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TITLE

K Reactor Graphite Key and VSR Channel Sleeve Test

OBJECT OF TEST

1.

Determine the coefficient of friction between two adjacent layers

of K Reactor graphite at room temperature.

Determine the average load required to cause failure of an
unirradiated K Reactor side reflector bar, when subjected to

tensile loading applied through the reflector keys.

Determine the average load at fallure and the average deflection at
failure of a single VSR channel key when locaded in keyways with

clearances equal to those used in original stack construction.

Determine the average load and deflection required to break the
four K Reactor VSR keys when loaded simultaneously in both
"3-layer" and "T-layer" mockups. Also determine the mode of key
failure; i.e., shear, flexure or combined compression and bending.
Following these key rupture tests, determine the strength and
deflection characteristics of the proposed K Reactor VSR channel
sleeve vhen loaded in a manner identical to that used to fracture

the keys.

Determine the average load and deflection at failure of both the
propeosed K Reactor VSR channel sleeves and the proposed C Reactor

sleeves when subjected to crushing loads.

wemmemnn,  (ECLASSIFIED
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6. Determine the extent of damage to the proposed K Reactor VSR channel

sleeve when subjected to the following vertical rod loading

conditions.

a) Full rod drop in a channel mockup which has been misaligned
2-1/2 inches.

b) Full rod drop in a channel which has been misaligned an amount

equal to the maximum flexibility of a "universal' VSR.

ITI. BACKGROUND AND JUSTIFICATION

Alternate theories have been advanced to explain the causes of graphite
stack distortion at the K Reactors. These theories, while explaining
much of the observed distortion phenomens, must be supplemented with
mockup test data before final acceptance. Mockup tests are believed

to be the best method of determining the mode of key failure, and both
the value of the load and the magnitude of key deflection at failure.
For example, the calculated load required to cause key failure is low

if the key can fail in flexure and relatively high if only shear loads
are assumed to act on the key. Performing key rupture tests in a mockup
will provide a visual demonstration of the manmer in which keys car be
loaded in the reactor and should determine whether keyway clearances are

sufficient to allow flexural loading tc rupture the keys.

Mockup tests can also determine the ability of the K Reactor graphite
reflector bars to withstand tilting forces which are generated near

the top of the side reflector by the observed tendency for these regions

S— DECLASSIFIED
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to lean toward the center of the reactor. ThHis test will provide
rupturé strength data on unirradiated graphite bars of the material
from which the K Reactor moderator stacks were constructed. These
data, coupled with the known strength of the unirradiated graphite,
will allow calculation of stress concentration or rupture factors which'
can be used in calculating the loads at which the irradiated reactor

graphite bars will fail.

Graphite sleeves, fabricated from material having essentially twice the
strength of the usual nuclear graphites, are being evaluated for the

VSR channel liner applicatioﬁ. Mockup testing will determine the amount
of lateral channel distortion which can occur before maximum stack forces
can be applied to the sleeve column, and will determine the ability of
the sleeves to resist rod impact loads. These tests will also determine
the sleeve strength when loaded in a fashion similar to that causing key

rupture.

PROPOSED METHOD AND DATA REQUIRED

Note: Before performing each of the following tests, measure with a
micrometer the cross-sectional dimensions of each bar, key and keyway
to verify that the graphite has been machined within the dimensional
tolerances indicated on the referenced drawings. Record the location
and value of each measurement. Also calibrate any gages used in measur-

ment of applied loads.
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Coefficient of Frlction Test

Determine the room temperature coefficient of friction between bars
numbered 37 and bars 1 and 3 (Figure I). Remove the key in the
lover keyway of bars numbered 37 and raise the bottom two layers in
Figure I on an inclined plane. Determine the coefficient of fric-
tion by measurement of the inclined plane angle at which sliding

between bars 37 and bars number 1 and 3 first occurs.

Side Reflector Bar Test

The purpose of this test is to determine the value of tenslle load-
ing, applied through the reflector keys, which causes fallure of

bar #37 at the keyway.

Procedure:

1. Stack the graphite bars indicated on Figure I. Reference
drawings are as follows
H-1-23001 -- Cut to 24 + 1/16 inches long (6 pieces)
H-1-23003 -- Cut to 24 *+ 1/16 inches long (6 pieces)
H-1-23037 -- (9 pieces)
H-1-23055 -- Cut to 24 % 1/16 inches long (1O pieces)

Materiasl: Grade SGBF graphite.

2. Apply a load sufficiept to overcome frictional resistance in the
méckup and to place bar #37 in tension. Note any tendency of

the keys to rotate or trip in the keyways and record any observed

s, [ECLASSIFIED



e

-8-
major points of contact bgtween the keys and bar #37. Remove
the load. Repeat this loading and unloading step two or three

times without loading bar #37 to failure.

Apply the load in an incremental fashion to failure of bar #37.
Record the load increments, the total load, and any observed
displacement of bar #37 after each application of incremental

load.

Perform the above steps 2 and 3 to produce:
a) Two tests with three bars #37 placed side by side as
indicated on Figure I.

b) Three tests of single bar #37 loading.

Single Key Rupture - Deflection Tests

*

These tests are to determine the mode of VSR channel key failure,

the value of the load causing single key failure and the value of

key deflection at fallure.

Procedure (a)

l-

Stack four graphite bars with a key connecting the top and

bottom bars as indicated on Figure II. Reference drawings

are as follows:

H-1-23009 -- (4 pieces, two of which are required in Procedure
(v) velow)

H-1-23055 -- Cut to 12 + 1/16 inches long (6 pleces).

e JECLASOIFIED
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Spacer block between bars number 9 can be any 3.751 & .002 inch

square, 20-inch long graphite material (2 pieces required).

Apply a load sufficient to overcome frictional resistance in
the mockup and to load the key. Note any tendency of the key
to move from the keyway. Observe and record the éajor points
of contact between the key and the loading block. Remove the
load. Repeat this loading and unloading step two or three

times without loading the key to failure.

Apply a unidirectional load in incremental fashion to failure
of the key. Record the load as a function of key deflection

from a fixed reference point.

Perform the above steps 2 and 3 on three key specimens.

Procedure (b)

Repeat the above steps 1, 2 and 3 of Procedure (a) but with the

load applied through the spacer block as indicated on Figure II-A.

Procedure (c)

1.

The mockup for this test shall be constructed as indicated in
Figure III. The purpose of the test is to simulate the type

of loading which could be applied to a full length K Reactor VSR
key as a result of the vertical bowing induced by top reflector

subsidence. Reference drawings and sketches are as follows:

e ECLASSIFIED
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H-1-23055 -~ Key K-l -- 12 pieces
Sketch 1 (attached) -- 7 pieces

Material: Grade SGBF graphite

Apply a load sufficient to overcome the frictional resistance
of the mockup without the key K-1 in place. Record the value

of this load.

Place the key K-1 in the center keyway of the mockup. Apply

the load and measure, from a fixed reference point, the displace-
ment of the loading bar to the point of initial key loading.
Reverse the direction of load application and repeat the preceding
displacement measurments. The fixed reference location shall be
the point at which the key and the bars containing the keyways
(Sketch 1) are perpendicular; i.e., the ro-key-load position

of the mockup. Observe and record the points of contact between

the key and keyways.

Apply a unidirectional load, in an incremental fashion, to
failure of key K-1l. Record the load increments, the rupture
load, the displacement of the loading bar from the fixed
reference point, and the key deflection near three adjacent

points of load application.

Repeat steps three and four above to produce key rupture data

on:

a) four keys in the center keyway

S— DECLASSIFIED
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b) four keys in the top keyway
c) four keys in the bottom keyway.

Procedure (d)

Using the Figure III mockup, but with supports and method of load
application modified a8 indicated on Figure IV, load three geys
K-1 to failure. Record the load increments, the rupture load,
the displacement of the loading bar from the no load position,

and the deflection of the key at the points indicated on Figure IV.

Three Layer Mockup -- Key and Sleeve Loacd Deflection Tests

.These tests are to determine rupture strength and deflection data

for both the installed keys and the graphite sleeves, proposed for
application at the K Reactors, when subjected to various non-uniform

loading conditions.

Procedure (a)

1. Stack twelve graphite bars with keys connecting the top and
bottom bars as indicated on Figure V. Reference drawings and

sketches are as follows:

H-1-23009 -- Modified as on Sketch 2 attached
H-1-23030 -- Modified as on Sketch 3 attached
H-1-23015 -- Modified as on Sketch 4 attached
H-1-23112 -- Modified as on Sketch 5 attached
H-1-23121 -- Modified as on Sketch 6 attached
H-1-23055 -- Cut to 12 # 1/16 inches inches (16 pieces)

e . [JECLASSIFIED
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2. Apply a uniform load across the top three filler layer bars
with the bottom layer of the mockup restricted as indicated
b& Figure V. Record the load increments, the key deflection
from a fixed reference point at no load, and the failure load.
Note whether the keys fail individually or simultaneously. If

the keys fail one at a time, record the key failure sequence.

3. Perform step 2 above on three different sets of keys to obtain
an average value of key rupture strength and to check the con-

sistency of the fallure sequence.

k. Upon completion of step 3 above, install new kevs and a graphite
sleeve (SK-1-23651) as shown on Figure V-A and repeat the load
application to failure of both the keys and the sleeve. Repeat
the key deflection and load measurements of step 2 above. Perfcrm

step 4 on 3 graphite sleeves.

Seven Layer Mockup -- Key and Sleeve Load Deflection Tests

These tests are similar in purpose to those conducted with the
three layer mockup. The additional mockup height will, however,
allow installation of longer keys and more sleeves, thereby more
closely simulating reactor key loading and any interaction effects
between adjacent sleeves. These tests should also determine if the
sleeves have sufficient strength to cause further key rupture when

the load is applied above a slip plane.

eummsmnn  [ECLASSIFIED
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1.

Construct a mockub as indicated on Figure VI. The material
from the three-layer mockup may also be used for the seven-
layer mockup. The reference drawings and sketches will be

essentially the same as those delineated for assembly of the

three-layer mockup. However, key length will be 27 % 1/16 inches

long and 12 additional sleeves (SK-1-23651) fabricated from grade

T11TSXYL graphite must be obtained.

Apply a uniform load across the top three layers of the keyed
mockup, with the bottom three layers restrained as indicated
by Figure VI. (The sleeves will not be inserted in the channel
during this portion of the test.) Record the load versus

load plate displacement to failure of the keys. If the keys
fall at essentially the same value determined during the three-
layer mockup tests, this test need be conducted only once. If
the keys fail at loads significantly different from those
determined iz the three-layer mockup test, perform the test
with three different sets of keys to obtain average key rupture
strength data.

Replace the broken keys and insert three sleeves in the channel.
Repeat the application of load as indicated in Figure VI until

rupture of both the keys and the centrally located sleeve.

oo, JECLASSIFIED
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Record the load versus load plate displacement until sleeve

centrally located sleeves have failed. (Note: the top and

bottom sleeves in the mockup are not expected to fail.)

Repeat step 3 above, but with grade T11TSXYL graphite sleeves
inserted in the mockup. Break three sleeves, recording the

load versus displacement data previously outlined.

Procedure (b)

1.

The mockup indicated on Figure VI will be used for this test
but the keying, load and anchor arrangement will be as indicated
on Figure VI-A. Keys will be installed in all four vertical

keyways in the mockup but each key shall be cut at the interface

between layer four and layer five prior to mockup assembly.

Apply the load to the top three layers of the mockup, allowing
these layers to slip with respect to the bottom‘four layers.
Record the load and displacement of the load plate from the
point at which the sleeves first become loaded. Alsc record
any displacement of the second, third and fourth layers which

may occur as the sleeve is loaded to failure. Note whether

keys in the bottom four layers fall before the sleeve fails.

Replace all broken keys and sleeves and repeat step 2 a minimum

of three times.

e IELISSFED
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L. 1If the keys in the bottom four layers break before the test
sleeves, install grade TLLTSXYL graphite sleeves in the mockup

and repeat steps 2 and 3 above.

5. If the test sleeves fail before rupture of the keys in the
bottom four layers, increase the length of the spacer block
in the bottom of the channel to 7-1/2 inches and repeat steps

2 and 3 above.

Sleeve Strength Under Crushing Type Loads

This series of tests will provide strength data on the grade
H-205-85 graphite sleeves for comparison with test data previously
obtained on lower strength grade T11TSXYL and grade TSX graphite

sleeves.

Procedure (a)

1. Load two grade H-205-85 graphite sleeves (SK-1-23651) to
failure, recording the load versus displacement to rupture

as indicated on Figure VII.

2. Repeat step 1 above, but with the load applied as indicated

on Figure VII-A.

Procedure (b)

1. Load two grade H-205-85 graphite sleeves (SK-1-5512, Rev. 2)
to failure, recording the load versus deflection to rupture,

as indicated on Figure VIII.

oo, [ECLASSIFIED
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2. Repeat step 1 above, but with the load applied as indicated

on Figure VIII-A.

Sleeve Test in VSR Mockup

This serles of tests are to demonstrate the abllity of the proposed
graphite VSR channel sleeves to resist vertical rod impact loads:
The proposed sleeves are of higher strength than those previously
evaluated by Design Test #1137, but they may also possess greater
brittleness and therefore be more susceptible to rod impact damage.
The purpose.of this portion of the test program is also to determine
vhether the sleeves will remain intact until channel distortion has

progressed to the limit of installed vertical rod flexibility.

The following test shall be performed first on the K Reactor VSR
channel sleeves (SK-1-23651) and then on the C Reactor VSR channel

sleeves (SK-1-5512, Rev. 2).

Procedure

This test will consist of dropping a 2.245-inch OD "universal"
flexible VSR 18 feet into a non-plumb channel mockup approximately
six feet long. The rod will be allowed to strike the sides of the
sleeve columm segments. The sleeve segments shall be misaligned
with respect to the VSR as shown on Figure IX. Before dropping

the rod into the channel, lower and raise the rod slowly to verify
that the rod does not bind when contacting the sides of the sleeves,

or strike the upper edge of the top test sleeve in the mockup.

. [ECLASSIFIED



| RL-REA-279

-17-

Following the initial rod drop, the test sleeves shall be inspected
for damage with a borescope. If no damage is evident the rod drops
shall be repeated at least 100 times or until damage occurs. Periodic

sleeve inspections shall be conducted during the 100 drop test. If

damage is evident following the initial rod drop, the damaged sleeves
shall be removed for further inspection and undamaged liner sections
installed.

Rod drops shall be continued until the sleeve is completely broken
or sufficient damage has occurred to interfere with rod insertion.
Record the number of drops required to render the sleeves unusable.

Photographs shall be taken of representative sections of damaged
liner.

Repeat the above procedure with the mockup distorted an amount

approaching the limits of vertical rod flexibility.

DIVISION OF RESPONSIBILITY

Equipment Laboratory and Testing, EDO, will provide space, manpower,
instrumentation and mockups necessary for the key, sleeve, and rod drop

tests.

Reactor Design will provide the sleeve segments to be tested. Reactor Design

will also be responsible for evaluating the results of the tests.
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REPORTS REQUIRED

A final report, coutaining the results of the testing program, shall be
issued by Equipment Laboratory and Testing within one month following
completion ¢f the tests. The results of individual tests are expected

to be avallable for evaluation as each test 1s completed.

SCHEDULES REQUIRED

Since the results of these tests will provide a significant basis for
budget action on the graphite distortion problem, the proposed testing

completion date is established as March 1, 1965.

REACTOR DESIGN CONTACTS

R. S. Peterson, 762 Building, 700 Area, Phone 6-5195.

F. J. Kempf, 328 Building, 300 Area, Phone 3042.

ESTIMATED COST

$5,000.
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