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ABSTRACT

An investigation wae made to determine the structural behavior
of selected components of the Ogk Ridge Hesgearch Heactor for incressed
power level conditions. It was found that a reactor cooling water
outlet temperature of 150°F will cause severe plastic strain cycling
in the aluminum housings for the large test facilities. Increasing
the reactor cooling water flow rate of 22 000 gpm will casuse plaBtic
deformatione in certaein regione of the core box. Theee latter defor-
matione can be tolerated, but the full implications associated with
any change in pressure differentisl must be understood before adopting
the sbove flow rate.
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SUMMARY

Critical regiona of the Osk Ridge Research Reactor system were
studied to determine the feasibility of increassing the reactor cooling
water outlet temperature and the feasibility of increasing the flow
rate. It was found that portions of the aluminum housings for the large
test facilities undergo plastic strain eycling at the present operating
conditions (outlet water temperature of lﬁEﬂF and a flow rate of 16 000D
gpm), and increasing the coolant outlet temperature to lEGuF would
probably lead to cracking after a relatively small number of c#cles
from zero te full powar. The beam hole tubes are also subjected to
strain ecycling, but the magnitudes of the alternating plastic strains
are less than in the case of the housinges for the large test facilities.

The combined pressure and thermal stresses in the walls of the
core box will probably exceed the yield strength of the material for
a cooling water flow rate of 22 000 gpm. Hence, yielding and redistri-
bution of the sgtressges will occur, and, although measurable deformations
of the flat plates are likely, the structural integrity of the core
box will be maintained. Very little, if any, yielding occurs at s
16 000 gpm flow rate.

It should be recognized that the pressure loading associsted with
the 22 000 gpm flow rate is nearly equivalent to the hydrostatic test
pressure for this compartment. The ASME Code gives 2/3 of the test
pressures as the maximum working pressure. Although this limit was set
on the basis of a large background of experience, it may be exceeded
provided deformations and the associated stress redistributions can be
tolerated. However, because poor welds or other defects may be
present, there is no way to predict the precise load-carrying ability
of any compartment. Hence, the pressure in any section should never
exceed the hydrostatic test pressure.
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The magnitudes of the plastic strains in the housinges for the
large test facilities and the strain cycling characteristics of the
materials were established on the basis of the scant data available.
Since it appears that portions of the structure are being strain cycled
under the present operating conditions, the importance of a program to
assess the structural behavior more accurately cannot be overemphasized.
It is recommended that additional strain measurements be made on the
highly strained regions of the dished head, that stress versus strain
curves be obtained from tensile tests using meterisls corresponding to
those of the reactor, and that a test program be initiated for producing
epplicable plastic strain cycling data. With these dasta, better pre-
dictions can be made regarding the effects of the present operating
conditions.
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INTRODUCTION

If the power level of the Oak Ridge Research Reactor is raised,
the effectiveness of the machine will be grestly enhanced. 1In order
to increase the heat removal capability of the present heat exchangers,
it has been proposed that the resctor coolant outlet temperasture be
increased from 132° to 150°F. Consideration is also being given to
raising the coolant flow rate from 16 000 to 22 000 gpm to permit an
ineresse in core power to 45 Mw following the installation of additional
heat exchange equipment. An increase in flow rate would be accompanied
by higher hydrostatic pressures in the reactor core; a higher water
temperature would result in greater thermsl expansion stresses through-
out the system.

The elements examined ere those that would be affected most by
the proposed changes in operating conditions. These are the cooling
water return lines, the pool-interconnection linea which are attached
to the return lines end lie within the blologlcael shield, the large test
facilities, the beam hole tubes, the pool side facility flat plate, and
the regione of the core box that are encompessed by the obrounds of the
large facilitiea. In each case the calculated stresses for designated
temperatures and pressures are given. These are then interpreted in
terms of materials behavior snd the structural integrity of the unit.
The appendix describes the mechanical properties of the materials, and
a table of the allowable stresses, as given by the ASME Unfired
Pregcure Vesgel Code, iz included.

The enalysis of the large facilities presented a very complex
problem for which the accuracy of the theoretical model could not be
determined without comparing the results with experimentsl data. Because
of this, strain measurements were made on the sctual reactor componente,
and, finally, a 1/k-scale model of that portion of the obround which



is outside the pressure vessel (see Fig. 1) was tested.

The strain measurements were made with the help and direction of
staff members from the Mechanical Engineering Department of the University
of Tennessee, and the scale model was constructed and tested by this
group. The authors wish to thank Professor R. W. Holland, Mr. C. Fisher,
Mr. M. Milligan, and Mr. C. Wilson for their cooperation and partici-
pation in this work.



DESCRIFTION OF EACH ANALYSIS

The following brief description of each snalysis includes the
data pertinent to the investigetions, the conditions teken, s summaery
of the work done, and an interpretation of the results obteined there-
from.

- Piping Analysis

o From a preliminary exsmination it sppesred that, in the event
of an incresse in reactor operating tempersture, large thermal
expansion stresses would be develcped in st lesst three piping lines.
These lines were isolated and exemined by the method cutlined in
Kellogg's Expansion Stresses end Resctions in Piping Systems. % A

summary of these analyses follows.

Cooling Water Return Line 101 and 102

Referring to Fig. 2, the two 18 in. lines were taken to be
anchored at a point inside the pool structure as shown, and the
‘ ol in. line was teken to be anchored at the locaticn of the hﬁﬂ bend
- outside the resctor building. The isolated line is shown in Fig. 3.
In this esnd ell subsequent pipe calculations, the 90° bends were
assumed to be sguare in order to simplify calculations. The pipe materi-
al is 5154 eluminum. The following material constants were used:

Coefficient of thermal expansion, 15 x 1::}"5 in./in.-F
Modulus of elasticity, E 10 x 10° pei
Poisson's ratio, u 0.3

lﬂumbers in brackets refer to similarly numbered references st
the end of this report.
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Referring to Fig. 3 the pipe sizes and properties are given in Table I.

Tehle I. Properties of Plping Used for 'GRR
Cooling Water Lines

Qutside Diameter Wall Thickness Section ulus

hins (in.) . (in.) (in. %)
0-D 2k 0. 315 1630
D-4 18 0.250 550
D-B 18 0.250 550

In the snalysis, an internal gage pressure of T5 psig was con-
sldered. The twelve simultaneous equations, which were obtalned by the
method outlined in Kellogg's book, were solved on the IBM T04. The
torsionsl and bending moments at easch point were then calculated. Theae
moments are shown in Figs. 4, 5, and 6 for the X, ¥, and % planes
respectively, where the X, ¥, and Z planes are any planes perpendicular
to the similarly designated coordinate axes. Bending moments which
produce compression in the positive fibers are shown as positive. In
these figures the positive side of a line is that corresponding to the
positive direction of the appropriste coordinate axis. Torsional moments
wWhich amct counterclockwise on the end of a line neasrest the origin when
one is looking elong the line in the direction leading to the origin
are shown as positive.

The maximum combined stresses occur at point A-4k. Consider a
small rectangular element cut from the surface of the pipe and perpen=-
dicular to the plane of the maximum bending moment. The element is
acted upon by e bending stress, uh, a hoop stress, ua, and a shear
etress, U , which is due to the torsional moment. Since the bending
and torsional stresses are linear with temperasture, the values of these

stresses at point A-U may be expressed ms a function of the temperature
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change. Thua
op = 82.56 AT, T = B.TAAT .

For an internal pressure of T5 pslg, the tangential stress, aé’ is 2525
psi: The maximum principle stresses and maximum shearing stress for a
cooling water exlt temperature of 150°F are given in Table II, which

summarizes the plpling stresses.

Cooling Water Return Line from Pump House to Anchor st Cooler

The section of line considered is shown isolated in Fig. 7. The
fixed points represent anchors at the pump house and between the fourth
and Tifth branch risers at the cooler. It was asssumed that the
Victaulic-type pipe couplings installed in each brench riser limit the
reactions of these lines on the 24 in. header to negligible values.

As In the previous line; the pipe material is 515h aluminum so that the
materisl properties are the same as those previously tebulated. The
pipe size is 24 in. o.d. with the same properties as those given for
line 0= in Table I. The bends were assumed to be sngular.

The internal gage pressure was taken to be 75 psig. Bolution of
three simultaneous eguations and calculation of the moments at each
point gave the moment distribution shown in Fig. 8. The maximum stress
occurs in the 459, 9/16 in. wall, long radius elbow at B. In the
bending of & curved tube by moments In the plane of the bend, fletien-
ing of the cross section during bending changes the maximum stress
as predicted by elementary theory by a facter B, which depends on the
proportions of the bend. TFor the elbow at B, B is aspproximately three.
When this value is used the maximum bending stress me a function of
temperature change becomes

0] = B5.8 AT
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The hoop stress for a 75 psig internal pressure is 2800 psi. The
maximum principle stresses and meximum shearing stress for & cooling
water exit tempersture of 150°F sre given in Teble II.

Lines 138 and 138 — Pool-Interconnection Lines

Referring to Fig. 2, one end of each pool=interconnection line
is attached to the lines 101 or 102. The other end is welded to the
gluminum pool liner Jjust inside the pool. The section of line between
these points is shown lsolated 1n Fig. 9. Reactor piping drawings
call for an anchor located between points E end C. However, an exami-
nation of photogrsphs taken during comstruction indicates that no
anchor wes used. The pipe material is 6063-T6 aluminum with the
following materisl constants:

Coefficient of thermsl expansion 13.0 x 10—6 in. /in.-°F
Modulus of elasticity 10.0 x 10 pedl
Poisson's ratio 0.3

The pipe has a 3 in.hu.d., & 0.216 in. wall thickness, and a section

modulus of 3.017 in.

In the analysis, expansion of the cooling water return line was
taken into account, and the same temperature chenge wes considered
for both lines. The internsl gege pressure waes teken to be Zero.
After solution of the six simultanecus equations, the torsional and
bending moments at esch point were calculasted. The results of these
caleculations are shown in Figs. 10, 11, and 12.

The maximum combined stresses occur at point C-4. A rectangular
element cut from the surface as before will be acted upon by a bending
Btress, 0% and a shear stress, T . These stresses gs a function of
temperature change are

oy = 20.9 AT, T = 2.99AT




The maximum principle stresses and maximum shearing stress for a cooling
water exit temperature of 150°F are given in Table II.

Summary of Maximum Principle Stresses and Maximum
Bhearing Btresses in Pipe Lines

% Considering a cooling water exit tempersture of 150°F and an

installation temperature of 75°F (neglecting cold springing), AT is

* equal to T5°F. Table II gives the maximum principle stresses in the
three lines under consideration. An internal pressure of 75 psig was
considered in the cooling water return lines, and an internal gage
pressure of zero was considered in the pool-interconnection lines.

Table II. Maximum Principle Stresses and Maximum
Shearing Stresses in Pipe Lines for AT = T5°F

Maximum Maximum
Line Principle Stresses Shearing Btress
ﬂi{PBi} ub{psi} (pei)

Cooling Water Return
Linee 101 and 102% 6200 2610 1800

Cooling Water Return
From Pump House to

Anchor st Cooler® 6450 2800 1830
» Pool-Interconnection
Lines 137 and 138 1600 -3 81k

®pn internal rressure of 79 peig was considered.

bﬂn internal gage pressure of zero was considered.

A comperison of the stresses in Table II with the values in
Table A.II of the appendix shows that these stresses are below those
allowed by the ASME Code. Thus, the lines can be considered safe for




o TR

an operating temperature of 150°F and an internal pressure of 75 psig.
Apalysis of Large Facllities

Thermal expansion of the resctor tank in the vertical and radial
directions induces stresses of an asppreciable magnitude in the obround
and dished head. The loads and moments acting on the obround were
obtained by theoreticel conslderetions; from these the maximum stresses
in the obround snd dished head were predicted. Due to several uncertain-
ties in the theoreticel analysis,; a limited number of strain messurements
were made on the actual reactor facilities. In addition, a 1/k-scale
model of the large facllitles was constructed and tested at the University
of Tennessee. A brief description of each of the sbove menticoned analyses
and the results cobtained therefrom followe.

Theoretical Anelysis

The theoretical enelysis was based on the obround behaving as a
beam lpaded with forces and moments at the three points corresponding
to the attachments to the obround, of the dished head, tank wall, and
core box ss shown in Fig. 13. It was assumed that the obround was
completely restrained from rotation at the tenk wall and st the core
box connection. The rotation of the dished head due to the moment
exerted on it by the cbround was included in the analysis. The behavior
of the dished hesd, tank wall, and core box with regard to in-plane
deformations end their associated stress distributions was assumed to
be that of a flat plete loaded with & concentrated force in the plane
of the plete. By teking Into account the in-plane deflections of the
dished hesd, tenk well, and core box due to the force exerted on each
element by the obround, it was possible to write two equations relating
the deflections of the obround to the vertical thermsl expansion of
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the tank unit at the obround centerline. In these equations both the
shear and bending deflecticons of the obround were considered.

Immediately prior to welding the large facilities to the tank umit,
the temperature of the tank was raised to 105°F. In order to account
for uncertsinties in measuring the true tank temperature, the temperature
deviation from 100°F was considered in determining the thermally induced
stresses. An operating temperature of 150°F causes a vertical reaction
of 766 000 1b at the obround-dished head junction. At the tank wall
and core box, the reactions were 585 000 1b and 181 000 1b, respectively.
The moment exerted on the obround by the dished head was calculated to
be 12 250 in.-1b, and the moment exerted by the tank wall was & 300 000
in.-1b.

The maximum stresses occur in the dished head and obround near
the intersection of the two. The total stress in the dished head is
due to the verticel reaction of the obround, the moment exerted on the
dished heesd by the ocbround, and a horizontal force due to radisl
expansion of the resctor tank. Using these conditions the maximum
principle streses in the dished heed was calculated to be

0} = - 16 900 psi .
The maximum calculated bending strese in the obround was

o'= T 200 pel 3

and the trensverse shearing stress in this member was found to be

'Emax = 10 300 pel .

Strain Messuremenis on the Large Facilities

Mechanical strain-messuring instruments (Huggenberger tensometers)
were attached to the lerge fecilities at various positions as shown
in Fig. 1k. Due to the limited space between the dished head and tenk
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wall, the meximum principle stress in the dished hesd could not be
measured directly. The instruments were positioned in the pool by the
use of long pieces of sluminum tubing. The following procedure was used
to obtein messurements: The reactor coolant temperature was raised to
epproximately lﬂﬁuF by reasctor power. The resctor wes then shut down,
the water level was lowered %o the reactor tank top, and the instruments
vwere positioned. Then by use of the sir coolers, the temperature was
lowered approximately 30°F in steps of 10°F each. Using binoculars, the
tensometer readings were made at the end of each incremental tempersture
drop.

Table III gives the messured straine at each position for the
Indicated messured temperature drop. Using the elastic stress-strain

Teble III. Results of ORR Strein Measurements

Strain Temperature Drop
Fosgition (in-fin-] I:':’F:l
X 0.00040 27
2 -0.00006 27
3 0.00025 27
4 -0. 00005 28

relations for isotropic materisls stressed below the proportionsl 1limit
along with the empiricel relailons regarding stresgs states in the dished
hepd, the stresses gt each of the gbove four pointe were found. Table IV
gives the results of these calculations slong with values, for the same
temperature drops, predicted by the theoretical analysis.

Strain Gage Analysis of Large Facility Model

Table IV shows that considerable discrepancy existed between the
analytical and experimental results. Because of this a 1/h-scale
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Table IV. Maximum Stresses Obtained From
Strain Measurements

Btress From Strain Theoretically Predicted

Position Measurements Stress
(psi) (psi)
L T = 3030 T = 5580
2 or= - 580 o= -1810
3 o= 2290 o= 2470
4 T = Lhg T= 886

aluminum model of the large facilities was constructed at the Univerasity
of Tennessee for the purpose of performing electrical resistance atrain

gage analyses on the model under various loadings. A sketch of the
model showing the method of loading is shown in Fig. 15. A total of
46 strain gages were located at various positions on the model. A
photograph of the model during testing is shown in Fig. 16.

Although several separate combinations of loadings were used,
only the results of the one which most nearly fits the given conditions
will be presented hers. Tor ease of comparison the loadings used on
the model have been converted to loadings which, when spplied to the
full-scale large facilities, will produce stresses equal to those
obtained in the model. Keeping this in mind, the stresses at seven
key peints are given in Table V for the case where the force, P, was
egual to 32 000 lb and the moment, aF, was chosen so that the resultant
moment at point 0 (see Fig. 15) was zero. The seven gage positions
are shown in Fig. 17. It should be noted that the above loading com-
bination is that which would actually occur in the full-scale facilities
only if the dished head and tank completely restrain the ends of the
obround against rotation.
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Table V. 8tresses Obtalned From Model Analysils

(P = 32 000 1b, uabout0=0}
Stress
Point Type of Stress (pei)

: 5 Normal <4810
2 Normal = 3200
3 Hormal - 526
I Normal -1350
5 Normal 1550
6 Normal 100
T Shear 564

Interpretstion of Results

An attempt will be made to interpret the data which have been
presented in terms of the effects of cyclic losdings on the large
facility components. It should be understood that the stresses result-
ing from thermsl expansion were cbtained on the basis of the material
following Heoke's Law. Actually, many of the stresses are sbove the
proportional limit of the material. Thus, these stress values are never
reached because the expansion is absorbed in plastic strain.

Due to normal reactor startup and shutdown, the thermal expansions
of the components are cyclic in nature. Thus, the yielding of the
material at various localized points is also ecyeclic in nature, and the
problem becomes cone of fatigue due to plastic strain reversals. That
is, for a given plastic strain range, there is s limiting number of
cycles which the material may be subjected to before failure occurs.

Correlations of plastiec strain versus number of cycles are obtained
in mach the same way as ordinary fatigue curves ere obtained. L. F.
Cnffinﬁﬂfﬂﬁg has found that plots of plastic-strain range versus cycles
to failure on logarithmic coordinates are best fitted by straight lines
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with a slope equal to -1/2. These gbservations do not depend upon the
material that is being tested, the tempersture of testing; nor the
manner in which the fatigue test is made. Furthermore, Coffin has

found that if the fracture strain value is placed on the log-log plot

at § = 1/4, a straight line through this point with a slope of -1/2 gives
a good approximation to the true curve.

In the absence of experimental cyclic-strain data, the curves for
1100-0, 5052-0, and 5154-0 aluminum alloys were constructed as described
above; these are shown in Fig. 18. It should be noted that if the
ductility of the materials is lower than that corresponding to an -0
temper, the curves will be displaced downward.

From the results of the theoretical analysis on the large facilities,
a maximum stress of -16 900 psi in the region of the dished head immedi-
ately above the obround is predicted. By comparing the results of the
gtrain anelysis on the actusl reactor Tacilities with the same stresses
as predicted by the theoretical model, it is seen that the thecretical
values are somewhat high. However, due to space limitations the strains
in the immediate vicinity of the cbround could not be measured with the
tensometers used. Referring to Table V, which gives the results of the
model analysis, it is seen that the stresses in the reglon of the
dished head near the obround (points 1 and 2) are much larger, with
respect to the transverse shearing stress in the obround,; than would
be predicted. This same result was observed in all of the model tests
regardless of the combination of loadings. In all cases the maximum
stress 1in the dished heesd was at least eight times greater than the
transverse shearing stress in the obround. The transverse shesring
stresses are very nearly the same as would be predicted by dividing the
transverse force by the cross-sectionsl area of the obround.

Assuming that the shearling stress in the cbround for a temperature
change of 27°F is that obtained by sctusl measurement, the transverse
shearing stress for s temperature change of 5D°F would be




T = 5610 psi .
Provided the maximum principle stress in the dished head is at least
eight times this value, one obtains

ﬂ’m = ll‘h B&) Pﬂi .

This stress is much sbove the yield point of the meterisl so that in
actuality it will never be reached becsuse most of the tank expansion
will be absorbed in plastic strain.

The stress in the dished head decresses rapidly with distamnce from
the obround, and any plastic deformation of the meteriasl is localized.
In order to estimate the plastic strain, a plot of "elastic" stress
versus distance from the top of the obround was made. It was then
assumed that the depth of the plastic region is determined by the
distance to the point where the curve crosses the yileld stress line.
This method gave a 2 in. depth, and it was further assumed that the
vertical movement was absorbed by uniform strain in the region thus
defined. The method does not give & conservative estimate of the masxi-
mum strain, but it provides .a mesns for gaining an insight into the
structural bebavior of the element.

Proceeding on the basis of the model described, a S0°F increase
in temperature above 100°F produces & plastic strsin of 0.011 in./in.
From Fig. 18 for 5154-0, the number of cycles to failure is 460. 1In
practice, the number of cycles obtained from the curves should be reduced
by & factor of ~10 to allow for uncertainties in meterisls properties,
since the test data usually represent that collected in carefully con-
trolled experiments. Thus, the dished head could fail after only 46
cycles. This, of course, assumes that the faecilities have had no previous
strain ecyecling. Actually the facilities are being strain cycled under
the present operating conditions.

The gbove assumption that all of the vertical movement is sbsorbed
by plastic strain of the dished head is not true because of elastic
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deformations at other points. On the other hand, the locelized yielding
might very well occur over & region much shorter than two inches. In
any event, in the absence of more conclusive informastion, it msy be
concluded that the dished hesd would very definitely undergo severe
localized strain cycling and that there exists some relatively smaell
number of cycles above which fallure of the fmecilities would occcur.

It cannot be overemphasized that the magnitude of the plastic
strains in the large facilities and the strain cycling characteristics
of the materisle were established on the basis of the scent dats aveil-
gble. BSince it appears that portions of the dished head are being
strain cycled even under the present operating temperatures, the problem
should deflinitely be pursued further.

Thus, it is recommended that two specific steps be taken to obtain
the information necessary to more accurately assess the structural
Integrity of the large facilities under the present gpersting tempera-
tures. First, additional strain measurements should be made on the
large facllities. These measurements should be made while going from
room temperature to the temperature corresponding to full power, and
special tensometers which allow measurements to be made on the dished
head in the region immediately asbove the cobround should be used. In
this manner, a better estimate of the actual plastic strains which
occur would be cbtained. As s second step, stress versus strain curves
should be obiained from tensile tests using materisls corresponding to
those of the reactor, and & test program should be initiated for pro-
ducing applicable plastic strain cycling data. Having these data and
an estimate of the plastic straine which actually occur, better predictions
can be made regarding the effects of the present cpersting conditions.

Analyeis of PBeam Hole Tubes

Vertical and radial thermal expansicn of the reactor tank will
induce bending and compressive stresses in each of the six beam hole




tubes (see Fig. 1]. The deflection of the beam hole tubes due to
vertical tank expensicn will be greatest for those tubes which are
highest from the pool floor. In addition, the shorter tubes will have
the gremtest bending snd compresslve stresses. From these consldera-
tions; besm hole tube BH-6 was chosen for examination. A sketch of BH-6
with the dimensions used in the anslysis is shown in Fig. 19. The
material of the beam hole tubes is 1100 sluminum.

The analysis wes besed on the besm hole tubes behaving as a beam
with trensverse and axisl loeding. For the forces involved; the
deflections of the tank well and core box are negliglble; therefore, the
section of the tubes between the tank well snd core box was neglected.
The ends were assumed to be rigidly fixed against rotatiom by the tank
wall end the concrete poeol well. In order to consider the effects of
the varying cross section of the tubes; the moment distribution was
found by use of the ares-moment methods.

Considering a reactor operating temperature of 150°F, the meximum
stress was found to occur st section A-A (see Fig. 19). If an elastic
system is assumed to exist, the maximum bending stress at section A-A
is found to be 3560 psl, and the compressive stress due to redial tank
expansion is 8040 psi. Thus, the meximum total stress is

o =~ 12 600 psi .

Referring to Teble A.I in the sppendix, the meximum stress is
above the yield point of the materisl. Thus, this stress will never be
reached and the tube will undergo plaestic strain cycling. Considering
the redisl tenk expsnsion only, and referring to Fig. 19, the length
of tube with the small cross section A-A will yield before the sections
with larger croes sections. Assuming for the meterisl & stress-strain
diagram with no strain hardening beyond the yield point, the stress at
the larger cross sections will never become greater than thet corre-
geponding to the yield point stress in the small section. Thue, any
additional deflection occurring asfter the yield point stress ig reached




in the small section will be absorbed by plastic strain of the small
section. For hn operating tank temperature of 150°F, the natural plastic
strain will be 0.0026 in./in. From Fig. 18, failure might occur after
3000 cycler. The bending effects due to vertical tank expansion will
increase the plastic strain so that the number of cycles to failure will

be decressed somewhsat.

Analysis of Tenk Components

Examination of the various tank components indicated that an
investigation of the stresszes in the pool side facility flat plate
and the portion of the core box sides encompassed by the obround was
varranted. The components were examined for both thermal atresses and
stresses due to pressure differences acrogs the plates. A reactor
coolant flow of 16 000 and 22 000 gpm Wwas considered in each case. The
material of both plates is the aluminum alloy 5052. A summary of these
enalyses follows.

Stregs Analysis

The pool side facility flat plate is shown in Fig. 13. Calecu-
lations were mode assuming both a normal peol level and a pool level
at the reactor tank top. TFor these conditions coolant flow rates of
16 000 gpm and 22 000 gpm were investigated. For a normal pool level
and a flow rate of 16 000 gpm, the pressure differential across the
flat plate varies linearly from 6.8 psi at the bottom edge to 22.7 psi
at the top edge. TFor a coolant flow rate of 22 000 gpm, the corresponding
values are 12.0 and 40.1 psi respectively. If the pool level is at
the reactor tank top, the sbove values are increased by 4.6 psi. The
temperature distribution, through the thickness of the plate dus to
gamma heating, was taken to be
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T=5n-cﬂgf+%§x
where y is messured from the center of the plate. The positive direction
for ¥ is in the direction of the core, and one-half of the plate thickness
is denoted by C. This distribution is believed to be conservative, with
regard to thermsl stresses, even for = power level of L5 Mw.

The maximum stresses occur when i1t is assumed that the edges of
the plate are completely fixed. If the stress concentrastion factors
due to the presence of the cooling holes sre neglected, the meximum stress
in the plate gccure at the midpoint of the upper edge, and is due to
moments in the vertical plane which ie perpendicular to the plane of the
plate. For a low pool level and a coolant flow rate of 22 000 gpm, the
stress distributions through the plate at the above point are shown in
Fig. 20. The maximum combined stress is 14 Q00 psi while the maximum
stress due to pressure is 9300 pei.

It was estimated that the presence of the cooling holes would intro-
duce a stress concentraetion factor of spproximately three in the region
near the holes. This factor applies only to stresses due to moments in
the horizontal plene. Since the cooling holes were not considered in
the temperature distribution, the stress concentration factor was not
applied to the thermal stress. Using these conditions, the maximum
stresses now occur cn the sides of the plate at points Jjust sbove the
horizontal centerline. These stresses are due to moments acting in the
horizontal plane, and they reach thelr maximum value in the localized
region of the holes. The maximum stress and the thermal stress component
for each condition are given in Table VI.

The portions of the core box encompassed by the obrounds of the
large facilities as shown in Fig. 13 were aslso considered. It was
assumed in this analysis that the space inside the obround was at atmos-
pheric pressure. For this condition a&nd & coolant flow rate of 22 OO0
gpm, the pressure differential varies linearly from 25.5 psl at the
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Table VI. Maximum Localized Stress in Fool Side
Facility Flat Flate

Mesdtmin Btress Pressure Stress Thermal Btress

Conditions (psi) Ce?igg?nt CuTizz?nt
High Pool Level:
22 000 gpm -2% 190 17 750 5440
16 000 gpm -15 490 10 050 5Lko
Low Fool Level:
22 000 gpm -26 190 20 750 5lho
16 000 gpm -18 490 13 050 shlo

lower point to 4.5 psi at the upper point. The corresponding values
for a coolant flow rate of 16 000 gpm are 19.1 and 31.0 psi respechively.
The temperature distribution through the thickmess of the plate was
taken to te

T =Ll 4+ géﬁ yE + ﬂég ¥
with y again measured from the center of the plate in the direction
of the core box and C denoting one-hslf of the total thickness.

In the anslyseis the portion of the plete to bhe exasmined was taken
to be elliptical in shape:. The meximum stresses occur when it is
assumed thaet the edges of the plate are completely fixed. If the stress
concentration factors due to the presence of the cooling holes are
neglected, the maximum total stress (thermal and pressure stress) occurs
on the verticel centerline of the plate slightly sbove the horizontal
centerline. The magnitude of this stress, for a coolant flow rate of

22 000 gpm, is

O e 6540 psi
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The maximum pressure stress is + 5040 psi, snd the maximum thermal strese
is -3540 psi.

As 1n the analyeis of the previous plate, it was estimated that the
presence of the cooling holes would introduce a stress concentration
factor of spproximately three near the holes. Again, this factor spplies
only to stresses due to moments in the horizontel plane. The temperature
distribution was calculsted disregarding the effect of the cooling holes;
therefore, the stress concentration fector was not spplied to the thermsl
etress. Using these conditions the meximum totael stress occurs in the
localized region near the holes, snd for a coolent flow rate of 22 000

gpm, it is

uﬁam = - 10 900 psi

Interpretation of Hasults

Neglecting the presence of the cooling holes and referring to
Fig. 20, it is seen that although the total calculated "elastic" stress
in the pool side facility flat plate is shove the yield point stress
of the material, it is below the endurance limit. Plastic deformation
will oeccur, but since this is a flat plete, lerge deformetions will
give rise to tensile membrene stresses end the compressive bending
gtresses due to the pressure differential will be reduced. Considering
the localized stress concentrations due to the cooling holes, the
"elastic" stress values given in Table VI are seen to be high. In
cases of this kind, during the first lpading locslized plastic defor-
mation occurs, and subsequent changes in pressure differential give
rise to conventional fatigue type behavicr. Here the actual strain
change is small so that the number of cycles to failure is wery large.
The immediate consequence is deformation rather than failure through
eraecking. Thus, it appears that the 22 000 gpm coolant flow rate at a
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low pool level is tolerable if the implicetions are fully reaslized. In
any event, the 38 psig average hydrostatic test pressure of the lattice
section should not be exceeded. Calculations have shown that the pressure
induced moments in the pool side facility flat plate are greater for

the hydrostatic test pressure then for the low pool - 22 000 gpm coolant
flow rate condition.

The maximum calculated stress in the core box sections encompassed
by the obrounds was -10 900 psi. This value tekes into account the
stress concentration factor of the cooling holes, end is for a coclant
flow rate of 22 000 gpm. Although this value is above the code allowable
stress for the material, it is below the yield polnt so there should be
no deleterious sffects.

In conclusion, it should be stated that in no case should any
region of the reactor components be subjected to pressures exceeding
the hydrostatic test pressure. The design pressures and hydrostatic
test pressures for variocus regions are given in Table VII.

Table VII. Hydrostatic Test and Design Pressures
for Various ORR Regions®

Location Design Pressure Hydrostatic Test Pressure

(psi) (psi)
Chround Bection 20 L
Upper Tank Section 4o 60
Tank Lattice Bection 280 38
Tank DEO Compartment 20
Beam Hole Tubes 30 s
Lower Tank Section 38
Inlet Water Lines &0 60

®Data taken from ORNL Drawing C-24645.
hhverage pressure between top and bottom of core box.
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APFENDIX
MATERTAL PROFERTIES

The strength properties of the sluminum alloys of which the reactor
components sre constructed were teken from the Alcos Aluminum Hsndbook,
Aluminum Company of America, 1959. According to the ASME Boiler and
Pressure Vessel Code, Section VIII, "Unfired Pressure Vessels," 1956,
the strength properties of welded aluminum structures should be those
corresponding to the annealed temper (-0 temper) of wrought materials.
Therefore, for the tank components and beam hole tubes, the meximum

strength properties sre taken as those of the -0 temper. For the cooling
water piping, the -H11Z2 temper was assumed because it corresponds to

the lowest strength properties of the 5154 mlloy. Teble A.I gives the
strength properties for each of the materisls under considersastion.

Teble A.I. Materisl Properties of Aluminum Alloys Used in ORR

Ultimate Yield Endurance
Component Alloy Strength Strength Limit®
(psi) (psi) (psi)

Cooling Weter Return b

Piping 5154-H112 30 000 11 00O

Lines 137 and 138 6063-T6P 30 000 25 000

Tank Components 5052=-0 28 000 13 000 16 000
Dished Head 5154-0 %5 000 17 000 17 000
Beam Hole Tubes 1100-0 13 000 5 000 5 Qo0

8Based on 500 000 000 cycles of completely reversed stress.
hPerertiEE are for pipe only.
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The maximum allowsble stresses for nonferrous unfired pressure
vesgels are glven in the Unfired Pressure Vessel Code s the lower of
the following:

1) One-fourth of the tensile strength as adjusted to minimum, or

2) Two-thirds of the yield strength as adjusted to minimum.

Table A.II gives the code allowable stresses for each of the alloys
used in the reactor components under consideration. It should be noted
that the utlimate and yield strengths used to obtain these pumbers were
average values. Therefore, the allowable siresses are slightly high.

Table A:II:. Meaximum Code Allowable Stresses

Alloy Maximum Allowable Stress

(psi)
5154-H112 7300
6063-T6 7500
5052-0 625028
5154-0 8750
1100=0 2750

EThis value is given in Table UNF-23 of
the 1956 edition of the Unfired Pressure
Veessel Code.
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