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Bbstract

The aim of this paper is to determine the influence function distributions around the
crack front for longitudinal semi-elliptical surface flaws in the beltline region and for
a partly circular orelliptical crack in the nozzle shell course region of a PWR vessel.

As far as the cylinder is concerned, the following crack geometries are considered:a/c=1/3,
1/2, Ri/t=10, a/t=0.1,0.2,0.4,0.6; where a is the semi-minor axis of the ellipse, ¢ is the
semi-major axis, Ri is the inside radius of the cylinder and t is its thickness.

Four separate loadings for each crack geometry are considered.

In the nozzle region the cracks are characterized by the following ratios:a/c=1.0, a/t=0.2,
0.3, 0.5, 0.7 and a/c=1/2, a/t=0.15, 0.2, 0.3, 0.45.

In this case, seven loads are considered.

Finally, the influence functions are compared with those by other authors.
1. Introduction

The linear elastic fracture mechanics is at present extensively used in the design of
nuclear power plants.
Its application, according to the ASME pressure vessel code, requires the computation of
stress intensity factor K for some typical flaws. The evaluation of K around the crack front
for elliptical or circular surface flaws, occurring in some critical regions of the nuclear
vessel and subjected to particular loading conditions, is very interesting.
These regions are usually located at the nozzles, where strong geometrical variations cause
high stress concentrations, and at the beltline , near the core, where nuclear radiations,
induce degradation in the material properties. Among the current techniques, the finite ele-
ment method turns out to be particularly effective to evaluate the K factor but these calcula
tions, usually in three dimensions, are a heavy computational task. This drawback may be con
siderably simplified if influence function libraries are available. The calculation of influen

ce functions for some typical ceometries is the purpose of this paper.

2. Influence functions for semi-elliptical cracks in cylinders

The influence functions concerning four simple loading types were determined for longitu
dinal semi-elliptical cracks which are on the internal surface of a cylinder. The results,

quoted in /1/, refer to different shapes relevant to the geometrical ratios (fig.l): a/c=1/3
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and 1/2, a/t=0.1, 0.2, 0.4, 0.6: R;/t=10 where a is the semi-minor axis of the ellipse, c¢ is
the semi-major axis, t is the thickness of the cylinder and Ri is the inside radius. On the
basis of the particular symmetry of the structure, only a quarter of the whole cylinder was
considered by applying the suitable constraints of symmetry. No constraint was imposed on the
axial direction. For the finite element idealization of the structure, 627 isoparametric para
bolic elements were used for a total of 3295 nodes. Every longitudinal section consisted of
33 elements and the subdivisions alona the circumference of the cylinder were 19.

Every crack was subjected to four different loadino types:

2 3

X X X
0,,0,~ , 0.5, ,0.~= (1)
0 2t2 3t3

1t
The energy release rate for each load,Gi, was calculated along the crack front using the
finite element computer-code TRISMEF /2/, based on the Parks method /3/. The corresponding

stress intensity factor, Ki, was obtained by the following equation:

= 2
K, (2)
where E is the elastic modulus and V is the Poisson's ratio.
Finally the influence function for each load was obtained by applying the following
equation, see Liebowitz /4/:
K
= 2 E(K) (3)
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where E(K) is the elliptical integral and all other symbols are defined in fig.l.

Some of the obtained results are shown in figs. 2 - 5.

The comparison of functions Hi(¢), obtained with the same loading typ? and ratio a/c,
but with different ratio a/t, shows that the functions increase for increasing values of a.
Only function HO(¢), both for a/c=1/3 and a/c=1/2, shows a strong change if a/t=0.2 or a/t=0.4
is considered.In fact, when a/c=0.2, the function shows a maximum whereas, when a/c=0.4, it
increases monotonically. On the contrary, the comparison between functions Hi(@),obtained with
the same loading type and ratio a/t but with different ratio a/c, shows that the values of
Hi(¢) when a/c=1/3 are greater than those relevant to a/c=1/2. Bowever, it can be noticedthat
the difference between the functions decreases when @ goes from Q° to 90°. Moreover, when
is near 90°, the values of Hi(¢), computed for a/c—1/2,aregenerally greater than those rele-
vant to a/c=1/3This behaviour is present also in the results obtained by Heliot et al. /5/
even if they used different values of a/c.

The obtained results can be compared with those given by other authors through interpolg
tion or extrapolation. In fact, Mc Gowan and Raymund /6/ have investigated the problem descri
bed in this paper, with the only difference that they have used a/t=0.25, 0.5, 0.8 and
a/c=1/3. The same geometries were also studied by Heliot et al. /7/ using the B.I.E. method.

Some comparisonsare shown in fig.6. The proposed results show a better agreement with the re-
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sults given by Me Gowan and Raymund than with those given by Heliot et al.

3. Influence functions for circular and elliptical cracks in the nozzle corner

The influence functions concerning seven simple loading types for circular and ellipti-
cal cracks, which are in the nozzle corner of a PWR vessel, were calculated and the results
are quoted in /8/. The dimensions of the considered geometry are shown in fig.7. The investi-
gated cracks were characterized by the following geometrical ratios: a/c=1/2 (elliptical
cracks), a/t=0.15,0.2,0.3, 0.45 where t is the thickness of the joint region, a is the semi-
minor axis of the ellipse, c is the semi-major axis (parallel to the vessel axis) and a/c=1.0
(i.e. circular cracks), a/t=0.2, 0.3, 0.5, 0.7.

Every crack was subjected to seven different loading types:

2 2 3 3
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The influence function concerning each loading type was defined by the following equations /4/:

K, ()
k :
h, (#)= —22 EG) ‘
io 2
OiotéL)l\ha (sin2¢+ ié c052¢)1/4
K . (D
k
h ()= o E(k) (6)
o]
2,3 e
ooj(t) \ﬁ; (sin2¢ + 25 cosz¢)1/4

c

where the stress intensity factors, Kio and Koj' were obtained as in the previous case.

For the sake of brevity only some results are plotted in figs. 8 ~ 14. As an example
of application, the influence functions are used to calculate the stress intensity factor, K,
for an internally pressurized cylinder. The stress intensity factor, obtained as above and
averaged along the crack front, was then normalized in the following way, proposed by Mohamed

and Schroeder /9/:
K

o/md

1+ (-E5y 1/2
RT
where d@ is the crack depth, 0 is the hoop stress, r and t are the radius and thickness of the
nozzle, and R and T are the radius and thickness of the cylinder.
Fig. 15 summarizes the comparison with the results obtained by Rashid and Gilman /10/,
Broekhoven and Van de Ruijtenbeek/11/, Broekhoven/12/, Besuner et al. /13/, Heliot et al.
/14/.

The agreement, usually good, becomes better in case of deeper cracks.
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4. Conclusions

The influence functions were determined by means of a three-dimensional finite element
computer-code for some cracks having various chapesand located in the critical regions of a
nuclear vessel. As far as the cracks in the beltline region are concerned, the proposed
functions are slightly underestimated even if they show a trend similar to that referred to
in the literature. The difference, usually small, decreases with the increase of the crack
depth.

The stress intensity factors, computed by means of the influence functions for the cracks
in the nozzle corner, are in good agreement with those obtained by other authors. Minor dif-
ferences could be due to small differences in the geometries considered by the above mentio-

ned authors.
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Fig. 1 - Seml-elliptical crack in a cylinder
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Fig. 6 - Crack in cylinder: comparison with

other authors
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Fig. 7 - Circular and semi-elliptical
cracks at a nozzle corner
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Fig. 8 - Influence functions H00 (a/c=1/2)
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Fig.10 - Influence functions H01 (a/c=1/2)

Fig.11 - Influence functions H20 (a/c=1/2)
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Fig.14 - Influence functions H
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Fig.15 - Crack at nozzle corner:; comparison with other authors
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