.52 x 10'8,

failure is calculated by

: n = 2,19 for this material
dor= Kygt. Qv/ (1.1. 0. My,)2

Kv, Qv, Myy : The value corresponded to

developing flaw size dy and Cy

1
n cas9® dor < t (pllto thicknoll), vessel failed

catastrophically at above cycle after flaw grew to g
cr.

it
in case aer > t, vessel failed by leakage when flaw
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penetrated through thickness at following cycle.

/ LN d
Ny * TP T
' a0 A(aky)"

Predicated failure cycles and experimental results
are shown in table 2 and example of predicated growth of
flaw is in Fig. 6 with breadth of scattering correspond-
ing to that of Flaw growth rate of Fig. 2. Predicated
cycles jig over-estimated in comparison with experimental
results, one of reasons is considered as the last layer
of fracture surface is failed by ductile fracture before
penetration of flaw as shown in Pho. 2. No.3 model shown
brittle fracture at remarkably lower cycle at where 10mm
apart from initial flaw. In this case fracture initiated
at repaired section by welding because of miscutting of
flaw and can be explain by decrease of the fracture togh-
ness at welded part and the equivalent flaw size where
transformed part of material structure. Although the
resuita of test may be satisfactory in engineering use
considering the safety factor for fatigue test in the
number of cycles, investigation must be continued for

more exact estimation.
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