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ABSTRACT

A structural analysis of the LOFT type ' A', 'D', ana 'E' fuel bundle
assemblies was conducted to predict the response to combined axial and lateral
loads experienced during the subcooled portion of a 5-inch,15-msec loss-of-
coolant experiment (LOCE). The fuel bundle assemblies were modeled with a |

linear elastic finite element technique. Dynamic loads predicted in previous
dynamic analyses were applied. Worst case misalignment of the upper and

lower end boxes were assumed due to allowable tolerances within the flow
skirt. This analysis yields maximum axial deflection, internal loads, and,

subsequent stress intensities in the fuel bundle structural components.
Results indicate that stresses in t% ruel bundle structural components,

with the exception of the grid spacer intersection welds, are within ASME
Section I.I allowable limits for reaction of mechanical dynamic loads. Over-
conservative assumptions at the spacer grid to fuel rod and guide tube
interfaces causes the predicted spacer gird intersection weld stresses to
exceed allowable limits. The conservative modeling at the spacer grid to
fuel rod and guide tube interfaces does not adversely affect the results
for the remainder of the structure.
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1.0 INTRODUCTION

This' analysis was performed to demonstrate the structural

integrity of the LOFT fuel bundles during loss-of-coolant experiments
(LOCE's) as recommended in resolution of comments concerning a

1previous analyses . The analysis includes prediction of the axial
,

displacement and internal loads and stresses for type ' A', 'D', and
'E' fuel bundles subjected to LOCE loads which are calculated in
previous analyses ,3 The mechanical response is predicted using

2
.

4
the SAP IV computer code with finite element models of the fuel
bundles, as described in Section 2.0. Evaluation of the fuel bundles
for mechanical loads is done in accordance with ASME Section III,
Subsection NG, of the Boiler and Pressure Vessel Code . Results are

5

presented in Section 3.0 and conclusions are included in Section 4.0.

Detailed illustrations of the models are included in Appendices A '

and B. Equations used for determining maximum stresses and loads, and
allowable stresses and loads are summarized in Appendix C. Finally,
computer output for the finite element analysis is included in
entirety in Appendix D.

..

k

i
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2.0 ANALYSIS REV 1

Analysis for prediction of the response of the type ' A', '0', and
'E' fuel bundles, to maximum loads .occuring during subcooled blowdown
involved the following:

(1) development of finite element models of the bundles.

(2) development of maximum loads and boundary conditions as a

result of dynamic loads occuring during a 5"-1 msec cold leg
'

LOCE (subcooled portion only).

(3) application of loads and boundary conditions to finite
element models using the SAP IV computer code to predict
displacement response and distribution of loads within the
fuel bund'e structure.

(4) reduction of internal loads to Stresses'and combining
s tre sst ; to determine stress intensities in fuel bundle
structural members.

(5) evaluation of fuel bundle structural members using allowable
stress intensities and loads c +' rulated from ASME
Section III, Subsection NG.

Model development is discussed in Subsection 2.1, and details are
presented in Apper: dices A and B. Development of loads and boundary
conditions is presented in Subsection 2.2. The finite element
analysis is presented as computer output in Appendix D. Procedures
for calculating ' maximum stress intensities, loads, allowable stress
intensities and allowable loads are discussed in Subsection 2.3, with
supporting information in Appendix C.
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2.1 Model Development REV 1

A cross section of the LOFT reactor core is shown in Figure 1.
This analysis concerns response of the type ' A', 'D', and 'E' fuel
bundles, as illustrated in Figures 2-7. For detailed discussion of
the fuel bundle assemblies, and structural components (guide tubes,

6fuel r,ods, etc.), refer to MPR-509 , a previous dynamic analysis of
the fuel.

The procedures for construction of finite element models of the
fuel bundles include:

(1) node placement - nodes are placed at every guide tube to

spacer grid interf ace and every fuel rod to spacer grid
interface as well as at the fuel rod ends, and junction of
guide tubes to upper and lower tie plates.

9

Vertical node spacing (along fuel bundle axes) is equal to
the distance between grid spacers, and grid spacers to tie
plates. Horizontal node spacing (in a cross section at the
grid spacers) is equal to the distance between grid strips.
Nodes defining the top and bottom of the guide tubes, and
the top of the instrumented fuel rods are fixed (i.e., no
motion allowed). All other nodes are allowed to move

~

vertically, horizontally in a direction parallel te the
minor principal axis of the ' fuel bundle cross section, and
to rotate about the major principal axis of the cross
section.

(2) element definition - the structural members of the LOFT fuel
bundles are modeled using linear elastic beams, Ma terial
and section properties are developed in Appendices A and B.

Beam properties for the elements representing guide tubes,
instrumented guide tubes, instrumentation tubes, fuel rods,
instrumented fuel rods, and dummy half rods are based on
cross-sectional properties of s' ingle rods or tubes. Beam

properties for the elements representing the grid spacer

...
'
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RIV 1
strips, springs, and dimples are developed using parallel
and/or series linear springs. In addition, a parametric

j study of the-effect of bending stiffness of the modeled grid
structure on overall lateral stiffness of a type 'D',

j assembly was performed. The results, as shown in Figure 8,
allowed evaluation of the model's lateral response compared

j to experimentally determined lateral response . The
,

bending stiffness (about both horizontal axes) of the
elements representing the fuel rod to fuel rod interfaces in
the model are based on the results of the lateral response
comparison, which showed excellent agreement between.

| predicted and experimentally determined lateral response.
,

) (3) boundary conditions - boundary conditions on the models
4

include the node fixities discussed above as well as
provisions for applying lateral and axial loads. Axial

i

loads are applied at the top of the guide tubes in a
vertical direction. ' Effective' lateral loads are applied
by imposing lateral deflections at the spacer grid and lower

; end box locations with boundary elements. These elements
j lie in horizontal planes at the spacer grids and lower end

box, and define the lateral displacements of the guide tubes
-

in a direction parallel to the minor principal axes of the4

fuel bundle cross section.

A summary of the type 'A', 'D', and 'E' model characteristics ist

igiven in Table 1. A remplete model for each type is presented in
Appendices A and B.

,

:
i |

,

. 2.2 Force and Imposed Displacement Development |
'

i

Loads applied to the finite elem'ent models consist of maximum
2forces predicted for dynamic response of the fuel ,3 These loads.

are applied simultaneously and statically to the models in an attempt
to_ predict the most severe state of stress which could. occur during
the' dynamic transient. No attempt was .made to perform a detailed time

history stress ' analysis' accounting for response to less severe loads
i at varying frequencies. Loads used include:- i

'

,

. 4 ,- , -- - - - - - , , % o--.- ,.- - ., ,-c ---,w,, . -y
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(1) axial - axial loads are applied vertically downward at the b I

top of the guide tubes. Values are summarized in Table 2,
,

.

(2) lateral ' effective' lateral loads on the fuel bundle are
imposed by using boundary elements to force the guide tubes
into a predetermined shape. This shape is predicted by
combining results of lateral dynamic analysis with

,

lateral displacements calculated by assuming the fuel
bundles are installed so that the upper and lower end boxes
are misalig. led by maximum clearance values within the flow

skirts. The lateral deflections due to dynamic reponse are
taken at a time when moments in the fuel bundle are at a
maximum. The lateral deflections due to misalignment are
calculated from clearance values on fuel and flow skirt
drawings. The combined lateral deflections are summarized
in Table 2. Note that two cases exist since values due to
dynamic response can be either added or subtracted f'om the
misaligned lateral deflection values. Both cases were
examined in this analysis.

2.3 Stress Analysis

Stress analysis of the fuel bundle structural elements involves
reducing element axial, shear, and moment loads to stresses and stress
intensities for comparison to Section III allowables. For the case of
the grid strip intersection welds, allowables consist of both code
material allowables, and test load allowables. Equations for
stress analysis and evaluation are summarized in Appendix C.

.
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(7) Results for the 'D' and 'E' type assemblies are REV 1
,

representative of the response of the 'B' and 'C' type
assemblies as well.

The above constraints provide the means for a conservative
approach to predict the response of the fuel assemblies to the worst

qase mechanical loads associated with a 5"-15 msec cold leg LOCE.

Internal loads and stresses within the fuel bundle will be
conservative estimates of the actual response.

Predicted axial end bn: to end box deformations are;

(1) type 'A' - 0.0097 inch -

(2) type 'D' - 0.0079 inch

(3) type 'E' - 0.0053 inch

'Maximum loads in the guide tubes, instrumented guide tubes, and
instrumentation tubes give rise to stress intensities within
Section III code allowables Maximum stresses in the fuel rods,
instrumented fuel rods and dummy half rods are also within the
allowable limiti. However, due to linear modeling of the fuel rod to
fuel rod interf aces (i.e., no slippage of rods), and conservative
values for shear area and bending stiffness of grid spacer structure,
loads transmitted from guide tubes through grid structure -to fuel rods
are conservatively high. This conservatism leads to prediction of
stresses and loads which exceed allowat,le limits in the grid strip
intersection walds. This is judged to be a modeling problem since the
predicted loads transferred from the spacer grid to the fuel rods
exceed the maximum friction loads which can-be carried at the spacer
grid spring to fuel rod interf aces. The p'roblem results from modeling
the interfaces with single, linear type beam elements used in SAP IV.

1

i
\

Adjusting section properties of these beam elements (i.e., shear area<

i

and moment of inertia) may lead to less conservative results for the
i l

't' .

h

|
l

,;.-, .-- - . . , ,. , -- _ - - _ .-. - ---- . . _ - - - - . _ , .
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.

grid spacer strip welds. This is not deemed advisable with these I
models since results may still be overconservative, and/or the change
in lateral stiffness of the fuel bundle may be reflected in a poor
comparison between predicted and experimentally determined response to
lateral loads.

Reanalysis of the spacer grid strip intersection welds using a
more refined model and/or review of existing analysis would be
necessary in order to demonstrate structural integrity of the welds.
Spacer grid welds will be examined as part of the fuel bundle posttest
examinatici program.

,

e

k
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REV 1

The results of this analysis include predicted maximum axial
displacements, loads, and stress levels in the fuel bundle structural

elements for worst case LOFT L1-5 LOCE conditions. The results are
surrmarized in Tables 3-7 as reduced from the SAP IV finite element
analysis output included in Appendix D.

Constraints imposed on the fuel bundle models for this analysis
include the following:

(1) response is predicted for the worst combination of dynamic
loads, and is assumed to be linear elastic (no permanent

deformation is allowed).

(2) response is predicted assuming lateral motion parallel to
the minor prir.cipal axes of the fuel cross sections only.

(3) the upper and lower tie plates and end boxes are assumed

rigid and are not allowed to rotate, thus providing a
clamped type support for the guide tubes and instrumented
fuel rods.

(4 ) the interface between the fuel rods and grid spacer
structure is modeled using a linear spring, and fuel rods
are not allowed to slip vertically.

(5) loads and stresses are predicted for guide tubes,
instrumented guide tubes, instrumentation tubes, fuel rods,
instrumented fuel rods, dummy half rods, and grid spacer
structure and strip intersection welds for mechanical loads

arising from reaction to the worst case dynamic load
condition.

.

(6) internal loads in the upper and lower tie plates and end
boxes are not addressed in this analysis.

,
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4.0 CONCLUSIONS

REY I

The following conclusions are drawn based on the analysis
presented herein:

(1) axial deformations presented in Section 3.0 should be the

maximum response to axial dynamic mechanical loads arising
during the subcooled portion of a 5"-15 msec LOCE,

(2) stresses due to combined axial and lateral dynamic

mechanical loads are within ASME Section III allowables for
the guide tubes, instrumented guide tubes, instrumentation
tubes, fuel rods, instrumented fuel rods and dumny half rods
in the type 'A', 'D', and 'E' assemblies,

(3) predicted stresses and loads in the grid spacer strip
intersection welds exceed allowables, however, this is due
to overconservative model limitations in the grid spacer to
fuel rod and guide tube interfaces,

(4) conservative modeling of the grid spacer to fuel rod and
guide tube interf aces does not adversely affect the results

for the remainder of the fuel bundle structure.- This is
because maximum guide tube loads occur at the ends near the
upper and lower end boxes, and maximum fuel rod loads occur

near the center of the rods. The predicted stress levels
are within allowable limits for these components.

(5) with the exception of the spacer grid welds, the comporents
in the LOFT fuel bundles addressed in this report are
structurally adequate to withstand mechanical LOCE loads.

(6) further analysis of LOFT fuel using the models presented

herein is subject to the same . limitations at the grid spacer
to rod and tube interfaces as discussed above.
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TABLE 1

FINITE ELEMENT MODEL CHARACTERISTICS

Model Degrees Beam Boundary Specific
Type Nodes of Elements Elements Data

Freedom

'A' 1575 4607 3450 120 Bandwidth = 318,
includes instrumented
guide tubes and fuel
rods

.

'D' 1575 4645 3450 120 Bandwidth = 318, no
instrumented guide
tubes or fuel rods

__

'E' 623 1837 1354 48 Candwidth = 255, no
instrumented guide
tubes or fuel rods

GENERAL DATA

Guide tubes fixed in rotation about ( i exes at eacn end of models

Motion allowed vertically, horizontally in a direction parallel to the minor
principal axis of the cross section, and about the major principal axis of the
cross section

Upper and lower tie plates and end' boxes are assumed rigid (i.e., provide
clamped type support of guide tubes).

t ;
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TABLE 2 *

f
AXIAL LOADS AND LATERH. DEFLECTIONS IMPOSED ON MODELS

4 .

Position Lateral Deflection (c)Axial Guide Along (inch)Mo'de l Loada Tubes Fuel Clear nce DynamicType (1b) Loaded Axisb p.- .,, g ed Responsee!

:
i 6c 6d 6c - 6d 6c + 6df1

6 0.0002 -0.0001 0.0003 0.0001
5 0.0056 0.0003 0.0053 0.0059

,

!

4 0.0114 0.0010 0.0104 0.0124
'A' 235 18 3 0.0163 0.0014 0.0149 0.0177

; 2 0.0195 0.0011 0.0184 0.0195,

1 0.0195 0.0011 0.0184 0.0195
6 0.0003 -0.0002 0.0005 0.0001
5 0.0082 0.0003 0.0079 0.0085

'D' 191 20 4 0.0168 0.0011 0.0157 0.0179
3 0.0244 0.0015 0.0229 0.0259

i
2 0.0293

i 0.0012 0.0281 0.0293
1 0.0293 0.0011 0.0282 0.0293 '!

6 0.0003 -0.0002 0.0005 0.0001
5 0.0097 0.0003 0.0094 0.0100

,

'E' 198 8 4 0.0202 0.0010 0.0192 0.0212.

3 0.0311 0.0014 0.0297 0.0325a

2 0.0417
', 0.0010 0.0407 0.0426

1 0.0426 0.0009 0.0417 0.0426i

From axial dynamic analysis (LTR 1111-31), per Guide Tube.a

!b 6 - Top grid spacer; 5, 4, 3 - Intermediate grid spacers;
2 - bottom grid spacer; 1 - lower end box. I

-

i

: c Relative to upper end box.
9

-

d Calculated from fuel and flow skirt drawings.
,

From Lateral Dynamic Analysis (LTR 1115-34).e
,

*

f
6 c + 6 d < Sc due to contact with the flow skirt.

;

!.
i

;

L. - .-. i
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\ TABLE 3
;

MMIMUM AXI AL DISPLACEMENTS AND ELEMENT LOADS

,

Max. Instrumented Instrumentation
Model Axial Load Guide Tube Guide Tube Tube

Dj spil)
TypeType

(1nc
El. Runa Load El. Run Load El. Run Load

No. No. No. No. No. No.

Axial
(lb) 193 2 239 697 1 233 676 2 24.4

'A' O.0097 Shear
(lb) 198 2 7.03 697 1 50.7 674 2 1.32

Moment
(in-lb) 198 2 9.64 697 1 50.7 674 2 10.8

Axial
(lb) 193 2 196 None / / 676 2 0.9

'D' O.0079 Shear
(ib) 240 2 10.3 None / / 676 2 0.2

i

Moment
(in-lb) 240 2 15.2 None / / 676 2 1.7

Axial
(lb) 199 1 382 None / / None / /

"E' O.0053 Shear
(lb) 199 1 62.5 None / / None / /

Moment
(in-lb) 199 1 56.0 None / / None / /

a Run No. 1 uses lateral deflection calculated by subtracting
lateral dynamic response from clearance values (Table 2).

r--
Run No. 2 uses lateral deflection calculated by adding lateral -4 5

2dynamic response to clearance values (Table 2). g
m ~

< b
*>-a

.
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TABLE 4
.

MAXIMUM ELEMENT LOADS

Fuel Rod Instrumented Dummy Grid Spacer
Fuel Rod Half Rod Structure

Model Load
Type Type El. Run(a) Load El. Run Load El. Run Lead El. Run Load

No. No. No. No No. No. No. No.

Axial 207 2 58.8 878 1 42.4 None / / 2299 2 4.6(lb)
Shear 522 2 9.94 330 1 14.9 None / / 2299 2 95.3'A' (lb)
Moment 522 2 9.94 330 1 17.8 None / / 2299 2 62.6~(in-lb)
Axial 188 2 48.8 None / / None / / 2119 2 0.18(lb)
Shear 609 2 0. 70 None / / None / / "I575~~~ 2- - 54'3-'D' (lb) .

Moment 659 2 1.97 None / / None / / 1520 2 32.4-(in-lb)
Axial 182 2 32.7 None / / 266 1 70.8 985 1 0.34(lb)
Shear 194 2 0.19 None / ~ / 320 1 1.7 F 993 1 17 F'E' (lb)
Moment 194 2 1.54 None / / 370 1 9.59 793 1 6TZT~(in-lb) [}

3D
(a) See Table 2 footrotes. 5

n ::
rn ::

bh
>d LD

_ _ ___
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TAELE 5

MAXIML'M AND ALLOWABLE STRESS INTENSITIES FOR
DEACTIGN OF PECHANICAL LOADS

BY G'JIDE TUBES
.

Guide Tvbes Instrumented Instrumentatien
Guide Tubes Tute

Mode l P Pm g P, = Pb+F P P, + Pg P, + Pb+F P Pm + PgP Pm+Pb*I
Type (psi) n +(psi) (psi) (psi) (psi) (psi) (psi) (psi) (pst)

m m,

,

S(a) 23,300 S(b) 34,950 S(c) 300,000 Sa = 23,300 Sa = 34,950 Sa = 300,000 Sa = 23,300 5 = 34,950 Sa = 300,000a= a= a- 3

'A' 8,330 11,000 44,000 8,830 30,100 120,400 E65 3,550 14,200

'D' 6,950 11,000 44,000 None None None 31.0 512 2,050

'E' 13,550 29.110 116,400 None None None None None None

(a) Sa * Sm-

(b) Sa = 1.5 x Sm-

(c) Sa = 2 Salt for 200 cycles.

Refer to Section III, ASME Cofe for Definition of Terms.

(*
-4 m

N%
rn
<=_
i

{E

.

O
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TABLE 6

MAXIMUM AND ALLOWABLE STRESS INTENSITIES FOR
REACTION OF MECHANICAL LOADS

BY FUEL RODS

Fuel Rods Instrumented Dummy
Fuel Rods Half Rods

Mode 1 P P P
Type (p$i) m +(psi)h P Pm P

(psi) m +(psi)b P Pm P
(psi) m +(psi)h

(a) (b)
Sa = 10,000 S 15,000 Sa = 10,000 Sa = 15,000 Sa = 13,400 Sa = 20,100a

'A' 1,960 3,470 1,410 6,230 None None

D' 1,630 1,700 None None None None

E' 1,090 1,340 None None 770 2,980

a) Sa=S-m
b) Sa = 1.5 x S -m

t~
H

2* m
rri - -

< ~=
w *

8
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TABLE 7

MAXIMUM AND ALLOWABLE STRESS INTENSITIES AND
LOADS FOR REACTION OF MECHANICAL LOADS

BY SPACER GRID STRUCTURES

Spacer Grid Structure Spacer Grid Strip '

Intersection Welds
Model P P P
Type (p$i) m +(psi)h Q F

(psi) ( b)(a) (b) (c) (d)Sa + 61,700 Sa = 92,550 Sa = 185,000 Fva = 108

'A' 153 9,680 953,000 111

'O' 6.0 5,500 520,000 63.0

'E' 11.3 17,680 1,200,000 203

(a) Sa=S-m
(b) Sa = 1.5 x Sm.

(c) Sa = 3.0 x S -m

(d) Fva Based on Exxon Analysis (JN-72-9).
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APPENDIX A

FINITE ELEMENT MODELS OF TYPE

'A' AND 'D' FUEL BUNDLES

Included in this Appendix is a summary of material and section
properties for beam elements in the type 'A' and 'D' fuel bundle
models as well as complete summary of models in Figures 9-44.

(1) Guide tubes, instrumented guide tubes, instrumentation tube

(304 L stainless)

6
E = 28.3 x 10 si (modulus of elasticity)

y = 0.3 (Poisson's ratio)

3
p = 0.295 lb/in (density)

2A = 0.0282 in (neglects slots)

(cross-sectional area)

2A = 0.0 in (shear area)shear

-3 4J* = 1.967 x 10 in (polar moment of inertia)

I* = 9.837 x 10-4 in (moment of inertia about
4

2

element axis 2)

1* =9.837 x 10-4 in (moment of inertia about
4

3

element axis 3)

* calculated from mean dimensions, neglects slots
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(2) Fuel rods, instrumented fuel rods (Zr - 4)

6
E = 13 x 10 psi

v = 0.3

3
p = 1.618 lb/in (includes fuel weight)

2A = 0.0306 in

2
^ shear = 0.0 in

J = 1.204 x 10-3 in
'

4

calculated from mean

1 = 6.02 x 10-4 in 4
2

I = 6.02 x 10-4 in4
3 ,

(3) Grid spacer structure (fuel to fuel interf ace) parallel to
lateral deflection

6
E = 29.6 x 10

v = 0.3

3= 0349 lb/in (distributes weight ofg

grid structure evenly in
elements)

2
A = 0.0298 in

A = 0.0248 in2, A
S2

2A = 0.0 in
S3



. .

A-3

1.TR lill 53

J = 1.0 x 10-8 in4

beam not loaded in these
~

directions
1 = 1.0 x 10-0 in 4

2

4
1 = 1.0 x 10 in from overlay of3

analytical model and
experimental response to

50 lb lateral load
(XN-74-28)

(4) Grid spacer structure (guide tube and instrumented fuel rod
to fuel interface) parallel to lateral deflection (Inconel
718)

6
E = 29.6 x 10 33

y = 0.3

3
a = 0.349 lb/in (distributes weight of

grid structure evenly in
elements)

A = 0.0298 in

2A = 0.0248 in "
S2 2

2A = 0.0 inS3

J = 1.0 x 10-8 in4

beam not loaded in thesep

directions
1 = 1.0 x 10-8 in2 ,
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REV 1
1 = 2.16 x 10-3 . 4 based on load beingin

3

carried in grid structure
between welded tubes with

at most three fuel rods
between

(5) Grid spacer structure (all locations) direction normal to
lateral deflection (Inconel 718)

6
E = 29.6 x 10 si

= 0.3y

3
p = 0.349 lb/in (distributes weight of

grid structure evenly in
elements)

2A = 0.0298 in

2 AA = 0.0248 in =
S2 2

2A = 0.0 in
S3

-8 4J = 1.0 x 10 in (no load)

I = 2.35 x 10-3 in (basedonI=MI
4

2 +
g

k Ad )

1 = 2.16 x 10 in (same as 1 #3 3
previous case)

|

L



____ ,

. .

LTR lill 65
REV 1

APPENDIX B

FINITE ELEMENT MODEL 0F TYPE

' E' FUEL BUNDLE



. .- . .- - . . .- --

3 e .

LTk-'llil65
;

REV 1
APPENDIX B

FINITE ELEMENT MODEL 0F TYPE

'E' FUEL BUNDLE

i

This Appendix includes a sumary of material and section
properties for beam elements, and a complete summary of the type 'E'
model in Figures 45-76.

,

1

(1) Guide tubes (304 L stainless)i

|
6

! E 28.3 x 10 psi=

0.3
,

v =

i

! 30.295 lb/in=
p

i
2

A 0.0282 in=

2
A 0.0 in=

hear

-3 4~
i J 1.967 x 10 in=

i
49.84 x 10-4 in calculated from mean| 1 =

2

dimensions

49.84 x 10-4 inI =
3 s,

| (2) Fuel rods (Zr - 4)

6
E 13. x 10 psi=

,

i 0.3v =

_

31.618 lb/in (includes fuel weight).=p

0.0306 in2A =

;

- - - < - .- ,, w.--~ - n.------ . - .-.n, - w - ~ ~ . , - , - , ,.-an,. .,
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REV 1

A shear = 0.0 in

4
J = 1.204 x 10-3 in

4
1 = 6.02 x 10-4 in calculated from mean

2
dimensions

4 4
1 = 6.02 x 10 in

3 ,

(3) Dummy half rods (304 L stainless)

6
E = 28.3 x 10 p34

= 0.3v

3= 0.331 lb/inp

2
A = 0.0917 in

'

-3 41.9 x 10 in calculated from meanJ =

dimensionsy

I = 8.3 x 10-4
2

4
1 = 1.07 x 10-3 in

3 ,

(4) Grid structure (fuel to fuel locations) (Inconel 718)

6
E = 29.6 x 10 psi

= 0.3y

3= 0.349 lb/in (distributes gridp

structure weight evenly)

2
A = 0.0298 in

^S2
= 0.0248 in2 = d2
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LTR lill 65
A = 0.0 in REY I2

S3

4J = 1.0.x 10-8 in (not loaded in this
direction)

1 = 2.35 x 10-3 in (based on I =1.I
4 +

2 g
2kAd)

I = 1.0 x_10-6 in (see fuel to fuel4
3

location in Appendix A)

(5) Grid structure (guide tube to fuel rod locations)
(Inconel718)

6
E = 29.6 x 10 p33

v = 0.3

3
p = 0.349 lb/in (distributes grid

structure weight evenly)

2
A = 0.0298 in

A = 0.0248 in2,
S2

2
A = 0.0 in

S3

-8J = 1.0 x 10 in (not loaded in this
direction)

4
(basedonI=MI,1 = 0.00235 in

2
2+1Ad)

1 = 2.16 x 10-3 in (see guide tube to
-4

3.
fuel rod location in
' Appendix A)

.a
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(6) Grid structure (dumy half rod to dumy half rod) REV1

(Inconel 718)

6
E = 29.6 x 10 psi

v = 0.3

3
p = 0.349 lb/in (distributes grid

structure weight evenly

in elements)

2
A = 0.0298 in

2
A = 0.0 in

S2

2=hA 0.0248 in
S3

4
J = 1.0 x 10-8 in (no load)

4I = 0.0076 in ( for grid)
2

= 1.0 x 10-8 in 4 (no load)I3
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APPENDIX C REV 1'

.

CALCULATIONS FOR MAXIMUM STRESS

INTENSITIES, LOADS, AND ALLOWABLES
,

i

This Appendix summarizes the equations used for predicting
stresses and loads, as well as allowables for the fuel bundle

structural components. (Refer to MPR-509 for calculations.)i

.

(1) Guide Tubes (304 L stainless, 20% cold worked)
J

,

F

P,= Axial load A
(primary membrane stress)*

Area 0.0282

P (primary bending stress)b * Sec odulus 0.0 36
*

l Shear Load yF

(shear stress)1 * * *
Section Shear Modulus 0.00706

,

S = 23,300 psi 0 650 F (design stress intensity)m
l

1 Salt = 150,000 psi (200 cycles) (alternating stress intensity)

(2) Instrumented Guide Tubes (304 L stainless, 20% cold worked)
.

| F
A

P, = 0.0264:

i

Mp-

b = 0.0032

F
-| y

* 0.00352T
i

] S,_= 23,300 psi 0 650 F
_

i

; Salt = 150,000 psi (200 cycles)-
.

i

-9 e .,- ,gs- --.,s,--.s- + - - - , .-. ,- .s v. ~,-.--p ~-
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LTR lill 65
(3) Instrumentation Tubes (304 L stainless, 20% cold worked)

F
A

P, = 0.0282

M ~

Pb " 0.0036

Fy
*

T 0.00706

S = 23,300 psi @ 650 Fm

Salt = 150,000 psi (200 cycles)

(4) Fuel Rod (standard and instrumented) (Zr - 4)

F
A

Pm * 0.030

M
Pb " b.00285

Fy

* 0.0076T

S = 20,000 psi @ 720 F (coid worked)m

S = 10,000 psi @ 720 F (annealed)m

(5) Dummy Half Rod (304 L stainless, annealad)

F
A

P
* 0.0917m

M
P
b * 0.00393

|

Fy

" 0.0175
'

Pm = 13,400 psi @ 7000F

.
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(6) Grid Spacer Structure (Inconel 718)

F
A

P,= 0.030

0
'b = 0.0087

Fy
* 0.0198T

S, = 61,700 psi 0 700 F

(7) Grid Strip Intersection Welds

F
A

(internal load due to axial force)FA* 2

Assumes axial load and moment equally carried at

guide tube interf aces with top and bottom of gridp
spacer strip

M
M "' (internal load due to moment)F

1.75
s

F.,. = FA+ M

F
= 75,000 ( ) (stress in weld)a

= 3Sm = 185,000 psi 0 700 F (allowable stress)-A

(8) Grid Strip Intersection Welds (shear load in model)

F-y
F = p x 13.9 (equivalent load in weld)
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FeqA = 108 lb @ 600 F (allowable equivalent

load in weld)
.



. .

LTR lill SS
REVi

APPENDIX D

COMPUTER LISTINGS OF FINITE ELEMENT

ANALYSIS RESULTS

i

1

~.



e c

D-1

LifR illi 65-
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COMPUTER LISTINGS OF FINITE ELEMENT

ANALYSIS RESULTS

Included in this Appendix are microfiche copies of the finite
element analysis results for use in determining axial displacement and
maximum loads and stresses in the type ' A', 'D', and 'E' fuel bundle
assemblies.

LOFT. A Assembly, Run 1 (JZMAB17)*

LOFT D Assembly, Run 1 (JZMDB2M)

i

LOFT E Assembly, Run 1 (JZMEB6D)

LOFT A Assembly, Run 2 (JZMABQ2)

LOFT D Assembly, Run 2 (JZMDBRB)

LOFT E Assembly, Run 2 (JZMEBQW)

NOTES: (1) Run 1 includes lateral displacement formed by s"btracting
dynamic response values from clearance values at maximum end
box misalignment.

Run 2 -includes lateral displacements formed by adding the
-dynamic response values to the clearance values at maximum
end box misalignment. g

-(2) These runs were made on the CDC 7600 on a module called SAP 4 LCM.
The FORTRAN source copy for-this module is attached.

* Job name on microfiche.

.

N
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TABLE 1 REV I

FINITE ELEMENT MODEL CHARACTERISTICS

Model Degrees Beam Boundary Specific
Type Nodes of Elements Elements Data

Freedom

'A' 1575 4607 3450 120 Bandwidth = 318,
includes instrumented
guide tubes and fuel
rods

'D' 1575 4645 3450 120 Bandwidth = 318, no
instrumented guide
tubes or fuel rods

'E' 623 1837 1354 48 Bandwidth = 255, no
instrumented guide
tubes or fuel rods

GENERAL DATA

Guide tubes fixed in rotation about all axes at each end of models

Motion allowed vertically, horizontally in a direction parallel to the minor
principal axis of the cross section, and about the major principal axis of the
cross section

Upper and lower tie plates and end boxes are assumed rigid (i.e., provide
clamped type support of guide tubes).
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COMPUTER OUTPUT
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RUN 2
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