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Abstract

Work on fracture mechanics has provided a technical basis for elimination of main coolant
loop double ended guillotine breaks from the structural design basis of reactor coolant system.
Without main coolant loop pipe breaks, the tributary pipe breaks must be considered as
design bases until further fracture mechanics work could eliminate some of these breaks from
design consideration. This paper determines the core support barrel shell responses for the 3
inch pressurizer spray line nozzle break which is expected to be the only inlet break remaining
in the primary side after leak-before-break evaluation is extended to smaller size pipes in the
near future. The responses are compared with those due to 14 inch safety injection nozzle
break and main coolant loop pipe break. The results show that, when the leak-before-break
concept is applied to the primary side piping systems with a diameter of 10 inches or over,
the core support barrel shell responses due to pipe breaks in the primary side are negligible
for the faulted condition design.
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1. Introduction

The core support barrel(CSB),
structural member of the reactor internals,

the major
is a
right circular cylinder including a heavy external
ring flange at the top end and an internal ring
flange at the lower end(Fig.1). It is supported from
a ledge on the reactor vessel and, in turn, sup-
ports the lower support structure upon which the
fuel assemblies rest. Since the weight of the CSB
is supported at its upper end, it is possible that
coolant flow could induce vibrations in the struc-
ture. Therefore, amplitude limiting devices, or
snubbers, are installed on the outside of the CSB
near the bottom end. It is classified as a core
support structure by ASME Code Class and so
should be designed to meet the Level D service
limits defined in ASME Code Section Il(Ref.1).
The pipe break load is one of the service loadings
making up Level D conditions.

During an inlet pipe break, a series of pressure
waves propagate throughout the reactor. Among
other effects, these pressure waves produce a
loading on CSB, the result of which is a major
internal pressure pulse. The CSB consisting of
upper flange, barrel cylinder and lower flange is
treated as axisymmetric thin shells whose total re-
sponse is the combination of responses due to
beam and shell harmonics. Generally the re-
sponses of beam harmonics come from the analy-
sis of coupled internals and core where CSB is
treated as beam. The responses of shell harmonics
are determined separately using the thin shell ele-
ments. The beam stress and shell stress are com-
bined to vield the total CSB stresses due to pipe
break and these values are compared with the

code allowables.

This paper determines the CSB shell responses
such as maximum stresses and stress intensities in
the barrel for the 3 inch pressurizer spray line
nozzle break. Also, the responses for the 3 inch
break are compared with those of main coolant
loop pipe break (350 in? inlet pipe break at full
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power operating condition) and 14 inch safety
injection nozzle break which are not considered as
design basis any more.

2. Tributary Pipe Breaks

In the recent design of nuclear power plants,
main coolant loop double ended guillotine breaks
are eliminated from the design basis because of
leak-before-break concept. Instead branch line
pipe breaks are considered as one of the Level D
service loadings. Of the pipe breaks postulated,
leak-before-break evaluation is being performed
for piping systems with a diameter of 10 inches or
over and it is anticipated that pipe breaks with a
diameter of 10 inches or over not be considered
as design basis any more. In this case, only the 3
inch pressurizer spray line nozzle break remains in
the design basis in the primary side. Therefore this
break is considered as design basis though all
other high energy piping systems with a diamerter
of 10 inches or over are eliminated from design
basis pipe break. The responses for 14 inch safety
injection nozzle break are obtained in this paper
for the comparison purpose only.

3. Response Analysis

3.1. Model

The CSB may be idealized as an assembly of
discrete structural elements. The axisymmetric na-
ture of the CSB and the finite element require-
ment suggest that conical shell segments joined at
their nodal point circles be used. The determina-
tion of the axial length of the segments is bound-
ed on the lower limit by the nodal capacity of the
finite element and on the upper limit by the shell
decay length. The shell decay length is from Ref.2
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where a=mean shell radius(inch),
h=mean shell thickness(inch),
v=DPoisson’s ratio.

For the CSB considered in this paper a=70.5
inch, h=3.0 inch and v=0.3

1-0.3) 1'% .
Le=x %ﬁ);] = 35.5 inch

Using these considerations, the model is de-
veloped and it has 112 nodes and 111 shell
segments(Fig.2) where the shorter segments are
used at the flanges and at the step changes in the
thickness of the barrel.
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The weight of the major internals components
in the CSB lower flange region is considered. The
weight is actually an axial force applied to the
lower flange and is considered as a mass which
modifies the structural mass of the several ele-
ments of lower flange. The major intermals com-
ponents supported by the CSB lower flange are
the fuel assemblies, core support plate, lower sup-
port structure and core shroud. The additional
mass of these components is combined with the
structural mass of the flange elements 107 through
111 (Fig.2). The center of gravity for this mass is
well above the lower flange and the effective
additional weight acting on the flange is conserva-
tively taken as one-half of this weight. But it is
noted that this additional mass will have little
effect on the CSB dynamic response because of
lower flange constraints.

The boundary conditions imposed on the finite
element model attempt to simulate the restraints
on the CSB in its actual physical environment. At
the upper flange, the restraining factors, such as
reactor vessel head, hold down ring preload and
upper guide structure upper flange, preclude the
possibility of motion in the axial, radial and
tangential directions. But there is no restriction on
the relative rotation in the vertical plane between
the upper guide structure and CSB upper flanges.
To simulate this condition, one node of upper
flange is fixed axially, radially and tangentially, but
permitted to rotate. The snubbers restrain several
nodes from displacing in the tangential direction.
Therefore, nodes within snubber elevation are
fixed tangentially. The lower flange is fixed radially
and tangentially. The boundary conditions at the
lower flange are fulfilled by restraining one node

of lower flange radially and tangentially.
3.2. Equations of Motion

If a viscous damping is assumed, the force

equilibrium equations may be expressed as

M] {X} +[C] {X} + [K] {X) = {P(V)) (1)

where [M]
[C] :damping matrix

: mass matrix

[K] :stiffness matrix

{XI :acceleration vector
X : velocity vector
X} :displacement vector

IP{t)} :load wvector.

The equation of motion may be solved numerical-
ly by step-by-step integration procedure (Ref.3).
The only practical way of solving the set of
second order ordinary differential equations with
arbitrary forcing functions is to use some kind of
numerical procedure which yields approximate
numerical values of the solution.

In the step-by-step integration approach the
numerical values of the solution will be obtained
at certain discrete points, (t+ At) and t where At
is the length of the time interval. Assuming the
solution is known at time(t— At) the solution in
steps with time interval At is by Taylor's series

expansion
{X(@®) = {X(t- AD)} + At{X(1 - AD}
+ %1:-{5('(1 - AD) + %t'i{')'i(t -A)) (@)

where the terms containing derivatives of order
higher than three have been neglected.

Differentiating equation (2) twice with respect to
time and neglecting terms containing derivatives
of order higher than three give

(X(0) = {X( - A} + At(X(t - AD) +é2'ﬁ{')'('(t - AD)

(X)) = (X¢- A0) + AXKa-Aan) 3)
Substituting the values of X(t— At) from equation
(2) into equation (3) gives the expressions for
velocities and accelerations at time t in terms of
velocities and accelerations at time {t— At) and dis-

placement at time t as follows :

(X)) ={XO®) - 2{X(1 - AD) - 2{X(t - Ar))
At At
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- gm«t - Av)

(X®) = LX) - E(Xa - Av)
At At

-f;(i((t - Ay} - 2{X(t - A} @

Substitution of equation (4) into the equation (1)
yields the desired equation in terms of one un-
known, the displacement :

K'HX®) = [P°W) 5)

where

(K"} = [K] +-3{C] + -G, [M)
At At
P*(®)) = [P()] + [CY(B(®) + IMI{A®)
(AQW) = i—{xu - AD) +2{X(t- At} + A2L{X'(t - Av)
1
(B®) =& (X(t- Ay} + -AG-(X(z - Ap) +2(X@ - Av)
At t

Equation (5) may be solved for the unknown dis-
placements at time t by Gaussian elimination
(Ref .4).

3.3. Determination of Damping Values

A form of viscous damping, proportional to the
mass and stiffness matrix, is given as follows :

(Cl = o{M] + (K] 6)

A significant portion of our experience with
structural damping has been related to the fre-
quencies and mode shapes of the system. There-
fore it is worthwhile to relate the constants ¢ and
B in terms of equivalent modal damping.

The modal damping ratic A; for the i th mode
is given in terms of @ and S by

L= 4 g
l, 20)i +B_2L (7)
where @, is the angular frequency of the i th

mode. For given values of @ and 8, the frequen-
cy @* which yields a minimum value of damping
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ratio A* is given by w*=,/a/F. If the mini-
mum damping ratio A* and the frequency @* are
given, the damping constants @ and 8 are calcu-
lated from the following relations

a=A*w*, B=A*/0* @8)

The CSB frequencies for the first several modes
for each of the zeroth to third shell harmonics are
calculated and the frequencies corresponding to
the first radial modes are obtained from the mode
shapes. From these frequencies, constants of vis-
cous damping, proportional to the mass and stiff-
ness matrices, are determined.

Frequencies for the first 7 modes for each of the
zeroth to third shell harmonics are shown in Table
1 and the frequencies corresponding to the first
radial modes obtained from the mode shape are
listed in Table 2. Using these frequencies, values
of damping constants may be determined. A
damping ratio of 4% is assumed for all elements
of the CSB model. This damping ratio is in com-
pliance with USNRC Reg. Guide 1.61 (Ref.5)
which gives acceptable damping values for the
seismic analysis of welded steel structures. Since
safe shutdown earthquake and pipe break are
both faulted conditions, the 4% value is applic-
able to the latter and is used herein. The damping
constants which relate modal damping to the
modal natural frequencies are obtained using

equation (8) and are shown in Table 2.

Table 1. CSB Natural Frequencies

Shell Harmonic(cps)

Mode
0 1 2 3
1 56.82 8553 50.16 48.82
2 163.10 118.99 115.83 83.08
3 211.36  207.61 145.69 132.69
4 32654  290.90 190.82 166.71
5 33436 30843  250.17 186.58
6 386.13 34397 29605 233.30
7 405.91 358.08 331.01 275.14
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Table 2. Frequencies and Damping Values Corresponding to First Radial Modes

Frequencies(cps)

Damping Constants

Shell Harmonic

1st Radial Mode Mode No. a B
0 326.54 4 82.07 1.950E-5
1 85.53 1 21.50 7.443E-5
2 50.16 1 12.61 1.269E4
3 48 .82 1 12.27 1.304E4

3.4. Forcing Functions

The dynamic loads on the CSB are developed
from the time-varying radial pressure disturbances
during an inlet pipe break. These are highly asym-
metric in the circumferential direction and are
caused by the expansion wave fronts and flow
redistributions acting on the surface of the barrel.
The radial pressures acting on the CSB may be
defined as a series of harmonic functions(Fourier
series). A pressure p is given by :

p® =Y, (A;cosif +B;sin if)
i=0

= A, + A cos 8+ B,sin 6 + Acos 20 + B,sin 26

+ A,cos 36+ B;sin 30 +---  (9)

Each term of the above series must be defined as
a separate load step. A term is defined by the load
coefficient (A, or B}, the number of harmonic
waves and the symmetry condition(cos i # or sin i
#). Note that i=0 represents the axisymmetric
term (Ao) and @ is the circumferential coordinate
implied in the model. The load coefficient for the
excitation pressure distribution is determined from
the result of blowdown load time history analysis.
The pressures at each circumferential location are
computed relative to the pressure at an interior
node.

Except for the first cosine and sine harmonics,
all of the other higher order harmonics result in
shell structural responses (Fig.3). The core support
barrel shell model is excited at six axial elevations
by an asymmetric pressure distribution defined at

six equally spaced circumferential locations.

Fig.4 shows the delta pressure time histories for
level 3 where inlet nozzle is located. There is a
slight difference of delta pressure at six circum-
ferential locations. The location of reference angle
0 degree goes from south to north and is parallel
to the outlet nozzles. It means that the asymmetric
loadings are not significant for this break. It is also
anticipated from Fig.5, where all load coefficients
except Ag are almost zero. Fig.6 indicates that the
smaller pressure disturbances are occurring on the
lower part of CSB comparing with its upper part
at the break location.

2000

OO

Fig. 3. CSB Differential Pressure Loading by

Fourier Coefficient

4. Results and Discussion

Maximum values of principal stress and stress
intensity for selected elements are tabulated in
Tables 3 throuth 5. These stresses include secon-
dary or self-limiting stresses which should be sub-
tracted out before they are used. Also, the stresses
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due to the beam bending components (A; +B;) of
the applied load are not included because they
are considered in the analysis of the coupled in-
ternals and core (Ref.7). Therfore, stresses result-
ing from the horizontal and vertical pipe break
analyses of the coupled internals and core must
be combined with the results of this analysis to
yield total stresses and stress intensities on the
CSB.

The maximum stress intensities for each CSB
cvlinder are shown in Table 6. Also, the shell
loads at the above locations for each Fourier term
when maximum siress intensity occurs are calcu-
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Table 3. Principal Stresses on Outer Surface
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lated (Table 7). As expected, most of the re-
sponses come from coefficient Ag which is the
axisymmetric term.

The forces and moments for vertical and
tangential components and for shear component
are evaluated using the following equations (10)
and (11), respectively, which are found easily by
the trigonometric relations(Fig.7).

M(6), F(8) = A, + A, cos 26+ B, sin 26 + A, cos 36 (10)

M(6), F(8) = A, + A, sin 26+ B, cos 26 + A, sin 36 (11)

Node Si TIME ANGLE S2 TIME ANGLE

No. (psi) (sec) (deg) (psi) (sec) (deg)
10 172E+04 .148E—02 .100E+03 .106E+04 420E—-02 .110E+03
30 A95E+04 A25E—02 (000E+Q3 340E+03 268E—~02 .180E-+03
40 171E+04 .120E—02 .000E +03 .348E+03 .300E-02 .180E-+03
55 .146E+04 J118E—02 J110E+03 491E+03 .950E—~03 110E+03
60 167E+04 I18E—-02 .100E+03 528E+03 715E—~02 .700E+02
66 .168E+04 J118E—02 290E +03 542E+03 .100E-02 .110E+03
76 .149E+04 .118E—02 .300E+03 .390E+03 .235E~-02 .180E+03
85 J110E+04 S570E—02 100E+03 A57E4-03 248E—02 JA80E+03
0 .106E+04 .340E—02 .180E+03 384E+03 250E~02 .180E+03

100 .731E+03 488E—02 .100E+03 139E+04 .653E 02 .180E 403
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Table 4. Principal Stresses on Inner Surface

Node Sl TIME ANGLE S2 TIME ANGLE

No. (psi) (sec) (deg) (psi) (sec) (deg)
10 252E+04 .160E—~02 .110E+03 .189E+04 .178E—02 .110E+03
30 .196E+04 \123E—-02 .180E+03 471E+03 .308E—02 .180E+03
40 171E+04 .120E—02 .180E+03 482E+03 .308E—02 .180E+03
55 .139E+04 .118E—02 .100E+03 400E+03 .720E—-02 .110E+03
60 197E+04 .115E-02 .290E+03 922E+03 .100E—02 .110E+03
66 .164E+04 .120E—02 .600E+02 .396E+03 .139E-01 .180E+03
76 .156E+04 .120E—-02 .600E+02 575E+03 .189E—01 .180E+03
85 .111E+04 .803E—02 .180E+03 .393E+03 .115E—02 .110E+03
90 .110E+04 .343E—-02 .700E+02 .547E+03 .135E—02 .100E+03

100 JA31E+04 .630E—-02 .180E+03 .119E+04 .630E-02 .180E+03

Table 5. Maximum Stress Intensities

NODE OUTER SURFACE INNER SURFACE
No. Sl TIME ANGLE Sl TIME ANGLE
(psi) (sec) (deg) (psi) (sec) (deg)
10 .261E+04 .163E—02 .900E+02 252E+04 .160E—02 .110E+03
30 195E+04 125E—02 .000E+00 .196E+04 .123E—02 .180E+03
40 .171E+04 .120E—-02 .000E+00 171E+04 120E—-02 .180E+03
55 .146E+04 118E—02 .110E+03 .139E+04 118E—-02 .100E+03
60 178E+04 .125E—02 .180E +03 197E+04 .115E—02 290E+03
66 .168E+04 .118E—-02 290E+03 .164E+04 .120E—02 .600E+02
76 .150E+04 790E—02 .250E+03 .156E+04 .120E—-02 .600E+02
85 .113E+04 .795E—02 .230E+03 .115E+04 793E—-02 .180E+03
90 .110E+04 790E—-02 .180E+03 .110E+04 343E—02 .700E+02
100 .189E+04 .640E—02 .180E+03 .131E+04 630E—-02 .180E+03

Table 6. Maximum Stress Intensities for Each CSB Cylinder

CSB SI Surface Time Angle
Cylinder (psi) (sec) (deg)
Nozzle Cylinder 1960 Inner .00123 180
Center Cylinder 1970 Inner .00115 290
Lower Cylinder 1100 Inner .00340 70
From the results of Tables 6 and 7, the shell loads The allowable stress S,, of Type 304 stainless
when maximum stress intensity occurs are calcu- steel is 16200 psi at 650°F(Ref.6). For the 3 inch
lated using equations (10) and (11) and are pipe break, the minimum stress margin not includ-
summarized in Table 8. The loads are necessary ing beam mode contribution is
for load combination under the Level D service
condition. The stress intensities between the three &Ss-i = %"— = 286 (12)

breaks are compared in Table 9.
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Table 7. Shell Loads for Each Fourier Term

Cylinder Coneff. Moment(in—1bin) Force(lbin)
vert. tang. shear vert. tang. shear
Ay 36.3 109 0.0 -299.7 -5843.0 0.0
Nozzle A, 0.9 1.2 0.3 -3.7 -7.1 3.7
Cylinder B. 0.0 0.0 0.0 0.0 0.0 0.0
As -1.5 -29 -0.5 35 3.6 -3.2
A 542.3 167.9 0.0 -954.0 -4763.0 0.0
Center A, 0.0 0.0 0.0 1.0 0.4 -0.1
Cylinder B, 0.0 0.0 0.0 0.0 0.0 0.0
As 0.0 -0.1 0.0 -1.1 0.1 -0.4
Ay 74.2 223 0.0 -596.6 -2839.0 0.0
Lower A, -0.7 -0.2 0.0 8.4 0.1 58
Cylinder B, 0.0 0.0 0.0 0.0 0.0 0.0
A 0.0 0.0 0.0 -19 0.9 -2.0

Table 8. Dynamic Shell Loads of CSB due to 3 inch Break

Moment(in—lb/in) Force(lbvin)
Cylinder vert. tang. shear vert. tang. shear
SVM ST™M SSM SVF STF SSF
Nozzle Cylinder 38.7 150 0.0 -306.9 -5853.7 0.0
Center Cylinder 542.3 168.0 0.0 -953.8 -4763.4 -0.1
Lower Cylinder 74.7 225 0.0 -601.4 -839.9 47
A X (Vertical) Thus, its effect is small enough to be negligible.
|
| 5. Conclusion
SVF
SSM
N The CSB sheli responses are calculated analyti-
v Z (Radial) ;ally for .the.3 inch pretssurize.r spray line nf)z.zle
STF SSF - reak which is the only inlet pipe break remaining
SVM gl in the primary side after the application of leak-
before-break concept. They are compared with
SSM “StM SSF responses from 14 inch safety injection nozzle
STM break and main coolant loop pipe break and are
svu N\ found to be so small. The calculated stress margin
S5M shows that shell responses due to pipe break are
) negligible for Level D service loading when leak-
SSM N STF before-break concept is applied to the primary
\\ side piping systems with a diameter of 10 inches
SVF Y (Tangential) or over. It is concluded that the effect of tributary

pipe breaks on the CSB shell responses may be
Fig. 7. Shell Forces of the Core Support Barrel no longer considered in the design of the reactor
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Table 9. Comparison of Stress Intensities (psi)

dJ. Korean Nuclear Society, Vol. 25, No. 2, June 1993

Cylinder 3"BREAK 14’BREAK MCL BREAK
Nozzle Cylinder 1960 12200 20703
Center Cylinder 1970 12200 32421
Lower Cylinder 1100 10400 17999

internals for the future nuclear power plant.
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