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ABSTRACT

A sudden, double-ended rupture is postulated in a primary coolant pipe of a pressurized
water reactor. For this hypothetical accident, waves propagate through the system causing
excitation of the reactor internals components. This paper discusses the mathematical approach
and modeling techniques used to determine the dynamic behavior of the components to assure a
safe shutdown of the reactor. Vertical and horizontal dynamic responses are obtained by modal
analysis and numerical integration of the governing differential equations, with consideration
for nonlinear effects. In particular, the behavior of the fuel assemblies and barrel during

this accident is shown. Responses are presented for different reactor sizes.

1. INTRODUCTION

In the design of nuclear reactor internals, several accident conditions are postulated
and analyzed to assure the safety of the system. Among these assumed accidents, the blowdowm
caused by a double-ended break of a primary pipe is the most severe from the point of view of
the loads applied to the components. The study of the structural response of reactor internals
under these circumstances is a difficult dynamic analysis problem because of the characteristic
of the loads and the complexity of the structures. There is a limited number of papers pub-
lished on this type of analysis, and they cover only some of the aspects of the problem. No
study of the overall problem is available in the literature. Thermal-hydraulic aspects of the
blowdown accident have been studied and several computer codes constructed to predict the
effect of a double-ended break on the coolant fluid.

Experimental and analytical work directed toward investigation of the hydraulic, thermo-
dynamic, agd mechanical behavior of a pressurized water reactor system during a loss-of-
coolant accident has been supported by the United States Atomic Energy Commission under the
Lorr{11[2]) and csel3)[4) programs. Results of partial aspects of reactor internals response
are available in the literature. The vertical core movement has been described in a
simplified manner(51[6], the stability of the upper barrel has been studied[?], and the STRAP
code has been used to obtain the response of a test loop under blowdown forces.[8) This paper
presents an analysis of the response of the internal structures of a pressurized water reactor
when a double-ended pipe break occurs.



2. GENERAL DESCRIPTION

The major components of the reactor vessel internals are the core support structure and
the core itself, as shown in Figure 1. The core support structure consists of the barrel,
the lower package (lower core plate, support columns, and lower support plate) and the upper

package (upper core plate, upper columns, and deep beam structure).

The core support structure is supported at its upper flange from a ledge in the reactor
vessel head flange; its lower end is restrained in transverse movements by a radial support

system attached to the vessel wall.

Vertical loads from weight, fuel assembly preload, control rod dynamic loading, and
earthquake acceleration, are carried by the lower core plate through the lower support
columns to the lower support plate. Then they are carried through the core barrel shell to
the core barrel flange supported by the vessel head flange. Horizontal loads from earthquake
acceleration, coolant cross flow, and vibration, are carried by the core barrel shell io be
shared by the lower radial support and the vessel head flange. Horizontal acceleration of
the fuel assemblies is transmitted to the core barrel shell by direct connection of the lower
and upper core plates to the barrel wall.

The lower core support structure (principally the core barrel) provides passageways and
control for the coolant flow. Inlet coolant from the vessel inlet nozzles flows down the
annulus between the core barrel and the vessel wall on both sides of the thermal shield, into
a plenum at the bottom of the vessel. It then turns and flows up through the lower core
plate. After passing through the core, the coolant enters the area of the upper package and

then flows to the outlet nozzles.

The double-ended break of an inlet (cold leg) or outlet (hot leg) pipe is a design basis
accident. The complete separation of broken pipe sections is the type of break that results
in maximum blowdown. The break time interval can vary, depending on the location of the
hypothesized break, the configuration of the piping layout, and the related support schemes.
In the present analysis it is postulated that full separation and blowdown takes place in one
millisecond. At the point of breakage, the pressure drops to critical discharge pressure
and the decompression propagates inside the reactor. The acoustic propagation of disturbances
and the subsequent change in flow induce dynamic loads on the various reactor compomnents.

These waves propagate along the reactor channels and the components are subjected to horizontal

and vertical loads. Owing to the complex time=-sp dependence of the forcing function and
the geometric complexities of the structures, the pressure transients have been computed by
treating the fluid-flow boundaries as rigid.[gl The pressures calculated are in excess of
actual pressures, since flexible boundaries tend to reduce the magnitude of the pressure
transients. The phenomena are different if a cold or a hot pipe breaks; this paper will

analyze each case independently.

For each type of break, the hydraulic forces are broken down into vertical and horizontal

loads. The response to each p t is puted independently.



3. HOT-LEG BREAK ANALYSIS

When an outlet pipe breaks, the rarefaction wave propagates first in the upper plenum
and then through the core. The difference in pressure applied to the various components:
core, barrel, etc., originates high oscillatory forces which excite the core support struc-
tures. These forces result in a vertical displacement of the core and the support structures.
Simultaneously, an inward differential pressure across the upper barrel is applied in a very
short period of time and horizontally excites the barrel. The analysis for each is presented
in the next two sections.

3.1 Vertical Excitation

The internals behave as a nonlinear system during the vertical oscillations produced by
the blowdown forces. The nonlinearities are due to the Coulomb frictional forces between
grids and rods in the fuel assemblies, and to gaps between components which cause discontin-
uities in force tramsmission. The deflections and motion of some of the reactor components
are limited by the solid height of springs, as is the case of the hold—down spring located
above the barrel flange. The internal structure is simulated by a multimass system connected
with springs and dashpots, which represent the viscous damping due to structural and impact
losses. Since the fuel elements in the fuel assemblies are kept in position by friction

forces originating from the preloaded fuel bly grid fingers, any sliding that occurs
between the fuel rods and assembly is considered as Coulomb type of friction. '

In the model shown in Figure 1, the uniform masses are lumped into easily identifiable,
discrete masses and elastic elements are represented by springs. Modeling techniques are
important in the determination of the response of reactor components in genetal.tlo] and in
reactor internals particularly. The present model was obtained from a series of preliminary
studies on multimass systems, starting with simple models and progressing to more sophisti-
cated ones. The final model contains the most important frequencies and flexibilities. For
example, the functioning of the barrel flange is particularly complex to model. The hold-
down spring has two gaps, either of which can close independently. The elements 3 and 5
represent these two gaps, whereas 6 represents the hold-down spring itself. Elements 2 and
48 represent the solid stiffness of the flanges. Element 4 represents the rotational stiff-

ness of the barrel flange.

The core is split into two groups; outer rim and center. The axial compressibility of
the fuel assembly is not a linear function of the compressive force, and this feature can be
handled by the model.

It should be noted that all the springs are preset during the bolt-up of the closure

head at the reactor assembly time.

The dynamic response of most of the structure 1s governed by a system of differemtial

equations of the form:

N

wE + T (kg% + k) = (e W
j=1
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The coefficients of these equations represent the interaction between masses and they are of
two different types.

The two-directional spring represents the elasticity between the two lumped-mass loca-
tions when a continuum is modeled. In this case, the force between two masses can be tensile

as well as compressive.

The one-directional spring, or snubber, represents the local deformation of the affected
area when two components are in contact. These springs are able to transmit only compressive
forces and are introduced into the analysis with an expression similar to the two-directional
springs, with the corresponding stiffness vanishing when the contact is lost. The energy
dissipation due to structural damping is taken care of by a viscous damping term (Cijij).

The masses connected by friction or Coulomb-damping devices move in unison as long as
the friction between them does not exceed the maximum friction force and both masses are
included in one differential equation. If the maximum force is exceeded, the differential
equation movement of each mass is governed by a different equation which includes the friction
force, The system of differential equations is integrated numerically in time. Results of
the analysis indicate that the structural response follows a consistent pattern related to the
forcing functions.

The upper package volume depressurizes immediately after the break; the volume below the
core and the upper plenum volume remains at operating pressure. The upper package moves

initially downward (Figure 2), and the core moves upward as shown in Figure 3.

The core hits the upper package at t = 0.085 sec., as indicated by the impact force
shown in Figure 2, and then falls, impacting the lower package. Figure 3 presents the impact
forces on the lower package and the movement of the core during the first 0.400 sec. It can
be seen that after the initial fall the core rebounds, falling two more times on the lower
structure with decreasing force. From Figure 2 it can be seen that the core only hits the
upper package once and the impact force is of such a small magnitude that it produces upper
package oscillation of the same magnitude as the pressure waves. Figure 3 shows the movement
of the lower package and the correlation between the impact forces and fuel-support displace-

ment curves.

The results shown in Figures 2 and 3 have been obtained assuming low values of damping;
their purpose is to clearly show the higher frequency oscillations.

3.2 Horizontal Excitation

In a PWR, the barrel is a thin-walled cylindrical shell, which is part of the core sup-
port structure. One of its functions is to separate the inlet and outlet coolant flow. In
the case of an outlet pipe break, the sonic wave rapidly reduces the pressure inside the
upper barrel. Bue to the pressure differences across the wall, the shell is subjected to an

impulsive compressive wave.

The initial disturbance is a triangular pressure pulse approximately uniformly distrib-
uted. The possible response under this impulsive pressure is dynamic instability (buckling)
with large deflections of the upper core barrel. Following this impulse, the pressure
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difference reverses and decays to zero in a few cycles. This outward pressure will be studied
in the case of a cold-leg break, where it is much more important. Consequently, the dynamic
stability of the barrel for the initial part of the transient is the main concern.

This problem has been studied in detail in the technical literature for barrels of
nuclear reactors which consider the dynamic elastic-plastic behavior of the barrel taking
into account the manufacturing tolerances.[7] The study includes response to the actual
triangular pulse and a comparison with more severe loading conditions to obtain margins of
safety.

The analysis is performed using the equations for the thin cylindrical shell, to which
the inertia terms are added.[7] It shows that the dynamic governing equations can be

reduced to:

2
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where

a = shell radius

h = wall thickness

E = modulus of elasticity

v = Poisson ratio
u, = radial uniform deflection
= flexural deflection for shell mode number n

p* = magnitude of the applied pressure

Ne = hoop membrane force
w = natural frequency for mode n
= nondimensional initial imperfection = gﬁ (see Figure 4)

Equation (2a) determines the uniform hoop response and Eq. (2b) represents a set of
equations for the flexural modes. Each equation in (2b) is coupled to Eq. (2a) by the hoop
membrane force. Both equations (2a and 2b) describe harmonic motions for small values of
the hoop force Ne- For sufficiently large values of Ne the coefficignt of u, could be
negative and the flexural equations (2b) change their properties for certain modes, describ-
ing a hyperbolic growth rather than an oscillatory motion. For modes in which this occurs,
the hyperbolic growth can lead to large flexural deformations and consequently they are
possible buckling modes. Due to the always-oscillatory characteristic of the hoop response
(Eq. 2a), the hyperbolic growth will occur only for a limited time, if ir occurs at all.
This means that the flexural deformation will increase rapidly for a finite period of time
and 1f this deflection 18 larger than a critical value established for dynamic buckling, ty
definition the barrel has buckled. This critical value can be an allowable maximum deflection
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established by safety criteria, as mentioned previously, or for parison purp , arbitrar-
ily chogen in relation to the wall thickness, or a rmultiple of the initial imperfections. 1In
addition to the results given in Ref. 7, Figure 5 presents the maximum upper barrel flexural
response for four-loop and two-loop plants as a function of the mode number corresponding to
the assumed distribution of imperfections. The results indicate that for both cases the
maximum flexural deflection will occur 1f the initial imperfections are distributed with a
shape of the 5th mode; i.e., Gg = &° cos 50, where 6% is half the nondimensional manufacturing
tolerances. It can be seen that the maximum deflection under the postulated pulses is much
smaller than the initial imperfeétiona.

Figures 6 and 7 show the time-history response of the hoop mode and the one corresponding
to the mode n = 5 for both the four- and two-loop plants under the triangular pulse given in
Figure 5.

4. COLD-LEG BREAK ANALYSIS

During cold-leg blowdown, a rarefaction wave propagates along a reactor inlet pipe,
arriving first at the core barrel in front of the inlet nozzle'of the broken loop. The upper
barrel is then subjected to a nonaxisymmetric expansion radial impulse which changes as the
rarefaction wave propagates both around the barrel and down the outer flow annulus between
vessel and barrel.

As in the case of the hot-leg break, differential pressure applied to the internals
structures excites vertical displacements of the components.

4.1 Vertical Excitation

The same model explained in 3.1 is used to compute the vertical response of the reactor
during a cold-leg break accident. As in the hot-leg break case, the structural response is
closely related to the external forces applied to the components.

The volume below the core is depressurized before the upper volume. A downward force is
applied to the core support structure, and shortly later to the core. Figure 8 shows the
movement of the fuel and the variation of the force between core and support, both as a func-
tion of time. The core is not in contact with the lower support structure during the periods
of time when the force is zero.

Initially, the support structure moves downward before the core and, for a short period
of time, the contact force is zero. Then the core is pushed downward and a peak force is
built up at 0.038 sec. Thereafter, the core starts to move upward, reducing the contact
force to zero. This force remains zero as long as the core 1s not in contact with the lower

support; it increases again when the core moves downward after touching the support.

The curves (Figure 8) show that this loss of contact and the subsequent impact between
core and support is repeated with decaying amplitude. It should be noted that the magnitude
of the forces shown in Figure 8 is strongly dependent on the stiffness between components
and that the curve corresponds to a particular case.
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Figure 9 shows the motion of the upper package, which is initially pushed downward.
This is explained by the fact that the pressure in the upper plenum (between vessel head and
upper support plate) decreases slowly, whereas the pressure below the upper support plate

drops much faster, exerting a downward force.

The motion is slow at first because at the beginning only the annulus outside the barrel
is depressurized. As soon as the rarefaction wave reaches the upper column plenum, the pres-
sure difference is applied to a much larger surface and thus the downward motion is greatly

accelerated.

At about 0.040 sec this motion is suddenly stopped because the gap on the barrel hold-
down spring has been closed. The deep beam stays at that position from 0.005 to 0.006 sec.
(Figure 9). Then, as the pressure on the upper plenum decreases, it tends to go back to its
initial position, where it continues to oscillate.

The solid line in Figure 9 shows the force in the hold—down spring. It can be seen that
the force follows the displacement of the upper package very closely.

4.2 HMHorizontal Excitation

Under a nonaxisymmetric excitation the possible barrel response consiats of a beam-mode
motion of the whole barrel (as a result of the n = 1 Fourier component of the circumferential
pressure distribution) plus a shell-mode response of the upper barrel (due to the n ¥ 1 Fourier
components of the pressure distribution). The analysis of the beam mode (n = 1) is treated
separately from the ring or shell modes (n ¥ 1).

4.2.1 Response as a Beam

The nonaxisymmetric pressure distribution inside the vessel, when the rarefaction waves
propagate in the system, creates lateral oscillatory forces on the barrel and vessel. Both
components will respond under these loads as beams with different frequencies, connected at
the barrel flange and at the lower radial support levels. To consider the barrel or vessel
as a beam, it is necessary to include the shear deformation in the analysis because of the
relative dimensions of these structures. The effect of water on the frequency of the sub-
merged barrel is considered[lllllzl as an added mass.

The response of the vessel and internals under these forces is obtained by integrating
numerically the differential equation of motion of the lumped mass system shown in Figure 10.
For a befter understanding of the component response, natural frequencies and normal modes of
the system were obtained. Figure 10 presents the normal mode corresponding to the 55 cps
plotted together with the shape of the system response at time T = 0.050 sec after the break.
Comparing both curves in Figure 10, it can be seen that the response is a combination of the
normal mode corresponding to a frequency of 55 cps, a vessel rigid movement displacement
(vessel supports displacement), and a low-frequency oscillation of the fuel assemblies with
the rest of the structure practically immobile (first natural mode of the system).

Figure 11 shows the response of a section of a four-loop plant barrel with a main
component of 55 cps. This study has been carried out using 5 of critical damping. Addi-
tional studies regarding the vibration as a beam are given in Ref. 13.
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4,2.2 Ring Modes Response of the Barrel

The upper barrel is treated as a thin shell of finite length subjected to a pressure
transient capable of exciting several ring modes of the shell. The response is obtained by
superimposing the modal responses, with the exception of mode n =1 (beam mode), which is con-
aidered when the barrel response as a beam is obtained.

The differential equation of the shell vibration has the form

(L] + W] + [€] * [¥] + ulw] = [p) 1E))

where

[L) = linear differential operator matrix given by any shell theory
u = mass per unit area of the shell
[w] = column vector formed by three displacements
LT H P
{p] = column vector formed by the three components of the external loads which are func-
tion of time and location
[C) = damping matrix

The solution of this system can be given as a function of the normal modes:

® 3

v = L gty )
el §e1

where each [qk] 18 a 3 x 3 matrix formed by the generalized coordinates giving the time-
dependence of the solution and each [¢k] is a vector (3 components) containing the eigenfunc-
tions associated with the natural frequency Wy

In the case of a blowdown depressurization outside the barrel the expressions can be
simplified, based on the symmetry of both the pressure distribution and the structure.
Tangential and longitudinal -components of pressure are zero and only the radial component
P = Py exists. Neglecting in-plane inertia, which is reasonable in this type of problem,
the mode which is retained is ¢k3' the one which is associated with the radial motionul‘]
and will be called bpee

In the case of a simply supported thin cylindrical shell of constant thickness, the
eigenvalues are given by:

4
EhA
2 2 1 D 2 2,2 m
W, = W a——|== QA" +n7)" + ———s (5a)
k mn azph [32 m (Ai + n2)2]
aplia
Am =L
ER3
e
12(1-v°)

n=0,1, 2, ...
m=1, 2, 3, ...
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where k = 1 corresponds to the combination of m and n giving the lowest value of w, k = 2 to
the next and o on (W) < wy £ wy < ...).

There is a one-to-one relationship between the index k and a given couple of m and n

values; consequently, in what follows both notations will be used interchangeably.

An eigenfunction is associated with each value of ©om®
°k s sin(m{x) cos(nd)
™
4y sin(mL—) sin(n) (5b)

The completeness of the eigenvalue problem allows the external pressure p(x,t) to be expressed
in the form:

p(x,8,t) = Gy b 6)

ke—-o

with

¢, (t) !mP(x,ﬂ,t)okdm @
t a
k fm oidm

where dm indicates that the integrals are to be evaluated over the mass of the structure.

The pressure distribution p(x,0,t) can always be split as a sum of a symmetric ps and
antisymmetric function 1:0a with respect to 6 = 0,

p(x,0,t) = p° (x,8,t) + p®(x.6,t) )

The expansion of p’ contains only terms in cos(n@), whereas 1:'a contains only terms in sin(n8).
Consequently, symmetric loads will excite only symmetric modes, and antisymmetric loads only
antisymmetric modes.

Blowdown pressure distribution in 2- and 3-loop plants is symmetric. In the 4-loop
plants antisymmetric components exist and must be considered. Henceforth, only the symmetric
component will be treated explicitly and called p. The antisymmetric part can be developed
in the same way.

The solution of Eq. (3) provides the response of the shell when subjected to the load
p(t). It is known from the theory of dynamics of shells[13) that the response can be
obtained by adding the responses of a series of one-degree-of-freedom oscillators having
natural frequencies equal to the natural frequencies of the shell. Consequently, the follow-
ing set of independent differential equations must be integrated:
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q + 260, + w2 = X6 (t) I6))
k k vk
where £ is percent of critical damping. To consider that the shell is immersed in water the

natural frequency values given in Eq. (5a) are modified according to (16] and [17]. It is

assumed that the eigenfunctions in water approximate the ones in air, and the expression given
in Eq. (5b) will be used for them.

Substituting the eigenfunction expression in Eq. (6):
p(x,08,t) = T G (t) sin(@ ™ ) cos(ne) ' ao0)

kel

and Eq. (7) reduces to

Lfw
,/o‘./; p(x,0,t) s:l.n(m:‘—x) ‘cos(n8) dédx

G, (t) 1)
k L 2, 1x 2
8in® (@=) cos“(ng) dedx
fﬁ m
m=1,2...
n=0,1,2...

wl
The denominator is equal to et “n) where

6n=1t'orn=0,and6n=Dforn9‘0.

The pressure p(t) is approximately constant along the length of the upper barrel (except
for a few initial milliseconds) and Eq. (11) becomes:

4Q+8) A
Gk(t) = —Z—-f p(0,t) cos(nB) de 12)
nr ° X
k =1,2,3...

m=1,3,5,...

n=0,1,2,3...
G (t) = 0 for mw = 2,4,6...)

These coefficients are computed numerically for each point in time knowing the pressure
distribution as a function of time and location. For each function Gk(t). Eq. (9) is inte-
grated numerically to obtain the response qk(t) corresponding to each mode.

The response functions q, are added algebraically at each time to obtain the total

response. This implies a double summation in m and n components which can be simplified
as follows: ’
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Eq. (10) can be written:

P(x,0,t) = T P (t) cos(nd) [-:- T Zoetn m‘ii] @3
n=0 w=l,3,5
\
®
= 3 P, (t) cos(nb)
n=eo
with
46 J
P_(c) = -“—“/ p(8,t) cos(nd) dé (14)
[+
or
G _(t) = "—P ) Qas)
mn mr n

Equation (13) allows the use of Pn(t). which is the pressure component having a uniform dis-
tribution in the longitudinal direction and a cosine distribution in the hoop direction. The
use of this component eliminates the need in wost cases to analyze separately the axial
components designated with the index m, as will be shown next.

For a given n, values of pressure Gk = Gm are used to integrate Eq. (9) and obtain

amplified pressures G"‘m o’ the pressures that applied statically produce the same deflection
as Gm applied dynamically:

t

-w_ E(t-t')

e (8) = uw:m/ G (") sinfu_(e-t)]e = de! a6
o

Integrating Eq. (9) with Pu(c) instead of Gm:

t .
-w E(t-t') . ,
P = "w,i,,/ P (t') sinfu_ (t=t")]e de an
o

Then the "amplified" pressure in the nP node (or equivalent static pressure) is obtained by
adding over the index m:

@ =X chostn@® =2 ¥ px (e) sin@® a8)
w=1,3,5 m=1,3,5
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Two cases are considered:

a) All the axial components are equally amplified (a case in which several natural frequencies
are close together) in such a case P;n is independent of m (P;n - P;) and Eq. (18) can
be written:

r@e=dee) 3 Lo BEapxe) a9
m=1,3,5

This means that the "amplified" pressure rn(t) is uniformly distributed axially and its value
is obtained from Eq. (17).

b) The component corresponding to m = 1 is amplified; the remaining components have no
amplification because they have higher frequencies.

Eq. (18) can then be written:

bl P_(t)
r(e) = 4pae) st + 4 37 stn (&) (20)
m=3,5,7
eier-r)emEer () (21)

The axial distribution of the static equivalent pressure is thus deformed by the selective
amplification of the first axial mode. In Figures (12) and (13) the values of Pn and P: are
plotted for n = 0 and n = 2. Case a), b) or perhaps an intermediate case will apply, depend-

ing on ‘the shell natural frequencies and the excitation pressure-time history.

For the usual reactor dimensions and the pressures shown in Figures (12) and (13) it can
be said that in most of the studies, probably case (a) will apply to the modes n = O and case
(b) to the other modes. Intermediate cases are improbable; if they appear, they can be
studied similarly to case (b) using an equation analogous to Eq. (21).

Finally, it should be mentioned that the approach to this problem has been to discard
any support that the barrel could have from the vessel nozzles. This possibility depends on
assembling and manufacturing tolerances and temperature distribution. Support from the
vessel will increase the stiffness and frequency of the barrel which becomes less sensitive
to amplifications due to the pressure pulses. The method presented in this section could be
used to consider this case if the normal mode and natural frequencies of the shell are com-
puted with the additional boundary conditions.

5. COMBINATION OF RESPONSES

In this study, different excitations (vertical and buckling for a hot~leg break; vertical,
beam mode, and ring modes for a cold-leg break) have been considered independently. The

various responses must be combined at each point in time to obtain the total response.
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At each point in time, deflections are added algebraically, and the result is compared
with the allowables.

Each type of response leads to a time-history of an equivalent static applied force
(e.g., P; for the ring mode response in the cold-leg break study). With these forces,
stresses are computed by standard methods of strength of materials in areas of interest
(e.g., barrel flange weld). The stresses are then added and the principal stresses computed.

A time-history of stresses is computed for each point of interest in the reactor.
Maximum values are then compared with allowable stresses to assure the integrity of the

components.

6. CONCLUSIONS

This paper describes the method for analyzing the response of reactor internals to a
postulated blowdown accident. External forces, acting on the components in very short time
periods, shake the entire structure, producing dynamic responses with complex characteristics.

The analytical wmodel includes all the most important characteristics of the internals
such as Coulomb type friction, gaps, impact damping, etc. and can be used to conservatively

evaluate the components' response.

This study indicates how maximum deformations and maximum stresses produced during the
accident can be computed to ensure that the internals will maintain the basic geometric

requirements to assure plant shut down and core cooling.
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Pigure 4 - Shell Model for Core Barrel
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DISCUSSION

S. CURIONI, Italy

During the dynamic evaluation must the dynamic answer of the material be taken

into account for the velocity that we have in the phenomena, if we arrive in plastic region ?

A

be said that the level of strain rates are not in the range which significantly affects the ma-

G.J. BOHM, U.S. A.

The effect of strain rate in the material's behavior has been considered. It can

terials properties.

When elastic analysis is performed, the change in yield strength, ultimate stress and ductil-
ity is not part of the analysis but is taken into consideration when the allowable limits for
linear analyses are established. The change in modulus of elasticity is negligible.

The fact that the effect of strain rate is to increase the yield strength and ultimate stress is
a favorable fact for the assumptions of the elastic analysis. When dynamic elastic-plastic
analysis is performed, the use of the correct true stress-strain curve considers the effect

of strain rate.

Q E, OHLMER, JRC Ispra, Italy

In Ihr analytisches Modell, wie wir es in Ihrem ersten Bild sahen, haben Sie
eine grosse Anzahl von Feder-Didmpfer-Elementen eingefithrt. Welche praktischen Werte
bentitzen Sie bei der Rechnung fir die Ddmpfungskoeffizienten in diesen Elementen ? Haben

Sie hierzu gemessene Werte zur Verftigung oder benttzen Sie angenommene Werte ?

A

Art simuliert die Strukturddmpfung und wird mit den tblichen analytischen Methoden zur

G.J. BOHM, U.S. A,

Das Modell benutzt zwei Arten von Ddmpfungselementen (dash-pods). Die erste

Berechnung von Systemen mit mehreren Freiheitsgraden ermittelt (Fig. 1), unter Benutzung
eines sehr kleinen Ddmpfungswertes. Nachdem das System aufgebaut ist, wird eine Stoss-
last aufgebracht und die Antwort mit Hilfe eines Digitalrechners ermittelt, Das dabei erhal-
tene logarithmische Dekrement gibt Auskunft tiber die Ddmpfung des Gesamtsystems und
bestiatigt die Eingabewerte. Messergebnisse an Reaktoren erlauben die Aussage, dass dieser
Diampfungsanteil klein ist,

Die zweite Gruppe von Didmpfungselementen, die mit den ''snubbers’ verbunden sind, simu-
lieren die Energieverluste durch Stossvorgidnge in dem beim Stoss verformten Bereich. Die
Dampfungskoeffizienten, die diese Energieverluste darstellen, sind mit den tiblichen Stoss-
ziffern aus der Stosstheorie korreliert. Experimentelle Information tiber diese Stosszahlen
fur verschiedene Werkstoffe ist in der Literatur vorhanden und wird ergidnzt durch Versuche,
die von den Herstellern an einigen Fillen durchgefthrt wurden, mit dem Ziel sicherzustellen,

dass die angenommenen Dimpfungswerte auf der sicheren Seite liegen.
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Q E. KOCH, Germany

1. As was mentioned before, the hydraulic analysis is based on break opening times in the
order of 1 ms. A very crude calculation shows that actual break opening times have at
least to be in a region of 10...30 ms, because it takes that time to accelerate a piece of
pipe 3...5 ft. long half a diameter away. So this assumption might give rather conservative
loads to the structure. Did you make sensitivity studies with respect to break opening time,
and what were the results ?

2. Could you, please, tell us whether you took material elasticity into account when calcu-

lating hydraulic loads ? Is that of much influence to the loads calculated ?

A G BOHM, U.s.A andJ.P. LAFAILLE, Belgium

1. It is correct that the assumptions used for the blowdown analysis are very conservative,
particularly when a period of 0.001 sec. is assumed for the opening time. No complete
sensitivity studies have been performed to establish for what opening time the loads will
produce significantly lower stresses in the internals.

Knowing that the dynamic response of the internals will practically disapear after 0.280 sec.
(see response curves in the paper) with peak responses before 0.100 sec., it is probably
correct to assume that for breaks of the order of 0.100 sec. the magnitude of the internals
response will produce much lower stresses.

2. The hydraulic analysis performed to compute the loads applied to the components during
a blowdown accident assumed that the structures are rigid. This is a very conservative
assumption as has been found for simple special cases in which the deformation of the struc-
tures was coupled to the water transients. The deformation of the structures will tend to
relieve the differential pressures across components, thus reducing the hydraulic loads

computed.



