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ABSTRACT

This report presents the stress analysis performed 'on the SM-lA

reactor vessel and cover as part of the Program for Engineering

Support    and Deve lopment   of Army Pressurized Water Reactor Power Plants.
The maximum combined stress (51,360 psi in compression) occurs in the

vessel cover during a. 50'F/hr transient.  A fatigue analysis of these

stresses indicated that they could be applied safely at least 2500

times, and since the vessel is expected to receive less than 900 cycles,

it should not suffer any fatigue damage.
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1
1.0  SUMMARY:AND CONCLUSIONS

The following primary and secondary stresses were calcu-
lated at various points in the reactor vessel using methods
specified in the Navy Code,(1) and well known theory of shells
of revolution:

(1)  Membrane stresses due to pressure, including stress
concentration factors where applicable.

(2) Secondary bending stresses due to the ·discontinuity
in geometry at the middle transition head and the
bottom ellipsoidal.head.

(3)  External load stresses at the support ring and main
coolant nozzles.

(4)  Cover, flange and stud stresses for loading conditions
of:

a.  Initial stud tension
b.  Stud load plus operating pressure
co  Steady-state temperatures
d,  50OF/hr. heatup

(5)  Stress in the vessel wall due to cladding.

(6)  Thermal stresses in the vessel.wall for steady state
and transient conditions.

Figure 1 shows the location and magnitude of the maximum
combined stresses obtained in the vessel, cover and studs. The
maximum combined stress in the vessel wall occurs at the junction
of the main barrel and middle transition head (point 5) where

the axial stress.reaches 29,300 psi after reaching steady state
conditions.  During.a 50OF/hr transient, the axial stress at
this point is 28,668 psi.

The maximum·combined stress in the.cover, which.is the.high-

est stress anywhere in the vessel, occurs during a 50OF/hr trans-
ient, at the junction of the cover dome and the intermediate  

ring (point 12), where the axial stress reaches 51,360 psi in
compression at the outside surface.  After reaching steady state
conditions, the stress at this point drops to 45,160 psi in
compression.  A fatigue analysis of these stresses indicated
that they. could be applied safely at least 2500 times, Since
the vessel is expected to receive less than 900 cycles of stress,

-

1
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it   should not suffer any fatigue damage.

The total stud stress during the transient condition is
32,640 psi of :which 28,950 psi is· tension, and 3690 psi bending,
After reaching steady state conditions, the total stud stress
is 30,960 psi of which<·27,590 psi,is in.tension and.3370 psi.is
bending.  The stud stresses are somewhat conservative, since
they, do not take into account any local yielding .that takes
place under the nut during vessel and cover flange rotation.

Detailed.stress calculations are. presented.in Appendix.B
of this report.  Table'B. 1 of Appendix B presents a summary of
individual and combined stresses which were calculated for each
point in the vessel and cover.

The thermal analysis, from·which.temperature distributions          
were·obtained for the thermal steady state and transient con-

ditions, is presented.in.Appendix A.

t.                                                                                                                                                                                                          *
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.2.0  INTRODUCTION

This report presents a stress analysis performed on the
SM-lA reactor vessel as part of the Program·Plan For Engineering
Support and Development of:Army Pressurized Water Reactor Power
Plants. *

The SM-lA reactor vessel is fabricated of SA-350 Gr. LF-1
Modified, with a Type 304 stainless steel cladding.  Drawings
F-41201-1-2 and D-41201-1-9 show the reactor vessel and cover
configuration.

*  AP. Note 286, Addendum.1·Revision 1.(Item 6.9), May 1, 1961.

-7-·
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3.0  ANALYSIS OF'VESSEL EXCLUDING COVER AND FLANGE

3.1 MEMBRANE STRESSES DUE TO 1200 PSI INTERNAL PRESSURE

\
Principal stress components at the inner and outer sur-

faces of the cylindrical sections of the vessel were calculated
as outlined in the Navy Code. (1)  The maximum pressure stress
obtained was 11,200 psi circumferentially and is the same for
the main barrel and bottom cylinder. Figure 2 illustrates the
location and magnitude of the circumferential membrane stresses
calculated.

Stress indices at the nozzles were obtained from the Navy
Code ·.in order to determine the increase in pressure stress at
the nozzle. The maximum stress occurs at the inside corner of
the longitudinal section of the nozzle (points 8 and 10). It

is a circumferential stress of 25,600 psi.

The maxinrum membrane stress in the bottom ellipsoidal head
(point 1) is 10,900 psi in compression.  The ellipsoidal·middle

-4 transition section (point 4) membrane stress was calculated to
be 11,100 psi.in compression.

-

3.2 .SECONDARY BENDING STRESSES AT TRANSITION AND LOWER HEADS

A discontinuity analysis was made at the region where the
bottom ellipsoidal.head joins the bottom cylinder of the vessel;
at the-junction of the bottom cylinder with the transition.head;
and.at the junction of the main barrel with the transition head.

Figure 3 shows the magnitude and location of the secondary
bending.stresses.

-            In each case, membrane deflections were calculated for the
head and shell.  The discontinuity deflection and edge rotation         4
for the head and shell were obtained in terms of the discontin-
uity bending moments and shear forces.  Boundary conditions re-
quired that the edge rotations for the head and cylinder be equal
and that the algebraic sum of the membrane and discontinuity
deflections be the same for both the head and shell.

From the discontinuity analysis at the bottom ellipsoidal
head, it was found that the maximum stress due to discontinuity
forces occurs at the edges of the bottom cylinder and the ellip-

soidal head (point 1 ·and 2).  The axial stress at each edge is
12,650 psi.
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In order·to determine.the discontiquity stresses in the
bottom cylinder where it joins the middle transition head, it

- was conservatively assumed that the massive middle transition
head comp letely restrained ·the' edges   of the relatively   thin
bottom. cylinder. ·The boundary conditions for the bottom cylin- 3
der were that ;there was no rotation of the. cylinder ·edge and
the. sum of the membrane and discontinuity edge deflections were
equal to zero.  The maximum discontinuity stress, 16,500 psi
axi lly,/Occurred at the :-ingide edge surface of the bottom cyl-
inder (point 3) where it joins the middle transition head.

The discontinuity analysis at the middle transition head
where it joins the main barrel resulted in .a .maximum stress of
22,700.psi axially, this occurred at the edge of the transition
head.and the main barrel (points 4.and 5)

3.3 .STRESSES DUE TO EXTERNAL LOADS

External loads are applied to the reactor vessel at the
support ring and the nozzles. The locations of the stresses
are shown·in Fig. 4,

At the support ring, the external load stresses come from
two. sources.  One is the total.dead weight of the vessel in=
cluding its internals and the water it contains, plus thdf
weight of shield tank water acting on the top of the vessel.
The other source.is the restraining force of the support ring *
on the reactor shell due to the slower response of the support  '
ring to fbrimary fluid thermal transients.

The external load stresses at the nozzles are due to the
external .moments   appli#d.  at the nozzles   by the primary   loop
piping. .External.piping loads,Vere previously calculated.in the

-  SM- lA piping design ana lysis.  (2)

In order to calculate these external load stresses, the
method outlined by the Navy Code for obtaining stresses from
radial.loads and external-mo6ents acting on cylindfical shells
was used. .The maximum external load stress due to total            -
weight acting on the support ring (point 7) was 2650 pali axially.
The maximum stress due to the restraint of the support ring on
the vessel during thermal transients of 50'F/hr was 1990 psi
in the circumferential.direction.

The maximum stress in the vessel wall due to external pri-
mary piping loads on the nozzles (points 8.and 10) was 7110 psi
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acting circumferentially. The stress was relatively low because
the steam generator is mounted on lubrite pads, allowing relative-
ly, free expansion of the primary piping.

3.4 .THERMAL STRESSES IN THE VESSEL WALL

Thermal·stresses for a temperature transient of.50'F/hr
were calculated.using the method outlined in the Navy Code.  The
thermal stress at the inner wall surface was found to be 632 psi
compression while at the outer surface it was 281 psi tension.

The thermal stress in the vessel wall due to gamma heating
was previously calculated(3)as 1900 psi.

3.5  CLADDING STRESS

An analysis was made to determine the stresses induced in
the vessel cladding and wall as a result of each of the follow-
ing operations:

(1)      Application   of the welded overlay:
(2)  Stress relieving.
(3)  Hydrostatic testing.
(4)  Application of normal operating temperature and pres-

sure.

The analysis was based on the assumption that the cladding
was an elastic, perfectly plastic material and that interaction
forces between the cladding and base metal caused stresses which
were uniformly distributed over the thickness of each.

After the cladding has been applied at some elevated tem-
perature and cools to room temperature, it is assumed to be at
its yield strength of 30,000 psi in tension at 80OF. The stress
which is induced in the vessel wall by the cladding is 2860 psi
in compression and is due to the difference in thermal coeffi-
cients of expansion between the cladding and the base material.

Stress relieving the vessel at a temperature of 1150OF
causes compression in the cladding, equal to its yield strength
of 12,500 psi.in compression at 11500F.  This results in a total
stress range of 45,000 psi.  Assuming the stress to be uniformly
distributed over the thickness, the stress induced in the vessel
wall, when stress relieved at 1150OF, will be increased by 4050
psi.  Thus, it will go from its prior value of 2860 psi in com-
pression to 1190 psi in tension. When the vessel returns to
room temperature, the stresses in the cladding and wall return

14



to their initial values before stress relieving, of 30,000 psi

tension and 2860 psi compression.respectively.

Based on the test pressure of 2400 psi, the average in-
crease in the vessel wall stress during hydrostatic test was
calculated as 21,200 psi in tension. The cladding carried none
of the load since it was already at its yield stress of 30,000

psi. It simply yielded further at test pressure.  When test
pressure was relieved, the cladding stress dropped to 8850 psi
in tension. This resulted in reduction of compression stress in
the  vessel  wall·from-.2860 psi to·841  psi.

Upon heating the vessel to operating temperature of 433'F,
the change in cladding stress was calculated to be 25,700 psi in

compression. Thus the resultant stress in the cladding was 16,850

psi.in compression since it was 8850 psi in tension following
stress relieving and hydrostatic testing.  The stress induced in
the vessel wall by the cladding stress of 16,850 psi at operating
temperature, was 1605 psi tension.

The stresses resulting from the operating pressure of 1200
psi were also calculated.  As a result of applying operating
pressure to the vessel, the calculated average tensile stress in
the cladding was 9808 psi. The resultant average stress in the

cladding was thus reduced from 16,850 psi in compression to 7042
psi in compression„, The average tensile stress. in the vessel
wall due to 1200 psi pressure was 9208 psi, which, added to the
residual stress in the vessel wall of 1605 psi tension, resulted
in a total stress of 10,813 psi tension.

3.6 SUMMARY

The combined stress is the sum .of the various stresses at

each point which have been calculated .for the vessel.  The cal-
culated stresses are tabulated and summarized in Table 8.1 of
Appendix B. 1

The maximum combined stress in the vessel shell, excluding
the  cover and flange region, occurred at the junction of, .the ·main
barrel with the middle transition head where it reached 29,300

'

psi axially at steady state conditions.  This was made up of
5,000 psi membrane stress,,22,700 psi discontinuity stress and
1600 psi cladding stress.  During a 50OF/hr heatup, the thermal
stress at this point was 632 psi compression and the combined
stress became 28,668 psi axially.

15
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4.0  REACTOR VESSEL COVER AND FLANGE ANALYSIS

The   SM- lA .reactor vessel cover consists   of a cover. dome   3   in.
thick formed to a spherical radius of 26-1/8 in.  The cover dome
is connected by a transition.fillet to a heavy outer. flange ring
which is 10.625 in. high and 4.12 in. thick and has 16 (3.01 in.
diam) stud holes. The upper face of the cover dome is covered

with thermal insulation, which is covered and protected from water
by a 3/16 in. thick Type 304 stainless steel dished head, welded
to the outer flange ring.

The reactor vessel main barrel has an outside radius of
25-5/8 in. with a 2-7/8 in. wall thickness, including 1/4 in. of
cladding.  The flange, which is 7.12 in. high and 11-5/8 in. thick,
is joined to the main barrel through a fillet of 4-1/4 in. radius.

The cover is fastened to the vessel by 16 studs.  A fully
annealed Type 304 stainless steel gasket is used to seal the
closure. Drawings F-41201-1-2 and D-41201-1-9 show the reactor
vessel cover and flange dimensions.

In order to calculate stresses, the cover was divided into
four·pieces consisting of the cover dome, intermediate ring,                *
outer flange ring, and the insulation cover.  The vessel-flange
section was divided into two pieces consisting of the flange and
cylindrical vessel wall.  An analysis was made to determine the
forces and moments required at the boundaries of each piece to
establish continuity of the assembly. It was assumed that the
gasket acted as a hinge connecting the cover and vessel, trans-
mitting only radial shear loads between the two.

Deflections, rotations and corresponding stresses for the
various pieces were calculated for the following cases:                       -

Case A - Stud load only
Case B - Stud load plus 1200 psi internal pressure
Case C - Steady state thermal conditions
Case D - Transient thermal condition for a heatup

rate of 500F/hr.

The transient analyzed was a heatup at 50OF/hr because the
heatup produces the most severe temperature distributions.  This

can be deduced from Fig. A. 1 and.A.2 of Appendix A, which show
that the outer boundaries of the flanges are close to the sur-
rounding air and water temperatures even under steady-state con-
ditions.  The result is a large temperature difference between
inner and outer surfaces. The cooldown transient tends to col-
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lapse this-temperature difference so that the magnitude of therm-
al stresses is reduced.

1                                                                                                     1,

4.1  CASE A - STUD LOAD ONLY; NO INTERNAL PRESSURE

The studs are assumed to be tightened to the ASME Code
allowable stress of 20,000 psi.  With the gasket acting as a
hinge point, the outer flange ring rotates causing it to move
downward along the stud centerline a distance of 0.0011.in.  Thevessel flange also rotates causing it to move upward along the
stud  centerline  a.distance  of 0.0009 in. Thus the total distance
the cover ring and vessel flange move toward each other is the
sum of the two, or 0.002 in. Figure 5 shows the maximum stress-
es and their location for the case of stud load only.

The maximum.stress in.the cover is a circumferential stress
of 6570 psi which occurs at the top inside corner of the outer
flange ring (point 14). It is caused by the rotation and.dis-
placement of the ring.

The maximum stress developed in the vessel as a result.of          '
the stud load occurs at the junction of the flange and main
barrel (point 11).  This is an axial stress of 7630 psi caused

-- by the discontinuity bending moment at this point.

The shear stress developed in the gasket due to initial
stud tightening is 1440 psi.

Due to the absence of internal pressure, the stresses are
all relatively low. ·A summary of the stresses, deflections and
rotations for the cover and flange·region is presented in the
stress analysis calculations for Case A, in Appendix B.

4. 2    CASE  B  -  STUD  LOAD  PLUS  1200 PSI INTERNAL :PRESSURE

Applying an internal pressure of 1200 psi, after the studs
have been tightened to a stress of 20,000 psi, causes the cover
ring and vessel flange to move apart, again rotating about the
gasket as a hinge point. Measuring along the vertical center-
line of the studs, the cover ring moves 0.0006 in. upward, while
the vessel.flange·moves downward 0.0009 in.  The total.distance
that they have moved apart, which corresponds to the distance
that the stud has been stretched as a result of applying pres-
sure, is the sum .of the movements for the cover ring and vessel
flange, or 0.0015 in. .Due to internal.pressure, then, the stud
tension has increased by. 3800 psi to·23,800 psi.
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Figure 6 shows the location and magnitude of the maximum
stresses in the cover and flange for Case B. The·  maximum   dis-

i continuity +vessel stress still occurs at the junction of the
vessel flange and cylinder (point. 11) and has increased to 12,700
psi   akially,   due  :to the increase in discontinuity bending moment.
The maximum.discontinuity stress in the cover occurs at the

 

junction of the intermediate ring and.the outer flange ring.  It
is a meridional compressive stress of 9950 psi at the outer sur-
face.  The rotation of the flanges has increased the shear stress
in the gasket to.18,150 psi.

A summary of stresses, deflections and rotations for the
cover and flange region is presented in the stress analysis cal-
culations for Case B, in Appendix B.

4.3  CASE C.- STEADY STATE THERMAL STRESSES

The steady state temperature distributions through the SM-lA
reactor vessel cover and flange presented in Appendix A were de-
termined by using the·HOC Code.  Hoc is a steady state heat con-
duction program ·which determines temperature distribution in two
dimensions by the relaxation technique.  The code can handle
solids of irregular shape, that can be represented as a solid of
revolution, or solids with non-uniform heat generation.

The bulk water temperature inside the reactor was assumed
to be  at an average temperature of 433OF and  the- mode  of heat
transfer was assumed to be natural convection. The water sur-
rounding the vessel cover region was assumed to be at a bulk
temperature of 1500F.  The effect of gamma.heat.generation on
temperature was investigated and found to be negligible.  Tem-
perature increases with and without gamma heating differed by
less than loF.

A discontinuity analysis was performed for the steady state
condition, based on free body thermal displacements and rota-
tions calculated from .the average temperature of earh piece of  -
the cover and flange. For this case, the cover ring and the

-       vessel flange both rotate upward about the gasket.  Due to this
rotation, the cover ring moves upward 0.0017 in. while the ves-
sel flange.moves upward 0.0018 in., reducing the stud stretch
by 0.0001.in.  All distances are measured along the vertical
stud centerline. However, the difference in coefficients of
thermal expansion between the cover ring and stud results in an.
increase in stud stretch of 0.0016 in.  Thus, the net :change in
stud length for the steady state thermal condition is an in-
crease of 0.0015 in.

-
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The maximum stresses produced by the combined effects of
stud load, pressure, and steady-state temperatures (Cases B and
C) were as follows:      '

1.  The stress in the·stud for the steady state temperature
condition has increased by 3810 psi and the bending
stress in the stud due to flange rotations is 3370 psi

  giving a combined stud·stress of 30,960 psi.

2. ' The maximum steady state thermal stress developed in
the cover occurs' at the junction of the cover dome with
the  intermediate ring' (point  12) . The thermal stress
at this point.is a meridional stress of 45,000 psi in
compression, The steady state combined stress at this
point.is.45,160 psi.

3.  The maximum steady state thermal stress in the vessel
flange occurs at the top inside.corner of the flange
(point 15) where the circumferential thermal stress is
17,700 psi.  The total combined stress for the steady
state condition is 19,482 psi at this point.

4. 'The shear load in the gasket has increased in magnitude
-.- for the thermal case but. has reversed direction so the

gasket shear stress is decreased to 6150 psi for the
combined cases B.and C.

Figure 7 shows the location of the above stresses.  Deflec-
tions, rotations and stresses for the cover and flange region
are    tabulated.on .a summary sheet    in the stress ana lysis calcu-
lations for Case·C, in Appendix B. Combined stresses are tabu-
lated in Table B. 1 of.Appendix B.

4.4  CASE D - 50OF/hr HEATUP STRESSES                

The transient temperature distributions through. the SM-lA
reactor vessel cover and flange, described .in.Appendix A, were
determined ·by using the TIGER I Code.   This isi a transient state
heat conduction program which determines temperature distribu-
tion in two dimensions by matrix, solutions,

The initial temperature of all nodes was 100oF.  A 500F/hr
heat-up was used, holding the environment surrounding the cover

-    and flange to 100OF throughout the heat-up. The. heat-up was
stopped as the bulk water temperature reached 4000F.  A prelim-
inary investigation showed the worst case to be at a bulk water
temperature of 433'F.  Therefore, all nodal points were extrap-

.Ir-
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olated from.the bulk water temperature of 4000F to 4339F.

A    discontinuity ana lysis was performed    for the· end-of-
transient condition, based on free body thermal displacements

-    and rotations calculated from the average temperature of each
i piece of the cover and vessel flange.  The outer flange ring

and vessel flange both rotate upward about the gasket. Due to
this rotation, the outer flange ring moves upward 0.0025 in.
while the vessel flange moves upward 0.0011 in.  Both these
distances are measured along the vertical stud centerline.  Due
to the difference in coefficients of expansion between the outer
flange ring and stud, the stud is stretched 0.0005 in.  Thus,
the net:increase in stud.length is 0.0019 in.

The maximum stresses produced by the combined effects of
stud load, pressure and transient temperatures (Cases B and D)
were as follows:

1. · The tensile stress in the stud for the transient state
condition has increased by 5170 psi, and the bending
stress in the stud due to flange rotations by 3690 psi,
giving a total stud stress of 32,640 psi.

2.  The maximum:transient thermal.stress developed .in the
cover.occurs.at.point 12,.the. junction.of.the cover
dome and intermediate ring. It is a meridional stress
of 51,200 psi,in compression which.gives a combined
stress of 51,360 psi in compression,

3.  The maximum transient thermal stress in the vessel
occurs at point 15, the top inside corner of the flange       -
where the circumferential stress is 22,300 psi.  The
total combined transient stress at this·point is
24,082 psi,

4.   The shear load in the gasket for case, D is about the
same...magn.i.t-llrip ·as . for  case B but opposite  in  direction.
The net effect for the combined.case.s,is a shear stress       -
of 650 psi.

Figure 8 shows the location of the above thermal stresses.
A stress summary sheet which tabulates deflections, rotations
and stress at various points in the cover and flange region
is presented in the stress calculations for case· D the thermal
transient condition, Appendix B. Combined stresses are tabu-
lated   in   Table   8.1 ·of Appendix   B.
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4.5       SUMMARY

After stud tightening, the maximum discontinuity stress
in the cover occurs.at the inside corner of the outer flange
ring where the stress.is 6570 psi.   The·maxidum.discontibuity
stress in the vessel.is 7630 psi at the junction.of the flange
and main barrel.  Stud stresses are assumed to be at the ASME
Code allowable of 20,000 psi.

When an.internal pressure of 1200 psi is applied, a max-
imum discontinuity stress of 9950 psi.occurs in the cover.at
the junction.of the cover dome and intermediate ring. The
vessel stress increases from 7630 psi to 12,700 psi.  At the
same. time, the· stud stress is increased to·,23,800 psi.

At the end of a 500F/hr·heat-up, the thermal:stress in the
cover is maximum at the junction of the cover dome and inter-
mediate ring where it.reaches 51,200 psi in compression.  The
vessel flange thermal stress reaches a maximum of 22,300 psi
at the inside · corner. The maximum combined stress.for the cover
and flange·region at these points is then, 51,360 psi in com-
pression and 24,082 psi tension respectively.  The combined
stud stress is 32,640 psi.

-6--

After reaching steady state conditions, the maximum therm-
al stress in the cover has dropped to 45,000 psi compression at
the junction of the cover dome and outer ring. The maximum com-
bined stress at this point is 45,160 psi in compression. The
tharmal stress at the inside corner of the flange is reduced to
17,700 psi.for a combined stress of 19,482 psi. The stud stress
is reduced slightly to.304960 psi.

..·.
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5.0 -EVALUATION ZOF MAXIMUM. STRESS

Referring to Appendix B,-Table B. 1, Stress Summary Chart,
the highest combined stress occurs.at point 12, in the vessel
cover,.where the cover- dome joins the intermediate ring.    The
combined stress at this point is 51,360 psi in compression and
occurs at.the end of a 500F/hr.heatup.

The principal stresses for the outer surface«at.point 12
are   listed   in  Tab le   5.-1. Each principal stress and stress   in-
tensity is tabulated versus   time   for   a   comp lete   cyc le. The
stress intensity is the algebraic difference between.principal
stresses at any given.point.

The worst stress intensity is S31 which alternates.between
-110 psi and 51,360 psi resulting in an alternating stress in-             -
tensity of

110 + 51,360
S    =             .,= 25,740 psi.alt         ·2

The basic value of the calculated mean stress intensity is

S'     = 25,740 - 110 = 25,630 psi.mean

From  the, Navy  Code „ when  S          1 S' >S and S <S
:

alt mean b alt  b'
the adjusted value of the mean stress intensity is given by

Smean = Sb - Salt

S      = 42,000 - '25,740.= 16,260 psi.
mean-

Plotting this point on a fatigue diagram for the vessel
material, Fig. 9, #hows that the worst condition is safe for at
least 2500 cycles.

The·  Navy   Code   does   not list allowab le stress intensities
for A-350·Gr..LF-1.  Therefore, as a close approximation the
allowable values for A-212 Gr. B were used.

The number of startup and shutdown cycles which will occurduring the lifetime ·of the SM-1 has been estimated to be less
than   900. (4) Since   the   SM- lA   wi 11 be utilized primarily   as   a                                  -
power ·reactor rather than a training facility, the number of
startup ·and shutdown   cyc les   will be considerab ly   less than those
of the SM-1.  Therefore, the stresses which have been calculated
will  be· sage   for   the   SM- lA.
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TABLE 5.1

SUMMARY CF. PRINCIPAL STRESSES AND STRESS INTENSITIES (POINT 12)

Principal Stresses, psi Stress Intensities

Time                                    G2al                03 S12 S23 S31

After Stud Tightening 110 2,056      0     - 1,946 «2,056 110

After Pressurizing
to 1200 psi 160 4,100      0     - 4,260 4,100 160

At End of.500/hr. Heatup -51,360  -28,000      0 -23,360 -28,000 51,360
To·Operating.Temperature

At Steady-State -45,160  -26,180      0 -18,980 -26,180 45,160Operating conditions
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6.0     . MATERIALS   DATA

The SM-lA vessel is fabricated from ·A-350 Grade LF-1. steel
modified by. the addition of up to 2% nickel.   The base material
is clad with a Type 304 stainless steel overlay.

Figures 10, 11, 12 and.13 present.the tensile and physical
properties for Type 304 stainless steel and A-350 Grade LF-1
(modified). The tensile properties  of the base· material are
based on actual test data obtained from an SM-lA test slab at
testing temperatures of 1100OF, 600OF and room temperature.
Intermediate values were obtained by interpolation.

....
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APPENDIX A - THERMAL ANALYSIS

A.1 -STEADY STATE TEMPERATURE· fISTRIBUTION ANALYSIS

A. 1.1 .Method of Analysis

To provide data for the thermal stress analysis of the

SM-lA vessel and cover, steady state temperature distributions

were calculated using the HOC code.

The physical geometry of the vessel and cover was reduced to

rectangular regions, each region having uniform,properties.  After

estimates of boundary temperatures and convective. film heat trans-

fer coefficients were made, the problem was run in r,z geometry,

For conservatism, the cross section analyzed passed through

the center of the cover studs. In r, z geometry, this cross section
--

is rotated to determine region volumes and integrated region temp-

eratures. The heat flow paths between the studs will reduce .the

severity of the temperdture gradients somewhat.

A. 1.2  Boundary Conditions

The bulk water·temperature. inside the vessel is at an aver-

age temperature of 433'F and natural convection is employed as the

mode of heat transfer·to determine the heat transfer film coeffi-

cient.  The water surrounding the vessel cover is assumed to be at

a bulk temperature of 150'F.  The air outside of the vessel wall

is also assumed at 150'F. Two further boundary conditions were em-

ployed for the water surrounding the nuts on the flange. stud circle

(sections 36 and 37) and the water·between the cover vessel wall

(section 50).  In these· sections, the bulk water..temperature was

assumed to.be at 175'F. ·A final boundary condition was chosen for

the water on section 24 which was assumed to be at 350'F.  Natural

convection was assumed to be the governing mode of heat transfer in

all the determinations of film coefficient.

A-1
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The water in the gap between the stud and cover was assumed to

be at:200'F and for·the steam condition at 250'F.- 300'F.  Conduction

was assumed to be the mode of heat transfer in the gap. This gap
was divided into four section as seen in Fig. A. 1 - Aections 45-48.

The effect of gamma heat generation on temperature was inves-

tigated and found to be negligible; the greatest difference being

only 0.6'F.  A further variable in this analysis was the effect of

steam or water on the space between the stud and vessel cover.

(sections 45 and- 46 in Fig.  A. 1).

Table A. 1 summarizes the boundary conditions for this problem.

TABLE   A.,1

SUMMARY · OF BOUNDARY.. VAL.T.TES

';Heal Transfer·
Region                                    ...

Coefficien5Number. · Location - Bulk rTemp. Btu/hr-ft  F
./

2       Watef:z'above re :tontvdissel cover . 1500.F -64.0
.../  ....../ 34

3      Air alongside of reuctor vessel 1500F 1.0

4      Water inside reactor vessel 433'F 340

24      Water between cover and vessel,
rear gasket (inside) 3500F 230

36      Water above stud - vertical 175'F         80

37      Water above stud - horizontal 175'F         60

50      Water between cover and cover 175'F 75
near.gasket (outside)
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Table   A·. 2 lists the materials and properties   used   in   thii   ana-

lysis.

TABLE A.2

STEADY STATE ANALYSIS

MATERIALS.;-AND"I PROPERTIES
-                                            (

Part Material Btu/hr-fto-F

Vessel body A-350 LF-1 26.0        '

Vessel clad A-304 10.3

Vessel insulation Fiberglas .04

Cover A-350-LF-1 25.5

Cover clad A-304 10.3

Cover insulation Fiberglas .04

Nut A-403 9.2

Bo lt A-403 14.5

Gasket A-304 10.00 .-I

A. 1.3   Results

Figure A. 1 shows a sketch of the vessel and cover, the outline

of the various regions and the. region average temperature as. cal-

culated.by the HOC Code.

The solution indicates severe temperature gradients across

the vessel flange and across the bolt hole in the cover ring.  It

should be remembered that they are somewhat more. severe than actual

vessel temperature because the geometry and boundary con litions
used in the analysis tended to be conservative.

A-4
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A. 2  .TRANSIENT TEMPERATURE DISTRIBUTION ANALYSIS

A. 2.1 .Method of Analysis

The most severe temperature differences and thermal..s.t.ress  will

occur during a heatup of the primary system.  Accordingly, the'tran-

sient thermal stress ana lysis. was based    on a heatup    of the reactor

vessel starting at<a uniform metal and water temperature of 100'F.

A fifty degree per hour transient was imposed' on the reactor system.
7

-
«

The transiedt TIGER II code was programmed to' provide temperature

distributions at initermediate times between start of heatup and full
..P

system operating conditions in order to determine the point of worst

temperature distribution.

The physical geometry of the vessel flange and cover was broken
down into rectangular regions to facilitate·code input.  The cross

section of the cover and vessel was again taken through the bolt,

The TIGER code calculates the problemas a slab rather than as a

body of revolution. The results therefore will tend to be uncon-

servative; i.e., temperatures at outer boundaries, especially in

radially thick members like the flanges, will be higher than is

the case in·the actual vessel.  For the same reason, radial gradients

will be less severe in the calculated case.  However, this weakness

in the code was counteracted by selection of conservative boundary
.-·

conditions which tended to lower the exterior surface temperatures.

A. 2.2 Boundary Conditions

In order to determine the time-temperature. characteristics

of the boundary fluids    for this reactor,    the   problem .ana lyzed would
have to include all physical regions out to an absolute heat sink.

To do this withtn the limit of 25 surface nodes, the detail picture

of the vessel and.cover would have been lost. Therefore, it was

decided to hold all fluid boundaries to a constant 100'F and use

the nodal capacity of·the code to describe the vessel and cover.
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This approach also introduces some conservatism into the results by

creating heat sinks adjacent to the reactor. It forces reactor vessel       z

surface temperatures down and counteracts the .effects of the  slab ap-
proximation discussed earlier.

Table A.3 indicates the boundary values for this prob,lem.  The

code calculates film coefficients as a function of temperature.

TABLE A. 3

BOUNDARY VALUES AT WORST TEMPERATURE

Distribution
Heat Transfer

Fluid Direction of
Coefficie tArea Fluid Temp. Heat Removal Btu/hr-ft -oF

Inside Vessel Water 433'F Horiz. & Vert. 340

Above Cover Water 100 Horizontal 24
insulation

Along side of Water 100 Vertical 126

Cover Flange
.-

Along top of Air 100 Horizontal 1.5
Vessel Flange

Along side of Air 100 Vertical 1.2
Vessel

Along Vessel Air 100 Vertical 0.6
wall insula-
tion

Table A.4 lists the materials and the properties used in this
analysis.

TABLE A. 4

TRANSIENT ANALYSIS).MATERIALS -ANDLPROPERTIES
Heat Capacity Densi y

Productivity
Part - Material Btu/lb-oF lb/in Btu/hr-ft'F

Vessel & A-350 LF-1 .128 .282 22.50
Cover
Insulation Fiberglas . 190 .089 0.40

Nut & Bolt A-403 .128 .283 14r 50

Boundary Water 1.000 .0360 .·385
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Ana lysis     of    the data indicated    that     the most severe temperature

-         gradients occurred just at the point where the primary system water

reached its operating temperature of 433'F.  This occurred 400 min

after.the beginning   of  a   50   'F/hr   heatup.
\

A.2.3 Results -.

Figure A, 2 shows a sketch of the SM-lA vessel.and cover, the

outline of the regions used for·this analysis and the average temp-

eratures   for each region·at the point   of. the. worst temperature

distribution from a thermal stress standpoint..

.....
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APPENDIX B - STRESS CALCULATIONS

This section .presents the detailed stress calculations for the

various vessel locations. .,The. results are summarized   in   Tab le   B.  1

INDEX TO DATA SHEETS
Page

TABLE,B. 1 B-3

Title                        ·                     Data Sheets
.

Pressure Stresses 1-7

Discontinuity Stresses

At Bottom Head 8-16
In Shell at Middle.Head 17-20
At;Shell and.Middle.Transient Head 21-31
Cover and Flange Analysis __ 32-64

----

Thermal Stresses
Steady···State-Case "C" .----.65 -93)
Transient :State                                                    944120'
Vessel.Wall - 50'F/hr·Transient 121

External Loads
To Vessel Wall 122-126

In Support Ring 127-133 ,
In Reactor. Shell 134-137  \.
In Vessel.Nozzles 138-139

Cladding Stresses --   140-159

..

-/* B-1

'
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TABLE B-1
STRESS SUMMARY SHEETS

Thermal Stresses Thernal Stre ;ses
Total  Stre s sMembrane J Steady Ext.Load Discont. Cladding Total  Stre ss Membrane 7 steady Ext. Load Discont. Cladding

Trans. Steady StatePoint Location Stress Heating State Transient Stre s s Stre s s Stre s s Trans. Steady State Point Location. Stress Heating State Transient Stress Stress Stress

1     .Inside    6 1 5450        -      -       -         0        12650     -          - 18100 9 Inside 91      9450                                                              0                                   9450

Go -10900        -      -                 0        10110 - - 790 0-, - 1665 ' -         -          0                -      - 1665
0.3 - 1200        -      -       -         0            0 - - 1200

_911 -
1665 1 -          -          0                        - 1665

Outside  a 1 5450               -       -         0      -12650 - -     - 7200 Outside 0-1 12730                     '             -           0      -                 12/3U
CV  -10900               -                 0         2500

- -     - 8400 0-2 12730 0 12730

1 3 0            -                     -             0                 0        -                               0                                    53          0                                                                   0                                          0
14          2      Inside    d i       5000           -        -         - 0 12650       - - 17650 10 Inside 91 - 1665      _  _ -4780         0                        - 6445
13 62 11200      -     -     -       0     - 5600    -       -     5600 92 25600                ·'       -1360       0     - - 23240
12                    0 3  - 1200       -      -      -        0           0

- -     - 1200 97 - 1665      -    -             -        0            -    - 1665
16                Outside  O 1 5000        -      -       -         0      -12650 - -     - 7650 Outside     O 1 2780 6870         0      -                  9650

d 2   10000               -       -         0      -13200
- -     - 3200 G7 2780 -  ,'  7110  0- -  989015 6 3          0---0                0--0                                  G3         0           -        -         -             -              0                      -               0

3      Inside    6 1
5000             -                       - 0 16500         - - 21500 11 Inside       1      5000            -             53 --.3850 - 12700          - 3850 1775311

0 2   11200        -      -       -         0      -14010
- -     - 2810 92 11200 -    - 9434 -14350 -     - 3540 - 6690 - 1774

10-
d 3 - 1200        -      -       -         0            0 - -     - 1200 0-9 - 1200      -       0 1  0              0     -     - 1200 - 1200

9- Outside 01 5000        -              -         0      -16500 - - -11500 Outside      a-
1

5000 -    -   53 13850 -12700      - 6150 - 7753

8                                            6 2     10000           -        -         -            0         - 4110       -             -          5890 9 10000 -    - 9466 -' 6050 -     -11160      -       - 7210 -10626

6 3          o---0               0--0                                0-3         0                       0       0          -             0        -               0          0
 07        4     Inside   d 1     5550                  -        - 0 22700      - - 28250 12 Inside 9

1 5260 20200 -24000         0    -  420      - 28840 25040

6                     6 2  -11100        -      -       -         0        14380     -          -
1280

cr2 5260 -10720 -1 9500         0 743 - 3497 - 4717
63 - 1200        -      -       -         0            0 - -     - 1200 0-3-- 1200      -       0 4  0       0       0     -     - 1200 - 1200

- 5             Outside  d 1 5550        -                        0      -22700 - - -17150 Outside al 4680 -45000 -151200         0    - 4840 - -51360 -45160
6 2  -11100        -      -       -         0          740

- - -10360 -30280 -32100         0    -  583      - -28003 -26183 - 468'4            63    0    -   -          0       0   -      -      0 0          -            0       0           0            0                         0          0

5     Inside   d 1 5000        -      -    -  632       0 22700 1600* 28668 29300 13 Inside    0-1       0        -      2705 ' 2130 0 292      - 2422 2997

3            d 2 11200        -      -    -  632       0      - 7480 1600* + 4328 - 4960                    e2     0 - 39000 30700       0     4190 - 34890 43190

d 9   - 1200 -    -  632       0            0 - - 1200 - 1200
03           0             -               0         0              0               0          -                   0             0

                              Outside  6
1 5000        -      -       281       0 -22700 1600* -15819 -16100 Outside 0-1   0    -    0 0    0     0   -    -    -

d 2   10000        -      -       281       0 -21460 1600* 9579 3760            e2   0         0 4 0    0    0   -    -    -
d 3 0                  -        -          0              0      -            -        -                                 0-3        0         -           0       0          0           0        -          -          _

1                                                                                                                                                                                                                                                                                                                                                                                         -
6     Inside   d 1 5000 1900 - -  632       0            0 1600* 7868 8500 14

Inside        a l               0                 -               -        4   -                       0                -                  -                   -                  -

(Mid-            6 2 11200 1900, -  632      0           0 1600* 14068 14700                         c-2       0              10800  '8500         0      4370      - 12870 15170

- 2
Plane) 63 - 1200 0- -0 0- - 1200 - 1200 0-3    0    - _ -      0          -           -

Outside  d 1
5000 1900 - 281       0            0 1600* 8781 8500 Outside    a-1            0                            -          -                   0             -               -               -              -

1                    6 2
10000 1900 281       0            0 1600* 13781

13500                            0-2        0         -       5480  ; 3040          0       2800       - 5840 8280

d30.0      -         -           0               0       -                0         0                                93         0          -         -     1  -              0                      -           -          -
7     Inside    d 1 5000        -      -       -       - 2420 0  1600*     -    4180      15  Inside  0.1    0     -    -1-       O      0    -       O     0

d 0   11200        _      - 1990 - 1160 0 1600* 13630 11640
 -2 2220 17700 '22300         0    - 438 24082 19482

d 1  - 1200       -      -      -           0        0
- -     - 1200 0-3 - 1200      _          -        0       0     -     - 1200 - 1200

Outside  d 1 5000        -      -       - 2650 0 1600* 9550 Outside 91    0          - ' ' -       0      0    -        0     0
6 7    10000         -       -    - 1990 1840 0 1600* 11450 13440 02  1020    - 8810 11500     0 352 12872 10182

6 3          0-                  -               0           0-                0         0                                0-3        0          -         - ' -              0            0                         0          0
8     Inside    d 1 - 1665        -      -       -         4780      -       -          - 3115 16 Inside  0-1   0          : -     0     0   -    -

d 7    25600          -        -         -           1360 - 26960                                0-2         0                          b  -              0            0                                 -
d i   - 1665          -        -         -                         -         -            -      - 1665                               93        0                          ·                 0            0        -    ·       -          -Outside  d 1 2780        -      -               - 6870      -       -          -     - 4090 Outside 0-1   0        - ' -     0    -           0    0
d 9      2780          -        -                   - 7 I 10        -          -            -      - 4330                               9 7        0 6280 '12400           0      -   688 - 11712 559263    0-----0            93   0        -j-     0    -           0    0
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1-or     (ks E"A"   -  130 6 7  L O A  1>     P> =  0      4 14 =.0

1,764 4>4 -/ 433 98  9-0, 234+162 - 0'46'44  - O (1 -73

--'-_/'



ALCO PRODUCTS INC. 44-
BY DATE SUBJECT  • M -1 A  14255 56.. L   A AIC>    SHEET No. /3     oF j /

CHKD. BY DATE Czaves:-Ri. AA,At.vs/5. JOB NO
4                 I

- I

223                \/ES.se L       IRI- A t.1  6  E - /5.1_-»f, P+4 F

6 -

/Ts                    -47
7.1 L

t

/4.0 /2
4,2A

4
3-31 a LOWER F:= L A N G  E      IS       A S S 0 6 4:F C> Z Z..75 R

27-

-rb     725 e      12 1,4 ; 0       3 U c  k    -r.#Aer#    4.r=-

.ee-r A-r e  5        'SU 1-     b e   ers         N C'.'r- 25·63 R                 >
73 ENA.    F 6 e     S'IM  pwal'ry,-1-14 E                                                                 -
VESSE.L. FLAMeiSE: 13 -r·TeekY-EED

-HZ,88 H-AS      .S  ·1 *b u h)      I W    L O W C c e   .SIC GE-t"Cit  .
-

-,ptap                                      +  7G
+ -'+

-1-44 E    F L A N T E      I S  A 53 0&1€ D.                He    „            A
-1-0 iee, 74-»r  e          4  IS o  u  -r t

3,56      |       1,4 FPot  w T          Sr j        -rti  E          4,  D
7./Z L *5-#Pe 114'1- 0 9 »44  e       G  A s  z  eT

19.82.             3. 

QZ L
,-1» MJ'··                                        A  Rq--=      4 8 6     + (21.13   +   , 2 2)     GB

\  .2-

»14(P«"    ·„  M,4. Rer  =  5 28   + 1,9 4'8 8 08) (                      4'..

8 12 9 = 21 12Fq.- 3.78 8F (1 93 24.19     :

Ll  R J'     =       21  12 J    =     A 2 F j    1'30 6-6    ec        62 03                                                                     1

8F = 63 . (11) 114

i»·



I . ALCO PRODUCTS INC. , 4-5
BY.__.___________DATE SUBJECT 5 MI- 1 A-  ESS el- A N A  

SHEET No._25       OF  '3' /
CHKD. BY_______DATE ClovISre. ANALYSIS. JOB NO

i                                                                                                                                0

DEFLECT-leK o< LowEe FLANes A-r  F
1 2

4 12Fc#
-

3&   .0  -Li_      fZ€. 63  + .14.   .1. 0 .3 ')-7..2 Z. 2 2,6-xm ( 2 5.43 - 14 s

_  2\
Z 4.19  -   /      9,2).11 </Z  K  .2.5,  64       
7.,5'.63(   7./1  Ze.67,06  \   16·.632   - 'ti Z.-'1
+ 6,3                                                    -4 f

62 ©3,
ARF4 =   0./983 *,0  it<, - 0./26 </0  <Stru

07-47-,oN  aF == /Z »IF Q- /2 MFx /9. 8.9
223.6-   za. 6-0,06 A  ¥7.,  2   -64   Z.6,-63

14.0

5F = 0.6382·*'° tv\ F
-4. -

(133

'-/
1 ·S u hl   .o f      Mo  'Me Mts        a.lout       FC.-,

19·8LMF = /6·.26-6 'l4,6-7 - /6·.25#44 x3,78 -/7.6-P+2.31-·2*/9 Qjxj,6-6

+ 24./9 MU

-                                                                   s  etre        G   -       1,15    -i>          4      P  =       /4,64£,1,  /  1-,

...  M F  - - 1.9.1#4 - 4,34 Q.J + /.2 Z MJ + 19 -loo (ZA j

i.           36195+, tu+, 41    =QM.  .24    14   cc24.  z.3.

/06x &/r  =  - 6.1/ H. -  0./66 04  + 0. 6466 M.1   4-/1,6-   (16-)
DEF-LECT-ION 04 LowER, FLA.NG E  A-r J -

1- ,    .           4 EfF,  =      tfc,-(k*.,9 3_  /1.Ch *(54):   )      _(01 620,9,167%19)   »3:i,4,-71 +- -j.
11,12,(2.2.6-*,061£7.5.61k- /42)     91/1 (2.€'.63)(ie.tit#°645,1.1-141  j

-'6 ' 1 -4     /1A
RFJ =     ./0  /.3   x  /0       +t4      -   .179    x /6 (4/J  5'hj



ALCO PRODUCTS INC. Ve
BY_-_____--____-_DATE SUBJECT    S M-1,4      1/1=s  e  L    A-No ··   SHEET NO._194----OF  37  -
CHKD.-BY____--_DATE__.._-r- P.LA Ne=i°  A- u ALY SiS, JOB NO

J)EFLECTIC>10   0*   Lowere.    FLAMQ€      A-r   d

 0·& /'186- ./ 0,/2*4li----*.------„.™... .

\  Z4./9 x 2,88
3 6

.Z>  =     2.8,6- x  #06   *    2..5%..     =    62,4   v  /0
/  R.(/-     6.69)

&E, -I
(8. '44     MJ     +  (P,  ,

, ,
J

Z(9,1.5/1/33 62.it'o .

Ailq' 0,337 */6-6 11\46  + Z,.19 */0   .4

g.

60, A ©

-21-t-44,02 ..04  Lower  Flaviq=  e-1 J
r.....

C.     \

e    ·=      -\         /          C.zi'  b„ ->' Al,    004' )J      ',. , 14 .,

Z x(o.,4-#0 >(62,6/x/0

9'1       =         :      D.,69   %,4-6     Ail' '         - 0.339*/O-4(52,1' (ZO

e                                                                  
 1

FI>tz      7--1-+E    1.-o W'Efel      P=LA,NcyfE. CAL<Lut-,A--rIONS ho    <3. e r r e c.  t,64J
W A S.     M A b S       IF o  R       -r- H p        '1,1 0 6  U #·  ID.       c> 1         1." cl*        r e Mo ve d

FoR: 7-He.sl" MA   4+OLES .    7741.5   1.5   6 4.le, Mcecl     69   »It C.0
VOLU Me   01 1*,el"0     14    -r-t e   *, ile"t    Le +Ge re#    1-itt     Le wet

- e                   -f-tq MS e.     a. Mci      1- 16     eg  I t ,  C  e r         1 , 28( A     6 ,C 3      h o t    t«ke M
-                                                                                                                                                       1

1 4  +0       Ck 0 0 0 w M 1-        .

VOL- *I l l e t VE L.    o 4    410 le.5
.......".„.......--,-'.-,"-.-==",-- .....„=-=-9.*...I--...'"«.....:„

V =\4,167.- 1 -Tr (4.zs-5 1737 *21.75
.-

1/=    /6    77* 67,94  Jz  x 6375
-

-4                                                                     4
5-)

I /-                             3                          -Sts'                                                           3V -

a-30  -i.....4                                                              Ve     O-O-0   .6 
1 11  -6 s-rup
/tliei He*CA
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ALCO PRODUCTS INC. 47
BY-_---___-___--_DATE SUBJECT SM,-/8 /FESP. L ·4Nb SHEET No._ 42.-oF 3 /
CHKD. BY_______DATE .    I:Lap.£ c#' E   4 149 LYSls JOB NO

US,r.4    e&,n.6190    a.4   -su 65 t; i"*41'nj    eens. OLL) 3(184  4.6. 39

*Ides -

./483  #4 -.06 86 qd' - 0'717 94 + /./9'7 (Pa -.2477 Mit+·393 Mj =o
*    <leD

Us,44 cOn 6-RI) c nd Jo&=t,1'4+In*  e,EM s. (25-)  4 4,0
41/Ves     -

.111    44 af-.17  /    QJ      -    .   / 6-6  6     MJ      =         // /*- * (293
C,

1 1,1  1
LAS,4.3 eNK,(203 q 44 .subst,T.*Tin,; eew. (Lola.) i  <29)

r, 1 0 e.5 ;e
.                                               * caob.959 Hft 3.,ruy 6>3 --10,3414    6

*
-Til.66        w   I. i' 1      6   £6;26(a.. teK S       7-Ae      6   L•LMK.Ow#        Fbia.0 /ss   4  '440/11<AJ715

Cl #t 4       770 5 =OWN fg

(14)    - 1. 446- (24  + 0, 2.36*  *8 1 0,#57 »14 = 0

(M)     /,779  94-/.440  QB - 6,4444&14  4- 0,236#*=0
..1  0 6) - 6,/941 QA-6,0711 98 +01/407 MA 1  0,/24 144 = -869

(283 -0,71'7 94 t/'/97. 08 - 0,at/79 /1/14 + 0, /4613  1919    +4087 5  90,393,92
(19) 0.1/l  #Gi-6.,7/QJ-·/6-06MJ=  /)/6

(30 -  0,#013 #t, 4 3. ,-64 411 +0,707/41= 6

C--

<boi* u=riON..-

'                      CID A   =        -/46/     02,3 -  - 109 4 lt ' n
 ,---/' 44-Gr - I

C)          =              12  2.67       t/; 4 r\ -tti

/8 £4' 3
- 2659 1/ 4

1,4 A    =   -   /8 3 8     :4 - 5467 MJ -   -   It'.533     1,1:# 14,



5 ALCO PRODUCTS INC. 48
-

BY.__.___________DATE SUBJECT -5 h/·, -1 4   \/ E S S rr C    A N D    -- SHEET No.__l.1---oF..:2.1--.

CHKD. BY_______DATE C=70 7.634.3t         A   t' A  A- 1..  ···•·· ,<   t <: JOB NO

--------------------------------
1

..5  0   vy'  rt, ck  f- y (46 E. " A ' :  5.ruD.L BA t> Pt A F==J

0=,-1, T-0INSULNTiON

, covER 
-4

Q=                                  Q.Pr» f) 1             1                  0 1-,TE'12.
1 (  F2'N'Er

(E) 4 1  le,
covE &21                                 @4                                 69 -4                                              1-C> O lyn E e=                12             J A 7 '4          /)2

MB M_A' 1
- 1 <29-fi3i i

.  1  01--»1    ©4'1  94            ' '«1 '  .             -  '.1.
v                         v fA                             V,1                   Ve                                   B

INTE te tl El>, ATE
© -e)-="9       (21)Ie Ii.G

©
1                                                 MJSUBSTITUTE 50,67,0'43 4-21

........ VARiaw=
<_-                 F o u  N  D       I N   7-H e VESSEL            --zles----·-*....

TSouNBACey CONG,THU= -.r,"0 PLANTE (04. +VJO er «ON  beF,Fc•rqoN s   4 Rol Ar ON
S E E     p q i     I  s     4   19     4 e r    Jr Rrks.S QJ,<..--1 VJ'.

c ftL c 's e -4MJ-

1......'..<./.

Locb-r,ON 'DEFLECT,ot-l F207-Arr to ti S  'TIC E. s s  ES

(A 123 10-41'1    (6) 10-4.RAD. CircuM,F· Axt'AL . · R'«DIAL SHEAR.
(40.    Ps 1 07.      ps i (03 1 P.51   Ps i.'

-24*29 /NWAR - /790.INN##
A       - /086- 48(0 -   A°·56 oy'rEA   +  /,0  OutER      i   .0

-  i 2 99 , nne,r\ -41.6,           1   B M li C
S             /0 70 -508 - ,192.00'er\   39/ .°°ler   ·· .°

-428 *'0'eFE
D 3110 -5-0 6 6160 -42 3 00-1-r<     0

G                      -   10 54 .-. .-I -l-I---*.... ./435-·

J 93-8 400 - -//70 inMer
- 76 3 0 /AWFAS34/0 001ef
*7630 00*r 0

V                 32 36- -503 4580 -

W 3460 -So'* 66 70

c X 1/66- -SOW 3080
...,... : .-'

Y                - Z.069 4oo -4 2.0 o
. ----

Z -/890 400 -2100 .-I



ALCO PRODUCTS INC. 49
BY DATE SUBJECT  

SHEET NO.-6Ei____OF..5=KZ.
CHKD. BY DATE JOB NO

 -       5»72=55  ALCULAr,ores l- Cl A.J K      A

4.)               Ax. i •.i  ST ree,:rs   i

r                 -      -    (PA - -  1 461 4 -830-FS'
-rM eu sT                   25                        / 70-4

al-
7        +      6 MIA 4093© -  + 940--psl  ounidE| Be#Di A,4     - - .2 (3.93)

i - 990-ps·/ INSIDE;

+                                   +  I  i  O   1=> st OUTSIDE0-,j =     -9 5 J-    -  9 4 6-
= /7 80 -rs 1 INSIDE

 ,RC-uMPERet.nAL 1 -5340 12 9,1

GZ   =    A  PA   *Et    -44 MA    =, -/04·0-» P.'!D    t    .3 (94,13
. R24 -R-E /3,2  6-

mi--        -    4 6 1,1 ps' INS,OE.
./- 020 46 ps/  oursiDE

---
i         -
''-/

-R"  P :  e.  '-  1          02    =          o

E D A. 'k 1,\ L  o

G.J     =.      -CS>B    =   ,   222 V     =  -  ·48 0- /0.5   /
T-ti WEus T -C 3 <57 /.2 --

r  -    GMS = 6(.23 axi-/938).3 -2.2 60 Pal; INSI'DIE| BEND,"4 <2 (3. 43)
2- + E«.2 (- Ptl OUT.01 DE

0----      436-     rt    S. 2 6 ··-·    391    ps i O  U 7    5   ;  o  e

- /2 6,1.   ps / 1 h.3 5 ID E-

/  ;  12 e u w FE k. e UT 1 4  L 2 i'296---2690

0-2   -         4.5B   *   E    i    -/6   Ma     -   :  1 0 7 4(2 416)  3. .  3 (25©
-\

Fi    -Rf
*

/45-8
2

crI  =    -1 z e e p s i I N 6 ID,E                                                                             i

-  17 -92      ps  /.      outs / D £

' A, b,A L  %         5-    =   .   0



ALCO PRODUCTS INC. :So
BY DATE SUBJECT

  SHEET No.--29__.oF.tr .
CHKD. BY DATE JO'BNO

D) 4 %1 A £   1
'= - + 0--* ' ' '71"LuaT  -    a BE,JD,Ntr

#..9

 --  =        - £2.t_&_        1        07-        1-      o      s,M=e      1,1 0 =0   1-  gr70 B e:·le,1 Y,9

Cri-=       - 4 2 8       Ps  1

1 2.Gu wl cre.14 49 %4 41
9-2 =  6 K E 32 1 0   * 26-,J' =-      6/6 0    >3  1

R.              14,88                           -

 401 A L A     -  =  O
-

,·-».   .     Gj    .SHEA £2  61-Giess"i N  GA.st<£7   -      -1074      -    /43 6-  1041,
-,

-95-

33 4*,AL.1
07 =    6   M 3 6_(193-33(, -  ¥763.0  .   PS J INS,DE

--idl (2.ke),- + 7430 ps/ 0 0 7-3,06

 : Reu MI FE-e€Ul'-14 L 

    =       4  5,„XE.t      C 4  /43
RJ Yal

96-6- *29, j-t .3.(9630)
24,19

=  ,/20 .t&190

51   =f       341  0      ps 1 euTSIDE

r I

d- / / /7  0      PS  /       1 6,8,b E
I.       3

-Rkb, A, 6    2
Gif= o



ALCO PRODUCTS INC.              -57
BY DATE SUBJECT

-

SHEET NO._ _-1 95_OF..ifz
CHKD. BY DATE JOB NO

V)      <:Z' i  e o MM  F-
g-1.-        4    2 v         ,           E

4 - h

r-   -            3  23  6- X   .2 2,4 43-8,2-*1, s  \2_ -*

1 0,   1   4

11)   or- 46 Ae
124

-          3 4 60    * .2 P,3
-

4°\5-90  ps'. --                                      15

>t)                 gr =  - a ·ex  b R
. 'R,X

=      1 1 65* 29'J  -=-   3090 es)
.--

- '<

AO, Iii

A     y           gr =  «X KE(.
. \.*...

121

'» -1-(I-.U- .- % 16,3--  -5/1OOPS/
I it

23     42* s- A

122

Lgcto  L 2-&.S-=    110 O ps I
w'*761

-'-,='



ALCO PRODUCTS INC. 32
BY DATE SUBJECT   S M-  1 A \/GE'.S .S, F L                        SHEET No.--j-Q._-.oF.3/--

CHKD. BY DATE A  w !>      Cle v  rr F. 4HALY56 JOB NO

/-
CASE "B" S-rub   LOAD »Lus F' Rl E 6,5 U 19.. r=

\

j, (SA31<eT !20 AD WITH  NTE;I=:NA,t-  1ALESSUREE
. \

\

f  \417-H·  No 1>12=156.SUR.Ei  7-tts SruZ> Le,ol>  AT
Ztooo ps: per 73047- =  14.6,40 */ (ret  p#.8)/1 01       \

94.t   '

Gr«swe t  LOA:s>  =      El,3-      (/46403   =     /6860 -7/4,-'.'......-

/66 23 -

ip                                                                                                                                   /                                                            4     stu  D 31-\  E 6 A "r I t.1  E         dS T« 1 Or F u E  S S       0  2       <*ASIC E  r

2=       P  A-                    .            5.-   1       --1
,,

G·  D e

-3    R.S E ,  2- 44 Esr .                                          S
-T

9 9

6.4.t  S· = 11 -P=  Li,5-
/   E,  26

4                 r N  F.00
P =   645  =  S.:_1:,81:

/3         /.1 4 67

C-6 = f, 4   4 x i -Tr   x   /6.25  x  ..   72  -x     /dif   k  1690 *=„
1     A     P                  'Eq 8 5 hs -\  t.,3 80'<r *i.,4- 0.9         le.*/ t.

6 2.0 -rhus    Jo.   «.

                                               .»,«e/,      8   ' ...1   =«#x „.«67 t«
GOSKet.

. 63       W,   TH          7& 5,ss V.'2.e          -      r=%0     -p,1-  7.4         eQ'cs.       0.-11      1,2.jt61   60

LORJ>   64 stuo  =   71+ Ap      Where.  4 P=  cl#,iye  „;  Stu,
.z«''                                                                                                                        1liee,5,0.-:  CA, e -/4 4 cf:·le<l     \

presbt·,re.i  =44    Und1 5 r     i4 4 1 nad#'13 0 t SC,6 11:.ek\ 1



.  *1ALCO PRODUCTS INC. 31
BY.-__---_-_--_--DATE SUBJECT    fS M-  1 4   \4rs 3/5 1.     A N D    -   SHEET NO.. F 3/
CHKD. BY_-_____DATE (   0 \/ F=-C---. A Nt  A, ivs  i .S , JOB NO

.....

1-0 4  D       *N      zsrub   -=          73    +     G             6°Were     B   =       6/0  w    64£        /°q    c/

CT e  jogej °M Lwaskclk
'                                                                                                                                                                      0 9(71 q i,p 'lod.W,.96     1

9

73  =        t&€2-21(>3: 261-      =      3  /50     #th.
1  7r    (/r. 253

CHANSE  IN =S-rup=LE,·4<S-rff 4 6/46#LET -WE,€>,tr

4  4  -  (8 + 6 - P )-,8 6 =(416-17-63 512.
45 ES '5 5

 .       R,f
6ut 4 36- ·s & 6,  1/0  en fre-ss t,re j 6(ci ,·s c.ppiteel

8 + G -P s ) 8.3 * 8,5 x ·ti\ (1.,5 7-4- i
'-,1             \ e .9

S o L.1 19 4    le, C» GiV,KET  L°RD  t.°,TH  pre·13-521°em

<Sr    --         6,990   12/'.1

I                                 I                               g#* j.F> +  A p =   3 0- <31· S 9/0-0 + 67'70 = /\6-92°  //4.

- ('   r    . /   i(20 u E rf. 1-·36 Al S -

Rer:    4 t e/t h        PU,     .A S
„                           <

4           . \/4 = Izea >( 13,2J- = 79ro 9,1, -'1\'1 ".£   -'..,
8                                                                         2 p* 1 r-1174

-14 = 41 (:9+0 =  /4362, EAM,
4 =SlvA

-

Tch SAC  'Stress      =        tlst,  =   .200  2, 44,-84-_26-fE                                  NCI)

6   (Ze,69'52 - 26;876763,7F
=    4 e 43-   ps,

=h_/.

ARA 97.    (/-7/,  a    =        .   00/4/77  4
E



ALCO PRODUCTS INC. 54
BY_ DATE  sUBJECT  S In-1 A       \/ EF,SS  F L.     *Ub       '  .SHEET NO.2.&---OF..12.L

CHKD. BY DATE
' C.ev i= i-r* 20 k> A, t_ v .S i E JOB NO

Z>epLEECTION  Ce,/e,2 73>op, 5  -

Fe ra  C 4- sE    A      - Confl)

104'   424    0    -•506- (PA +' 129 MA (re A     F#,  Z    )
e =,1  (4)

106 A 22 = /,/9 6 5-/,236-gB (ref. 842. 6 3

,Fell     0443 e. 3 -

A ££41 = 424 + 0,00/6-77

<Dt,                S. -1.1.4     -      62*4 ' - /43re (ao

EoeM    (13    Beeew< e.5 1 0 6 5  24    =    -6 6-06-94   t /87  /144.     4  1 4-7 7              1    8 
ERM (4) 73ee-01*les 106 A 2* 1 =.   /,/9 074  -/'23•5-420

- /6370  (483

EG>u44;Ner   -1-41 5   *r"·wo     ·FF QuAT,ows     <S, c.'e.S'.r-\

-/.44 5-Qf +/.233 628 9-  0,  '87   Mii    =     -/79  6 0 41(...

3,-120 ,-Ar'= Al  24 -INT·EaMED,ArS ler; 6,·  -

Frae.,1  15 6   ENK  43)
166 68 f 0,17177 '44  +0·009, 2('0-6 <4 -6'IB7*4

60 ere  V4' e  '796-0.+164    for   00.Se B

· '0 1 0 6 0. -  ..=     0,1 2.7 9   1-1 A    - 24/8 7 94    9  72,3                                                                                    3  14 

4,          DE F L m ar ; o u   .   0 *     1  U 7-r e  M ED i ATE-78;  4     -
1 1% i ,.

Ust.,3 2424GO '%. G .10(64 Rs = 609(34' -6 4/9'7 EPe   and S# 661,-[Ul,wq
t*:

4.- 6>4' = 624 -/9 3 SO                            ---1

E e c., o #23
1  0 6  'd 13 5   =.    /. 0 9   624     -   6 /9 7  *8    -  /3  6 fo



-             -                                                       SOALCO PRODUCTS INC. r
BY. 'DATE SUBJECT  e K'1 -I A    EE 55 FE L-   A u b          '   SHEET No-Z3_-_oF.111.
CHKD. BY DATE CZ o VE.,2         A  W A L V S i.5 JOB NO

-- 0
25        © u re la +Cl N S   --==

U .S, 'ty e ©  Ce) .i49 1064 22-=  0.236 </2,1 + CRD- +14, )
"

6

·|00+ Qo=   :0.26-x,0     4122'.    =    -0.066&-QA   t-  0.0.2.79 ge -to.O-247 114  +406   (CO

,09 ARD = 428-8,41 98-k 5,66024-/·/976>8 -/,074-Mii -/6200

106&12(  = - 0,DA-76 4 -fo, 243 98 too(Dy MA -0,2864.4-9-96 <88 
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ALCO PRODUCTS INC.
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. I ALCO PRODUCTS INC. 21
BY. __DATE SUBJECT SHEET NO.--u/_7.._°FA.9.-
CHKD. BY DATE JOB NO
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ALCO PRODUCTS INC. 9>, 2.0
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ALCO PRODUCTS INC. <0-1«
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CHKD. BY DATE JOB NO
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t FF«      -7                                2                          1                1(7        3     1
deflec-4204 0

-K-     /

F
1- lanr    =4     30 s KJ 7./z"           '   -0-

11Rpg  " 0<333 (333-7  3120 .. -L 19.gs' -4
J

C--01:. 66
f. /J

-         ./ OGLJRFe)* 0,33
000 MJ'--9 -

r.
.»/        ·AR F.-  Je-flec--664  of  f1

3<'    j' 7-2 
a M -e T=420

C           T  =  32 4

4                 /1 -1     J                            ·                                                                                                                i       i
-J

*r 2.991\Tr 372

LJFF' b (23,3 (333-44(5.4,1© 0 4.  1  1
"

,- t *rej,on Av
1-= 377

.

.        /  0 6/ds  R  U    =   + 4  -37°b
,./. 5/65/\1 CD NV.

141€6.    -   2 2 -fle,c.4,64 ·. 6-r    <31'" d.-   00  j                        :D-7 +

dis = 04399 099 - 70.(.29.1 13

1 06Ljgj    . =     f   3      6 0 0

f    •

Frg «          o r/3 4 a /        .e. 7 64 4      2 0 M 3

,/066 R'Fc  M , /493 /4   -· /96 (RJ· 6 2 60VY'Les
7                       

 4      ,

.-

./046,j94 = ./493 /-1(37 -./26.(DJ   + €23 DOD.    .                               9)



ALCO PRODUCTS INC. /01

SY-_______ DATE SUBJECT SHEET NO--_2--_°F_27.
CHKD. BY DATE JOB NO

/D  G A. RFJ       =     . /0/3  /-/c7      -  "7 4 (DJ
6 e com.s

1066Rp     =  .  1 01·3  Al·c   -,(74 6Rj      -11-   S.700                                                            (/0)

.

/0 6  4 FJ       -     .   3 3 7   MJ.   +  1.1 ef QJ'
6e-coyn.cs

/0    6  21   1             =         .     337    MJ      .4-   2.  1 9     Qj       +       3-t; 6 0 0 -,   C i ,

Po-,44/'an       o F       F /. M j e

k°01*1,·64    °·0   -FleMJe   4.4=  -16   terlp.   41 s-lr, Aullort

LJ 5/   =     cR      (.165-73) 09,9,3 Avi te•nr 0-f' 00 r»CY.
UPPaR: .266

5    Sur ·Fc, c e   =    0(0 5*F   .\
I D  6/1 e          r         + 2 '€  3  0 0 'I.'

- \ec- -f
Vpper -e.- 7.13"\

           =         d            C 4/09  -70')  (il·  9 .0                                                                       \                             1-                 ·   L owe·/ iob

/06/SR   =  4 LiZ,°00 oc I Ow-erLo w·*·f- , 9.91,1 ---1-   44"irsw,4-wce = 400°F
/0 4eF 6 R.      Ls Rt

3/2

45,000 -25,300
7.1 2

1°68f = -1- 17 GS

Frow1 F,rev,ovs 62,la /15,6 :

/0 CeF  = ' 0--393 MF Li, 'c,·l 62.00*es4.L

1068 F r ·0392MF + 22(.5'

A/so :   Mi= = -27.9 ,+4 -4. 36/ QJ 9-/.8.2 P'J-

SM·ts-1, i n e F a 6 ov€.

1 068F  -    -.lit    14·'       -  ./64   Qi   +  .04 44  MJ    + 4,149 Oz)4.\



ALCO PRODUCTS 1NC. 102'
SY 1-)ATE SUBJECT -   SHEET NO-_- ----OF.-2-Z
CHKD. BY DATE                                                                       JOB NO

R°LAimi  °·C  031'MAer--

E-Au,valen.4     Lendirtl  'Mon-1 ent   -*4  ecj=   of  tj/'vider   ·Lwki,LA1.
wow./J  prdclwoe ..+44 se»: 4.    2 -Arcc=     a s    the-     414  ,     cl, fre,er, 94-
0 4    ·/ke   ecl r .        ··

M   =  47.-'P< -Er    .6 1
z               1 -  11   -4

1.

T----I-..101  1 (4»i"V >CE-,„O-')(·17·",0,) G" 12'1  -   ... ....
- .-*.--I   .--

MI  =    -  /1 9 0 0 or, Intl./    2.ljn  conven-1/in  ' D   kiL+   sk,Ae-    -1-e ·
te,n . ,  11 44;  4-42- 5 A-el,i  rattil€.1  7

'                                          ,    f .    "
.   .        1- i            16            n *21 6  61. ./(/ V..2.   ,

-       FroY*.  /=>rci,ou S  O,19  5/3 :

/06.«i =- .-. 1·0¥MJ -r- .337 Qj

su-i-   ·«IM*    4-    +e,n r   =1's-/r, Au·Aoh    .fl,  rz   13   a„    «la,16  41

e w,valent  .Al Drn e,n-1-   of  -17,900     0-1  J     60610*    \\ICS :

1·ob  1. = t..,04 (-it-17,900 -,337 61;                ··

1 0  6 f. =     - , /o' / lj·    - ·  3 2 7   623     -   3 8 6  8                                                                                                                       0 3)

\\
-

\

1-
..Lr

.



ALCO PRODUCTS INC. 103
BY.______-___z__DATE SUBJECT SHEET NO.--1.00...OF._2.Z

CHKD. BY_______DATE JOB NO

SUMMA   R Y           0. F           E  QUATIONS

C.OVER
/06„6124 = r--• EDS QA·+ ·187 MA  +  3.2, 000                                           (i)
/96 GA = -·197 QA+.1/SEMA + 351 C Z)

/ATERMEDIATE RING,
/06 ARA,= /,1 4 QA,·-/·1·55 48 + 03700                   03
/DG·LSKs = 1,09 ( A -1·197 628 + 31,300                  (43
/06 as   v -·187 6 4 4 .1 279 N\A  + .35 1   .                                     CS.)

 N Sl/LATION COVER

106QD= -,0665(RA 4-'0099 98 4-,0369/1'1A 709 (36)

/06 ARD= - 140 (RD + 3/900                                      (7)
C ovER 2.1,4 4

c                        /06&=    T    .  08/Q5  -  .0/97 MA   -'/76/+4  -,/09(  13  +  4/76                   Cg)
/0421Rc = .036 ((:78 4- QD - Re:,3 + /3,700                            (9)

FLAN  G,  E

/0 6 4 R Fc       -      ../ 4 S   3 As> .  /8 4    QJ      +   3  3  000                                                                                                         0 0)

/066/2  = '/O/3 44 -'/71/( 1,  + 40,700 (113

/06 aF   =  -,/1 1  144  -./64 QJ  t . 06/4 6 /VI   4- 2,7 (05' (-IA)

CYL/NDER
/O'GARJ  = .337 MJ + 2·1190  +SS 600 (/3)

/06.€JI   = -,/09/1'(1 -,337 (Sj - 6960                            2'1)

--j



ALCO PRODUCTS 1NC. lot·-
BY__ DATE SUBJECT ' SHEET NO. // oF-_97.
CHKD. BY DATE JOB NO.

BOUNDARY CONDITIONS

'd 184    =  4 RA,                                                                                                                          05)

a RB = LJKs, 4 LJ RQ + 3.6 SJ3 (163es = es                                  07)
am   = Ljgs ,/·94/68 = ZSR=  -3.78 eF 09)4                                           'el
LJ 23, =aill = 21 &,5 4- 3.56 ej                                                09)
6F = EJ .                                              (24)
90 =3(198,4/, MA')   -                                                     e j

SM'>·54. el.A.110*s 1 4 3 In 15  s've£
-/.4 4.5.  QA+·181   MA    +  /·  135   62 6     -   - 41300 (21)

1 '

·     Su 654.     ec RA+1°Ms     4,5   4  9      in    /4      3'vcs-

r -, /,763  .t A    -  /'433  6  /5-'236  62D   t. 236   /44-  ,£/<S/1'41 Z.-/4'840
4  - .../ e©

Su454.  elwA.42,05  -5 4 9  in  17   5'vis
«

-.127 QA  t., 141% MK  -,081  (28  t. 12-0 14     +.log  Qb  --  + I= S (24)4

Su As,A     e-7(i:.1,14'04=     4,5,/0    f /2.      i n
/8 .3/ VI S

71.27.    QA     -|'197..Q.1,    +   .'A. LIA  MA-4'   5693   »1·e>-   tf.  4/   (S).it.17611i   i    -  j  St'38      ,t
' Gos)

·S-u 654.   €96,#-*tons   j 3, //  4 /4    in   1 9     5'ves

1 67  K      4   3.&64    G>i    -   ./  013/4         =    -  1&,Sao         -                                         26)4

SMAst. eaulft-/04 S  '3 4 14 14 a,0 01, VE 3V    '

-,/ll  /44  '  2, /7r RJ    2./506.  tj'    =   -4, 4-25                                         (11)
(l<1/                                                                                                                                                                                                  1-SHAst. e·6)uation 6             ,  4            2-1                       3  've-5

/0  6 4).D    t  '   0  6 5-5  QA     - .  0 19 9   (Rs   -·  0 2 6  9   MA            - 769 (AY)



ALCO PRODUCTS 1NC. /Ofi
BY_______________DATE SUBJECT SHEET NO.-IL-2-0--OF--9.7.
CHKD. BY_______DATE JOB NO.

Solvin    the  agove   f 27«-4,4,0.,·s  (32)  40(39)  /=-/sts :

9 4  -       4 4,55-1

«1 =  719 93

615,  47,319

/D    -    -  ./0 0

H 61=    1 41 /11.

46   '   = 92 7

A'11    =    -,1127
-

A   /so             481        s  hee4 4

Ms   r    .3  3 3      (/4 A       =         6  5    6  0  0

...

b



ALCO PRODUCTS 1NC. /Oro
SY. DATE SUBJECT ' SHEET NOI-_Ii_li_--OF.-9.7.

CHKD. BY DATE JOB NO

C  h fic /2       0  f      /6 ouncia.r       can j i ./- / D M  s

(ID   gs RA  =  ARA  '

-.SOS QA +· 1%1 MA + 32,000  = /·14/Q/\, - j.ass'( kta-+ 3-7,700

-0  50 5  ( 4 6,65 i') + . 19-i G 3,94 3') + 32,00-0  =  1. ' 4 (.4 4,-ss 13 - 1. 21'5 017,33,1,3 + 17,700

O 62 3>0 2    0 a  40 0
,                                           ,

.           .1 7 -6

dIRA  clue -/-O  gliscon·.1,"74, 4  -1-orces o"tl =  - 9610 x/0

.   /JRS =  4 Rc  + 3.6  08

/.09 G?A  -/,16 7 ( 8 +36300  =,134(228 + RD- u  \\1  /4 70041
+    3,6  C-:197   QA    4,12.19  MA   +   351\>

1, 09   46,551)-  1.191   <413:12)+  31,300  =  .236    13 38-9   - 900   -/ d.6) j I.J

-1-  13,700 + 3.6  [*.1 87 (4 6,Sst) +,1271(94943'3
135/3

05, 400 '%  7€3 6 6

-6

4FS due 4-6. cl'scoh.1.· 42rci 14 on/  =--5900 */O
(© 86 = ape

-,1'61  *A 4.1271 MA+351  =.°81(Ss-·6191 MA-·10(°/4ci-,109 Gin
+4/76

-.121(46.)'SSI  + .1279<73,943 4-·35/ - .02<<47,329.h) .
-   .b'99   (-13,9  9  3,)    -   .12 4.   (1   '6 111)   -  .162   6,1  6

\ +414
x         6. /O /      -       6   099

\

ec  ak= 40 JISCont.  ·Arces 01/3    6,23 *to
-6



ALCO PRODUCTS 1NC. /0-r
BY________-______DATE SUBJECT SHEET NO...15----oF-_91.
CHKD. BY_______DATE                                                                           JOB NO

        A R B    + l. 94  as     =  LS R=    -3.7 2  SF/ 4

25,400  4-  1,94.(1,1.Oi')  r  .1493  /4-4 -•ISGRi +97, 060  - 3,79 (-,ill  *00,
-,)66 Q.1  +, D'/66 MJ + '8765*)

1,5, 400  +  2,/ 35   = ./ 493 4,jl;) -.194(-9.91   +21203  -3.1% -An  14''JI) )
-. 164 (- 9&9) -t. 0 466 (-19,197)40,763'J

07,535  · =  -23 274 -3,78  469)

0-6535 0- 37,499
(21)    2, IS     = 6 25. +   3. s 4    ej

,337 MS   4- 0.19  QJ  +  5%6ob   =  ./0/3/4C 1  -,/76/aJ +90,700
1- 3.66 (-./0,/li -' 337 65 - 426"03

331 (-19,1 87')  4 2.19 (-9 99) +s'46'ob  =  .10,3 (tht, JIC)  -, 7'1Gly©+ 43760
-+ 3,56 l-G 109)(-/911 21) -,337 (-7 21')

-1,960]

4 5  915    7       4.5  958

@ 01, 2 81
-,111  1·46> -. ,&(pQJ  t,OL 66 Mj + 0,765 = -,/06/ /'i  -,331 Qi - 1 %4 6

-.111 (14,110 - . 166 (-9 293 4-,046 6(-19, i27') 0 1/ 4 S'  7  -,104(-19,1&73
-,337  981  -'240

461 % 449

-- I
ep    JILL   .A,   glt€cor; 4,   A,rces  ·04 5  =  .- 2/1 74 k /0-6



ALCO PRODUCTS INC. /01/
BY--------__ DATE SUBJECT   SHEET NO...1€....OF.2.Z.
CHKD. BY DATE JOB NO

     , 620  +  .. 0653- /3YA .0399 (28 -.0 241 /4'9 = -702

-406 4 *0463-(46,6.5-1) -,0 299 (f '6.'Fay)  -,5,24 9 (78+94©  - - 709

-4  00      1-3/0  0    .-     6   4//S    -    491  D         =    -708)

-705 2 -702

...

- li

1                                         /
1--»



ALCO PRODUCTS INC. /09
BY. DATE SUBJECT                                                        SHEET NO.16_.F-2.7.
CHKD. BY DATE JOB NO

-71TAL -De FLeenoNS  AT. ColzNIFeS  o'   .FLl'4455 -                         '

lit · 11/  .,:

/06 Aew ==  428 - 9,9/ 88-rer re 7-/i t

=   Z€.400 -  1.41 0,*0-3
-

./.°44R\„   s   /6-6007-0 r

/04* AEY -  612,1 4 -* 424707- DISC

/0  6   A p,      2      A g'v + 621 - 37,3 &.Tk                           - DIS C -  b *SC-

'--1 03  he re              zj,2,            ':           0516 S        4 7-*30'

7'6.-/

6  2YTh      6.3   66-76 20,1.2     -=:s    /2 200

,- t#  &                    ts.FL             =           6-440              .4.-0  -,         pj     1  1

DISC

33/0
· /06 ARV /3,0  5       +      44  1,  0        -r-    Le<(:*k   26

/06&'24= /4 34 0
707'

C

S.--                                     4



ALCO PRODUCTS INC. //0
BY DATE SUBJECT SHEET NO.-- - -_.OF.-ZZ
CHKD. SY DATE JOB NO

-      7- X

/06  6.Ret  =      4 12*77'  +   A R. ..+ 4,3' 0-
: 7Pbr -DiseV  'bASC

\
\\/

wherei 4- /ek  =
04 67* AE,O\ •A Od-

\ 77/.
Jo"h,2,TH -=  4.4% (Zoer -'70)(20,/Aj-.

- 9.

/06 6 KEE = /746 6
7//

100 6 Atz ·- /790   0      +-    try 6-0     +   38/6

/06 41/A = 2 6/60
7-0 T

Pr Z
/-'.--'

C-/                                .     /066 /ez   =         6 2-             +      A 'E'S -    3.3-6    80
76r »7'W '

D#SC
'•   01 3 q-

cul,e.re  A E zi-4 = St533 '        1
- ATe .

I     /064 2z   =.  6,17 <333-70, 26-,63)..         7-4
-

:                                                 /06   AEz ·= 45-200
74

ane{   A.EF   = ./0/3#G-·/79 04
V D /5 e

= ·,0,3(/4/,0- .,746989) =  /662

/064£z·=  46-200 +/60.2 - 3,6-G<-2296 ro r

)bbAEL= 6-9972
757*

PTY
roc A Ary  R: 424 =     129 636'

'ToT TZ' T



ALCO PRODUCTS 1NC.
4i/

By-_.6Car DATE _21,6. L           SU SJ ECT   SHEET NO...LK.___OF.22.
CHKD. BY DATE JOB NO

-S  UM MARY  -  Ci  AS E  -D
I                    ' A

' * -     -TRANs,EN-r:-    TA-Ee  M*  L  .<Srzess   AR.   6-5/Ha  +12,<rup

0  13INSULATION      33                    1
COVER                                                                        |

-*+
>.-. -- / $MD Al )     I

'e/1 1
1

COVE  Rij                                                                                                        FLANCE·V 7-90
\                                                             14                          ..1 4·c ove-t  +-D «Nle Mat   /                \

eAA 0 / 22' ©i0   -L      -Al©   @ «0
-1       QA          (98'

78 Jil l C.-\
-1-R Ly

1 NTE R MI E. DIATE 19
+

-e'N         @    1'4-1.  4        /
+ -40 -U

(-  3 VESSEL
--/- (8 -:U3 Vis     :DF  LA 44 E

-J.AA,i'    -Ir'- QJ,

/\'1,1-

-RT-AL 7bTAL .S-r RESSES  CPS /3LocATiowl DEFLECTION RorAT/0,4 CE (:Tr               criABovE STRESS
4 R Cio-6 8  00-6 RAD ) C I R c u Al F                  A> < /8 L -TAD, A L    SHE/1 RSk. CHAKTS IN )

f                             -32,100  OVTER   - tri 100
A            12. 22,320 -9 500· /NRam + 29000      03                                                          .                        -2    ,  6 10     I N N E R      +   2- A  /6·05 26400 V  0 0 - 1,730 ouraR. -40 646      07          1
D      13      /1 800 1,10° · 30,700 .· 2130      °

6 27.5351 -

-/4  350  INNER  - /3  8 50 19'SOO

3                     \\                 46,91 5 .469 -   6,0 50 ouTER      +  1  3, 9 5 0 0-
I 4

v           ours,=E          /4/3  4
0 1100 - .3.040 -

>
t 4

V\          · i N s i t>m           /6-,6  0
0

1,10 0 1 .  2)50 0
-               X                    .1 6                 1 6/60 1,100 12 400/5 ..

Y INSIDE Z.7 3-33 469 21,30016-
2            ouTS I D E 6--4971 464 / i   SO 0)



ALCO PRODUCTS INC. j /-2-
BY DATE SUBJECT                                                        SHEET NO.__ _ _-OF./ .-

CHKD. BY DATE JOB NO

'                                                                                  · _I 2 653 6-5----

-r--HE    -m>EFI,e.0:T- 1*N   '  *CS:,J-s   -r-6-;715<10 ·3 r-LUOt ry -  FO=les-  . 15 --.9.rED-.  -   -
'n-o Fri 4-0 b C  LGE C O M  F: E E G N T  I A, L. 0.5-r- Fres 5 525 -

-

1   CD         47     -Po, M T    A          .        ·Mi  =     93943

A Y..1, Ac-    ,T TaES 6.1
0-0 -- , T + g-

3-+A tz u S T ,
. S  E AD 1 A 4-

. - /3 6 0 0 2 37605

- 494           t         G   M  A    = _4 6 6-6- I       t     4  73993j
t                7 1 3,43 (3, 9 532A

 · 2400°
Ps' e.   INS,  b 11

0---
1

2.-5/2.0 0 PS I OUTS, o E

112.coM  P. '  T re.G-5 5  t
-                                                            CZ  = .A R A K E      13   <G  MA
0                                           12A ..L

- 96£0    62 2.5-)   .t    ·  3  (3 7 6003
-

5          /a.73

\     '-       =     -  4 02 20 t     //2 7 0
...                                                \

I.                                              \

52·= --969° ps' , INS,DE
-    32  16-0      ps'      oUTS;  DS

P« D '  A L    L-re€·s 5% 0-  = CD

v   /2            A-r      -R,  .* T      -5 · M B   =    '  9 3 3    M A   =   6 j 6.DoL-/

4 x i 4L ST £2 ess  ,

07 = °:R-.,r + 51„*..4
- 92-4 0 :t 3 I LI o o

- · E.8        +       6   Ma     =   -47322     +      6 (6 1 6 0 0)
1 . ts - 7-1 L./2 - -2512,(fieflft-,

i--         -40 64/ors, 00-ts i  n €

Al' 60 fs,  1/05/Dre



ALCO PRODUCTS 1NC. ))3
BY DATE SUBJECT   SHEET No._--&62__oF..SiZ-

CHKD. BY DATE JOB NO

t..

C  & iRC O WI Ar t 0-2  =     4  2 6      E      +      4--6  MB-

-2 G -RF
-/1-2.00 9930

-  62,0 9  (0 il #3   +       .  a  (040©-

-                                                 /6.-

Gl 20630 ps, 0 UT S 1 0 E
7.-

·-     1 1  7 0 p s, i .u s,D E

720* P , A L      T /2- S; 5  5 Z 0 = o
f"     S        A-r       p o,  „ -r   »D            <A l b   =   = 3

ABiLL Gro793<  cr,f- az...«,r +  S"O,;'4
\

(52 0
--

4 O 0 2/30 p.5/
-                                                                                               -6 3 ./276-
r -

e 4 2 0  =  -4 0(D i>Ieee*,Fees©-r 44 8 ·

Gr=  4-ED XE  = -40 64('03 (28..09
-ieo /9.88

-

CT =    3 07 0 0     ps i

13'\Ab'AL S-reess= S--Z =1 0
C.

/  (          .S H IE A. 2   5-re d=.S   i N   Q AS K E-r  . =       44    =      1 L.1,1 \     =    i a e o o ps,
* -7 b- 09 6-

4
1. ( 2 A-r      --*0,  w  -r- \1 -

A K, AL  S=,-R.ve,4 5
0-,=           6-5    0       4 0 /9   1 9 7 3 + / 3 94--6 Fs I    Outer.

-i
L (1·99)6 -'·5 96-°pS'  14 vier

 IRCUMFetruf  Al- g
- /02.00 9,0-(:12

-,I

GI = . €&43 72  1r.6 MU -9 626-(2&,35 t •3(13&42 
CL -        -'72                                            .    zy, 1 9

E-     14   S €-6          F  S    ,         .    /   N  S   'DE-           7
0' 

-

L- 606-0./,5/   .OOTS,DE   



ALCO PRODUCTS INC. 11+
BY------ DATE SUBJECT SHEET NO.-_.R.t---OF--0.2.
CHKD. BY DATE JOB NO

.e Ab,4 4 2                    1,
  ·           0-7 ar. c-5. '

4( b A-1  po,91,1, vv (.Inne, t.tp Def- Corner   of    Cover    F-/4 13£ 

a RQ,  . 2..    .<c      -  LE  3,2     ec        . uA L cre.    ec  -    6 n 3

SK,V   =          '' 7,7 40      „i 3,3/0 f 4 3 0  x,0-,4
A r
4--* i'\ \/J

' 4,4 3 D..
CG. . r 1-'*:  G CD. 2. 5-3 ..8,Soo ps.L/« 97

t

1   .Af     F,;14    V .  (Olk·le'  Upper    (10,- M€r    o -f   Clog ·ev'  Flo..343  -

(43   be-f'le(-4, D» of OU.h- S   r    CLC.9- v-x      0 f.       42/q .7'9 .  (dES)
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