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ABSTRACT

./

4

This: repert presents.the stress analysis perfermed enthe PM-2A reactor
vessel and cover as part ef the Pregram fer Engineering Support and Develepment
0f Army Pressurized Water Reacter Pewer Plants. The maximum combined stress
(51,200 psi) 0ccurs inthe studs after reaching steady state conditions.  A
fatigue analysis indicated that this stress ceuld be safely applied 2500 times,
and since the studs will never approach 2500 cycles from initial stud tightening te
steady state conditiens, they should not suffer any. fatigue damage.

-1.
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1.0   SUMMARY AND CONCLUSIONS

.

+

Calculated stresses in the PM-2A vessel were significant in three major
areas:    (1) the studs,  (2) the nozzle penetrations,  (3) the cover at the junction
of the elliptical head and the transition section. The cover and flange stress
calculations were for steady-state temperature distributions only. Figure  1  shows
the  location and magnitude of maximum stresses  in the reactor vessel.

This analysis assumed the studs ·were initially tightened to the ASME  Code
allowable stress of 20,000 psi. Upon application.of 1750 psi internal pressure,
the tensile stress increased to 22,480 psi and 14,700 psi bending stress was
added, for total stress  of  37,180 psi. Under steady-state temperature conditions,
the tensile stress decreased by  980  psi, but another  15,000 psi bending stress
was added for total stress of 51,200 psi.  The stud stress of 51,200 psi was
shown to be  safe  from a fatigue standpoint, according to the  Navy Code. Local
yielding which takes place under the nut and tends·to reduce bending stresses
was .ignored.

The nozzle penetrations were the areas of highest stress in the main body
of the vessel.    In the main coolant nozzles, the pressure stress was  34,100  psi
at the inside corner of the longitudinal section. The maximum stress  at the

I. , same location,in the decay cooling nozzle ·was conservatively calculated at

38,000 psi. Secondary bending stresses at the main coolant nozzles. due to
piping loads were  low, the highest being  only  3400  psi. The maximum combined
stress from pressure and piping loads was  36,320 psi which occurred at the
upper inside corner of the longitudical section  of the outlet nozzle. Thermal
stresses· in the nozzles  were not included  and will be computed  as  part  of the
Fiscal Year 1962 stress analysis program.

The highest stress calculated in the vessel,  62,575 psi, occurred in the
cover at the junction.of the elliptical head and transition piece,  with the studs
tightened to 20 , 000 psi and with internal pressure of  1750 psi applied.   This
condition existed only for several cycles during pressure tests in the early life
of the reactor and cannot be repeated because of nil-ductility transition re-
strictions on pressure  at low temperatures, which apply  to  the  PM -2A reactor
vessel. The calculated stress of 62,575 psi was considered safe because it was
within Navy Code limits  for 500 cycles of application. At operating conditions,
the thermal stresses calculated from the temperature distributions were opposite
in direction to the stud load-pressure stresses and tended to reduce  them.    As
a  re sult, the maximum principal stress  in the cover at operating conditions  was
26,675 psi.

7-
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When the transient temperature distributions are available, transient
thermal· stresses will be calculated and a fatigue analysis of the most highly
stressed areas will be performed.

+
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4.

PM-2A VESSEL OUTLINE

Ellipsoidal Head

Tapered Transition Piece

20) 26,675 psiaxial

Stud Stud Stress 51,200 psi

Cover Flange Ring ,

i                        \81  118/
Vessel

Flange                    1                           38,000 psiCircumferential
.L Decay Cooling Nozzle

36,320 psi
 Circumferential7-<

'Outlet Nozzle

Inlet Nozzle

                                    Control Rod Drive
Re inforce me nt

Vessel Support           &

Bottom Hemispherical Head

r Figure 1. Maximum Combined  Stre sses at Steady State Operating Conditions
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2.0 INTRODUCTION

4-

This report presents a stress analysis performed on the PM-2A reactor vessel
under Item  6.9  of the Program Plan for Engineering Support and Development of
Army Pressurized Water Reactor Power Plants.*

The PM-2A reactor vessel was designed for a maximum pressure of 2000
psi at 6000F. Actual operating conditions are 1750 psi and 5180F. The vessel
is basically a 42-3/4 in. outside diameter cylindrical shell with a wall thick-
ne s s   of   2 - 3/8 in .,  flanged  at the upper end, and closed  at the bottom  by a
1-1/4 in. thick hemispherical head which is welded  to the cylindrical section.
The top closure is a flanged 1-3/8 in. thick 2:1 elliptical head which is fastened
to the vessel by 18 studs, An octagonal section Type 304 stainless steel ring
gasket seals the opening. The cylindrical section of the vessel is fabricated
of two A-350 Gr. LF-3 ring forgings with a welded overlay of Type 304 stainless
steel applied to the inner surface to provide corrosion protection. Drawing
F-41202-1-2 shows the vessel and cover configuration and dimensions.

The stresses presented herein were calculated for conditions of:

A. Initial stud tightening
-»

B. Stud. load plus ].750 psi internal pressure

C. Steady state temperature distributions which exist when the reactor
is  at operating temperature of 5180F.

Calculation of the transient thermal stre s se s will be completed under the Fiscal
Year 1962 program and published  in a later report.

r

*  AP Note 286 Addendum 1, Revision 1,  May 1,  1961.

5
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3.0  ANALYSIS OF VESSEL, EXCLUDING COVER AND FLANGE

0

1

3.1 MEMBRANE STRESSES DUE TO PRESSURE

Principal stress components at the inner and outer wall surfaces_of the
vessel were calculated from equations outlined in the Navy Code. The maximum
pressure stress computed for the cylindrical vessel wall was 15,200 psi.  It oc-
curred at the inside surface in the circumferential direction. The membrane stress
in the hemispherical head was  14,000 psi while the hoop stress  at the edge of the
hemispherical head was 14,750 psi compression.

Stress. indices obtained from the Navy Code were used to calculate the in-
crease in pressure stress at the main coolant nozzles. The maximum stress in
both the inlet and outlet nozzles occurs at the inside corner of the longitudinal
section where the stress  is  34,100 psi circumferentially.

The highest pressure stress occurs at the decay heat cooling nozzle where
the local circumferential stress is 38,000 psi atthe inner surface. The nozzle
penetration is a small externally reinforced hole in the vessel wall.  The rein-
forcement  is  not  of the type covered  by the  Navy Code;  so  stre sse s  were  con-
servatively calculated by ignoring the reinforcement and using  the  stre ss  con-

+ centration factor  for a small  hole  in a plate subjected  to a  2: 1 bi-axial tension.

The membrane stress atthe control rod drive penetrations is 20,600 psiat
the inside surface.    Stre ss concentration factors  used were obtained  from  the
section of the Navy Code which covers openings in a reinforcing band in a
vessel.

Figure 2 illustrate s the location and magnitude  of the highe st membrane
stresses in the vessel.

3.2 SECONDARY BENDING STRESSES AT BOTTOM HEMISPHERICAL HEAD

A discontinuity analysis was made at the region where the bottom hemi-
spherical head joins the cylindrical section of the vessel.

Membrane deflections were calculated  for  the  head and shell.    Next,
the discontinuity deflections and edge rotations for the head and shell were
obtained in terms  of the discontinuity bending moments and shear force s.
Boundary conditions required that the edge rotation for the head and cylinder
be equal and that the sum of the membrane deflection and discontinuity deflec-
tion  be  the  same  for both the  head  and the shell. After solving the equations
of the junction, the maximum discontinuity bending moment  in the cylindrical
shell was found to occur 3.32 in. above the junction of.the head and the cy-r-

lindrical shell., The discontinuity stress produced in the shell at this point
was an axial bending stress of 726 psi.

9
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PM-2A VESSEL OUTLINE

Ellipsoidal Head

Tapered Transition Piece

20 14,750 psi
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Cover Flange Ring \1
Vessel Flange                                                         *
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Bottom Hemispherical Head

Figure 2. Membrane  Stresses  ·Due  to Pre ssure
1
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Since the discontinuity stresses at the point of maximum shear and moment
are not expected to be large,  only the discontinuity stress at the edgo of the

1 bottom head was calculated. In making the calculation, the edge of the  head
was approximated by a cylinder of the same radius and thickness. The maximum
discontinuity stress at the edge of the head was a circumferential stress of 1882
psi at the outside surface.

Figure 3 shows the location and magnitude of the highest secondary dis-
continuity bending stresses  at the lower head.

3.3 STRESS ES'DUE TO EXTERNAL   LOADO,

The external loads acting on the reactor vessel occur at the vessel supports
and the main cpolant nozzles.

At the vessel supports, external load stresses are due to the reactions re-
quired to support the total dead weight of the vessel and internals, including the
primary water contained. The maximum stress at the supports was found to be an
axial stress of 1200 psi.

The external load stresses in the vessel nozzles are due to the moments
applied to the nozzles by the primary loop piping. These moments ·were previously

*-

calculated in the PM-2A Piping Design Analysis. (3)

In order to calculate these external load stresses, the method outlined in
the Navy Code for obtaining stresses fr6m radial loads and external moments
acting on cylindrical shells was used.

The highest stress at the outlet nozzle is produced by the longitudinal
piping moment which causes a circumferential stress of 2216 psi at the nozzle.
At the inlet nozzle, the highest stress is produced by the circumferential piping
moment which causes a circumferential stress of 3372 psi.

Figure 4 shows the magnitude. and location.of the maximum external load
stresses.

3.4 THERMAL STRESS  IN THE VESSEL  WALL

The thermal stress iri the vessel wall due to gamma heating at the mid-
plane had been previously calculated to be·6830 psi,(4) based on' a gamma
heat generation rate 'of  1.089  x  105  Btu/ft3-hr.

T
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PM-2A VESSEL OUTLINE

Ellipsoidal Head

Tapered Transition Piece
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Cover Flange Ring \ \   1
I /          \al
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1

Bottom Hemispherical Head 1,882 psi
Circumferential

Figure 3. Secondary Discontinuity Bending Stresse s
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PM-2A VESSEL OUTLINE
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Cover  Flange  Ring \I
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Figure 4. External Load Stresses
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3.5 CLADDING STRESS

An analysis was made to determirte the stresses in the vessel wall and
Jl

cladding as a result. of the following operations:

1.  Application of the welded overlay
2.   Stre s s relieving
3. Hydrostatic testing
4.  Application of normal operating temperature  and  pres sureo

This  analysis was based on the assumption that the· cladding  is  an
elastic-perfectly plastic material and that interaction forces between the cl6d-
ding and the base metal cause stresses which are uniformly distributed over the
t.hickness of each.

After the cladding has been applied at an elevated temperature and cools
to room temperature, it is at its yleld strength of 30,000 psi in tension at 800F.
The stress which is induced in the vessel wall by the cladding is 3160 psi in
compression and is due to the difference in thermal expansion between the clad-
ding  and the vessel wall.

-0Stress relieving the vessel at a temperature of 1150 F causes compression
inthe cladding, equal toits yield strength of 12,500 psi incompression at
1150'f. Upon completion of stress relieving, the cladding returns  to a stress                             +
of 30,000  psi in tension.   Assuming the stress   to be uniformly distributed over
the thickness, the stress induced in the vessel wall when stress relieved at
11500F will be increased to 1315 psi in tension. After stress relieving, the
stress .in the vessel wall returns  to its prior value of 3160  psi in compression.

During hydrostatic testing  at an internal pressure  of 3000  psi, the calcu-
lated increase in average vessel wall stress  is  26,000  psi in tension.   The  clad-
ding carries. none Qf the load because it is already at its yield stress of 30,000
psi. ]t simply yields further attest pressure.  The net tensile stress inthe vessel
wall during hydrostatic testing is  22,840 psi. Upon completion of hydrostatic
testing, the stress in the cladding drops to 4030 psi in tension, This reduction of
tensile stress inthe cladding reduces the vessel wall stress to 424 psi in compression,

When the operating temperature reached  510'F, the change in cladding
stress.Was calculated to b& 31,·000 psi in compression.  Thus the resultant
stress in the cladding is 26,970 psi in compression. ·The stress in the vessel
wall. due to the cladding stress is 2830 psi in tension.

The stresses -due toaninternal pressure of 1750 psi were calculated for'
the inner and Outer surfaces of the cladding and the vessel wall. The calculated
average stress in the'cladding is 13,610 psi tension, but the stress inthe clad-
ding prior to applying internal pressure was 26,970 psi in compression.  The
resultanl:,cladding stress then, is 13,360 psi in compression. The vessel wa]1.
has a stress. increase of 1405 psi in tension due to the cladding to give a resul-
tant  stress of 14,925  psi tension.
14
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4.0 REACTOR. VESSEL COVER AND FLANGE ANALYSIS

.

-1-

The PM-2A reactor vessel cover is a flanged, carbon steel, elliptical
head  1-3/8. in.  thick with 1/8-in. stainless steel cladding  on the inside  sur-
face. The elliptical head is formed with a short cylindrical skirt 2 -1/4. in.
long.   This is welded to a tapered transition piece which. is part of the cover
flange: The cover flange is  7-3/8  in.  high and 9-1/4.in.,thick with  a  300
taper  at the bottom inhide  corner.

The vessel is a carbon steel cylindrical shell with: 1/4 in. stainless steel
cladrling at the inside surface . The uulside:radius is 21-3/8.in.  and the vessel
wall thickness is 2-5/8 in. including the cladding. The vessel flange:is. 6-1/4
in.  high  and  7 -3/8 in. thick  with an inward taper  at  the top outside corner.    It
is joined to the vessel shell through a 4-1/4 in. fillet radius. The cover and
vessel are shown in Dwg.F-41202-1-2. The reactor vessel studs are fabricated
of  AISI 4 0 3 material.

In order to calculate the stresses, the cover was divided into three· pieces
consisting of·.the elliptical  head, a short cylindrical section representing  the
head skirt and tapered section,  and the cover flange  or ring. The upper end of
the vessel was divided into two pieces consisting of the flange and the vessel

f                 wall cylinder. In order to· obtain valid· deflections, the thickness dimensions
used ihcluded the cladding.

A discontinuity analysis was performed, and deflections, rotation  and
corresponding stresses  for the various pieces ·were calculated  for the follgwing
cases:

Case A - Stud load only
Case B - Stud load plus 1750 psi pressure
Case C - Steady state thermal condition

-                     In.each case, the cover ring and vessel flange were assumed to be connected
by the octagonal gasket acting  as a hinge.

4.1   CASE A - STUD LOAD ONLY. NOINTERNAL·PRESSURE

The  studs ·were assumed to be tightened to the ASME Code allowable
stress  of 20,000 psi which caused the cover ring to rotate about the gasket
and move downward  0.0015 in. along  the stud centerline. The vessel flange
rotated about the gasket in the opposite direction, mdving upward a distance
of 0.0017 in. along the 'stud 'centerline.   Thus, the total distance the cover

. ring and vessel flarige.deflected was the sum of the two or 0.0032 in. These
flange positions were the reference from which changes in stud stress were:-

computed  for the other loading conditions. Stud bending  stre sse s  were

15



not computed for Case, A; but were included for Case B, which combines,the effects
of stud load and pressure,  and for the most severe case,  Case C.

A.Due to the absence of internal pressure and thermal distortions, the stresses
for Case A were relatively· low . The maximum stress. developed in the cover oc-
curred at the junction of the elliptical head and the tapered transition section.    It
is  an axial bending stress  of  11,050  psi. The other end of the transition developed·
a stress of 8380 psi at the point where it joined the cover flange. The maximum
stress in the vessel occurred at the junction of the flange and the vessel Wall:  It
was an axial bending stress of  13,800 psi. The shear stress developed in  the
gasket under this loading was negligible,  only  150  psi.

Figure 5 shows the location and magnitude of the stresses for the case of
stud  load  only.

4.2 CASE B - STUD LOAD PLUS 1750 PSI INTERNAL.PRESSURE

Applying an internal pressure of 1750 psi after the studs have been tighten-
ed to a stress of 20,000 psi causes the cover ring to rotate about the gasket so
that the ring moves downward a distance  of  0.0012 in. along  the stud centerline,
The vessel flange rotates about the gasket causing it to move upward a distance
of 0.0013 in. along the stud centerline . The total decrease in distance between
flanges is 0.0025 in.  Thus, the increase in stud length caused bythe application          1
of pressure is the difference between 0.0025 in. obtained above and 0.0032 in.
obtained for Case A,  or 0.0007  in. This increase in stud length results  in an
additional stud tension of 2480  psi. The rotation  of the flanges also causes  a
bending stress  in the studs conservatively calculated  at  14,700  psi by ignoring
local yielding under  the  nut  face . The total stud stres s  for  Case  B,  then,   is
37,180 psi.

The maximum stress  in the cover for the case. of stud load plus pressure
has increased to 62,575 psi and occurs in the same place as for Case A, at the
junction of the elliptical head and the tapered transition piece «

The maximum vessel stress occuts at the junction of the vessel flange and
wall where.the axial stress is 24,620 psi intension atthe outside surface .
The circumferential stress atthis point was 16,900 psi.

The shear stress inthe gasket has increased to. 10,100 psi.  Figure 6
shows the location of the above stresses.

4.3 CASE C - STEADY-STATE THERMAL CONDITION

Temperature distributions through  the  PM -2A reactor vessel and cover
were determined by using the HOC Code.   HOC is a steady-state heat conduction

..
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PM: 2A VESSEL OUTLINE
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Figure 5. Case A - Stresses in the Cover and Vessel Flange.

Due to Stud Load Only
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PM- 2A VESSEL OUTLINE
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Figure 6. Case B - Stresses in the Cover and Vessel Flange Due to
Stud Load Plus·1,750 psi Pressure                       -
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program which. determines temperature distribution. in two dimensions  by the  re-
laxation technique .   The code can handle: solids of irregular shape or with non-
uniform heat generation that can be represented as a solid of revolution.

.il

The bulk water tempegature inside the reactor was.assumed to be at an
average.temperature  of  518   F and natural convection was assumed to be. the
mode  of heat transfer.    The air surrounding the vessel  up  to the vessel flange
was assumed to be at 2250F. Boiling water was assumed to cover the vertical
outside surface  of the cover flange while steam at. 2120F surrounded the cover
dome insulation. jacket. and the studs and nuts. Details of the thermal analysis
are presented in Appendix A.

The discontinuity analysis for the steady-state condition was .based on
free body thermal displacements and rotations calculated from the average
temperature of each piece  of the cover and flange.

For the steady-state condition, the cover flange and vessel flange  both
rotate about the gasket  in  such  a way that they both move upward.   . The cover                       .:
flange moves 0.0005 in. while the vessel flange moves 0.0033 in. both.dis-              9
tances being measured along the vertical centerline  of the  stud .  .The  net  de-
crease in distance between them is 0.0028. in. However, there is also a dif-
ference in expansion between the  stud and cover flange material,  such that the
stud is stretched  0.0025  in.    The net change  in stud length  for both  conditions
is a decrease of 0.0003·in..This results in a decrease in stud tension.of 980 psi.
The rotation.of the flanges also increases the bending stress by 15,000 psi and
this stress raises the total stud stress to 51,200 psi.

The shear stress in the gasket under the thermal loads:is increased by
21,600 psi to 31,700 psi.

The maximum steady-state thermal stress calculated for the cover occurs
at the junction of the elliptical head and tapered transition«-section where the
axial stress. is 35,900 psi in compression. The combined effect of stud load,
pressure, and steady-state thermal condition gives a total axial stress  of
2,6,675  psi at this point .

In the vessel flange:regione ·a maximum steady-state thermal stress  of
17,900 psi axially occurs at the junction of the vessel flange and vessel wall.
The maximum combined stress at this point is an axial stress of 19,620 psi in
tension.   Figure 7 shows the location of these stresses.

19
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PM-2A VESSEL OUTLINE

Ellipsoidal Head

Tapered Transition Piece
26,675 psi Axial

Stud
20

51,200 psi Stud Stress

-31,700 psi Shear Stres s
in  Gasket

Cover Flange Ring

Vessel Flange 13 1  
4'1:1/

\
1 \ -19,620 psi Axial

 =3    Decay Cooling Nozzle

./

 Dutlet
Nozzle

Inlet Nozzlc

Control Rod Drive
Reinforcennent

Vessel Support

Bottom Hemispherical Head

Figure   7.       Case  C  -  Stre s ses  Due  to the Combined Effect  of  Stud  Load,
              1750 psi Internal  Pre s sure and Steady State Thermal Condition
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5.0   EVALUATION OF' MAXIMUM STRESSES

'.

k

The  combined stud stress after reaching steady-state temperatures. is
51,200 pst, which includes. 20,000 psi initial stud tension due totightening,
1500 psi resultant tension after reaching steady-state temperature,   14,700  psi
bending stress after applying internal pressure,  and  15,000 psi bending stress.
after reaching steady-state temperature.   Thus, the stress range for a cycle
during which the v.essel cover is tightened,. internal pressure applied,  and
steady-state conditions are. reached,  is  51,200  psi. The alternating stress
then is 25,600 psi which is considered safe from the fatigue standpoint.

The  Navy  Code  does  not list allowable values  for  the  PM-2A stud material,
AISI-403..However, there are values listed for AISI-410 (heat treated to 100,000
psi tensile strength) which has very similar physical and mechanical properties,
The allowable value of alternating stress of this material is 25,000 psi for 2500
cycles of operation.

The calculated alternating stud stress of 25,600 psi was falt: toberealistic
even through two modifying factors which could not be evaluated numerically were
not taken into account „ Local yielding of material under the  nut will reduce.the
bending stress  in the  stud . Stress concentrations  at the root of the threads will

r                 increase it . Since these two factors oppose each other,  the net effect on  stud
stress will be minimized.

The actual number of cylces from stud tightening to steady-state conditions
will never approach 2500 times during a 20-year PM-2A lifetime. Therefore, the
alternating stress of 25,600 psi which is in the Navy Code 2500 cycle range is
considered to be  safe.

The calculated stress of 62,575 psi in the cover,  at the elliptical head
and tapered transition section, after application  of bolt  load plus pressure 0. is
high but well within Navy Code limits for 500 cycles. However, this condition
occurs only during pressure testing  of the primary system,  and it is believed to
have  occur'red only a few times during the original  PM,-2A installation. Operating
pr6cedures have been established since then which preclude pressure testing at
low temperature in order to prevent brittle fracture.   In view of this, a fatigue
analysis was not performed at this time.  When the transient stresses have been
determined, a complete fatigue analysis  of the worst point  in the cover will  be
performed,

.-

21



THIS PAGE

WAS INTENTIONALLY

LEFT BLANK



6.0 MATERIALS DATA

.'.                                                                                                                                                                              -

+

The PM-2A vessel is· fabricated.of ASTM A-350 Grade LF-3 forgings.   The
base material is clad with Type 304 stainless steel overlay. Figure:s 8, 9, 10,
and 11 present the tensile and physical properties for 304 stainless steel and
A-350 Grade LF-3, The tensile properties for the base material are based on
actual  test data obtained  from  a PM-2A duplicate forging at testing temperature s

of  11000F,   6000F, androgm temperature. Intermediate values were obtained
by interpolation.

r                    '

.-
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APPENDIX,A - THERMAL ANALYSIS
-

'.

„A, 1 STEADY STATE TEMPERATURE DISTRIBUTION ANALYSIS

A. 1.1   Methed of Analysis

In support of the thermal stress analysis of the PM-2A vessel and cever
region, steady-state temperature distributions were calculated using  the  HOC
Code.

-                      The physical geemetry of the vessel and cover were. reduced to rectangular
geemetry, each regien having uniform properties. Estimates of boundary temp-
erature s and convective  heat film transfer coefficients  were  made. The preblem
was:run.in r,z geometry.

For censervatism, the cross sectien analyzed passed through the ceilter
of the cover studs, Inr, zgeometry, this cress sectien, is rotated todetermine
region volume s and integrated regien temperature s.     The  heat flew paths between

. the  bolts will reduce the severity of the problem.                                                                                -

A. 1.2   Boundary Conditions
:

The' bulk water temperature inside  the  ve ssel  is  at an average temperature
of 5180F, and natural cenvection: is employed.as. the mede of heat transfer te
determine the heat transfer film coefficient.  The air surrounding the vessel wall
up to the. top ef the vessel flange i's assumed to be at 2250F. Boiling water is
assumed to cover the vertical 0utside surface of the cover flange. Steam at
2120F blankets. the cover deme insulation jacket and the  nuts and studs.

31



The following table summarize s. the boundary conditions  for this problem:

Fluid Heat Transfer              x
Temperature, Coefficient,

Location Fluid             oF         · Btu/hr-f 2-oF
Vessel Cover Steam 212                  1

Nut Steam 212                  1

Cover Flange Boiling Water 212 500

Vessel Wall Air 225 .0.45

Inside of Vessel VVater 518 340

The following table lists the materials and properties used in this analysis:

Part Material k,  Btu/hr-ft2 -oF

Vessel Cover A-350 Gr. LF-3 22.7

Cover Cladding A-304 10.8
-I

Cover Insulation Fibfrula s s 0.04

,
Vessel A-350 Gr. LF-3 22.5

Vessel Cladding A-304 10.75

Vessel Insulation Fiberglass 0.04

Nut 4130 24.9

Bolt 4130 24.8

Gasket A-304 22.5

A. 1.3 Results

Figure 12 shows a sketch of the vessel and cover, the outllne of thevarious regions  and the region average temperatures as calculated·by ;th-e HOC
Code.

-I
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APPENDIX   B - STRESS CALCU LATIONS

.

INDEX TO DATA SHEETS
Page

TABLE 1 - STRESS SUMMARY - - - - - - - - - - - - - - - - - - - -

Title Data Sheets

PRESSURE STRESSES - - - - - - - - - - - - - - - - - - - - - - - - - - - .1-12

Membrane Stresses - Principal Stress Components - - - - - 1-4

Membrane Stresses at Control Rod Drive Penetrations - - - 5-6

Membrane Stress in Vessel Wall at Decay Heat Cooling
Nozzle (Point 12)------------------------------    7

Pressure Stresses at Various' Points - - - - - - - - - - - - - - - - 8-11

.

Pressure Stress at Nozzle Taper   - - - - - - - - - - - - - - - - - - - -       12

DISCONTINUITY STRESSES  ----------------------------    13-68

Discontinuity  Stre sses at Bottom Spherical  Head and Shell- - - - 13-24

Dimensional Sketch --------------------------- 25

Discontinuity Stresses in Cover Case A - - - - - - - - - - - - - - - 26-50

Discontinuity Stresses: in Cover Case B- - - - - - - - - - - - - - - - 51-68

THERMAL STRESSES IN COVER  - - - - - - - - - - - - - - - - - - - - - - - -.- -     69-93

EXTERNAL LOADS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 94-107

Bending Stress at Nozzles - - - - - - - - - - - - - - - - - - - - - - - - 94-103

Bending Stress at Vessel Supports - - - - - - - - - - - - - - - - - - - 104-107

CLADDING AND WELDING STRESSES - - - - - - - - - - - - - - - - - - - - - - 108-120

.
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TART.E 1 - STRESS SlIMMARY

Thermal Combined i Thermal Combined

Stresses Stress Stresses ,
Stress

Membrane 1 Steady Ext. Load Discont. Clad (Steady Membrane 1       Steady Ext.Load Discont. Clad (Steady

Point Location Stre s s Heating State Stress Stress Stress State) Point Location Stress Heating State Stre s s Stress Stress State)

1    Inside    01     14000        -       -    - 1080 - 1175 - 11745       12    Inside     al     6720        -      -         -         -      -       6720

.i                                                                                                                             02    14000       -       -    - 480 1178 - 14698 02    38000        -      _        _        _      -      38000

03 - 1750                -         0         0 - - 1750 03   - 1750        -      _                 _      _     - 1750

9       6              outside a 13100  -  - 1200 1175 - 15475 Outside 01 6720  - - - - -  6720
4    13100                - 893 1882 - 15872                        02    33600        -      -        -         -      -      33600

1                              03
- -00   -0 0-0     0 3 0- - -

9a     6a 2 Inside al 6720  - - 1200 -  726 - 7194

02    15200                - 890 - 628 1405 16867       13   Inside    al 6720 -    - 8100 - 5000* - 6180

03   - 1750               -         0        0 - - 1750                        02 15200 -    - 1000 - - 5680* - 2240

Outside   al      6720        -        -    - 1080 726 - 6366                      03   - 1750        -         0 - 0* - - 1750

02    13450        _       _    - 480 - 192 1405 14183 Outside   01 6720 -      8100 _ - 5000* - 19620

03        0                -         0         0    -          0                        02 13450 -      3860 - - 8680* - 8230

03               0               -                 0 - 0*   -         0

3  . Incido 01 -  967                -        -                          967

02    20600        _                _         _      -      20600
03   -  967         -        -        _         _       _      -  967        14    Inside     01         6         -                 -         -       -           0

Outside   01     3870        -       -                 -      -       3870                        02 4380 -    - 3830 - 3170* - - 2240

-1           ,  -2 0                                                                                     02          6450               -                                              -           -             6450                                          93      -  1750               -                             -                -            -          -  175003  0    -          0   Outside al  .0       - - :0
/                     t--7- -19 4    Inside    al     6720        -       -                 -      -       6720                        03        0        -                -         -      -           0

02     2648        -       -                 -      -       2648

     16  -18          02 15200 -   _ - 1405 16605

-                                            a3  - 1750           _           _    _   - 1750
1:».\1 IL17 Outside 01 6720  -    - - -  6720 15 Inside 01  0    - - - -   0

02    13450        -       _                 - 1405 14855 02 4380 -    - 5700 - -  643* - -12263

03      0      -     -            -    -       0                 03  - 1750      -     -     -      -    -    - 1750
1 4 1 3 o„tside      01               0               -                             -                -           -                   0

5   Inside    01   - 2220       -       -    -  902 -     - 3122 02     2648        -                -         -      -       2648               /

02    34100        -       _    - 1804 -           -           32296                                           03               0               - - - -0

03   - 2220               _         0      _      _     - 2220
Outside   01      3710        -        -       1758       -

-
5468                    1 6          Inside             al                       0                      -                     -                                               -                  -                             0

Decay      02 3710 - - 2216 - - 5926                        02 3200 -      6070 - 4950* - 20960

12          Cooling                        03      0     -     -      0    -    -       0                03  - 1750                 -      -    -   - 1750
11

Nozzle 6    Inside     al   -12600         -        - 641 -      -      13241

02   - 2220        _       -       989       -
- - 1231 17 Outside  01      0     -           -      -    -       0

03   - 2220        -                  0       -      .-     - 2220                        02 1450 -     12900     -         -      -       5180

11 Mid Plane Outside   01    17100        -       -    -  353       -
- 16747                      03       ·0        -       -                -      -          0

02    17100        -       _    - 817 1      -      16283

03        0        -       -         0       -      -          0

Outlet 18    Outside   01         0                  -        -         -       -           0

7                                              7    Inside    01   - 2220        -       -      1758
- -     -  462                        02 1450 -      1930 - 2940* - 5865

Nozzle 92 34100 - - 2216 - -      36316                      03        0        -               -        -      -          0
6a  6Inlet                                                                               03  - 2220      -             0     -    -    - 2220

5' Outside         al               3 7 1 0                      -                    -            -      902                   -
- 2808

Nozzle  10                                                          02   3710     -     -   - 180 1906        19    Inside     al 3800 -    -13290 - -11350* - 8750

03        0        -       -         0       -      -          0                        02 9360 -      9407 - -  520* - 2930

9 9a           4                                                                                                          03  - 1750             0            0*      - 1750
8    Inside     01   - 2220        -                 261

- -     - 1959 Outside   al 3800 - 13290 11350* - 1150

 C==2 8 02 34100    -   -   224   - - 34324                        02 7610 - 1433 6280* 1800

03   - 2220       -                 0
· - -     - 2220                      03        0        -         0                0*              0

Outside   01      3710         -        -    -  159       -
- 3551

02     3710       -       z    -   44      - - 3666

03        0        -       -         0       -      -          0       20    Inside     al 7375 -    -24400 - 55200* - 26675          \

02 -14750 -    -10485 - 21100* - - 7909

9   Inside    al    12600       -       -    - 1006 -        -        11594                             93    - 175,0          -            0
- 0- .- 1750

02   - 2220        -       _    - 2748
- -     - 4968 Outside al 7375 -     24400 - 55200* - -11925

2                                                              u3   - 2220        -                  0       -      -     - 2220                        02
-14750 -      4155 - - 2100* - - 9560

m               o               -                 0 - 0*   -         0

Outside al 17100  -  - 2306 - - 19406

02    17100        -       - 3372 -      -      20472

1         0 3 0-0
6a    Inside     al 12600 -    - 353 -      -      12247

10    Inside     01   - 2220        -        -    -  159
- -     - 2379                        02   - 2220 -    - 817 -      -     - 3037

02    34100        -       -    - 44 -      -      34056                        03   - 2220        -                 0        -      -     - 2220

93   - 2220        - - 0- - 2220 Outside al 17100  -  - 641 -      -      17741

Outside   01     3710        -                261       -
- 3971                        02    17100        -       - 989 -      -      18089

02     3710        -                224       -
- 3934                        03        0        -       -        0        -      -           0

03        0        -                  0       -      -          0

11    Inside    91     6720        -                          -      -       6720       9a    Inside     al    12600 ·       -       - 2306 -      -     +14906

PM-2A REACTOR (Mid 02 15200 6830     -       -         - 1405 23435                        02   - 2220        -       - 3372 -      -      11502

Plane)            03   - 1750 --       -       -         -      -     - 1750                        03   - 2220        -                 0        -      -     - 2220

VESSELOUTLINE Outside   al      6720         -        -        -         -       - 6720 Outside   01    17100        - -1006 -      -      16094

02 13450 6830     -       -         - 1405 21685                        02    17100        -       - -2748 -      -      14352

0 3 0- - - -0   6 0- -0- -0

* Discontinuity stresses for cover and flange case B - bolt load plus pressure.

01 Axial Stress Circumferential Stress 43 Radial Stress
02
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106 01=   W    , O 6.9'7  Al p
/

·S#651. e>cpres#lon. for ' Alr  , n.'.  C)F 6

\0   Gu   -      -.191   11-4-;  244<   9;   7-,0-t'It    144     +   2900

4  F  p  L  y  ;+, e,       Co &22€a-r,0 N     FleTO s
''

406 eF ==  -. 128'lt&-. 2 83  G,; t. 0903- MS + 3090 074)



BY DATE SUBJECT PAl -  2 4    0 6 1/# /2.
·     SHEET NO.-Ztl--LOF.2. -

CHKD. BY DATE JOB NO.
5-7-gess  4 +74,9515

*Su 6/\MA'12.Y_    0 '      EaMA,Tte>633
* READ -

1064 24 = -0 0376 MA -,4916>4                             <
loG BA =· .003-6 MA +,03176 *A                       < j

33 p    of   Q  yL.  S E93  -

1 Do  4 88           0,   +  03                                                                                                                                 
           69)

'106 813 '»  '253( 014(:44-Cz -Cl)
'

149
/.\

1 06  M,8  --  -3,52 Cz» 3.6-1 (4                                                        60

IOL QB = -,895 (4 4-• 8'76*0,-. 8'76-05-.8'7,5-a s         GO
730-rToM       e   2 y.ke.-Smc-r  -
I '

)0-  AR/=  -/,6-96-0,-:0498  (2   +6.Ot  C72  4/,537 24                     (11)
(1 \06  66, . - /.93(3,-#0996-OA tj,13(1.-.02.29(13         (2)

1.66,       Mct  =        621,30,     -,6.96  03    +U: 6/  82    -,  /44  04                                                9)

106 (2791 = 3,900,- ·a004 +6,66 Ca +•/7/ 0 b 6  .

Uppe_ 12    FL A KIG

ild        5  D     =         -  ./8     it 4   -•,1   6> c       t.   0  3,5-  Mc   -/7 65  · 00

106  A Et·-=       ./59  (Oc  - 0/92  tie                                                             (12)

L B   WER-ELARGEL

106 4 R Fz  =   ' 26.2.-11-4 - ..2 8 4 0                                              (13)U

1

0 6   A   IR:  Iii       *         ·   2 1 6   1-1-e    - ,   16- 7           624                                                                                                     845

106  ep  =.  -0/28 H-6 -,183 (DJ +,0906-MU' + 3090     <16-)
\

Vss S E L    QYL_121.De \CAL  SEC-rl o ki

104 4 20 -  .  3 2 4    MJ     -  ./, QI;    Uv'                                                                         Q

106 GJ :    /AS-8        NJ        +     ·3 2 7   d>4 1



ALCO PRODUCTS INC. 4D
..

BY DATE. SUBJECT -P„4 1. A QoveAL      SHEET No....ZsS--OF. _s.
CHKD. BY DATE. 372555     4 MA LYS#S                              .%8 NO.

--1---........1=306>UC>Alay (106->,I:>t T-ISIASi

14)  4 24 =  4 26 62 a) - 4 ec' = 42,: - 4 2:c - 3,446-Bu

24)          M  +        - MB & 04)      z _ ec.,    -      ec,  =      at>

.21)       99-     =     -  (P (5 (245   42(Sr =412Ii--4,16-8,=42Fz- 3,344-GR

22)   04  -  - 043 (.763  -45 = 4 12A 1-3.,zo- 81=

(f-0       e F--  -      6, 4

(As) - Mc' =   M c

(20       61 2  -     99
.

S u 6 at, 1-k'.1n u &    C i    )    4    (  3  )     1 + 4-0      19   QI"ove

4 124   *   .4 28
-, 0 3 7 6     Al 4   -  p  493-· 64   -  Cl   -   023     -   0                                              3 0

Su 6 5 1,4-*4, =   6  4  3      +      C  4    3   , h.1-0   2 z
04=- 8-0

,   006-6  MA *' 03'766>4+.,53(L., +.25'3 2'4 +•26 3 82-  -,26-3.€4=6> f3/0

-Su  65+AD  t, NG     (6)        in  *4      A. 1
(D A = - (D e

LQA   -,   976-24    t.  4*47 6-C,    -,   27 0-(Lz-,   97.5-(3    -   O                                    (373

./
.

1

.
t *

,



ALCO PRODUCTS INC.                 W
.-I

BY DATE. SUBJECT         P/W   R /1    /6 VE€ · SHEET NO...L.6-2-OF..2.1.
CHKD. BY DATE. JOB NO.57**Less   4 04 4·61SeS

1                        <2&7.lst 6 9 )(U,)4( 113   'm+9 •:3
-  A 1 2 ('  =  4 2 0   =484   -3,41/3-8 0

/.5 9673/ t.07°e (13 -4.06·4 L-,/6-a-/ (14 --, 42rht; -,6769 00

+ 0/02  /140   =  /6 0 2-o (34j

5«, 6*+   6 0 3      4    (11)       1 0 4-0     Z y

-  C,c  t-   e D

/930,  t. 0 496-(24 -4/306 *-02 9.9 (23  t./72'LY* 9-. /.Zi(Pc
p                                                                          -,  63.-M  c  --    /740- 0 5
r.-3

50 6 91-  (12 )03553(11  3    ' 4+ 0     2,5-

4124   =    62,    1-4,  'd-eD   =  42FZ   -3,8 9,5-ep

-,339  Ne-/,96'biA„-- 60-7    %·   9-·/44-3  Mc-  i.°303 At' - 3020
'

 3&)

S u j S + (l b-Y 14 ) 403  , 4'10 16

-dej - 4 25 + 3./id.«=-

0 043  A/'J  + 2,99  QJ'  1-0497 4  - 9660      <                      37)

S v Lat-  (/60    21    ( 17 3   1  4  + o '   L 17

..--.1  F- -  4
:

...

_- #aft 444.+-0 44 61 ' 42063 1 /6 - -3 070 (3 ©



ALCO PRODUCTS INC. 49
==

BY__________ DATE. SUBJECT  7='/14 2 4 ae,6,8 11 4
SHEET NO.. il-/1--70 F  2-1- 11 -

=7-82 655 4"44ys:s JOB NO..CHKD. BY. DATE.

' . '      6 4'6 st SS' GA,< i 69 )) 1 400  ·216 
-MCI  =   Mc

-M d   -   -2 1,3   0  ,    t  .  59 6 C 3.- en 4/   G.z  t,  /44  (I    = 0 639)

su6 st- =4,q4-(to) , ofe . 291 1-„
(DC'   =    Q a

62( -3,906  tio (4-·-6,66, <2 z '-i/7/ (La.=o 6403

50 L Stedt#, 4$ Go  1 4to  2.2.0.
/'4 4 =  K,18:-

M 4   t   246-2   2 2    -  .3. 5-1 a4 00 (»b
M

r-

C-/1

'-*-/1

.



75ALCO PRODUCTS INC.
r,

BY DATE. SUBJECT       *# A)-  AL' ce 'erp_      SHEET NO...ZIK..OF.21.
CHKD.BY DATE. .<r.- ipl.2. 43=- *. 32 0/, 41 b.:pe. pr. JOB NO.

F. =, :

:      .                 '    :1..  .1    1.   1 h..1
1

.,1. - i .-'

7-4., p.       240./':'«7  dg'f t..  39'31 (v  41',.25'r--_..'12..6.4'26 «'WS ,. ,&*U•

517 eic,25.        .. .  _,     ..1.  .  .1      . 1.- ..1:    -h
t

1      1      1. I t.   1   . - 1. , .  1      1      1

0 t- 6-90 CA'd. =..
r  .1  ' .1    .1     1     1     1   .,-.

02..  3   -  404. .1          1          1   Mr'=1.    -/« 7 4-3.:-111----
III.  1.,1.     1  i              i

03: --   9   :         -1 -i-F---1  1+LL 1-1. .» /'/ 4,/ i:..*1-· ..., --. 1
1.                                 1                                    --1-- 1- ---1,- --1...« --1   -1-1:-11   -   i

C    ='       '773           i 1
1    .Wl'..1=1   -/3-q42:

4741   =      13 9       1
A)'' .1 = 1

#34# 9 li   11

/4 4. »   141.413

1·W                                                      '.                                   2        .      ..1 .1 1· i  Q .1

0 ,-5.2.0: f.'Iia9   .-»1-ili-111  »Ijl '61#LIET34%93 .  '1*<1. iwfuht&
1 1,

' I i , .1

.. .1 . -'J.-· r .....!..... 1.-:.L.-. 1 -. -_.',3--1........  :  1 ..            .:,

'.           /1.. 1 1'i r i
. , 1. r.

AR>' 7"27.To v V: "*1 1-P:       ' 9.fc_.7#-4-*4./5-4-e-=..1 --RI,»..1..../:f.fi....,

=i/*L„,1     p.   -  ., .-".-
-3.--4.-                                                                                1

9#=-4 : /· *fc.f k  :  :     ·  ·           ·

.=7-r

-i--

1- 4- -                                                                                                                                                                                 -1--T..... -

C  )

1-

I.



ALCO  PRODUCTS  INC.                               9 /
66•'.

BY DATE SUBJECT SHEET N°·.-/.9.---°F.Y.Z...

.                             1 .,

CHKD. BY DATE JOB NO.

. ,          *

CHect     of   .33.0 6,3 bA,ta :   .Col.3C>,TIONS.

1.     4  e4  9   &1 2 25                      '
-    /56 - '4/3-

--0306 ( 9''q.Z . )-.-994-6.-227-: --13--=.  -,s.30 - + 9
, . , C3

1
-- tr 7/ 1 _ r  -7-.7   1'.1

!1

j > . 1.   '  i

.2,...    - /\4 * · ·=.  hl e 1. /«20     .  · ' '    2720
4/42. 3 -3,6.2(-·.964-)-1+ j,0-2 ( 773 )

. ,   92: I

1

.  .   1.   . . .c y    .   .       1

4/41 = 4,90

.                        3.               04     =    -618      -*

-  677                                 ,- 3-07 + 349 -79

237= - E-,8'75.(  773   )   .+,976-(-,s-80)3  i·gr(- 429) -,974(9)
1 1-  (,4-.     . -1    1.-«-1  -.  0, --                                            51

939= 23B

· t

9,        64  =  -eall ...1 .. 5.  .  1--1  ......Ill----1-..1.1---1 ...    ...  ..      · 
- 2 Ze23.2- , 3/. 6,           

. eoA, ( 4/4.2-) .,i,0374 (1% 9 3 --3-Foi,6-3-G€FO * 793 - 9«9 -9  #14       +  - c i   t C 4- Cl-3

4--4-,1  12- -----=1111. 13'f'4f7- _;-

t-  50.-6*  ..1- , -- -...  1..... '-4. 2 -_..1-T    --- 9 .....1.-3-; 6

6--       --   ,-D  -=I  '1-.,1---C':911,1.1.-,1,1-1.,11«1,1,«974,1-1--  -al.'.- 1      1

V, 'I .,fai  g .f : . ,  #e
6    v  -623*D 1    .:     1. '

'1#' -* ,

C--

..1



ALCO PRODUCTS INC.
-

. BY DATE SUBJECT SHEET NO.-«Z©---OF-,2-< -
CHKD. BY DATE JOB NO

A.

6,   -  422 = 62( = AEr -3.1/43- 60
+ 923- - .0368 -2440 /20-,

......

Elt'-gL   (  -&,-20)  -,0408  (     2,       ).1,4.«2(-4    )    t.  '4-f, (7 ;)33'
A.%2/,

.---

-200 21,/2 tz/(00

./5-9   (1930)   -0/92(-'it    3   -3.44,>-(- 625-34       -._..t-'_.... f-_'-------Et ----2 60
A a.z =-772

/3 94 - /38 1-
-

, ·      - be =   ec =  GO
//2 0 -32 -9*-7

-1-1, 3.(480)-00493-(7 473   ) 1/ /3 el»'/ )-0, 1#9( 23   )J = -62.fC, \-4 Go

-421 = -6k3*
.

GF =-94
+.:26y -927 - /9 34 I

-  •228  (-'/9    3  -.2,3  (''34 2:9   )  +.690€'e,€-942)   +  3090-    ==4+ 4 . 04.        f
-   1   E ·45 + //90

-  (. /,0-8  6,66-84    +-0317    (·. geg )   3
't

+  6 9 4   =   +69J
.....

9,       6/2 4    -   212=+9,/CaD  =    4,2FZ  - 4.393    (=)F
M. '\

-260 +   21.9 -#595-

./6-9 (1-030)_.,92 (-„9    + 9./6-C-Gis-) =gc J Hi C 80

- 627,9 - /000 -    2 330

...261( --419  3_-_if_Sf.SM)-,- 3.3 46*(  6964.   
41ZFZ = -I030

-33'73 =-334°
-



ALCO PRODUCTS INC. LLG -·
....

BY
.

DATE SUBJECT -     SHEET NO.-fil....OF.921--·
CHKD. BY DATE JOB NO.

1

/-..

/0,    -    At€·- -Mci , S .; i ;  · 2
-   /23 fo .- 9.6    .    .,     ' 1 -2160 --    1/1

4/.3(-4 0  ·-: 6-44(.9 - . 3-' t.6,·4/ (-4-04 3-.,44(V.3 )=-M<-Cj                                                            '-' 2-

1.  1,- .1 z«.71.4..=...3:. 61/ 4743101-0 1.i l;i l;'. /

/1,   .   G>c,   -*    aC-2-240 · ' . - 77,·i 1.5 -270 0 +  #.54

3,90 (-6-20  : - -.,0 (773 '):.jit -4.46 (-404    ..17/ ( 1.3 =-5-030C#        :C#     { :   04
- e-3 3 6-  =  1- 3-0 3 0

+ 3801   1  11   1  .1    - 44£0       1
/ Rj. 412      -0 324 (*/54 .49)     /'.89  639 99  )·.1

.. GK;

y                           4£31    -/240

/1-_/

/3. -  21<  =      A AZF'   9- J./.2 4"'  /f...4- 14.6 ;      4     :  -:' . 996 2/70

(-1260) =- LA,6(-Hy I FL-Visf( 31*2 )  +3:12,6-(693-3
.    Ne - ,    ·.       . , -TJ : : ,

i.El  1/.260  r   ./24-7 j _  3..   r _„!..__;.._.: --:-..2-7.-i.-..

1

:

f'

/t 1
4..,1



BY----_-_--_---_-DATE SUBJECT SHEET NO..2-2----OF-21.
CHKD. BY_---.__DATE JOB NO-________________

-

c AsE A - 5-rub LOAD ONLy
X                                     <S   u   »1   M    A   k-  y         6  -      "  ES U  LTS

/-0-
N-*i' M'1 -0 F.-

- 32&,s Q L 7-3 98*
---*QA
-

M B                                    .          tri+ 6-
CR A  =         (S> 8       =     9 39 .:1 4
M - M 5     = 9/42 C M-M 2. •CS--

4 0, K

G> c  =       .0   ,  =-6--030                                               cc                        Pt A P
Mc    =       -   MC 'tr    /4/743 , Qc

M  -3                1          ® -1.r···.
1-14 = 7/9               C DIll

+ --»*

M.3   =                           ./5242 elli
CRU W 3489 I

1 1 1 0 +,144- 1 0-0
0  HE +
6       t pb Ap

ft Q_-e.
+ 4.-30 -u   + I....$-

..1 «1 eF
.Fr-

QJ.*.....<1 M, -

/1.-t MJ

=1042
LOcAT,°N  ·DEFLEcTioN   747*,0,4 -57-BEss C)DJ I  )

572 (,0-,%)   800-9/2483  Ax,ALGT C,RCur'l F c-1 RADIALGE: SHEAE
A 620) -  6-7 1 560 -)1 04-0  OUTER - /906 

4-//03-0  'N NEL ·. 4./7/3--           0
-         -+83 8  0     Ou TE,e        f /770

C ' (19) )321 -626
-2390 iNNER 7 5-0

I (10 -772 - 4.23- -                   -2/20

G      04) -3377 - '51

F             -/03° 696 -2/7 0I

- +1320° °°rr/2- 3-6-90
0/              0 33 -/76 0 -693 -,3200 /NMER,- i,290
X      (1 8) /725 -6 26 Js-30

r       Gl)       -2  83  4                  - 6.z 6 42 2&0
Z.    . (15)       _   p r o 0               .6 «t- -                                 -4   7 3-0 -

1
-I.    --  -     -- -- -



ALCO PRODUCTS INC. 42
BY- DATE SUBJECT       SHEET NO.-421--„OF.65

A
.-.

CHKD. BY DATE JOB NO

1 t57-FTEESS ES -
*.....

-P-r. A-
-  0 07-3 0,152

A b i A L:       r,   =16   M A    =  2  4  (4 1 4-2-) , 506-0   ps /
-A'* (1·   s   )''l

+    IN 6% DES.

/

(221 1*cu M Foo            .2   =-   6  12'\   X  E       lI     -:    6   MA
94             -RA

+ /406- 33/ 0

=-G-47 4(.2 9.6)-  t  -di („06-83
-                                                                                         1 1

Crj    =                  -         /90.5      >5/             6  ul'E  It>E
0 47/6  />st   jN#,DE

1

 Pr. C -

- / A 5 1 t> R

Ax,AL ;   07=+ 4'_tls  t..£4 (/474 3  €3 2 0  PS I   +  e u rs,ae
e, 15)1.

CJ, B L U M P 2      ari=      633  7  E      0    -r  6  M te= - --F
3260 .26'0

--0.B.33€3,4 t ' 3(9326)
1 2,5                                                          :*

- 7,5-0       ps / INS'DE-

41/9 90   ·  p,s i -buTS#DE

-pr I - 1, .

C l e o w M F &         Fi   =    A 18:c  *  E   =         -7 7#         A    2 9,J-  =       -  4 42 0  25/
FLX                                   /O  19  G

r.-- -Pr (51 -

51+EAE   ·572 836   AT    GASKET   =    4-6 = 119-  -      1 5 1  pj I
.95- . 73-



9 9ALCO PRODUCTS INC.
-

BY_ DATE SUBJECT '*
SHEET No.:=2_2_--OF-_____.

:i
CHKD. BY DATE JOB NO

1. Pr Fr-
0/264 Al#:   05 %  624  X  E   =   -,/0,39 6/7,6.= -62,/70  ps,

12'z / 4            --".....-..: -

7- 4 .-'

\                       4.Ours/DE

#14460.   97"tf=M-L   =114(-/5842) = /3200 Fs'
-    P (.:2.625) 1- i

- INS'66

56                                                      D  A
C'r O C/ 41 ,   e         r;     r        /E>       -       E Z.0       1-     41 6 MJ 72=0 ler'-4521<..6...

a...

,               0               +:       :     1-(zl·GI-,2 4.o)       +     .3  (,3  900)-

i Z O.06260

0      +     E  +/86-0     t    4/40-1,
r, -

F -2 29 0 ps, 1 #45, DE  £<1          -  92     6+1
'-. L  + :5-5-9.0 ps,   Ootst 'biS  

33  D/'1 L s   gs-

7:  x -

20./26-

£441 7
-3>,acONTIN#,ry 1)EFLECT.,04. Ar  t..  ./0.*151,

,   _   --17
--ALQC         G)

0 u-rifia \S ueF#\C E
-I-

.,123    -'1 48
6  Ro   .=      P   6    /   8 fil        \j. . . - 4      0

I\     393
E   C   6 2-g y                                                                       6             +      _L J

/,r  / 2 6-'     -<He               (0

/6 0 420 5  /2.0.- G>*  - /4&124- 26   6-2211£T / --2 ('°'876*) 1-....-I-V.I..

C,iER,76- /0. a '74- /(7.373»91 -20.lisa -,O.97.2 )

"=   (1.15    (42- .L39,1-l6344961 

=  , 0 975 4(- ./06-3, 44-
*-                                                                                                                                                                           3       c   .  /  -

/04.ARd=   '59753 (-903 6 -.106 (-,/4.)   r  -'.459



ALCO PRODUCTS INC. 60
./                                                                                   

                                 .V·•

BY DATE SUBJECT "    SHEET NO...,24.-_oF i.:21.
CHKD. BY DATE JOB NO.

-.. 1---r-
-   - 2            -   414214-    - .7\.

1%1

WA RB    =        A  ,EJ..-4444-2)51-T-,
., +  11 43

'1   -14,-g   -14#41„111»11,1,4)111
.        1
.../ 1 ,.

1..

425.   = t.j.725-     1     i -, '. --1.1 .... :--- .... 1. 0
/ , 1

-,1-4421„

25   T *21 e' S S          ·41  r        . C ED .      -   - . _ . · 1.  ...   1   -   . . · 

9.-i   =        4  2*1)(.E:·*E+3 /2725   _(.29.3     =    :.2,513  0    23  /--

.Rk .,......... 6.20'./24....*.1.....: ..:
< ..         i.

-'

f-pr y.

A  R       =      620    +3,93-60                 I.

.y ......

- 1446

=-419.      +  3.93(-  6 253     3=,-    a€€4
--

i
.'

-->
ST£F SS- 4 T:- 4 

9-2  =     62,·  M  g  -4   --2.22<1.:.(2 ,3- =·      -,4239  PS I
20,/2 1-

-1        ..IRy,1      .    .1

Pr Z -

--2/ 70'

62  *-       -,030  --2, IR 26   4933   -_- 32022
.7*57-KESS .4 r. 4 :.7

O.2  =         A2*    x   E    =·-  326  0.-t., 9,3-j   6--273-0        ps /
.'.-0.t.-9

2z      .'     --  ..      .   T LLV.6 ... L."    -. -===r
,-..



ALCO PRODUCTS INC. 6,-1

---r-  # •-3 r. r-iBY -161 fl· ---_--- DATE
-   - I

SUBJECT 71/1'1 -  ir,f      4.0 1,/='/2 Lf-TPF.#  SHEET NO..'_.L..._-OF _Lq_
CHKD. BY-_.-__DATE -1[".M Ab  \r  1/5 JOB NO'.--------------------l

;                                    (45  5 6 .-I t ru o  04£> 'tt,$   PErs:suaa-
/1  --z>   U

.ST'·,0     L.«0    e.+   1% 044  i>st    j   L.11-         -P=.,19"Co-11,6,4
..       1

<Sr=se=+ L..lb =  ,7.3- A /44<0 0   )9000-91- ,4
"S, 3-2.  J

t
60,-TL      je-rE,ek,  4.0-7%  15*su,kE       Ept.;eb,-TA,i..   4 /4'9ON  -7-Le Grub =  -F>-# Ap   te A 626   AP = (44„4191

.-I

IN %-rub   /EMS,04 *Due -7-15 ADDAD ie FZ s uke     L. 04  04 0    ..6-b..(St-             s      e-          <*-*S     Ce: 
'

1/-7. E-   (21-Ap) -91-  Gg  /6,174
721=    3r

1 . ' T  Q  l..1/  2)  /--F L.64 b

cri--'* /10411 ON <Ii '432.CT' 00(:.'i
»P.,2-,1.1-4,1 '.2...e

\ .L
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'*-     C*   311 E il 12 .61 2E S S I N Q A s t: E r '= -lfs- .* : 7496 1  · ' o ' o o p-21
Ort6* , 96- ...   ./.-#.-

F   z                   C.   a   e  w     +  .i    F       t

=s= 62#1 KE=. /4-06- v 29.6-= 3,70 ps/--- ---....A....I--

E'Fr + I
)11...

v) Ax /4 Le                 - ou +Et
 7 2    3    6 /5 t 4=   (.6-(.  6 6 '3 6700 0  /55 / +  ' #Ju ER_

-

11-                      62. 65#0 L
9           fe
i ecu·*t *   e

- 74- E_le  t -r 6 /41 J6-/ -_ -' 4 a<     , f 4
*

-- 60  Sre    CD ='  01•'soe•,-t,·ew.'+9  Jelle, ,/,04    42j

4 12/          =      61  2,      .       .t   :   4,w  TOT                      ,  4  0 #s C. J
-.

-2254· +773*-=42. .= 9221.'b'Se

91= 616»'f, 0.«52,5 - 9,6- flit 6 t · 3(31»4-

2.6 7-6- R.0.0620

O-1
=

/3390 t rlte° t       /5'0 ·O

ai;             /3 3 e©-+   20
.

96  9  0     ps r outer

56&0  -ps   l          IMMer

11:94 ba A  Lt
r C 0

I  C,20 9,»4 Ft

--/ 9-2- Aer KE=, /PAG'*29.6-= 496*aDPS,/"-.

/2r ./0*CS-ts



ALCO PRODUCTS INC. t> ',

BY- DATE SUBJECT 2    SHEET NO--LB,---OF.Ll--
CHKD. BY DATE JOB NO

 T X -

D,se°47/Nu,Ty·bEFLE#Tic4 6  6ul„st°E 270/2:=,\°E 420

l  4 R.0 = .08 96- 0- c. - • 182 1' 't r      (-Au= ·9,+T.. 24 QASE  143
- <S"to t 77,f'-

e .0974(-52%.)- ./020-:75953
/O  (21 £39        =             263-                                                                                                         6304/41.1-,I tfgii-      (Effritb

106     .6  Rb 6   20  -    3..443-   80
1'' 9 l 3.443

t /733 t     -16 - aD =-633   3
4  64--    3. 4 45' -3-63'  ._.1,3, 93  / 

65-

it 421: /999

STEESS       *T     )<
.- 51   +        4-i.x  x  2  r       /9 9<      x .29; 6- 2940 ps/

2 x           z°,1 16-

77- Y
/06 427 - 412, + 3,92 6 D

+ /9,6
=  Rcd-- 3,9,3(-»3/

'06&27 =  -/9/5-
257-/ress 47- k.

0-2-.-  4-ey ¥, E . - /6467 * 29,3'' = -4.fi...- /Dsl
R -20./26  -=-

7                  +F
(2)           -4PT 2 \12

/0642& = 42, -3.343--&F -f  8 F
- /2,-0                  \\

/\505--3,345(54° ·=-306 4  1,- Afer

s TE  s s  s       K T     Z

0-4 =       41£ z  Y E =
..-....-x   -

-   30 67      29,4= 643   ps I
2-              fet                        /9



ALCO  PRODUCTS  INC.
Sy    SAc               nATE _/.0 8:Z / SUBJECT      SHEET NO.-__0.-"09-1_ -_
CHKD. BY DATE JOB NO

p

DEFLECTiON     o F    7 oF  *  13OTT0M      FLANG,ES      AL01\44
CENTER LINE OF BOLT HOLE

CASE A 80 4-r  L 0&6  ONLY  

.t f
/O6zse, = 2.375' 80

*,

d6/4\

=  2.  3-7 5    (L 626    )   '                                                                                              1                                  -2.375 -5/  COVER.

070 - FLANGE
7.875 <1      u

6  .

4 AR# .1 48QAm  , 4 _rn + ' .
1                -/

..5 1
1

1         1                            +

/D   21  R z  2      42.315 e'F , 4 -1 + f »e-: 0.373.(696) VESS EL- oP' /\1  -
4     1,4FLANS E - 2.375 1-ev  F-6 '

t ARJ 2 /6» 7>/0 /.11·

-h

1044/   decrease   ;M   Jts·top, (2.   tet,6424   ·fl62 M e 3
./ 6 .,  3

1485 + 146-0 =  3/35. X/°- /K

CASE 5 - 30LT. L·oAD + PREssuRE

/D G a s       =      -2.  3 1 5     e 
-0.375   (3-63)

6   '

4  /12\ i   / 193.   */0-      In

loGAR2  = 0.375 (BF)
r  2.  515  (·f«03

-6 '
f.LJRL : 1280 X/0   In

.)
-To -4 /       «le c. re *se      i M    gl, sta 4.c.      6 2 -1Gu-€

6.h\. -el,6,-, esj

1/93 + 1289 3 Z473 W / 0- 0   1.,1



ALCO PRODUCTS INC. 6/

BY-F.A<.„
·

DATE J.tulb_el SUBJECT SHEET NO.___ lg.6.°F...·7·-
1 1

CHKD. BY DATE JOB NO

1,©ceEASE   .,0     =1,5 4--unce.    62·A.,424      4/4 n  e.s        diAL.     40       ·press«,<.
69 /O h e .  .3 1,36-  - c2476·  -  66;L x/6-4 In

.

· · Srt, A   54.sse-&  a,<.inerec,34..

S =     660.)51.0-6  (99.sxi 96).     '  .04 5.(D. rsi,      7.179
'

STRESSES_ /N. Spwo -
-rfAS, LE.

C45 E   /4. :. - 01°°° 732
CA-SE    8 : 00.Do°. + 2420 = 62 242°  ps'w  /QiM51/6

:

/ ----'.

Be.diM3  Sreess  tor Oose  73
J

&
-1'1 W- i.    12'ESULTAIrt  ·-ROTATION    p     Srug  .4: e. 3-90  ,   3-03   =       /O  43

AAeil-    .

I  l.-,7,972.  .1-1.oet-ZoN'rAL -DIE#LECT,0,4  w '  ST-ub
1. 9 4 =   Li,  6' =   07.2 93 (/04.0   -   2.240,/64,4.

1    1     1   1,1   1    il

3.       FS 2    (40,14- E« 12 -B E.* M
6 =  W Li ·4    MAx, MO M    -  -·D/L      ·       rn =  r  .rY  ·r= / , 15-
- A    -1
8 Er                                    r                                                     f

4.3_f.-1  =  W L  - M
Lz

(9 14 ox 3 @9.5)(TT)6»15-0,/  M          12 1 6-00' n
A44&

9 (7.975) z

4   .              S          A        =       4  5   ..=     6£2  3 0 ob. 2
16(4) j4760 ps 18 en    , 4 -Tr(1.2434T

73-rAL 91-2.FSS  ' r  =     2296-0  + /4706  9   3,7/ 70  ps /
CASE B



ALCO PRODUCTS INC.               6
By._£(A-C......DA+E J.1,& / SUBJECT P M-Z A V E S S E L

'

SHEETiVO..___l_--,oF.95'.'-
- .  9 .-

CHKD. BY_______DATE_________ COVE 2       A N D      F L A W G F JOB NO.

THERMA·L    STRESS ANALYSIS STEADY      STATE
3-

REGiON AVERAGE_ .TEMPERATURE DISTRIBUTIONS*

STEA wl

PEr»-»\\
211°F

C-6-17 H=/.O

<.......... f#000.0.'g 2,   li9\
\jT     \ UWATE R. -e- --0

312 .F 516

H =340 ----

'                                .#70                '
./.-3

35-4
SURFACE TEMPERATuRES-°F    ---

499-    -A = 507
8=476 DA - -   1 2.-:E" r E
c = 417
D= 289 499    474 BOIL/NG
E = ZSS
F =-51 2 \T -1- - -- WATER
6 = 503                                                                         \/\\ 506     1                                               N                             2/2 'FH =212 H   ' 3-00       N

I. 2,2                                                  \   1               4173.5/3 H = <Soo

K =497
L = 4.81 \ - ilrM =4132
N = 51.5-
0=373 31#S-r L.M
p, 568 AIR
Q-SDS
R=  515 3-07     t.-· 1 » ZZSOF

a-    1     r- 4 9 7 H    =      .45S=511 fl t
T-3-17                                                                                                                  0                3
U-5/6

1    S/,2

/'VO-     r-LETTER REFGRT, r. SEQALMAN To R Se
D. W.MS  L A u K H L I N,     Ocr      39  /96  0. -



ALCO PRODUCTS INC.               1
BY_------_--_ DATE SUBJECT ·       SHEET NO.---2----OF-29:..
CHKD. BY DATE JOB NO.

s           '   OVE R    -

Deflect,on  at  A  Jue. 4-0 SIGN CONVENT/ON
+e.rn rer0 -1« re.    ells*r, Aa·/,04  :                                  '                 'R)

2            +

ii- 4 Rk =OL 47-· RA r  I z
S 1 9                                                                                                              -IIEEIIILI I   -rwes, 8

=         4,9/    X  /  D- 4.     C  .5-iS-  7   4 la 1
7-37 7- \, 

/066 RA = 6,7/ (4493 /1 4 - 332.00 C-S-T= 5, 6

EX=/2
9.-=MA

In  C/u  J,M  j             P r e v i o u s           .4 11  a   /j   5/  S    :                                                                                                                                                 4

1O6ZJRA=  -· 0376 MA -·'1isel  - 33·300 -
. -- --  /  1  1C- 1

Fo -14 -/,an        =4      A      clue      -A, 4 e yn ·'pe C /2  ·rL< 7-2 d,SLA, 4«-#,0* ·:
'

/

'                           A]- 0,   E     2-2  Theor't OF plat_s $ she/S1\ATH =  2  1-7/ 6
.    -      /   /mo· S h e n  ke

-Thts  eltlk- /on ,5 - Me elw,VakY,J- Lend,Mj rn   O mefi 4         2 4.    d dq e     A.'

604,66       DOOMIA       fro au_<.0      -the-     sq,·ne     e·'Pfec-4-     erro    the     -temr-er citky€

cl, Irfe rencd        44     -/Ac     ecl e. .

LIT-      =     -72 m  rera  ·A Yc-           4 ,  47(rer, ce           across         44ic  kn.cs  ·s        cr  /.e J e.

E   ¢    04       ·Arc        --/m kEk          *4     -/Ale        Qver-Age         temrep-R tu. rc_       At/       ./4        edje.

1 37 x/O 6      r  (/. S™)2-7
M         =     3 -9,8         .7 L  -r   J       =          5   (.6.9 l)  (3 9 .  63  C.  37  53      =   -soTH

In c /.  d i '3 Pre V/OUS An#/3 5,5 :

/0 6 a A  =     . 0 3 7 6  QA   + . 00 56.  C /1,1  + ;0)

106 eA = ' 0 376 61,4  +' 0056 MA  +  ' 0 9     .                                  (62)



ALCO PRODUCTS INC.               7/
./

BY._ DATE SUBJECT SHEET NO. 3  OF.24-
CHKD. BY DATE JOB NO

.

EQUI VAL ENT CYL//\IOEICAL SECT/ON -

Ms  . t-h
- 08

t         516* CoNV. @.8                08    1
u  -  i 4   -  24 -71,1  i   3-0 9  'F

+
-+ 1/.95   r

A                             G'                          x
Z./6   -                4--          -4        -17-

1

A

3 1
10 8  q..

S,AN  CONV. @ C' .c     1

1                                               -4-+                                      4-23  ,108 ,               i

14   3  -7                                   CD                                            Me,40«/  -4

TRANSITION SETWEEN E Qui VAL ENT CYL/.NOR,CAL
CavER < Covan FLANG,E Sac--rioN

1

, -#., Der/ect/04     04    8   :

-4Fs = C< NT Rb -   4.9/ 1/.D-   <5/6-70) (11·953
t.    r

516,

"*8213= -36,90'b

Inc Aci,no        Freviods       4914/3 5/5   :

/0'ARs = c, +C-  -'34jgoo                          ·(3)

Role -r, O4 4-t 15:

A,er«Je          u   ip,            sw,-r«CL        te",7          C=.+        r-/s.    T     ¢U)     =           3/6°F

Ave¥.acbt   IDLA ec   S ur face  4-em f  Cat  1049.  A <ta   =  491 °F

- 42   = al 2-T Rs. =  6.9/ 1(/O-6 (S/6-72) //·95vi'PE A Elle

/--„.
/0 6 6 1 2     2      -     3 4  9 0 0U



ALCO PRODUCTS INC. . 1/

By.__ DATE SUBJECT      SHEET NO..___d Z_.OF-ff·r.
CHKD. BY DATE JOB NO.

-a K             -                   6-7- Rc' 4.SBX/0-4 (.49/-70' (/h953Low ER 411

/06618Lz - 316 00

air - 6 2uFFEit -34,400 -1-36, SEP2-Ovv€/l

/ 06    eTS   - 7..0,5
i=

3. n.s
30 4

Iric/,cli    Privioks   AY,4/ s,S :
/0  4  8 1 3       -      .15 3   <c,  +    C·2- +C f-  (3         +   3 04 (4)

Defle=_-1lon. 6,4 c'
-

-6 C' - C><4.,2 6.T &&,  =  6-99.bao-6('492-76) //.9.5 
7 706  612     ,        =      -   3 5 ,  n 00C

In 0/LAJ,vij     F>c.vious    Avie / s,s ·:

/06212(/   =    -  /..57   ci   - ·  040.8  CS   +  6.045 C 21.   t'  /ss/   C4  -  3.5-, .0.0 0 (5)

-

R o -ta IL, 8&7       67  4     C  '     :

4' -es
:.  In c..1,+J#    Frev,ous.  And iss,s'   :

/06 ac, - - 1.930,·-,0413" C  t/./3 Ct--.0299 Ca + 304 .       (614



13
ALCO PRODUCTS 1NC.

BY-_____-_-___-__DATE SUBJECT SHEET No....r:i---OF.-23E
CHKD. BY--_____DATE JOB NO

*
COVER FLANGE

17,3 2
Deflecl, a.     .at     7     i ,5.545 F+Ap

r

Mc. __-- 3

LJ k2   =   c< 426 LS-7- kc
" ,9 5  -                 2    Qc                                      'f 11         A

-  6, ia (40 6.-70)(/6.8747 , 4. 9 fig       »       1                                        42
I,
.\ MDC - 

tw)   *- , /046'Kc= 24600 -1* D
0 \ s--         Ki  =424 -r--          1'AV   .                                                                                            A

N                              '
'            N.                   9

Ave re je             Urlpe,            55w  r  -   ce -2 1 T    T
---

1    20   per  a.1 u Y-e      -           3  9.5  6F
45. /ZS'      r      -f'44

Ave  re, e-            2-  O wt,               Sur  fkce.                                                                                                                                                                     
                    CO

20.  / Z.S*  l e rr. f,4.,4.1·£47-(L = 3 See F                 ·    ' 1,-
SIG Al CON 1/,

rr, c/v J,vi     Previoks   An, /35,5   :                                       4              r9
/0611/81 =  .'-59 624 -, /9.0 +14  + 35°o°            ·                                     (7)

Fo -1 ./, o           1         C         C ec =   eD)  r

Aeupp=m   =  .4        (393-70)  /·5. .5-45   =     31, 900
, 375

6 12   · ci (  3go-7 9') (,5. 545   =     3=,000L bwEA 380

ZSR L - 61¢V _ 31.000- 3Sgob , 900
, 06 e - -           -         -   -      = - 14.47· 375 7.3 73* 7.376

In c.iwi, 15      Previows    Amajos,s   :

--4 06 Gb -  . 044  KD - 244

6..

/0      C'-0   =       -·   /8  44     -,/2    Qc      +  ,   035  Mc 244 (S)



.leALCO PRODUCTS INC.
,-           1 rBY DATE SUBJECT SHEET NO. 44' OF..5_31.CHKD. BY DATE                                                                           JOB NO.

4 9ESS EL F L A N 4  E.==                                                                                                                                                                  1 7.6 A F+AP
De ·Aect, 041         kt    I : 5/4 N CON.    .0    4

.  2 2                  =
4-        'L

1'AR,5 r C><SOR ST RI                                       Mr     3./36I /-                       1
6.36 Fr T .

/D 6&78-    =     4.  8 9  (-5-0 2      70)   /4           ·                                                                                                   F'-I             TAv-Sasly  i
2 06 aK r 3 43 700

14 #   4r                                                                                                                                                   Qi           MJ/7.4 88
F      VJFrn c/U JIn    Previou·S. Ail A./ js,3 5

20·063 r 
6

(9)ID 62- =. 2(OR U. - 224 Ri +46700rr                        4

Defleci;on  96  J.:

,  6 2'S  = 9'4-5,= ST Ri    =  4. 59 X '.0-6 (Soz'-70) 139.065
/0 66RF, = Stgoo

4

Inc/wJ'n-1  Prev,ous Ana *35,5 :  .

./066RK.  2 . 1/4 44 -.=57 QJ + 69,600                                      00)4

r.Averkja      -leM fer«-lk,L       Or  upi>.er      surtacz    or  .\/esset -('6Mjc- -490 OF

r. 1lAvera y.         4.-e y,17€,<1, .,<4.         of      lower        sur·Crui      o<'    Vesse/       +  Mw ·c_   =        307  OF

R 0 14 -1,  4         04  ·      F    :

AR =    44 1   /17- RF' =           6.  s  e   K /0-6   (49 0  -7 0        1 7,6 9 9)u FPE R.

/06  63: U   r       -g  /,  3  So

LJI . 016-D  STAr, 4. q X/0-6 (Sof -70 (/7,699)La *EIZ.

1 066 RL 2  -5 3,6 00



l-ALCO PRODUCTS INC.
BY. DATE SUBJECT SHEET NO..--Z__--oF.-2-11.

7

CHKD. BY DATE JOB NO

*

1068F              -a KL  -   a /ev 53600 - 5/350 -2150
6.05 . 6.  25 6.2-5   T-   34 0

i i

·Inc/,ed, 5  Prcvt°vs  AnG,/35,4 1

1 968 r =.D 697 MF + 360 Gr

/ 0  6 8 F      =        -      3& 8   #4      -    .  2 9·3     61       0.    0  9 0 .S   MJ        +   3 4  0                                                                        ( / 1)

 ESSE L WALL '
V.

De  f'  1 C  C.$ 1  0 y                4  4              3 r A J
L      M.'

SIGN CONM 1-4 4
-AR. c><                    aT     R.                                                                                                         =                         +

J

J                     .5/2                           J                                                                                             , ( '1
 

-TAW Z S- J ·2.0
*.

f
\. 6,9/ *10-4('5-/0-76) ao·063

-,2.605

/06ZJES   =     -  4 6/0 0                                                                                                                        -20.063

-]In c /#J,AL)    Freviou.3 .A rl A
/3 *, S

:. ..

/06LJRJ = -. 316 MJ -/·54.(RJ - 66/00                                 02)
'2°14- 16h   °4  3  1

E.               22-
1

AA   - 67- « - C ser  54ee*   2   -6"T H                     2                 3-07       1  - 1/ 6 or          re-G r· t.,1 ci:-  

3                                        6 ,       2-1  x/O.4         (4. .6.0 5' ) 1.

M T.11    r -2 (6.91 x/6-  )  -7 ----„.-I...
.6

M       ·      2       44   0TH .

33* c  i,i J I n j·       Fre u  ow 5        A n 4 /1 5, s   :

7 0 6 0    =      . / / S. S    15   +  460)    +   ·   3 0.7 Qi or: .

/06ej =  .//ssh,J +.317 4  + 53 ·                                   03)



1 ...
ALCO PRODUCTS INC.

7 i'BY DATE SUBJECT
. SHEET NO.._.. _..OF._.ht..

CHKD. BY DATE JOB NO..__--___-___-____---

SUMMARY - OF EQUAT/ONS
COVER

/0 G A R A    -     - .   0 3 7 6    Mi      -·493  Q.,t    -37,10 0                                                                                                          0)

106     SA        w           .    037  4     Q A         4    .   0056     MA         +   029                                                                                                                            623

ER.9.1 v.ALE.«T Cy/...INDRICAL fiscr/ON

Tb p
.-'

/066RS =C, * CS- 36, 800 (33

/°668=. 053 (CI +C2- + (4 -C3  + 394 (4)

IV' 93    -      -  3 ..fa   CZ  +   13, ER  (4                                                                                                                                  (14j

628  = - . 973 C.1  0. 575 C, ·- . %75 (2  -'$75 C 3                                 053

So-r7-0 AA

, /064:*lfc'  r  -/.59.5-C,-. 04.09  (13   +.6.OS.  CZ   t''Iss/   C<1  -   35, 0.00 (f.)
6

/0 6(/ 1 -/. 93 C,-·6495  Cl + /·/3CT-·0321 C.3 + 364         (63
MC /    =   a/, 3   c,  -, 546  (3    + S. 6/  CA  -, 1 44   c                                         (16)4.

Q , = 3.90 ci -,/oc4  + 6.66 CZ t./7/ C                          (11:)C 3

COVER FLANG·,2
/06 GE= -./8 /44 -•JQ Qc t. O.35Mc- 144 -    '   ':                          Cp
/OGART = '/59 64 -·· /10 1.4, 4- 050 oo                              (7)1

VESSE L FLANG E
106 ARFI = · 26,2 ·6-Le, - ·ags QJ + 4/,706                           (4)
/0 6/1 R         =     . 2  / 6   144   z.   2 5  7 Qj       +  -S %  4 0 0                                                                                                               U o)

20(pef  = -' 209 »1 41 - ..32 SGZJ .1--0090.5 MJ + 346                        \0

 ESSEL  \,/JALL

/0 6 a RJ     =    -,  30 4  /5    -   L 9 4 CRi     - 6 6/0 0 C 12)
4

/0     03    =   ./)59   MJ    t·  327    QJ  4  -53 (133



1 WALCO PRODUCTS INC.
BY.___-_._-_---__DATE SUBJECT SHEET NO.    9 OF..22.
CHKD. BY.-_-_--DATE                                               '                                JOB NO

4      BOUNDAKY CONDITIONS
LJ RE,1 = LJ R's                                                                                                   02)
MA = A/18 09)

(RA  =  - (2 6                                   ·                                                               620)
GA - -es Gli)

-6 FC,=  A RE  -   3.443- eD (23)
_ EFQ '=  e€  = eD .                '                                                 (23)
a 24   =   A Rt    +  * 44 /6-  at>    =  ZS RFT    - - .  3 45 ef (24)

-6 RJ     =  a  R/3      +  3. /2 5 &r Ggs)
0F         - - . SJ, (24)

- /4      /=. M
(47)C                   C

(Rc'   4 62<: (0 9)

S:46st.  1 43 1,1.1,  12  - 3,ves
./

C,+Cl 4' 0376 MA  + .495 QA E - 400 (.09)

su651·  2 i 4  1 -1° al - 3'ves

,253 (C, -+ Ca f C4 -·C 3    . 0 376 6 A + · 0 05-4 MA. - - 304 Gso)

su Asl<  /3- · in 40 -20  - 3'ves

' d 4   -·  8 7 5  (4     +  '  %72;   C,-.  2 7 5  C E- '  8 7 5-  Cj    = 0 (31)
1,

s u. 6 s 4.         5   7      *   8 I  2 4 -  1 VCS/ r)  *t#)

/ . S.9,5. C, + . 04 0 'S c 3- 6.05 01- . / 551  C.4 -' 567,  640 +•42 9 14    -  / 21 MC4.  '
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ALCO PRODUCTS INC.
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ALCO PRODUCTS 1NC.
'.....

BY DATE SUBJECT SHEET NO..._  _---OF. 0.4_.
CHKD. BY DATE JOB NO.
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ALCO PRODUCTS INC. 1/    \19
...-
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CHKO. SY DATE JOB NO
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BY_ DATE SUBJECT SHEET NO..£2---_OF.2-k.
CHKD. BY DATE JOB NO

--/636 -6 7°60

A-2':,-* -13/.696:(/136 )'  -.0404 ( / 2/    1-4.05-(//67   1'1                                                                   I                                               /2-
--4/3

+•  /3-3-/    Co2663        )     -  33-1200  -7CY ,

- ABC, =F+630 le i Apc, =  4 6-0 0 6
737 A'SC

30294 - 3/037 -   2,445--   C   2 2-9   1
-420, 42x 0 0   1

30'99 = 30148'

0..-    ·    8 c.'   --   0,1                                                                               ·

-/980 9- /32. /3,9
t -  -1,93(/Oatc>    /   -,0496-  <-.266 92       t/·  13  (//6 7     .)    ...,-).

e,                 Cy               Ca

-3

-,010*9   <  / 4/           +  304  0         2 29
I     ' CJ 60

78.1.

126*     C    R  R P

(0. 612<2 -= A·Ez +4. 14- 00 = 42 Fr - 2.34 C D F

9 *-0 -4257 -920
3/0 37 +4.,/(-227) =    .26 Z  -/62.49     -,16.C  (2 16  3 +4170060           #C          J

-4696
-3,34·   (  1.3 FC,    j'

OF
./. *3/9£'7 .=     3/97.7

where  A2= 6     -  425-7    - 6.20    i     -  5707  7
'ZD,Se

42,TTGr=   + 36623



ALCO PRODUCTS 1NC. Lji.1,/ 91.

BY-____-________-DATE SUBJECT SHEET NO.-_. 1 _..OF..1 __.
CHKD. BY_____._DATE JOB NO.
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ALCO PRODUCTS INC.
BY__ i 66-_.DATE-1.L./8--/6.1  suBJEcT  P/+-24   S-r RESS SHEET No.--i.9...OF.2-1.
CHKD. BY _.____-DATE_--_--r--- ANALYS's - A F.90 70<K 41  J°BN°.

S U MMA R:  'T 
COVER

r                                                                     THERMAL     STRESS  -  STEADY    STATE
-   + MA + t-
4-0 4-

r QA
98 -

+ SZ.-+
1 \MS

\           T R A N·S I T I O N
1 ac,-  + SECTION R+

RC                                                    + 4-

1- ac + P-
4 /-                     ®            - f
62« COVER FLA N e E

D

ble i +'r--\-   1    e.         '-+
1 Ha7

;·14-- +P-='- +
®.1

VESSEL FLANGE
'
-  Ms '       +f-,1 -    i

QJ ' 1 

«-t:,1      ...2' +
VESSEL WALL

ToTAL -roTAL STRESSES (Ps/)LocAT/DN DEFLEC7/ON RoTATION
STRESS
CHART   42 (10-6 IND   8 (10-6  RAD3  CIRCUME 052)   AXIAL (cr)   RADIAL(°F) SMEAR

A           2 0       - 33-66-3 - /5€' /923-OWNEE-33-900 0)
+     7 190 .ou TE E  *35*900

c      19   - 3€1 9 4 -AR 9                                       0     -5910 /N'.'Eat/4309
-   /5690   oUTER-/63  00<

i                  16            JI,6   3 9 2 29 /2'740

G 3/,987 2/,6 0 0
F.       14    36.42 S /3 29 .9 79 0

\J                \3     -   3-9'495-·        -13 99 -·72€° iNNEe -/7900
0       --4

-                                                                                                           +  .3 4  4 0  D o TE R.  +  /7 90 0

x        i z    ..4 9 /7 9/ .bey ·'476-
Y           17      ..3-2 6, & f . 029 ..6  15-0
2   15 233463 -K399 /60 00



-I                                 / 4.BY DATE SUBJECT                                                            SHEET NO-1-1.--OF.53-21.
CHKD. BY DATE                                                                       JOB NO,

572 5 53 £23

1                                '
-7*il E DEFLE°T'°"3 7106 -r°D#56°Ni NOITy A°ReES· °NLy
ARE 0 SE.b 7-0 F. f N 6 (10#11(994 FERS Nr,AL •Sra#FS·SES -

1.       -PT.   4.
- - .

'Ak, 46    9-7  ·-t  4 MA  =t 4 (.·134%/   =-3 3'900  ps#    INHER-
2.2        -        (643 + +    3:.6.9 oops  i          0 UTF.P.

--

L>ReuMB i    GI=-423|DiscKE ·0-  4 6 6/1 A      -      -
'    ·         ..                     .RA -   -2 2

w here   42,1    -- *As-47 SHT: /76
DIS.4

11 - -,/3-47 x 27 1  . 3 (f 8-9003
.                       IA

.

*-                             5 1= - 3420  t  /0.7'10

V-1 =     -  14,25 0   p St   .INNER
+  .   929 sps#          a .9-1-E R-,

.

38, A,4 L   :      5-  = 0

L,  -i:T €
.         A x *'AL  %        07=      f      6/142      2        +    6   6-227/3   ·    =      -/63   0 0    /ps /     0  0 1-E/2

-TZ (3. 1432 + /6.3'00 · ps'iNNGR

C,eou.Fs°   g  l  =  -4.RZD,S C.  x  E494'  ·   1       +T6  Al  c.-       ·
ec               n

-33T

Lo ere    42€3        +SOO6 •S // 7.    /.3
6 '3  C-

51= -€226* 47  Z .3(/63 00 )
/2.6.-

(FIL   - /O-600 t 4/70; - . 4906 ps/ INN.FR
- - /6-690  /0.5/  O°TERL

I

PX 2>/4  6      3           Gu      r      0



6UALCO PRODUCTS INC.
BY DATE SUBJECT      SHEET No...l.21--oF.-2-5
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ALCO PRODUCTS INC. 01
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CHKD. BY DATE JOB NO
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ALCO PRODUCTS INC.
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ALCO PRODUCTS 1NC. -
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ALCO PRODUCTS INC.
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