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SUBJECT: EVALUATION OF BAW-10051, SUPPLEMEliT 1

R We have co::pleted our evaluation of Babccck & Wilcox Topical Report
5 BAU-10051, Supplement 1, "Dasign of Reactor Internals and Incore Instru-

rent ilozzles for flow Induced Vibration - Structural Analys s of 177-FA
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ABSTRACT

Because of inservice operational problems, the surveillance specimen holder
tubes described in BGW topical report BAW-10051 have been redesigned. This

report describes the new design and structural analysis for normal operation
and upset loading conditions. The resultr of the analysis demonstrate the

adequacy of the new surveillance specimen holder tubes for their design life
of 40 years.
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l. INTRODUCTION_-
._

m

J Operational problems with the design of the surveillance specimen holder tubes

(SSHTs) on Babcock & Wilcox's 177-fuel assembly plants necessitated a redesign,

1
,- of the holder tube, as described in B&W topical report BAW-10051 .

1 This report provides a description of the new desi n in sections 2 and 3, thed;
specified criteria for the structural analysis in section 4, the normal opera-

_

tion and upset loading conditions in section 5, and a comparison of analytical
_-

results with the allowabic values given in the ASME Code, Section III, Subsec-.

._

tion NG for Core Support Structures.

-

The redesigned SSHT is shown, through extensive analysis and stringent accept-
ance criteria, to be structurally adequate for the 40-year design life of the

177-fuel assembly plants.
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2. SUFDIARY AND CONCLUSIONS

This report describes the extensive thermal and mechanical analyses performed

to demonstrate the acceptability of the new design of the 177-fuel assembly sur-

veillance specimen holder tube (SSilT) assembly. The new design is illustrated

schematically in Figure 2-1. Its major components include surveillance specimen

capsules with wedged end fittings, a surveillance holder tube, rigid and flext-

ble support brackets (Figurc 2-2), and a locking mechanism that wedges the cap-

sules within the surrounding holder tube.

The design criteria for the SSilT were established on the basis of functional

requirements and structural integrity. The functional aspects of the design

were satisfied by ensuring that specimens will be exposed to the proper thermal

and neutron environment. The structural integrity was confirmed through exten-I sive steady-state and vibrational analyses in which results were compared with

the conservative limits given in the ASME Code, Subsection NG for Core Support

Structures. The fatigue analysis, which must consider the small amplitude,

high-cycle vibrational stresses, was based on conservative cumulative damage

and the associated f atigue design curve.

The results of the analytical studies indicate that the new design for the SSilT

will be adequate for the 40-year design life of the nuclear plant. Absolute

deformations are expected to be extremely small; there should be no relative

deformation between parts at their structural interfaces, and calculated stresses

are within Subsection NG allowabic limits.

I
I
I
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3. DESIGN DESCRIPTION

8 The new design of the 177-fuel assembly SSilT is illustrated in Figures 2-1 and

2.. ihe functional and mechanical descriptions ef the new design follow, and

the relevant design criteria are included in section 4.

3.1. Functional Description

The SSilT is designed to house the samples or specimeis of reactor vessel bt.se

netal ar.d weld metal in a representative thermal and neutron envirorment. TheI holder tube is positioned in the reactor downcomer annulus, azimuthally and

re-lially away from the core's major axis to ensure that this requirement is

satisfied.

3.2. Mech nical Descriptiont

I The new SSitT assembly consists of surveillance specimen capsules, a surveil-

lance spe cr 'n holder tube, and brackets that connect the assembly to the re-

I actor internal thermal shield. As shown in Figure 2-1, the surveillance spe-

cimen holder structure has two spans, each 30 inches long. The upper 12-inch

cantilevered section of the tube houses a locking rechanism, which wedges the

surveillance capsules against the surrounding holder tube.

Because the tube is attached to the thermal shield, it must be designed to ac-

commodate differential thermal expansion. Thus, the tube is attached at its

mid-height with a rigid bracket and at each end with " flexible" brackets.

These brackets, illustrated in Figure 2-2, are flexible only axially and are

designed to allow the shield to grow thermally without transmitting the cor-

responding deformations to the SSHT. All brackets are stiff in the radial and

tangential directions to provide support for flow-induced vibration loadings.I The brackets are attached to the thermal shield with 0.75-inch, high-strength

bolts.

The surveillance capsules are packed with specimens having an outer diameter

of 2.75 inches and extending over a length of 30 inches. Thecapsp1gsh en }/
8 J V 't '
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double-action wedged end fittings so that when they are stacked inside the
SSHT, they can be wedged against it through the application of a compressive
preload from the locking mechanism above. Following capsule handling, this

mechanism is activated by a torque wrench and jackscrew, which puts the cap-
sules in compression and the holder tube in tension.

I

I
B

B

I
I
I
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4. DESIGN CRITERIA FOR HEAT TRANSFER
AND STRUCTURAL ANALYSIS

The new design of the SSHT will be subjected to steady-state thermal and mechan-

ical loadings and low- and high-cycle vibrational loadings. To successfully

demonstrate the structural integrity of the new design, certain criteria have

I been established for its acceptance. This section describes the SSHT design

criteria, which also contain functional requirements which the new design must
satisfy.

To meet the surveillance program requirement 2 the capsules must be positioned,

in the downcomer annulus so that the specimen temperatures are within 25F ofI the temperature at the 1/4 thickness location in the reactor vessel wall. They

also must be located axially within 60 inches of the core midplane. This en-

sures that the specimens are subjected to representative neutron fluence levels.

With the SSHTs attached to the thermal shield and protruding into the reactor
downcomer annulus, the tubes will be subjected to cross flow- and parallel flow-
induced loadings. The maximum specified cross flow and parallel flow velocities
are 26 and 50 fps, respectively.

The SSfiT assembly is designed and analyzed in accordance with the ASME Code,
Section III, Subsection NG for Core Support Structures. In particular, the

loadings specified for normal operating and upset conditions are considered in
the analysis. The resultant stresses from the loading conditions are compared
with Code limits to ensure structural integrity.

1As indicated in B&W topical report BAW-10051 , the consideration of high-cycle,
flow-induced vibration stresses requires a fatigue evaluation other than that
provided in the ACME Code. B&W has developed an extremely conservative S-N de-
sign curve for fatigue analysis. The curve, shown in Figure 4-1, includes the

effects of mean stress and provides allowable alternating stresses up to 10 12I cycles. The ASME Code curve, which extends only to 10 cycles, is also shown6

for comparison. The design curve in Figure 4-1 is used for computing cumulative
usage factors and evaluating the integrity of the SSHT for cyclic loadings.

Babcock & Wilcox4-1
c!? C :}
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Figure 4-1. Design Fatigue Curve for Redesigned SSIIT
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5. ANALYSIS

The new SSHT design and the criteria governing its analysis are described in

the preceding sections. This section describes the thermal and structural

analyses of the tube and presents detailed numerical results, which are

shown to satisfy the acceptance criteria defined in section 4.

5.1. Heat Transfer

The heat transfer analysis of the SSHT assembly has two basic objectives:

1. To determine the temperatures of the various surveillance specimens and
ensure that they are within 25F of the 1/4 thickness reactor vessel wall

temperature.

2. To determine the temperature distributions in all pertinent subcomponents
(thermal shield, SSHT, surveillance capsules, and surveillance specimens)
to facilitate a thermal stress analysis of the entire assembly.

The heat transfer analysis requires knowledge of the gamma heatlag distributions

in the affected components and knowledge of pertinent reactor coolant conditions.

Two azimuthal locations are possible for the redesigned SSHTs: one is 11 away

from the plane containing the major core axis, and the other is 26.5 away.

The temperature distributions are determined using classical methods of axi-

symmetric beat transfer analysis, where the gamma heating serves as the volume

heat input and the reactor coolant parameters of temperature and velocity are
converted to surface boundary conditions. The major axis gamma heating is

scaled by a peaking factor to account for the azimuthal location of the holder

tube assembly being analyzed.

5.1.1. Surveillance Specimen Temperatures

To ensure that the sutveillance specimens are within !25F of the 1/4 thickness

reactor vessel wall temperature, an analysis of the reactor vessel was conducted.

Figure 5-1 shows the computed temperature distribution through the thickness of

the reactor vessel wall. A maximum temperature of 576F is noted, along with a

. , , ,

554 : "' Babcock & tviicox5-1
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1/4 thickness temperature of 572F. Several reactor vessel cladding thicknesses

were considered in the analysis and did not significantly perturb the distribu-

tion shown in Figure 5-1. Thus, the surveillance specimen temperatures must be W

within the range from 597 to 547F (125F of the 1/4 thickness vessel wall tempera-
ture).

Two types of surveillance specimens were analyzed; these are shown in Figure 5-2.
The Charpy impact specimens are packed inside the surveillance capsules (0.125-
inch wall, stainless steel tubes) with powdered aluminum. They are arranged in

a square, 4 by 4 array with 0.005-inch helium gaps between specimens. This con-

figuration has poor heat transfer characteristics because of the high resis-
tance associated with the helium gaps; its temperature will tend to be on

the high side of the allowable range. Thus, for a conservative analysis, it is

located at the 0 = 11 azimuthal location, which has the highest peaking factor, g
1.19. W

The uniaxial tension specimens are 0.375-inch rods which are also packed inside
the surveillance capsules with powdered aluminum. These specimens are arranged
in a square 2 by 2 array with large aluminum spaces between specimens. This con-

figuration has good heat transfer characteristics because of the large percentage
of aluminum in the cross section. Its temperature will tend to be on the low

side of the allowable range. Thus, for a conservative analysis, it is located

at the 0 = 26.5 azimuthal position, which has the lowest peaking factor, 0.83.

Figure 5-3 illustrates the resultant temperature distributions in the two types
of surveillance specimen configurations analyzed. The Charpy specimens vary
from a maximum temperature of 578F in the interior region to a minimum of 568F
in the exterior region. The tensile specimens are cooled more adequately and
vary slightly in temperature from a maximum of 558F to a minimum of 556F. All

these temperatures are within the allowabic range, and the criterion for specimen
temperatures is satisfled.

Figure 5-4 indicates that a coolant velocity of 1 fps was assumed in the annulus
between the surveillance capsules and the holder tube. This is an extremely g
conservative assumption since the velocity outside the highly perf orated SSHT *

is 22 fps. Figure 5-4 shows that the assumption of coolant velocity does not
have a significant effect on the capsule boundary conditions unless it drops
below 0.5 fps, where turbulent flow is not ensured. Thus, the analysis of the

I
,oq

SM :"
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surveillance specimen has been conducted using a conservative assumption for
reactor coolant velocity distribution.

5.1.2. Temperature Distributions for
Thermal Stress Analysis

Figures 5-5 and 5-6 show the calculated temperature distributions in the 177-FA

thermal shield to which the SSilTs will be attached. Figure 5-5 shows the temper-

atures at the 0 = 11 azimuthal location, and Figure 5-6 shows those at 0 = 26.5 .

These temperature distributions are applicable over the entire height of the SSilT

because of the flatness of the gamma heating profile.

Table 5-1 summarizes the average and maximum temperatures in all structural com-
ponents related to the SSilT assembly. As indicated, the tube itself maintains

a constant temperature equal to that of the reactor coolant. This is a result

of the thorough exposure of both the inner and outer surfaces to coolant flow.

These temperature distributions form the necessary input for computing thermal

I stresses in all affected components. The thermal stress analysis and results

are described later.

I 5.2. Finite Element Model

A finite element model was developed to analyze the SSilTs and capsules for ther-
mal and vibration loadings. The model consists of discrete beam elements repre-
senting the SSilT, capsules, and support brackets. The model was developed for

processing by the NASTRAN computer code, which is a public domain, large-scale,I finite element program.

I Figures 5-7 and 5-8 show the finite element modeling of the SSitT, capsules, and
support brackets. The model is assumed to be rigidly supported where the brack-
ets are bolted to the thermal shield. The tube and capsules ore modeled with

E heam elements having a length of 3 inches. The capsule and tube elements are

coincident over the lower 60-inch length and behave independently except where
they are continuoosly attached to the support brackets. The perforations in the

holder tube are incorporated in the computation of the effective mass and stiff-
ness of the representative beam elements. As indicated in Figure 5-7, the SSliT

extends 12 inches above the uppermost support bracket.

The flexible end brackets were modeled as shown in Figure 5-8. The bracket 1 cgs

were modeled with beam elements, which were connected to the tube model center-
line with rigid bars. The very rigid intermediate support bracket was modeled

554 I Esabcock & wiicox5-3
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with three simple supports spanning its 6-inch height. These supports constrain
local translational defornetions but permit limited coupling between the over-

all behavior of the upper and lower spans.

5.3. Natural Frequencies and Mode Shapes

The natural frequencies of the SSIIT, in the range of interest, were determined

using the NASTRAN computer code and the finite element model described in the g
preceding section. Natural frequencies are of interest from the standpoint of W

their proximity to excitational frequencies. They are the basic ingredient for

characterizing the behavior of structures subjected to dynamic excitation.

The effects of water on the natural frequencies were accounted for by adding
virtual mass to the model in accordance with reference 2. The tube perforations

were accounted for by reducing the virtual mass by the ratio of the surface area

of the perforations to the surface area of the unperforated tube.

The natural f requencies and mode shapes of the model in the radial and circum-

ferential directions relative to the thernal shield were computed. The frequency

results are tabulated in Table 5-2. Figures 5-9 and 5-10 illustrate the mode shapes

corresponding to the two lowest natural frequencies, 204 and 219 Ilz.

All the frequencies computed are above 200 liz, and the model is seen to behave in
a representative beamlike fashion. Vortex shedding frequencies are normally less
than 50 llz in the vicinity of u S Silt, and the design is considered satisfactory

from the standpoint of separation of structural frequencies and shedding fre-
quencies.

5.4. Vibration Leadings

This section describes the vibration loadings considered in the analysis of the
redesigned SSilTs. The sources of vibrational excitation imparted to the holder
tube have two forms: hydraulic and structural. An extensive examination of the

hydraulic environment in the vicinity of the holder tube assembly has identified
the following loading mechanisms:

1. Random pressure fluctuations (turbulent flow in downcomer annulus).
2. Periodic pressure fluctuations (characterized at pump blade passing frequencies).

.o ?3. Vortex shedding pressure fluctuations. r' / A t y 'rjut

8
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I The structural excitation consists of motion imparted to the SSilT assembly from
the vibration of the thermal shield to which it is attachtd.

These hydraulic and structural vibration loading mechanisms are discussed in

detail in the f ollowing parat;raphs. An endurance limit or " brute force"

analysis, in which all vibrational loadings are considered as proportional to
the dynamic head, is also presented.

_5. 4 .1. Randon Pressure Fluctuations

The SSilT will respond to the non-homogeneous random pressure fluctuations causedI by turbulent flow adjacent to the structure. The method of analysis is t o d e-

fine the ioading function statist!cally with a pressure power spectral density
(pSD), which is applied to cn analytical model of the SSilT. The theory for analy-

sis has been developed by B&W and translated into a computer program that calcu-
lates RMS displacements as a function of position. The parameters chosen for

analysis of the SSIIT will provide conservative responses for random vibration.
The results of random vibration analysis are in terms of RMS displacements at
the natural frequencies of the SSill in water. This displacement configuration

can then be translated into stresses in the component parts of the SSilT assembly.I The random pressure loading used for design purposes is shown in Figure 5-11.
It is based on an empirical relationship between dynamic pressure and mean square

WP pressure (k ) . The dynamic pressure is given by

I q=h.pV I

where , fluid density and V = design velocity.=

I
3 2A report by J. Clinch indicates that the ratio between q and j;2 is constant

over a wide range of Reynolds numbers. We have expressed the pressure ratio in

terms of turbulence level (TL):

F = (TL)"q .2

Using an exponential representation of the PSD curve,

| ~ fW (f) = W (o) e o, l~ /, / [Cp p Jv i iug

where
W = power spectral density,

P

f = natural f requency,

8
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o = subscript for reference frequency

e = base of natural logarithms,

we obtain

2W f < p /e.
p -

The shape of this PSD curve is very similar to pressure PSD curves based on
experimental data. Since W is defined only for positive frequencies, the w

forcing function as used in the analysis is given by

82S = p f(2ct)
p

where e = 2.718.

Clinch obtained a turbulence level of 0.084; however, to pros ide more conserva-
tive loads on the SSHT, a turbulence level of 0.2 is used. W

The RMS pressure value for the design loading provides additional assurance
.

that a representative load is being used. From the curve in Figure 5-11, it is W

estimated that the RMS value is equal 0.3 psi over the frequency range of 100
to 500 Hz. A conservativo axial flow velocity, 50 fps, is used in deriving the
pressure loading. The damping ratio used in the analysis is 1% and is supported
by test data.

The correlation length (A) used in the analysis is 4 inches; this corresponds to
the distance f rom the thermal shield to the SSHT and to the diameter of the SSHT.
The correlation length is a .neasure of coherence in pressure from one point on
the structure to another.

The mode shapes of the outer tube for several natural frequencies of the as-
sembly were computed, and results were obtained in terms of RMS displacements
for each mode. The normalized displacements from the modal analysis were then
scaled to determine the maximum stresses in the assembly. These results are

summarized in Table 5-3. Note that the response becomes negligible at the
higher frequencies.

5.4.2. Periodic Pressure Fluctuations

Sinusoidal varying pressures from the reactor coolant (RC) pumps have been
considered in the analysis of the SSHT. The amplitues and frequencies of the

sinusoidal pressures are shown in Table 5-4. These values were determined

r (. [i }ObJv r
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__.

froni pressure measurements obtained at location three pipe diameters down-a

stream from the discharge of an RC pump installed in a large test loop. Since

the measured pressures correlated very well across the pipe diameter and along
the pipe axis, they are treated in a plane wave fashion. Consequently, pres-
sure dif ferences across the SSilT can be determined by the following cot. :et v-
ative method:

It is assumed that any flow effects (velocity, density gradient, etc.) can be
neglected. The sonic velocity in the reactor coolant is given by

[6.3 > 10" '2x 386.g =
31,040 in./se =3 .

=

a /172 8
k'

o
)

where
E = bulk modulus of fluid,

g= acceleration of gravity,

= density.u

The wave length is then given by

c/1A =

where f= frequency (liz); for example,

1552 in./ cycle,* g, =,,

This acoustic wavelen>;th is large (especially at low frequencies) that it isso

impossible for the tube diar:.eter of the SSIIT to see more than a small portion of
the whole wavelength at any one time. Consequently, the maximum pressure differ-
ential across the tube at any one point in time can be written as

%d
*P = P sin. (see Figure 5-12)

where
P = peak-to-peak amplitude of incoming wave,
d = tube diameter,

A = wavelength.

This can be written as

AP = P sin
c

p7q q _7,

J V 't i U/
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I
and is of course the amplitude of the harmonic forcing function. It is further

assumed that this force is uniform along the axial length of the tube. The g
magnitude of the sinusoidal pressure wave in the annular region was determined. WP

It is assumed that no losses in pressure amplitude occur as the wave travels
along the inlet pipe. As it enters the upper annular region, the wave is assumed

to experience no losses, but the pressure magnitude is scaled by the inverse ratio
of the sectional area in this annular region to the cross-sectional area of the

inlet pipe. To facilitate the analysis, the sectional area is approximated as
a frustum of a cone as illustrated in Figure 5-13. This results in a scale

factor of 5.7. Since no losses have been assumed across the inlet annulus inter-
tace, only the pressures in the frustum region will propagate down and around g
the annulus. It is assumed the SEllT will be subjected to pressure fluctuations W

from all the pumps by waves traveling around the annulus. However, in actuality,

the pressures will decrease as an inverse function of the distance from the re-

actor inlet. Furthermore, there is no reason to expect the effects of all the

pumps on any tube to be fully additive over the length of the tube. However,

to ensure conservative use of the pump-induced pressure fluctuations, the pres-
sure magnitude is taken directly from the inlet region scaled only for the ini-
tial area effects. Further, it is assumed that a fully coherent, plane wave
impinges on the tube in the tangential direction. No scattering effects are in-
cluded, and the full dif ferential pressure is applied to the tube rather than w

integrating the pressure over the tube surface, which would ceduce the effective

pressure by n/4. The final pressure fluctuations, scaled for the area ratio

and wavelength effects, are given in Table 5-5.

I
5.4.3. Vortex Shedding

The oscillatory li f t and drag forces caused by vortex shedding are computed in
this section. Vortices are shed from the surveillance holder assembly due to
flow crossing the tube normal to its axis. If we take the maximum predicted
cr~ cflow velocity of 17.5 fps and apply a conservative upset factor of 1.5,
we compute a maximum expected value of 26.25 fps for the crossflow. Figure

5-14 illustrates the design flow velocity distribution. From this we estimate
the Reynolds number as

ggp } ']]
7Re =

0. 00 4 x 10 t, { = 0.586 x 10= x

JJ t
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I
_1 where

V = crossflow velocity, fps,

d = characteristic length (tube diumeter),
' v = Kinematic viscosity, ft2/s.

Using this result, we obtain a Strouhal number of 0.300. This, then, defines

the frequency of oscillatory lift due to vortex shedding:

I SV 0.300 26.25
f 25.20 Hz= - - = -=

sh d 3.75/12
.

where
f = vortex shedding frequency,sh
S = Strouhal number,

V = crossflow velocity,
- d = diameter of tube.

There should also be an additional oscillatory driving force at twice this fre-
quency but in the drag (tangential) direction. We obtain the magnitude of the
lift (or drag) force from

1 2
--

L = 5 pV C di

or the lift per unit length as

L 1 ,

= 3 DV' C d.,

These equations can be used to compute the lift (or drag) forces to ue lumped
at each node of the computer model.

Fron Chen" we note that the Reynolds number is in a region characterized by
boundary instabilities due to the transition from a laminar to a turbulent re-
gime. We expect the boundary layer to be turbulent; hence, we choose a C that

-

lies on the turbulent side of the transition region (C 0.2). The frequency=

(f the lift is separated from the lowest natural frequency of the system by
nearly 8.1 t imes, so the load can be essentially considered as static (a magnifi-
cation factor of 1). The oscillatory drag forces encountered with vortex shed-

di'ag are typically an order of magnitude lower than those in the lift direction;
however, to be conservative, we shal.' consider these drag forces to be equal in
magnitude to and at twice the frequency of the lift force.

The resultant vortex shedding loads can now be computed and applied to the previ-
ously described finite element model. Displacements and stresses at lift arid drag

Babcock & Wilcox5-9 p73 e14
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frequencies can then be determined. Results of this analysis are presented -

later. Summarizing the conservatisms used in defining the vortex shedding
forces:

1. Design crossflow velocity 1.5 times larger than for normal four-pump g
operation.

5:. Conservative f actor of 1. 5 applied to specified crossflow velocities
from vessel model flow tests.

3. Shedding frequency determined using maximum velocities. Wr

4. Measured RMS C values of less than 0.05 instead of 0.2.
5. Drag forces assumed caual in magnitude to lift forces. 3
5.4.4. Thermal Shield Excitat ion

Since the assembly is attached to the therna; shield, it is subjected to the
flow-luduced vibratory motions of that structure. Table 5-6 gives the fre-

quencies and responses of the thermal shield. These were determined from ac- W
celerations of the shield that were measured during preoperational testing of
the prototype internals for the 17 7-f uel :.ssembly plants. A conservative

ac cel e ra t ion field of 0.06 g's was determined by using a frequency of 24 Hz
and a displacement of 0.001 inch. An inertial load resulting from the 0.06

g's acceleration was applied to the assembly, and the corresponding stresses
were determined.

All the frequencies tabulated in Table 5-6 are for modes having a single de-
gree of curvature (m=1) in the axial direction. liigher thermal shield modes

(m=2), which might tend to match the lowest mode shape of the SSIIT, are not
discernable in the measured data. Thus, it is assumed that there is not g
enough energy in the higher modes to significantly affect the response of the W
SSilT assembly.

I5.4.5. Endurance 1. i m i t Analysis

In general, all hydraulically induced vibratory loadings can be related to the
dynamic head, which is a function of the square of the fluid velocity. A

good " rule of thumb" engineering analysis is to evaluate the response of the g
structure in question to an applicd loading of 10 times the dynamic pressure, W

2pV /2. The resultant stresses are considered to act for an infinite number
of cycles and are compared with a material endurance limit to determine
structural adequacy. Such an approach is described in detail in BAW-10051 1

*a.3m ,
i
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5 and hcs proved to be a reliable design tool for structures in scvere flow-

Induced envircinents.

For a thorough evaluation of the 177-fuel assembly redesigned SSilT, the "endur-

ance limit" analysis was conducted. Figure 5-15 summarizes the results of this

analysis, which, for the sake of consistency, were compared with endurance

limits given in BAW-10051.

5. 5. Seismic Loadings

An acceleration field of 0.90 g's was applied to the SSilT assembly due to the

I seismic response of the core support assembly (CSA). The "g" level was deter-

mined from a CSA beam mode frecluency of 8 Hz and a maximum displacement of
0.14 inch. The displacement was conservatively determined f orm the B&W 205-

fuci assembly standard plant OBE response sp(ctra.

An inert ial load resulting from 0.90 g's acceleration was applied to the as-

sembly and the corresponding stresses determined.

5.6. Normal and Upset Condition Stress Analvsis

This section describes the SSilT stress analysis for uut.a1 and upset (seismic)
I conditions. The previously described thermal and vibratory loadings are in-

cluded. To facilitate the computation of stresses in the comronent parts of

the SSilT assembly, the NASTRAN finite element model described in section 5.2

was used. Sunmaries of stress results and ASME Code allouable limits are pro-

vided in the following paragraphs. Maximum stresses are reported for the

holder tube, the brackets, and the surveillance capsules.

5.6.1. Steady-State Stresses

Steady-state stresses in the SSilT a re derived f rom capsule preloact, thermally
?( Induced loads, dead weight, and steady drag. The capsule preload is applied,

by compressing the capsules and stretching the tube. This load was conserva-

tively taken as 10,000 pounds maximum. The thermal stresses result from aver-

age temperatures of 596F for the thermal shield and 555F for the tube and cap-

I sules. The steady drag load was calculated using a drag coefficient of 1.0 and

the load distribution described in section 5.4.3.

The stresses for these conditions are summarized in Table 5-7 (primary + secon-
dary stresses) and Table 5-8 (peak stresses). The results in Table 5-7 include

a weld quality factor of 0.65 for the capsule and an area reduction factor of

I

5-11 r, / p ' , ', } Babcock & Wilcox
rsa



I
2.2 for the perforated tube. Table 5-8 includes stress concentration factors
of 1.3 (bracket leg geometry), 2.18 (tube perforations), and 2.0 (capsule
weld). W
5.6.2. Vibrational Stresses

Low-frequency loadings consist of vortex shedding (approximately 50 liz), oper-
ating basis carthquake (about 8 Hz), and thermal shield motions (about 24 liz) .

The latter two loadings produce acceleration loadings of 0.90 and 0.06 g, re-

spectively, in the assembly. The stresses caused by thcse loadings are neg-

ligible. 1he peak stresses due to the combined oscillatory lift and drag

caused by vortex sheddin;; are shown below (given in psi):

Bracket 190
Tube 230
Capsule 40

For a 40-year plant life (100% utilization), 50 Hz produces 6.0 - 1010 cycles.

12The allowable number of cycles for 230 psi is much larger than 10 cycles.

liigh-f requency loadings consist of the random and periodic pressure fluctua-
tions discussed in sections 5.4.1 and 5.4.2.

The stresses due to random vibrations were determined by ratioing the stresses
from the modal analysis (no malized to a unit maximum displacement) to those
g iven in Table 5-2. The resultant maximum letS stresses are shown in Table 5-9.
The usage factor for RMS stress is calculated using the following equations.

U = " ([2cs) F 1+-
~

"*
U = usage factor,

n = number of effective cycles = 1.26 x 109 f for a 40-year design
life,

f = natural f requency, IIz,

as = IOtS stress,

P = gamma function given in reference 5.

The terms b and c define an S-N curve of the form NS =c. Figure 4-1 yields

values of b = 21.854 and c = 1.4055 x 1096 Therefore, the usage factor for

ka given RMS stress level, as, is computed as follows: F !" '4 i'9
JJ t I iL W
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I U= (5.83 x 10-77)fo21. 8 5 t. ,

s

The stresses due to pump pressure fluctuations were calculated using a classi-
cal fregeency response analysis. The pressure amplitudes given in section

5.4.2. were input at the discrete pump frequencies. The resulant peak strcases

for the fi.e- and seven-blade pumps are shown in Table 5-10.

It should be noted that the cumulative usage factor for the random and periodic
pressure loadings is much less than the allowable value.

I
I Table 5-1. Summary of Temperatures in

SSHT-Related Components

I T FComponent max' - FT,

11 , APF = 1.19( )1. 0=

Thermal shield 611 596

SSilT 555 555

Specimen cladding 558 557

Charpy specimen 578 --

(worst case)

2. 3 = 26.5, APF = 0.83

Thermal shield 594 583

SSilT 555 555

Specimen cladding 555 555

Tensile specimen 558 --

(min case)

3. Pressure vessel 1/4T temp = 572F

I
(a ) Al'F: azimuthal peaking factor.

I
8

~b ii iiJ
.

J
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Table 5-2. SSHT Modal Analysis Results

Point of max displ'tDisplacement Natural
direction freq, Hz Components Location

Padial 219 Tube Top

245 Capsule Lower span
337 Tube Top

430 Tube Lower span
510 Tube Upper span
618 Capsule Lower span

Tangential 204 Tube Top

233 Capsule Lower span

315 Tube Top

409 Tube Lower span

456 Tube Upper span

590 Capsule Upper span

E

Table 5-3. Maximum RMS Modal Displacements for SSHT
Assembly Due to Random Excitation

Frequency, Modal displacement,
Direction Hz mils RMS

Radial 219 0.65

245 0.87

337 0.19 g
430 0.05 W

Tangential 204 0.82

233 1.14

315 0.33

409 0.09 5

8
w ,o
J a 'r 1 ' '
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8 Table 5-4 Pressure Fluctuations Measured in Five-Vane
Bingham Pump Test Loop

Velocity of sound (c) in coolant 31,040 - 2587
at 550F, in./s - fps

A = c/f; f = frequency, Hz

Frequency, Pump pressure,(a)

8 Hz A, in. psi

20 1552 0.23

40 776 0.17

100 310 0.62

140 222 (b)

200 155 4.75

280 lli (b)

300 103 0.48

400 78 3.08I 420 74 (b)

560 55 (b)

(" Peak-to-peak.

(b) Data not available for seven-vane pumps.

9
-

8

8

I
I
E

Et 1

J u '4
- -

Jr i .
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Table 5-5. Periodic Pressure Fluctuations
Used in SSHT Analysis

iNo. of
Pump impeller Shaft and Pressure,

manufacturer _ vanes BPF, Hz psi

Westinghouse 7 20 NA "
40 g

140 g
280
420
560

Byron-Jackson 5 20 NA( }

|40
100 W
200
300 g
400 5

Bingham 5 20 6.1 x 10-4
40 9.0 x 10-'+

100 8.2 x 10-3
200 1.3 x 10-1
300 1.9 x 10-2 5
400 1.6 x 10-1 5

(a) Pressures from Bingham test used at these frequencies. W

B

B

B

B

I
t

) ,. O-is
j 'a tI
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Table 5-6. Structural Excitations From Thermal Shield

Significant
frequencies, Hz Amplitude, mils

9.0 < 1

11.0 < 1

12.2 < 1

15.0 < 1

23.7 < 1

Notes: No magnification because of wide separation between
exciting and natural frequencies.

Maximum acceleration induced by thermal shield on
assembly is 0.06 g at f = 24 Hz.

Table 5-7. Steady-State Primary Plus Secondary Ltresses

Primary + secondary stress, psi

Load Bracket Tube Capsule

Thermal 26,070 1,130 2,750

Tube preload -11,86C 7,820 -14,920

Steady drag 530 380 -110

Dead weight Negligible Negligit'a Negligible

Total 14,740 9,330 -12,280

ASME Code allowable stress = 50,550 psi (3 S ).
m

f ' .1 7' '

J J 't | a i
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Table 5-8. Steady-State Peak Stresses

Peak stress, psi

Load Bracket Tube Capsule

Thermal 33,890 2,460 3,580

Tube preload -15,420 17,050 -19,400

Steady drag 690 830 -140

Dead weight Negligible Negligible Negligible

Total 19,160 20,340 -15,960

Maximum cycles = 5,000 (thermal)

Allowable cycles for 20,340 psi = 80,000

I
Table 5-9. Stresses Due to Random Vibration loadings

Maximum P3fS stress, psiF e@eg
Hz Bracket Tube Capsule stress (U)

204 720 1140 740 7.6 x 10-6
219 290 870 870 2.2 x 10-10
233 1000 1160 1680 4.2 x 10-'+
245 340 720 1340 3.1 x 10-6
315 420 270 690 2.0 x 10-12
337 90 200 400 1.4 x 10-17
409 120 300 140 3.3 x 10-20
430 30 180 90 4.9 x 10-25

I
I
gm .

J v 't I iO

8
, 18 eBececxs w,icex

g
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I Table 5-10. Stresses Due to Periodic Pump

Pressure Loadings

8 lea stress ampH tude, psiFrequency,
Hz Bracket Tube Capsule

8 Five-blade pump

100 17 4 2

200 103 82 102

300 27 24 34

8 400 338 352 561

I Seven-blade pump

20 -- -- --

40 -- -- --

140 4 6 3

280 146 154 135

8 420 48 108 71

560 92 99 71

8

8

I
I
I
I
B

I
C(1 4 '

:)JJ't i ,

8
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Figure 5-1. 177-FA Pressure Vessel Temperature
Distribution Due to Gamma Heating
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Figure 5-2. Surveillance Specimen Configurations
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Figure 5-3. Surveillance Specimen Temperature Study
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I
Figure 5-5. Temperature Distribution in 177-FA Thermal

Shield, 0 = 11*
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Figure 5-6. Temperature Distribution in 177-FA
Thermal Shield, 0 = 26.5
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Figure 5-7. Finite Element Beam Model of SSHT
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Figure 5-9. First Fundamental Mode Shape of
SSiiT and Capsules (Tangential

Motion F = 204 Hz)
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Figure 5-10. Second Fundamental Mode Shape of SSilT and
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I Figure 5-11. Random Pressure Loading Functions
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Figure 5-12. Superposition of Pump Pressure
Wave on SSHT
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Figure 5-14. Design Crossflow Velocity Distribu* ion
for 177-FA Redesigned SSHT

80

70

60

/
50 \

&
.

D 40 /

|Q
30 3

20 '

.8 N
10 s

a
-

? O
g 4 2 0 2 4 6 8 10 12

@ Distance, ft

; p g m p r-c . . . . . . . .n . . . . . . . .. 3,

$ $ NAE 5d ssacuo d suercaT.1 d
PERFORATED

S
'

TUDE BRACKET SURVEILLAtlCE HOLDER TUBE

-

L a

rJ
g g W W W W W W W W W E E E E E E E E



I
Figure 5-15. Results of Endurance Limit Analysis

of 177-FA SSHT
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