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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH, MA

ENGINEERING
CALCI,JLATIONS

NO: V049-l-081
PAGE I OF 13

REV. DEO # DATE BY: CHECK TITLE:

80K-SHORT Cryopump
o r// 7/? ( WDB /ct)(

P Y  r  .  , s t l ' d r a l DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:
Determine required shell thickness for the 80K short cryopump. Additionally evaluate
nozzle opening(s), calculate size and spacing ofstiffener rings and support rings.

METHOD:
Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.31.

ASSTIMPTIONS:
See Calculation

INPUTS: l. Vacuum pressure = 14.7psi
2. "Bakeout" Temperature = 400 deg F.
3. Valve weight = 150.0 lbs
4. Unbalanced Vacuum Load = I 155.0 lbs @ 10" Nozzle

REFERENCES:t .
)

ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels.
COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.

3 .  y ' D L / r  - / - . / e .  l / l o  t / a < : . t o r .  ' ?  c , t , e ,  , l - 4 u , - ,  D o r . . . , . l  / ' : t  - : . i . . . t

CALCTILATIONS:

CONCLUSIONS:
The requirements of the ASME Code are met for 80K short cryopump outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinder
open end(s). For flange design and analysis s€e calculation numbers V049-l-016, 0l?, 018, & 019.

Revision No. o
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Pressure Sumnary

Pressure summary for pressure chamber I

I  p I  t  I  t r  sF l  x^P I  pc luo-ee I  uca_<6 lcorEo6ron I

I  desrsD |  . te6lqD I  I  lc t te!n.1|  Rat lo I  xDnt l r . tDt lon oi  lAl rd6ncel

|  (psi l  l ( . lcs Fl  |  (psi r  I  (Psi)  I  (psi )  I  I  (dGg F) gt !G..  R'duct lon |  ( lh)  |

t - t - l . - l - l - l - l
I  !o ( (  LF? F&D t to  i  o .o  I  o .o  |  1s .L  |  

' r5 .L  
|  23 .e  I  l .ooo  I

I aox RT FlD HD

I r.ot appll@bl.

I Not .ppllc.D1.

I r|ot .ppltcabl.

I tot rpprlc.blc

I ot .ppLlc.b]'.

I xot app1lc.br.

I xot apFllcabl€

I l{ot ll'prlc.b1€

I xot applrcabl€

I xot .PPlicablc

I xot .ppltc6bt€

I  Not  app l tcabrc

xot .ppltc6b1.

I
| lrot apprtc.bte

I r|ot apptlcabr.

I xot appllc.bre

I uot .PPlielblc

I  o.ooo I
I  o,ooo I

1 - 1

I  n r  B E A H  r u s E  L F T  I  o . o  I  o . o  I  o . o  1  o . o  I  r . . 7  |  t . o o o  I

I  r | |  B E A | {  t | r B E  F T  I  o . o  I  o . o  I  o . o  I  o o I  r r . ?  | r . o o o  I

I  n - '  c r c . r  a r t  v e n t  I  o . o  I  o . o  1  0 - o  I  o . o  I  r . . ?  i  r . o o o  I

I  o . o  t  o , o  I  e s - e  I  a s . e  I  2 o . e  I  r - o o o  I

I  o . o  I  o . o  I  7 5 . L  I  ? 5 - 1  |  2 3 . s  I  l . o o o  I

I  o . o  I  o , o  I  o . o  j  o . o  L  1 4 , 7  |  l - o o o  I

I  o . o  I  o . o  I  o . o  I  o . o  I  1 . . 7  |  r ' o o o  I

i  o . o  o . o  I  o . o  I  o . o  |  1 . . "  |  1 . o o o  I

I  h .  E r e c  h s t r r n t t o D l  o . o  I  o . o  I  o . o  I  o . o  |  1 r . ?  |  1 . o o o  I

1 ns v.cuun cauqe o.o I  o.o I  o,o I  o.o I  14.7 I  1.ooo I

I  L x 2  L x 2  L v r  c n t t l  o . o  J  o . o  I  o . o  I  o o |  1 t . 7  I t . o o o  I

r J z  L N 2  F e e d  o . o  I  o , o  I  o . o  I  r . . ?  I  l  o o o  I

n3 Eurst Di6c

LfT BX TI]BE FLC

I LFT RlrtB C\lA PLt

RI B'I TOBE FLC

I RT BIIITE CVR r,LI I  o . o

I  I  1 ' ' a  l

o . o  I  s - r  |  5 . 1  |  l o . s 3 o  I
o . o  |  2 2 - ' 7  |  l e - e  I  o . 3 s o  I

o . o  s - l  I  s . a  I  I  o . € s o  L

o - o  |  2 2 . ?  1 e , e  |  |  o . a a o

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new'& cold is 0 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.

Hydrotest Dressure calculation based on Pe

:  1 .5*Pe*0 .88 :  l9 .4ps i

Vessel hydrotest pressure is 19.4 psi.

Revision No. 0
Doc- No. V049-t-081
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Weight Summary

corponcnt -------- lrelErtt (rb3) cortllbuted by vessel alcbcntB -_-

r.ret.l xetal ltats Packcd Insul L1n!n9 r'lplrq Llalil.r Elnq6 opor te6t xo..le

| |e r  &  6up Eda & p t . t  r  x l6c  L lgu la l  L rgu ld  !  t lg

],tt b! tubc flg

Llt brtb cvr Pf

tt b6trr cv! Prt

I ' e s s e l  o p e r a t i n q  E € ! g h ! ,  c o l r o d e d :

vessel eEpty welght. colEodcd:

v e s s e l  e l p t y  r e i g h t ,  n e o :

t e e 6 a )  t a s i  E e j g l t .  n a { :

Vessel center of gravity location (from right weld seam)

Vessel Iift weight, new:
Center of gravity io seam:

4,902 lbs
16 in

Roision No. 0
Doc. No. V049-l.O8l
PAseT of 73
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Nozzle Sumnary

( 1 D )  ( r n )  a r ?  a 2 ?

us4r t cotr ^./at

(  1 n )  ( b r  ( i )

BX

LN2

ljl2

3,25  0-7250

o. t ' r5 ( )  ( } .2492

o.375( )

o . 2 5 0 0  0 . 1 9 1 3

o.2500 0 .  t  t l3

o . 2 5 0 0  0 . 1 9 1 3

o.2500 ( } .1913

o - 2 5 0 0  0 . 1 9 1 3

o.2500 0 ,  i ,9 t3

o . 3 ? 5 0  0 . 2 A 9 2

o.oooo lo5.s

o.oooo lo5- 3

o.o&o ar.alpt

o.Oooo creDFt

o-oooo .r.rPt

o.Oooo exerpt

o.oooo . !o!Pt

o.oooo .r.rpt

o.oooo cxanpt

o.oooo crcnpt

v

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickneis
Req t - required vessel lvall thickness due to pressure + corr per UG-37
User t - loc'al vessel wall thickness (near ooenins)
Aa - area availahle per UG-37, loverniirg coiaifion
Ar - area required Der UG-37. qovernins condition
Con - corrosibn alloiwance on no-zzle id. 

"

Re!'ision No. 0
Doc. No. VO49-l{81
Prse 8 of ?3
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Nozzle Schedule

l | a t 6 ! l a l r

lnFct? xorn? P.d lDprct? rorn? rl.nqe

. l e c  t h s t l E  t t o n

, , o o  l D r o . r 2

sl  zao 30aL SIca

sa tao 30aL sr(:r

sa 2ao 30aL rros

9l 2to 30at. ltrcll

sr ?ao 30aL Erclr

aa 2ao 30aL l t rcx

SA 2'O 3O'L IIIGI

S A  2 ' O  3 O ' L  I I I G H

ea zao 30aL srcg

sA 2lo 30aL trrctl

Revision No. 0
Doc. No. V049-l{81
Paee 9 of73
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Thickness Summary

Lcrqlh oi t icq t

(  I n )  ( t n l  ( I n ) statuE str.as

Lft Dntr' cvr prt

Rt bhtt cvt plt

o.2a92 o ,45  cx tc rna l

o .  t913 0 .  a5  c r tc rn . l

o .2a92 o .as  Er tE in r l

o .oooo o .  a5  l r teEn. l

o .oooo o .  a5  ln t€ rna l

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency

Load:
internal - circ stress due to internal pressure governs
external - external pressure governs
wind - combined long stress due to STATUS + wind qoverns
seismic - combined lon! stress due to STATUS + seismic governs

Revision No. 0
Doc. No. V049-l-081
Pflce l0 of73
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KSCRYO.VSL

tOK LFT F&D HD

ASME Section VIII Division l. 1992 Edition, A94 Addenda

Comoonent:
Mateirial specifi cadon :

F&D head
sA 240 304L H|GH

psi @ 400

Outer:0

Apr. r8, 1996

Ro'ision No. 0
Doc. No. V0{9-l{81
Pasc | | of ?3

External design pressure: Pe= 14.7

Corrosion allowance: Inner C = 0

deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW-l l(b) type I
Head to shell seam - Spot Uw-l l(b) type I

Estimated weight:
capaclty:

O D : 8 0  c r o w n  L : 8 0  k n u c k l e r : 4 . 8 t : .375 in (min)

Sfaight flange = 0 forming al lowance:0 in

new : 666.6 corr = 666.6 lb
new -- 771.72 con = 171.72 US ga

B : 4757.7

MAP: (New & at 0 deg F) Appendix l4(d) Eq 4

p : 2*Si.E*t/(M*Ln _ t*(M-0.2)) - ps
: 2* I 6700*0. 85*0.37 5 I (1 .7706*80. 375 - 0.375*(1.7706-0.2)) - 0
: 75.12013 psi

MAWP: (Corroded & at 0 deg F) Appendix l-4(d) Eq 4

P = 2*S+E*V(M,t16 _ 1*(!t_0.2)) _ Ps
= 2i 16?9010. 85*0.37 5 I (r.'17 06*80.375 - 0.375*( 1.7706-0.2)) - 0
= 75.12013 psi

External Pressure: (Corroded & at 4fi) deg F) UG-33(e)

A : .125/(Ro/t)
: .t25 I (80.37 s I 0.2a92\
: 0.000388

From table HA-3:

Pa: B/(Ro/t)
: 47 57 .7 | (80.37 s t0.2492)
:  14.7511psi

Check the external pressure per UG-33(a)(l)

t : 1.67*Pa*Lo+M/(2:tsS*E + 1.67*Pa+(M-0.2))
: | .67 * I 4.'t 5 | l*80. 375,r I . 7706 | e* lg gX+ 1 + | .67 * | 4.7 S I l* (1.77 0f.-0.2))
:0 .119087 in

Design ttickness for external pressure Pa : l4.75ll psi:

t.21.1996
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8OK LFT F&D HD

: t * C o r r o s i o n * f a
= 0 . 2 4 9 2 + 0 + 0
: O.2492 in

Maximum Allowable External Pressure: (Corroded @ 4

Apr. 18, 1996

Retision No. 0
Doc. No. V049-t{81
Pase l2 of T3

A : .125/(Rolt)-- .125 I (80.37 5 t0.37 5)
: 0.000583

From table HA-3: B : 5 l l l

Pa: B/(Ro/t)
:  5l l1l(80.37510.375)
: 23.846 psi

Check the Maximum External Pressure: UG-33(a)(l) & App. l-a(d)

Pe= 2ts+E*/((yx1-s - 1*(M-0.2))*1.67)
= 2* | 4700* 1 *0. 375(( t .?706"80. 375 - 0. 375*( 1.77 06-0.21)* 1.67 )
= 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

3.2r.1996
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S0KSJACKET

ASME Section VIII Division l, 1992 Edition, A94 Addenda

Comnonent:
Matehat specification:

Cvlinder
SA 240 3ML H]GH

Extemal design pressure: Pe= 14.7 psi @ 400

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performec

Radiography: Category A joints - Spot IIW-I l(b) type I
Category B joints - Spot UW-l l(b) type I

new : 871.9 corr: 871.9
new = 1031.462 corr = 1031.462

deg F

in

Estimated weight:
capacity:

OD : 80 length Ir: 48 t: 0.25 in (new)

MAP: (New & at 0 deg F) Appendix l-l(a)

P = Si.E*t/(Ro - 0.4*t) - Ps
: 16700'<0.85*0.251(40 - 0.4*0.2t - 0
=  88 .94 l l l  ps i

MAWP: (Corroded & at 0 deg F) Appendix l-l(a)

P = S*E*V(Ro - 0.4*t) - Ps
: 16700*0.85*0 .251(40 - 0.4'h0.25) - 0
=  88 .94111ps i

External Pressure: (Corroded & at 4(X) deg F) UG-28

UDo : 37l8O :0.a625
From table G:
From table HA-3:

Pa:4*Bi(3*Doit)
: 4*4622.7 | (3*80/0. l9l 3 l)
: 14.7376 psi

Design thickness for external Dressure Pa = 14.7376'psi:

: t * Corrosion
= 0 .19131  +  0
:  0.19131 in

Maximum Allowable External Pressure: (Corroded @ 4(X) deg F)

lb
US ga

LlDo = 37180 =0.4625
From table G:
From table HA-3:

3.2r.1996

Do/t = 80/0.19131 :418.1695
A : 0.000349

B = 4622.1

Do / t : 80 /0 .25=320
A = 0.0053

B = 5026

Rerision No. o
Doc. No. V049-l-08I
Pase l3 of 73
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S0KsJACKET

Pa= 4*B/(3*Do/t)
= 4*5026/(3*80i0.25)
: 20.9417 psi

Revision No. 0
Doc, No. V049-l-081
Pase 14 of73
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tOK RT F&D HD

ASME Section VIII Division l. 1992 Edition. A94 Addenda

Apr. tE, 1996

Revision No. 0
Doc. No. V049-148t
Paee 15 of 73

Component:
Material specifi cation :

External design pressure :

Corrosion allowance: Inner C : 0 Outer= 0

PWHT is not performed

Radiography: Category A joints - Spot UW-l l(b) type I
Head to shell seam - Spot UW-l10) type I

F&D head
SA 240 3O4L HIGH

Pe= 14.7 psi @ 400 deg F

in

new:666.6 con = 666.6 lb
new : 171.72 con - 171.72 US ga

Estimated weight:
capaclry:

OD = 80 crown L: 80 knuckler:4.8 t = .375 in (min)

Straight flange : 0 forming allowance = 0 in

MAP: (New & at 0 deg F) Appendix l-4(d) F4 4

p = 2*s*E*t/(M*Lo _ t*(M-0.2)) _ ps
= 2* t 67,00*0. 85*0.37 5 t (t .77M*80.375 _ 0.375*( 1 .7706-0.2)) - 0
= 75.12013 psi

B : 4757.7

MAWP: (Corroded & at 0 des F) Appendix l4(d) Eq 4

p : 2*S+ExU(M+tn _ t*(M_0.2)) _ ps
= 2* I 6Jg0l0. 8 5*0.37 5 I (t .7 7 M*80. 375 - O.37 5* (1.7 7 06_0. 2D _ 0
= 75.12013 psi

External Pressure: (Corroded & at 400 deg F) UG-33(e)

A = .125(Ro/t)
= . 125 I (80.37 5 / 0.24921
: 0.000388

From table HA-3:

Pa: B/(Roit)
= 47 57 .7 | (80.37 5 10.2492\
: 14.7511 psi

Check the extemal pressure per UC-33(a)(1)

t : 1.67*Pa*In*M/(2+S{'E + 1.67*Pa*(M-0.2))
: 1 .67 * | 4.7 5 I t*90. 375 * 1.7706/(2* I 4?00,r I + 1.67 * 14.7 S I t i(1 .7206_0.2))
= 0.119087 in

Design thickness for external pressure Pa : 14.751 I psi:

3.21.t996
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8OK RT F&D HD

= t *Co r ros i on * f a
: 0 . 2 4 9 2 + 0 + 0
= 0.2492 in

Maximum Allowable External Pressure: (Corroded @ 4(X) deg F)

A : .125/(Ro/t)
: .125 I (80.37 5 I 0.37 5't
= 0.000583

From table HA-3:

Pa- B/(Ro/t)
= 5l I l/(E0.375/0.375)
= 23.846 psi

Check the Maximum External Pressure: UG-33(aX1) & App. l-a(d)
pe= 2*s*E*t/((t** _ 1*.1M_0.2))*1.67)

: 2i I 1?_0101 1 *0. 375/( I . 7706*80. 375 _ 0. 375 +( | .7.1 M4.2))* | .67 )= 46.58239 osi

The maximum allowable external pressure is 23.846 psi.

B  =  5 1 l l

Revision No. 0
Doc. No. V049-l-081
Paee 16 of 73
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BEAM TUBE LFT

Opening nl Reinforccment Calculations Per UG-37

cor ros ion  a l low =  0  in
noz  th ick  new tn=  .25  in
nozz le  id .  new d= 44 .625 in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove we ld  tw2 =  .1875 in

To head center R= 0 in

Apr. It, 1996

Relision No. 0
Doc. No. V049-l{81
Pase l? of ?3

l.ocated on:
hcal vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification: SA 240 304L HIGH

Nozzle onientation: 0 desrees
End of nozzle to datum line: 75 ii'
Nozzle calculated as hillside: no
Projection outside vessel Lpr: 13.275 n

EOK LFT F&D HD
.375 1n
0 psi
Not installed

tn -> l  l<-

l - l < -  d
twl -> |  l< [

l / l  l v--jl-l-'.',

<_ R _>l

-> l  I
I t
| \

l-17

Reinforcemeot Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 in
Normal to the vessel wall ouride 2.5*(m-Cn) + te = .625 in
Normal to the vessel wall inside 2.5s(tir-Cn-O : .625 n

Nozzle required thickness

rn : P*Rn/(Sn'BE - 0.6'tP)
: Q*22.3125t(t6700*l - 0.6*0)
= 0 i n

Required thickness tr from UG-37(a)

tr= P*L:*M/(2*S*E _ 0.2*P)
= 0*.80*1.7706/(2*16700*l - 0.2*0)
: 0 i n

Area required

Allowable stresses: Sn : 16700, Sv = 16?00, psi

frl : lesser of I or Sn/Sv so frl = 1
fr2 : lesser of I or Sn/Sv so fr2 =l

3.2r.1996
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BEAM TUBE LFT

r l : 0 i n ( E : l )
t r 2 = 0 i n
tr3 : 0.0625 in
tt4 :0.328125 n
tr5 : 0.0625 in
16 : 0.0625 in

18, 1996

Revision No. 0
Doc. No. V049-l4tl
Pase lE of 73

A: dr.tr*F a 2xg1*6,rp*(l _ frl)
: 44.625*0,F1 + 2*0.25*0*l+(l _ l)
= 0 in^2

Area available

Al : larger of the following :16.734ln^2

= 0.313 in^2

= d*(El*r-F!rtf) - 2+urr.(El'r.t-F*tr),'.(l-fr 1)
: 14.625* (l *9.37 5 - 1 *0) - 2*0.25 * (l *0.375-l *0)'*( I -l )= 16.134 in^2

= 2*(t+ tn)*(El *t-F*tr) - 2*h*(El *t-F*r.)*(l _frI)
= 2* (0.37 5 + 0,25)*( I *0. 375_ I *0) _ 2*0.25* (1 +O.3tt- 1 *g;*1 I _ I ): .469 in^2

A2 = smaller of the following

= 5*(fi| - trn)+fr2*t
= 5*(0.25 - 0)+1*0.375
= .+69 in^2
: 5*(tn - trn)*fr2*tn
: 5"(0.25 - 0;*1*g.rt
: .313 in^2

A4l = I*s^2*fr2
:0.25'2"t = .063 in^2

Area: A1 + A2 + A4l
: 16.734 + 0.313 + 0.063
: 17.11 in^Z

As Area > A the reinforcement is adequate for MAWP : 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) = 0.175 in
tl(actual) = 0.7*[rs = 0.7fi.25 = 0.175 in
t2(actual) = 0.18751n
tl '+ t2 : 0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness oer UG-4.5(a):
lvall thickness ber Uc-4s(b)(l):
Wall thickness per UG-I6O):
qld pipe wall per UG-4-5(b)(4):
The-ereater of tr2 or tr3:' 

"

The lesser of tr4 or tr5:

3.2r.1996
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BEAM TUBE LFT

Req'd per UC-45 is the larger of trl or b6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle n€ck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Groove weld in tension : 0.74*16700 = 12358 psi
Nozzle wall in shear : 0.?*16700 = 11690 psi -

Inner fillet weld in shear : 0.49* 167ffi = 8i 83 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*45.125t.25*E183 : 144933.7 lbt

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.5'1*44.875*0.25*11690 = 205901.11 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D. *tw*Sg = 1.57 *45.125*0. I 875*12358 = I 64159.6 lbf

Loading on welds per UG-4I(bXl)

W = (A - (d - 2"tn)*(81*r - F*tr))*Sv
: (0 - (44.625 - 2+6.!J;*(t*0.375 - l*0))*16700
:-276332.8tbf

Wl-l : (A2 + A5 + A4l + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
= 6279.21bf

w2-2 = (A2 + A3 + A41 + A43 + 2*tn*r*frl)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.375'rf)*16700
: 9410.45lbf

Load for path 1-l lesser of W or Wl-l :-276332.E lbf
Path l-l Ttru (l) A.G) = 144933.7 + 205901.1 :350834.8 lbf
Path l-l is stronger than W so it is acceptable per UGaIO)(2).

I-oad for path 2-2 lesser of W or W2-2 :-276332.8lbf
Path2-2 i'Iru (l), (4) = 144933.7 + 164t59.6 : 309@3.3lbf
Path 2-2 is stronger than W so it is acceptable per UG4l(bX2).

Reinforcement Calculations for Exteraal Pressure

Limits of reinforcemeot UG-40

Parallel to the vessel wall d = 4.625 n
Normal to the vessel wall outside 2.5*(h-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

3.21.1996
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BEAM TUBE LFT

Nozzle required thickness

UDo : 13.275145.125 = .2942 Dolt = 45.12510.10015 = a50.5742
From tatrle C: A : 0.00051I
From table HA-3: B : 4993.9

Pa: 4'*Bi(3*Do/r)
: 4*499�3.9 | (3t45. 125/0. l00l 5)
: 14.7779 psi

Nozzle required thickness fn : .10015 in

Required tiickness tr from UG-37(0(1) : .2492 in

Area required

Allowable sfresses: Sn = 14700, Sv : 14700, psi

frl : lesser of I or Sn/Sv so frl :1
frZ = lesser of I or Sn/Sv so fr2 :l

Apr. 18, 1996

Revision No. 0
Doc. No. V049-l-0Sl
Pree 20 of 73

4 = Q.Jx(dftr+F + 2:ftn*tr*F*(l - ftl))
= 0.5*(44.625*0.2492*l + 2*0.25*O.249rxl*(l - 1))
: 5.5603 in^2

Area available

A1 : larger of the following : 5.614 in^2

= d*(El *r-F+tf) - 2+ur,k(El *t-F*tr)*(l-frl)
= 44.625* (t*0.37 5_t *O.2492) - 2*0. 25 *( I *0. 375- I *0. 2492)*( I _ I )
: 5.614 in^2

= 2*(t+ tn)+(El,*t-F,tstr) - 2*tn*(EI,tt-F*tr),',( I -fr1)
: 2*(0.375+0.25)*(l'10.375-l +0 .2492) - 2*0.25*(l *0.375- l'r'0.2492)*(l - I )
: -157 n^2

A2 = smaller of the following : 0.187 n^2

= 5*(tn - tm)*fr2x1
= 5*(0.25 - 0.10015)+l*0.375
= .281 in^2

: 5*(h - trn)*fr2'rfi
: 5*(0.25 - 0.10015)*l*0.25
: .187 in^2

A4l : lng^2*fr2
: o.25^2*l = .063 in^2

A r e a : A 1  + A 2 + A 4 l
: 5.614 + 0.187 + 0.063
: 5.86a n^2

3.2r.1996
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As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG45 Nozzle Neck Tfrickness Check

tr l  :0.10015 in (E = 1)
tr2 : 0.0708 in
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0708 in
tr6 : 0.0708 in

ffi = 0.10015 in

= 0.25 in

The nozzle neck thickness is adequate for Pe.

Wall thickness per UG*45(a):
Wall thickness per UG-45(bX2):
Wall thickness ber UG-16(b):
Std piDe wall per UG-45OX4):
The'sieater of tr2 or tr3:' 

' ' '

The fesser of tr4 or tr5:

Req'd per UG-45 is the larger of tl or

Available nozzle wall thickness new. tn

Rwision No. 0
Doc. No- V049-l{81
Pase 2l of 73
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BEAM TUBE RT

Opening BM Reinforcement Calculations Per UG-37

l,ocated on:
l,ocal vessel thickness :
Liquid static head included:
Flange description:

Nozzle material specifi cation :

Nozde orientation:
End of nozzle to datum lhe:
Nozzle calculated as hillside:
Projection outside vessel Lpr:

8OK RT F&D HD
.375 irt
0 psi
Not installed

SA 2,!0 304L HIGH

0 desrees
-35 in
no
21.275 il

Apr- lE, t996

Revision No. 0
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tn  -> l  l<-

l - l < -  d
tw l -> l  l < l

l / l  I  v-'i l 
I t,z

<- R ->l

-> l - l
l l ,
I  t \
I  l -

l-l r

c o r r o s i o n a l l o w = 0 i n
noz thick new tn= .25 in
nozz le  id .  new d= 44 ,625 in
f i l l e t  we ld  tw l  =  .25  in
groove weld tw2 = .1875 in

To head center R= 0 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcemert UG40

Parallel to the vessel wall d : M.625 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6,*P)
: 9*22.3125 | (16700*l - 0.6*0)
=  0 i n

Required thickness tr from UG-37(a)

tr= P*L*M(2rS*E - 0.2,r.P)
= 0*80*1.7?06/(2*16700*l - 0.2*0)
: 0 i n

Area required

Allowable sFesses: Sn = 16700, Sv = 16700, psi

frl = lesser of I or Sn/Sv so frl : I
fr2 : lesser of I or Sn/Sv so ft2 : 1

3.2r.1996
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BEAM TUBE RT

= 0.313 in^2

r r l : O i n ( E : l )
f i 2 = 0 i n
tr3 = 0.M25 n
b4 = 0.328125 in
tr5 : 0.ffi25 in
ffi : 0.0625 in

rE, 1996

Roision No. 0
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A _ d*tr*F * 2*6*6*p*(l _ frl)
= 44.625+0fl + 2*0.25*0{.1:f0 - l)
= 0 in^2

Area available

Al = larger of rhe following = 16.134 in^2

= dr.(El*t_Fr.tr) _ 2*tn,r(El +t_F*b)*(l _fr1)
= {4.E?5{'( l "'p. 375- I *0) - 2'i'6.15+( I *0.375- I *0)*(l - I )= 16.?34 in'2

= 2*(t+fir)*(El *r-Fxtr) - 2,trni.(El *t-F".tr),t(l -frI)
= 2*(0.37 5 +0.25)*(l *0.375_l *0) _ 2*9.!J*(l *0.375- I *0)*(l_l)
= .469 n^2

A2 = smaller of the following

: s*(tn - trn)*fr2*t
: 5*(0.25 - 0)*l*0.375
=, .469 in^2
= 5*(tr - trn)*fr2*tn* 5*(0.25 - 0)*1*6.rt
=  .313 in^2

A4l = l,es^2*fr2
= 0.25'2*t = .063 in^2

Area: Al + A'2 + A41
= 16.734 + 0.313 + 0.063
: 17.11 in^2

As Area > A the reinforcement is adequate for MAWP : 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t, tnin : 0.25 in
tl or t2(min) = lesser of 0.25 or 0.7*tmin. tl(min) = 0.175 in
tl(actual) = 0.7*Les : 0.7*0.25 = 0.175 in'
t2(actual) :0.1875]n
tl + t2 = 0.3625 >: l.25tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
lValt thickness per Uc-a5@)(l):
Wall thickness Der UG-I6O):
Std pipe wall pEr UGaSGXa):
The'sieater of tr2 or tr3:' 

,.

The fesser of tr4 or tr5:

3-21-rw6
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BEAM TUBE RT

Req'd per UG-45 is the larger of trl or ffi : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowablc stresses ia ioints UG-45(c) and UW-15(c)

Groove weld in tension = 0.74*16700 : 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690 psi '

Inner fillet weld in shear = 0.49*16700 = 8i83 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*45.125*0.25*8183 : 144933.7 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn : 1.57*44.875*0.25:*11690 = 205901.I lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D. *tw*Sg : 1.57 !r45. 125*0. I 875*1 2358 = 16al 59.6 lbf

Lnading on welds per UG-41(bX1)

w : (A - (d - 2*tn)*(El,Ft - Fxtr))*Sv
= (0 - (44.625 - 2*9.!J)x(l*0.375 - l+0))*16700
:-276332.8lltf

wl-l = (A2 + A5 + A4l + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
:6279.2tbf

W2-2 : (A2 + A3 + A4l + A43 + 2*tn*t'r.frl)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.375*i)*16700
: 9410.45 lbf

Lnad for path l-l lesser of W or Wl-l =-T16332.8lbt
Path 1-1 Thru (l) & (3) : t44933.7 + 205901.1 = 35083a.8 lbf
Path l-l is stronger than W so it is acceprable per Uc41ft)(2).

Load for path 2-2 lesser of W or N2-2 =-276332.E lbt
Path2-2 Thltt (l), (a\ : t4apf.3.7 + 164159.6 : 3ggm3.3 lbf
Path 2-2 is stronger than W so it is acceprable per UG41(bX2).

Reinforcement Calculations for Extcrnal Pressure

Limits of reinforcement UG-4.0

Parallel to the vessel wall d = 44.625 n
Normal to the vessel wall outside 2.5,r.(h-Cn) + te = .625 in
Normal to the vessel wall inside 2.5+(h-Cn-C) = .625 in

3 .21 .1996
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= 4*.atr2 !.3 t (3* 45. r25 | O. tW29)= 14.8394 psi

Nozzle required thickness an = .10929 in

Required thickness tr from UG-37(d(l) : .292 in

Area required

Allowable stresses: Sn : 14700, Sv = 14200, psi

frl = lesser of I or SrVSv so frl = I
fr2 = lesser of I or Sn/Sv so fr2 : I

Nozzle required thickness

UDo: 21.275145.125 =
From table G:
From table HA-3:

Pa: 4,fB/(3*Do/t)

.4715 Dott = 45.125t0.10929 = 412.8923
A : 0.000347

B : 4595.3

: 5.614 in^2

: 0.176 in^2

Revision No. 0
Doc. No. V0{9-l-0El
Paee 25 of ?3

A :^O:t*(q*qlF -+ 2*tn*tr*Fr.(1 - frl))
= 8.!i6f,;t?j.0.24e2*t + 2*0.2s*6'.24e2*l*(l - l))

Area available

Al : larger of the following

: d*(El:'.t-F*tr) - 2*tn*(El *t-F*tr)+( I _frI)

=ttlltr"ltio37s-r*o.24e2)-2{0.25*(i*0.37s-r*o.2492)*(r-t)
: 2*(t+ tn)*(E I *t-F,'.h) - 2*tn*(El,',t-F*tr),k( I -fr1)
: 2*(0.375+O.25)*(1'F0.375- I *-0 .2492\ - 2*O.'S{O*0.375-t*O.Z4g2)',( l-l):  .157 n^2

A2 = smaller of the following

= 5*(tr - trn)+frf,x1- 5*10.25 - 0.10929)*1,'.0.375
: .264 in^2

= 5+(h - t.n)*fr2*tn
= 5*(0.25 - 0.10929)*1,.0.25
= .176 in^2

441 = l*s^2*ft2
- 0.25'2*l = .063 in^2

A r e a : A l + 4 2 + A 4 l
: 5.614 + 0.176 + 0.063
= 5.E53 in^2

3.2r.t996
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As Area ) A the reinforcement is adequate for Pe : 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG45OX2):
Wall thickness per UG-16(b)r
Std pipe wall per Uc-45(bX4):
The-sieater of tr2 or tr3: 

'

The fesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or

trl : 0.10929 in (E = l)
tr2 : 0.0708 in
fr3 : 0.0625 in
tr4 = 0.328125 in
E5 : 0.0708 in
tr6 = 0.0708 in

f f i :0 .10929in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

Revision No. 0
Doc. No. V0rtg-t{El
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Clean Air Vent

Opening n2 Reinforcement Calculations Per UG-37

Located on:
Local vessel thickness:
Liquid static head included:
Fla,ringe description :

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell certer:
Nozzle offset from center l,o:
Projection outside vessel Lpr:

tn -> I l<-

S0KSIACKET
.25 in
0 psi
Not installed

SA 2,10 304L HIGH

180 desrees
43.25 in
0 i n
3.25 in

Apr. lE, 1996

Revision No. 0
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l - l < -  d  -> l - l' " '- ' lr l ' l  '  l l t-'il-|J,,, 
l-lj

<- L ->l

c o r r o s i o n a l l o t , t = 0 i n
noz th ick  new tn= .125 in
nozz le  id .  new d= 1.5 in
f i l l e t  we ld  tw l  =  . 125  i n
groove weld tw2 = .125 in

To datum L= 24 in

Reinforcement Calculations For Nozzle MAWP

Linits of reinforcement UG40

Parallel to the vessel wall d = 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5{'(tn-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0*0.75l(16700*l - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6,'.P)
: q€9.75(16700*1 - 0.6*0)
=  0 i n

Opening does not require rcinforcement Der UG-36(cX3Xa)

Chect the welds - From UW-16(d):

tnin : lesser of 0.75 or tn or t. tmin : 0.125 in
tl or t2(min) : lesser of 0.25 or O.7*tmin, tl(min) = 0.0875 in
tl(actual) : 0.7*teg = 0.7*0.125 : 0.0875 in

3.21 . 1996
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Clean Air Vent

t2(actual) : 0.125 in
tl + t2 : 0.2125 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a): hl = 0 in (E : l)
Wall thicftness ber UG45(bXl)t tZ = 0 in 

'

Wall thickness per UG-I6O): tr3 = 0.0625 in
Std pipe wall per UG45(bX4): t4 : 0.126875 in
The sreater of tr2 or tr3: tr5 : 0.0625 in
The lesser oftr4 or tr5: ffi = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness rew, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(bX2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to tlte vessel wall d : 1.5 in
Normal to the vessel wall outside 2.S*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tri-Cn-C) = .3125 in

Nozzle required thickness

L/Do : 3.2511.75 : 1.8571 Doit : 1.7510.00746 = 234.5845
From tabte G:
From table HA-3:

Pa: 4*B/(3*Do/t)

A :0.000197
B :2594.7

: 4*259 4.t I (3* 1. 7510.00746)
= 14.1478 psi

Nozzle required thickness trn : .00746 in

Required thickness a from UG-37(dXl) = .1913 in

Opening does not require reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Neck Tiickness Check

Apr. lE,  t996

Revision No. 0
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trl
t2
tr3
tr4
15

= O.AO722 in (E = l)
: 0.0398 in
= 0.0625 in
: 0.126875 in
: 0.0625 in
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The lesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness now, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(bX2)

R€t/isiotr No. 0
Doc, No. V049-t-081
Pase 29 of 733.2r.t996
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GN2 Vent

Onening GN2 Reinforcement Calculations Per UG-37

[.oc8ted on:
Local vessel thickness :
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center In:
Projection outside vessel Lpr:

"l-l

l l )
a-

Reinforcemeot Calculations For Nozzle MAWP

Limits of reinforcement UG-40

tn

twl->

SOKSJACKET
.25 n
0 psi
Not installed

SA 240 3O1L HIGH

0 derees
43.25 in
0 i n
3.25 in

coffosion a'l low = 0 in
noz th ick  new tn= .125
nozzle id, new d= 3 in
f i l l e t  we ld  tw l  =  . 125
groove weld twz = .125

To datum L= 36 in

Apt- rE, 1996

Rwision No. 0
Doc. No. V0,19-l{81
Pase 30 of73

l n

l n
l n

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5"'(h-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Nozzle required thickness

trn : P*Rn/(Sn*E - 0.6*P)
: o*1.51(167N*l - 0.6+0)
: 0 i n

Required thickness tr from UG-37(a)

tr: P*P./i(S*E - 0.6*p)
: 0*39.751(16700*1 - 0.6*0)
: 0 i n

Onening does not require reinforcement per UG-36(c)(3Xa)

Check tbe welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmin : 0.125 in
tl or t2(min) : lesser of 0.25 or o.7*tmin, tl(min) : 0.0875 in
tl(actual) = 0.7*Leg : 0.7*0.125 = 0.0875 in

3.21-t996
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GN2 Vent

t2(actual) : 0.125 in
tl + t2 : 0.2125 >= 1.25*tmin

The weld sizes for tl and € are satisfactory.

UG-,45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl : 0 in (E = l)
Wall thickness ber Uc-45(b)(l)i t2 = 0 in 

'

Wall thickness per UG-16ft): h3 = 0.0625 in
Std pipe wall pir UG-a5(b)(a): tr4 : 0.189 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The fesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of tr1 or tr6 = 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(b)(2)

Reiaforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5+(Ur-Cn-C) = .3125 in

Nozzle required thickness

L /Do=3 .2513 .25= l
From table G:
From table HA-3:

Dolt = 3.25t0.01078 = 301.4842
A : 0.000253

B : 3340.3

Pa: 4*B/(3*Do/t)
: 4*3340.3 I G*3.2510.010?8)
: 14J727 psi

Nozzle required thickness trn : .01078 in

Required thickne.ss tr from UG-37(dXl) : .1913 in

OpeninF does not require reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Neck Thickness Check

Wall thickness oer UG-45(a):
Wall thicfrness i,er UG45O)(2):
Wall thickness per UG-16(b):
Std pipe wall pdr UG-a5Q)@):
The greater of tr2 or tr3:

3-21-ty)6

bl : 0.01032 in (E = l)
tr2 : 0.0398 in
tr3 : 0.0625 in
tr4 : 0.189 in
tr5 : 0.0625 in

Apr. 18, t996

Rgr{sion No. 0
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GN2 Vent

The lesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of tr1 or tr6 = 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld shenglh calculations per UW-15(b)(2)

Rerision No. 0
Doc. No. V0{9_t{81
Pree 32 of 73
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GN2 Feed

Opening GN2 Reinforcement CalcutaEqos Per UG-37

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End ofnozzle to sbell center:
Nozde offset from center Lo:
Projection outside vessel Lpr:

tn ->

SOKsJACKET
.25 in
0 psi
Not installed

SA 2,+0 3OtL HIGH

0 degrees
43.25 in
0 i n
3.25 in

c o r r o s i o n a l l o r t , = 0 i n
noz  th ick  new tn=  . Ies
nozz le  id .  new d= 3  in
f i l l e t  we ld  tw l  =  .125
groove weld twZ = .125

To datun L= 29 in

twt-> 
i,

< - L

tw2

->l
| )

i n

i n
i n

Reinforcement Calculations For Nozzle MAWp

Limits of reinforcement UG-40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) * te = .3125 in
Normal to the vessel wall inside 2.5+(til-Cn-C) = .3125 in

Nozzle req uired thickness

trn: P*Rni(Sn*E - 0.6*P)
: 0*1.5(16700*l - 0.6*0)
: 0 i n

Required thickness tr from UG-3?(a)

r.: P*P,/(S*E - 0.6,rP)
= O*39.751(16700*l - 0.6't0)
: 0 i n

Opening does not require reinforcement Der UG-36(cX3Xa)

tmin : lesser of 0.75 or tn or t, tmin : 0.125 in
tl or t2(min) = lesser of 0.25 cir Q.?{.tmin. t(min) = 0.0875 in
tl(actual) = 0.7*[rg = 0.7t.125 = 0.0875 in

3-21.1996
Ro.ision No. 0
Doc. No. V049-l{Bt
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GN2 Fe€d

t2(actuat) = 0.125 in
tl + t2 : 0.2125 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Chect

Tr'all thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness ier UC-16(bi:
Std pipe wall pEr UG-45(bX4):
The ereater of h2 or tr3:
The lesser of tr4 or tr5:

t r l = 0 i n ( E = l )
t r 2 : 0 i n
f3 : 0.0625 in
tr4 : 0.189 in
tr5 : 0.0625 in
ffi : 0.0625 in

18, 1996

Revision No. 0
Doc. No. V049-l{Bl
Pase 34 of 7i

Req'd per UG-45 is the targer of trl or tr6 : 0.0625 in

Available nozzle wall thickness new. tn = 0. 125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(b)(2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(ui-Cn-O = .3125 in

Nozzle required thickness

L/Do = 3.2513.25: 1
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4*3.340. 3(3 *3. 2510. 01078)
: 14.7727 psi

Nozzle required thickness bn = .01078 in

Opening does not require reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Neck Thickness Check

Dolt : 3.2510.01078 : 301.4842
A : 0.000253

B = 3340.3

= 0.01032 in (E : t)
= 0.0398 in
: 0.0625 in
= 0.189 in
= 0.0625 in

Wall thickness per UG-45(a):
Wall thickness irer UC-45O)(2):
Wall thickness per UG-166):
Qld pipe wall pir Uc-45ft)(4):
The greater of f2 or tr3:

3.2t-1996

trl
tr2
tr3
tr4
tr5
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GN2 Feed

The lesser of tr4 or b5: ffi : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness n€w, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(b)(2)

Revision No. 0
Doc. No. V049-148I
Paee 35of?33.2r.t996
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Burst Disc

ODening n3 Reinforcement Calculations per UG-37

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material qrecifi cation :

Nozzle orientation:
End of nozzle to shell center:
Nozde offset from center Lo:
Projection outside vessel Lpr:

SOKsJACKET
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 desrees
43.23 in
0 i n
3.25 in

tn -> l  l<-

l - l < -  d
twl-> |  l< l

l / l  I  v----i 
l- | -1''2

<_ L _>l

"l-l

l l )
c o r r o s i o n a l l o l ' r = 0 i n
noz  th ick  new tn=  .125 in
n o z z l e  i d .  n e w  d =  2 . 5  i n
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove weld tw2 = .125 in

To datum L= 22 in

Reinforcement Calculations For Nozzle MAWp

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5{,(rn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5,r.(d-Cn-C) = .3125 in

Nozzle required thickness

tm = P*Rn/(Sn,FE - 0.6*P)
= 0*1.25l(16700*l - 0.6*0)
: 0 i n

Required thickness tr from UG-32(a)

tr: P*R/(S*E _ 0.6*P)

- $lfle.zstttozoo*l 
- 0.6*0)

trnin = lesser of,0.75 or tn or t, tmin = 0.125 in
tl or t2(min) : lesser of 0.25 or O.7+tmin. tl(min) = 0.0875 in
tl(actuaD : O.1*l.f"g = 0.7*0.125 = 0.082S in

3.2r.1996
REvision No. 0
Doc. No. V049-t{8t
Pase 36 of 73

Opening does not require reinforcement per UG-36(cX3)(a)

Cbeck the welds - From UW-
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Burst Disc

t2(actual) : 0.125 in
tl + t2 : 0.2125 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG45 Nozzle Neck Thickress Check

Apr. lE, 1996

Revision No. 0
Doc. No. V049-l{81
Paee 37 of?3

Wall thickness per UG45(a):
Wall thickness per Uca5@)(l):
Wall thickness oer UG-16ft):
Std pipe wall par Uc-45(bX4):
The sreater of f2 or tr3:
The lesser of tr4 or n5:

r l = O i n ( E : l )
t r 2 : O i n
13 = 0.0625 in
t4 :0.177625 in
ffi : 0.0625 in
ffi = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(b)(2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-()

Parallel to the vessel wall d = 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 n

Nozzle required thickness

L/Do : 3.2512.75 : l.18l8 Dolt = 2.7510.W75 = 282.0513
From table G:
From table HA-3:

A : 0.000238
B : 3140.5

Pa= 4*B/(3*Do/t)
-- 4* 3 | 40. 5 | (3*2.7 5 I 0.W97 5\
: 14.8,{6 psi'

Nozzle required thickness trn = .00975 in

Required thichess tr from UG-37(dXI) : .1913 in

ODening does not require reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Neck Thictness Checl

Wall thickness per UG45(a): ul
Walf thickness ber UC45(b)(2)i t2
Wall thickness per UG-16(b): rr3
Std pipe wall per UGasft)(a): tr4
The greater of tr2 or b3: tr5

3.21.t996

: 0.00938 in (E :
= 0.0398 in
: 0.0625 in
: 0.177625 in
: 0.0625 in

1)
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The lesser of tr4 or trs:

Burst Disc

tr6 = 0.0625 in

Req'd per UG-45 is the larger of trl or ffi : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(b)(2)

Revision No. 0
Doc. No. V049-I-0EI
Paee 38 of ?3
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Elcc Instrmntion

ODening n4 Reinforcement Calculations Per UG-37

lrcated on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center I-o:
Projection outside vessel Lpr:

Apr. rE, 1996

80KTIACKET
.25 in
0 rrsi
Not hstalled

SA 240 3O4L HIGH

15 desrees
43.2{n
0 i n
3.25 n

tn -> l  l<-

l - l < -  d
tw l ->  |  l < l

l / l  I  v- . - t t -
\ l  I  twe

<- L ->l

"l- l
| \

l_17

0  i n
. 125  i n
2 . 5  i n
. 1 2 5  i n
. 1 2 5  i n

cor ros ion  a l Iow =
noz thick new tn=
nozz le  id .  new d=
f i  I  le t  we ld  tw l  =
groove weld tw? =

To datunr L= 22 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG40

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5+(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(ti-Cn-O : .3125 in

Nozzle required thickness

trn: P*Rn/(Sn*E - 0.6*P)
: o*1.251(1670/)x,1 _ 0.6{.0)
: 0 i n

Required thickness tr from UG-37(a)

b: P*F\/(S*E - 0.6*P)
= 0*39.751(16700*l - 0.6*0)
: 0 i n

Opening does not require reinforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmin : 0.125 in
tl or t2(min) = lesser of 0.25 or 0.7*tmin, tl(min) : 0.0875 in
tl(actual) = 0.7*teg = 0.7+0.125 = 0.0875 in

3.21.1996
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Elec Instrnntion

€(actuaD = 0.125 in
tl + Q = 0.2125 >= 1.25*tmin

The weld sizes for tl afl|dA are satisfactory.

UG-45 Nozzle Neck Thickness Check

t r l = O i n ( E : 1 )
tr2 = 0in
13 = 0.0625 in
t4 = 0.177625 in
h5 : 0.0625 in
tr6 : 0.0625 in

ffi : 0.0625 inReq'd per UG-45 is the larger of trl or

Available nozzle wall thickness n€w, tn = 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld streng$ calculations per UW-15(b)(2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Nozzle required thickness

L/Do : 3.2512.75: 1.1818 Do/t :  2.7510.00975 : 282.0513
From table G:
From table HA-3:

A = 0.000238
B : 3140.5

Pa: 4*B/(3*Do/t)
= 4*3 140.5(3*2.7 5 I0.W97 5)
: 14.846 psi'

Nozzle required thickness trn : .0@75 in

Required thickness tr from UG-3?(dXl) - .1913 in

Opening does not require reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Neck Thictness Check

Wall thickness Der UG-45(a):
Wall thickness ber Uc-45O)(2):
Wall thickness ircr UC-teOl.
Sld pipe watl pir Uc45(b)(4):
The greater of tr2 or tr3:

3.2t.t996

= 0.0@38 in (E = l)
= 0.0398 in
: 0.0625 in
= 0.177625 n
: 0.0625 in

fl
t2
fr3
tr4
u5

R€visiotr No. 0
Doc. No f/049-t{SI
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The lesser of tr4 or tr5:

Elec Instrmntion

tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzte wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld shength calculations per UW-15(b)(2)

Revision No. 0
Doc. No. V049-I4EI
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Vacuum Gauge

Opening n5 Reinforcement Calculations Per UG-37

Apr. l t , 1996

Located on:
local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center [o:
Projection outside vessel Lpr:

S0KsJACKET
.25 in
0 osi
Not installed

SA 240 3O4L HIGH

0 deqrees
43.25 n
0 i n
3.25 n

tn -> |  l<-

l - l < -  d
t w l - > l . l < l

l l l  I  v

\ l  I  twz

<- L ->l

- ' l l

l l )
coffosion al low = 0 in
noz thick net. ' ,  tn= .125 in
nozz l e  i d .  new  d=  1 .5  i n
f i I l e t  we ld  tw l  =  . 125  i n
groove weld tw? = ,125 in

To datum L= 15 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcenent UG-40

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(m-Cn) + re = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required thickness

trn : P*Rn/(Sn*E - 0.6*P)
= 0*0.75l(16700*l - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

tr: P*PJ(S*E - 0.6,rP)
= O*39.751(16700*l - 0.6*0)
= 0 i n

Opening does not require reinforcement ller UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.125 in
tl or €(mio) : lesser of 0.25 dr 0.7*tmin, tl (min) = 0.0875 in
tl(actual) = O.1*|.eE: 0.?{'0.125 : 0.0875 in

3.2r.1996

Revision No. 0
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Vacuum Gauge

t2(actual) = 0.125 in
tl + t2 : 0.2125 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

t r l : 0 i n ( E : l )
t r 2 : 0 i n
13 : 0.0625 in
tr4 :0.126875 in
tr5 : 0.0625 in
ffi : 0.0625 in

Req'd per UG-45 is the larger of trl or E6 = 0.0625 in

Availahle nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt hom weld strength calculations per UW-15(bX2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5"(tn-Cn-C) = .3125 in

Nozzle required thickness

L/Do : 3.2511.75 : 1.8571 Doit : 1.7510.00746 : 234.5845

Apr. It, 1996

From table G:
From table HA-3:

A = 0.000197
B :2594.7

Pa: 4*B/(3*Do/t)
: 4*259 4.7 I (3* 1 .7 5 | 0.W7 46\
: 14.7478 psi

Nozzle required thickness trn = .(M46 in

Required thickness tr from UG-37(dXl) : .1913 in

Opening does not require reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a):
Wall thickness ircr Uc45(b)(2):
Wall thickness |er UG-16fti:
qld pipe wall per-UG-4s@)(a):
The greater of tr2 on tr3:

3.2r.1996

trl : 0.00722 in (E : 1)
tr2 = 0.0398 in
tr3 : 0.0625 in
tr4 : 0.126875 in
tr5 : 0.0625 in

levision No. 0
*No uooo-rrr,
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The lesser of tr4 or tr5:

Vacuum Gauge

tr6 = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld stength calculations per UW-15(b)(2)

Revision No. 0
Doc. No. V0,19-l{81
Prse 44 of 7.33.2r.1996
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LN2 Lvl Cntrl

Owning LN2 Reinforcement Calculations Per UG-37

lncated on:
Local vessel thickness:
Liquid static head included:
Slenge description:

Nozzle material specifi cation :

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center l-o:
Projection outside vessel Lpr:

S0KSJACKET
.25 in
0 psi
Nbt installed

SA 240 3O4L HIGH

345 deerees
43.25 in
0 i n
3.25 in

18, 1996

Revision No. 0
Doc. No. V0{9-t{8t
Paee 45 of?3

tn -> | l<-

l -  l < -  d
tw l ->  |  l< l

I r l  |  ,- . - t t _
\ l_l-twz

q-  1  
"y1

'll; corros ion a l low = 0 in
noz th ick  new tn= .125
nozz le id .  new d= 2 in
f i l l e t  we ld  tw l  =  . 125
groove weld tw2 = .125

To datum L= 36 in

i n

i n
i n

Reinforcement Calculatioas For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 2 in
Normal to the vessel wall outside 2.s*(ul-Cn) * te = .3125 in
Normal to the vessel wall inside 2.s*(m-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0*l/(16700*l - 0.6,10)
: 0 i n

Required thickness tr from UG-37(a)

h= P*R/(S*E - 0.6*P)
= 0*.39.751(16700+1 - 0.6*0)
: 0 i n

Opening does not require reinforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

trnin : lesser of 0.75 or tr or t. tmin = 0.125 in
tl or t2(min) : lesser of 0.25 <ir O.7*tmin. tl(min) = 0.0875 in
tl(actual) = 0.7*I€g : 0.7*0.125 = 0.0875 in

3.2t.1996
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LN2 Lvl Cntrl

tz(actual) : 0.125 in
rl + € : 0.2125 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness oer UG-45{a):
Wall thickness ber UG-+SiU)(t):
Wall thickness ber UG-I6ft):
Std pipe walt pir Uc-45(b)(4):
The greater of n2 or ts3:
The lesser of tr4 or h5:

t r l : O i n ( E : l )
t r 2 : O i n
tr3 = 0.0625 in
rr4 : 0.13475 in
tr5 : 0.0625 in
ffi = 0.0625 in

Req'd per UG-45 is the larger of trl or ffi = 0.0625 in

Available nozzle wall thickness n€w, tn : 0.125 in

The nozzle neck thickness is adequate for MAWp.

Exempt from weld strength calculations per UW-15(b)(2)

Reinforcement Calculations for External pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2 in
Normal to the vesse! wall ouside 2.5{,(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5+(tiFCn-C) : .3125 in

Nozzle required thickness

LlDo : 3.2512.25 : 1.4444 Dolt = 2.25t0.0A869 : 258.9183
From table G:
From table HA-3:

A:0.000219
B :2887.4

Pa: 4*B/(3*Do/t)
: +*2pq7 .4 | \3*2.25 t0.ffi869)= 14.869 psi'

Nozzle required thickness hn : .00869 in

Required thickaess tr from UG-37(dXl) : .1913 in

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a): rl
Wall thickness per UGa5@)(2): trz
Wall thickness per UG-I6O): tr3
lld pipe wall per UG45(b)(4): v4
The greater of u2 or tr3: tr5

3.2r.1996

: 0.fl)869 in (E =
: 0.0398 in
: 0.0625 in
:0 .13475 in
: 0.0625 in

l )
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LN2 Lvl Cntrl

The lesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for pe.

Exempt from weld strength calculations per UW-15(b)(2)

Revision No. 0
Doc. No. V049-l-081
Pase 47 of 73
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LN2 Feed

Opening LN2 Reinforcement Calculations Per UG-37

tt, t996

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to datum line:
Nozzle calculated as hillside:
Projection outside vessel Lpr:

8OK LFT F&D HD
.3'�15 in
0 psi
Not installed

SA 240 3O4L HIGH

90 desrees
55.91607 in
no
0.001 in

tn -> | l<-

l - l<-  d
twl-> |  l< l

t / l  I  v-'\ 
l-l-',,,

A

< R  _> l

*l-l
l l r
l_17

corros ion a l lo ! ,  =  0  in
noz th ick  new tn= .125 in
nozz le  id .  new d= 2.375 in
f i I l e t  we ld  tw l  =  . I 25  i n
groove weld twZ = .125 in

To head center R= 30 in

Reinforcement Calculations For Nozzle MAWP

Limits of reiaforcement UG40

Parallel to the vessel wall d : 2.375 in
Normal to the vessel wall outside 2.s*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5+(tn-Cn-C) = .3125 in

Nozzle required thickness

rn: P*Rn/(Sn+E - 0.6*P)
= 0*1.1875/(16700*l - 0.6*0)
=  0 i n

Required thicktress tr from UG-37(aXl)

tr: P:;L*M/(2*S*E _ 0.2*P)
: 0*80*l/(2i,16?00*l _ 0.2*0)
: 0 i n

Opening does not require reinforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0. 125 in
tl or t2(min) = lesser of 0.25 or 0.7*tmin, tl(min) = 0.0875 in
tl(actual) = 0.7+tr8 :0.7*0.125 = 0.0875 in

3.2t.1996
Revision No. 0
Doc. No. V049-l4El
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LN2 Feed

t r l  :O in (E  =  l )
t r 2 : 0 i n
a3 : 0.0625 in
t4 : O.l?7625 in
tr5 = 0.0625 in
ffi = 0.0625 in

tr6 : 0.0625 in

lE, 1996

Revision No. 0
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t2(actual) = 0.125 in
tl + Q = 0.2125 > = 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall tlickness per UG-45(a):
Wall tlickness per UG-a5(b)(l):
Wall thickness per UG-16(b):
Std pipe wall per UG-as@Xa):
The ereater of tr2 or tr3:
The lesser of tr4 or trs:

Req'd per UG-45 is the larger of trl or

Available nozzle wall thickness tew, tfl : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(bX2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2.375 n
Normal to the vessel wall outside 2.5+(tl-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Nozzle required thickness

L/Do : .ffi1t2.625 : .000a Doft : 2.625t0.Cf,437 :600.6865
From table G:
From table HA-3:

A : 0.002696
B : 6661.5

Pa= 4:*B/(3*Do/r)
= 4* 6661.5 I (3*2.625 I O.0f/.3'1\
= 14.7864 psi

Nozzle required thickness trn : .fiX37 in

Reauired thickness tr from UG-3?(dXl) = .2492 in

Opening does not require reinforcement Der UG-36(cX3Xa)

UG45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UGa5(b)(2):
Wall thickness per UG-166):
Std pipe wall per UG-a5@)(4):
The greater of tr2 or tr3:

3.2r.1996

0.00301 in (E : l)
0.04 in
0.0625 in
0.177625 iD,
0.0625 in

trl :
tr.2:
tr3 :
t r4=
tr5 =
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LN2 Feed

The lesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new. tl : 0.125 in

The nozzle neck thickness is adequaie for Pe.

Exempt from weld stength calculations per UW-15@)(2)

rE, 1996
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Support Ring

Stiffening Ring Calculations Per UG-29

ASttE S".tioo Vttt Oi"irioo l. lgg2iitioo. A9l Add"od"

SuDnort Rins
sA 240 304t HrcH
2
4 i n
37un

4x3xll4 Un Equal Ans
lee in (hard wav)
r:6e ii^2
2.77 in^4

Calculations for ring 4 in from datum

Identifier:
Ring material specification:
Number of rinss in this erouo:
Distance fnst frng to datim line:
Ring spacing:

Rine descrintion:
Rin! is rollbd:
Rinq cross sectional area:
Rin! moment of inertia:

Shell material srrecifi cation:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn Dressure:
Stiffener supforied length :

A s :
I r =

SA 240 3O4L HIGH
t :  0 .19131 in
ts : 0.25 in
D o = 8 0 i n

: 4 0 0 d e g F
P = 14.7 psi
Ls = 22.72495 n

B : .75*(PtDo/(t + As/Ls))

: r11;1f*,J.*(0. 
rer3 I' + r.6e t22.724es))

From table HA-3 (ring) A = 2.5146A4E44

Required moment of inertia of the combined ring-shell section

Is= (Do^2*Ls*(t + As/Ls)*A)/10.9
= (qo_^ ?:?2 7 2!95 * (0. I 9 I 3 l' + | .69 t 22.7 2495 ) *2. 5 I 46OtE_04y I 0. 9
= .891417 in^4

Available moment of inertia of the combined ring-sbell section

Shell width contributing smaller of : 4.91935

w = l.li.sor(Do*ts)
: 1.1*Sqr(8b*0.25)
= 4.91935 in

W : Ls :22.72495 n

Shell area Al : W*ts -- 1.229837 n^2

Distance to the ring neubal axis

3.2r.1996
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Support Ring

Y2 : Rine NA + ts/2:2.76 + 0.2st2
: 2.885 in

Neutral axis of combined section

NA :As *Y2 l (A l+As )
= l.qgi?.E85/(r.229837 + 1.69)
: 1.669836 in'

Inertia ofthe shell about the combined section NA

I l :W* t s ^3 /12+A1*NA^2
= 4.91935t.25^ 3l 12 + 1.229837*1.669836^ 2
= 3.435626ir^4

Inertia of the ring about the combined section NA

1 2 : I r * A S * ( N A _ y 2 ) ^ 2-- 
?.77 + 1.69+(1.669836 - 2.885)^2

= 5265a% n^4

Total available I = Il + 12 = 8.701118 in^4

The 4x3xl/4 Un Equal Ang vacuum stiffener is satisfactory.

SA 240 3O4L HIGH
0. l9 l3 l  in
0.25 n
80 in

Apr. lE, 1996

Re!'ision No. 0
Dtr. No. V049-l-OEt
Pree 52 (}f 73

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn nressure:
Stiffener supi'orted length:

B : .7S*(P*Do/(t + As/Ls))
: .75*(14.7'r '80/(0.19131 r
: 3378.368

From table HA-3 (ring)

t
t s ,
Do

: 400 deg F
P : 14.7 psi
Ls = 24.22495 in

r.69124.22495))

A: 2.5585328-M

Required moment of inertia of the combioed ring-shell section

Is: (Do^2*Ls*(t + As/k)*A)/ l0.g
= (10_:?:21.?2!?5 *(0. I 9 I 3 I + | .69 | 24.22495)*2. 55 8532E-04y I O. 9: .9500989 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.91935

W: I .l *Sqr(Do*ts)

3.2r.1996
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Support Ring

= l. l*Sqr(80*0.25)
= 4.91935 in

W : Ls :24.22495 in

Shell area Al = W*ts : 1.229837 in^Z

Distance to the ring neutral axis

Y2 : Rine NA + ts/2:2.76 + O.2st2
: 2.885 in

Neutral axis of combined section

NA=As*Y2l (A l  +As)
= !.qgi?.881(r.229837 + 1.69)
: 1.669836 in'

Inertia of the shell about the combined section NA

I1  =W* t s^3 /12+A1*NA^2
= 4.91935*0.25^3ll2 + 1.229837*1.ffi9836 2= 3.435626 n^4

Inertia of the ring about the combined section NA

D: l r  +  As * (NA-Y2 ) ^2: ?.77,_! ! ge:(1.66e836 - 2.885)^2: 5.265493 in^4

Total available I : Il + 12 : 8.701118 in^4

The 4x3xl/4 Un Equal Ang vacuum stiffener is satisfactory.

Revision No. 0
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Pressure Summary

Pressure summary for pressure chamber I

l  x o r r l c  I  T  I  x F p  l  x ^ F  I  P c  l o c - e e  I

I  s t l tus I  dcalgr  |  |  l . r t . tn. r l  Fr t . ro I

I  ( u c - . 5 1 | ( d . e  F )  |  ( p s r )  |  ( p s t )  I  ( p d t )  |  |

ocs-46 lcoEro6to. I

lr.rFtron ot l^rro!!r@ |
(d.g F) st!.rE a.<tuctto! | (t!) I

nr [luEPout Port

I xot .pptlcabl.

I Dot .ppltc.bl..

I tiot .PPt_tc.bra

I Not rpDltclbl.

I  o.ooo I

I  o.ooo I

|  |  o - o  |  7 s . 1  |

I  I  o . o  I  1 5 ? . s  I
I  o k  I  o . o  |  1 o 5 . "  I

|  |  o . o  I  o . o  I

7 5 . !  |  2 3 . A  I  r . O O O  I

ta ' r .9  |  56 .3  |  1 .OOO I

1 O 5 . 7  |  3 e . a  |  1 . O O O  I

o . o l  l o . r r o  I

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowable external pressure is 23.85 psi @ 400 degrees F.

= 1.5*Pe*0.88 - 31.5 psi

Vessel hydrotest pressure is 3l .5 psi.

R.ision No. 0
Doc. No. V049-l{El
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Weight Summarv

_- - - - - -  $c lgh t  ( tb3)  cont r lbu t .d  by  vc66c !  E t6n .n ta  - - -__- - -

rot.I raet:l tr.tE PackEd hsul LthtDq PIPIng hddci RIng6 OP.t r6t ||ottl.

lr.u cor! r BUF B.d3 r pl.t & '|lrc llquld Llquld . llg

154

22t

35t

223 o

vessel op--rltlng Netght, cortodeal; 1,262 ltrg

o

1 a

1432

tt?6

v.3r.l .!pty cetght, coErodcdr

vesscl c!pt' Felght, ner:

vcs3.I t.st Qetgbt, nc! r

Vessel center of graviW location (from right weld seam)

Vessel lift weieht. new:
Center of gravity io seam:

I,262 lbs
19.4 in

Reyisioa No. 0
Doc. No. V049-1481
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Nozzle Summarv

Apr. 18, 1996

( r h )  (  t n )  ^ r ? ( - t r l  ( i t

10.50  O.25OO O.1a1 'A  y y  O , 2 f r O O  O . 1 6 6 ?

tn - nozzle thickness
Req tn - nozzle thickness required per UG45/16
Nom t - vessel wall thickness
Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - Iocal vessel wall thickness (near opening)
Aa - area available Der UG-37. qoverning condition
Ar - area required fer Uc-37,'gbverninfcondition
Corr - corrosion allowance on nozzle id.

Rerdsion No. 0
Doc. No. V049-t.,081
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Nozzle Schedule

ta.tcrirl3

xorrle rrFac!? xot!? P.d l|rp.ct? taoln?

to.oo IDro.25 aa 2ao loa|-  aICn

Rwision No. 0
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Thickoess Summarv

ID L.rgGrr lfo! t

( t n )  (  I n ) (  l n )  E

cov.!n!,r|g

Lotd lrt.tuB Strcas

o . t " 5 0  0 . 3 7 5 0  0 . t 5

o .2500 0 .2500 0 .  a5

7 9 . 2 5

35.  OO

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency

Load:
internal - circ stress due to internal pressure govems
external - external Dressure qoverns
wind - combineil long srEss due to STATUS * wind governs
seismic - combined long stress due to STATUS + seismic govems

Revision No. 0
Doc. No. V0!tg-l.oEl
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HD t0Ks

ASME Section VIII Division l. 1992 Edition, A94 Addenda

ComDonent:
Material specifi cation :

Corrosion allowance: Inner C

Radiography: __Cat-egory A joins - Spot UW-ll(b) rype I
Head to shell seam - Spot LfW-llO) ryirc I

Estimated weight:
capacrry:

new:666.6 corr :666.6 lb
new : 171.72 con - l?1.72 US ga

OD : 80 crownL : 80 knuckler = 4.8 t = .375 in (min)

Straight flange : 0 forming allowance : 0 in

MAP: (New & at 0 deg F) Appendix l-4(d) F{ 4

F&D head
SA 240 3O4L HIGH

:0 Outer= 0 in

PWHT is not performed

P =-2iS-1E1t/(M*L.o - t*(M-0.2)) - ps
: ?i r.619910 q s*o.3'1 s I (t .7 7 66*80. 375 - 0.37 s* (1 .7 7 06|0.2)) - 0:75 .12013 ps i

MAWP: (Corroded & at 0 deg F) Appendix l-{(d) Eq 4

P =-?is-1E11/(N4tLo 1!l(M-0.2)) - ps
: 2* 1610010. 8 s*0.37 5 I (t .7 7 6*80. 3?5 - 0.37 5* (l .7 7 M-0.2)) - 0:75.12013 psi

Maximum Allowable Exteraal pressure: (Corroded @ 4(X) deg F)

A = .125l(Ro/t)
= .t2st(80.375t0.375\
= 0.ffi0583

From table HA-3:

Pa: B/(Ro/t)
:5111/(80.37510.375)
= 23.846 psi

Check the Maximum External heszure: UG-33(a)(l) & App. l-a(d)

Pe= 2*S{'E+U(Mi'I-o - t'*(M-0.2))*1.62)-- 
z:r !lp: |. 9.37 s t ((r.7 7 6* 86. 3?5 -' 0. 375* ( I . 7 7 M 4.2))* | .67 ): 46.5E239 psi

The maximum allowable external pressure is 23.846 psi.

B  =  5 l l l

Rct/ision No. 0
Doc. No. V049-l-081
P',ze 6l of 73

3.2r.1996



COMPRESS 5.53 C:\COMpRESS\CRYOPMPS\E0KSRTBM.VSL Apr. 18, 1996

Beam Tube RT

ASME Section VIII Division l. 1992 Edition. A94 Addenda

Comoonent:
Matehal specification:

Cvlinder
SA 240 3O4L HIGH

Corrosion allowance: Inner C = 0 Outer:0 in

PWHT is not performed

Radiography: 9ategory | jolnts - Spot UW-l l(b) type I
Category B joints - Sirot Uw-l lO) ri,ire I

Estimated weight:
capacrry:

new = 357.7 corr = 357.7 lb
new = 236.975 con = 236.975 US ga

lD = 44.625 length Lc: 35 t : 0.25 in (new)

MAP: (New & at O deg F) UG-2?(cXl)

P = S * E * I / ( R + 0 . 6 * t ) - P s
= 16700*0.85*0.251(22.3125 + 0.6x0.25) - 0= 157.9855 psi

MAWP: (Corroded & at 0 deg F) UG-27(cXl)

P : S*E*L/(R + 0.6+t) - Ps
= 16700*0.85*0.25t(22.3125 + 0.6*0.25) - 0: 157.9855 psi

Maxinum Allowable External Pressure: (Corroded @ 4fi) deg F)

UDo = 5.71875/45.125 =OJ267 Dott: 45.125t0.25 = 180.5
From table G: A = 0.005954
From table HA-3: B = 7630.?

Pa= 4*B/(3*Do/t)
: 4*7 630.7 | (3* 45 . 125 | 0.251
= 56.3671 psi

Rwision No. 0
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Pumpout Port

Opening nl Reinforcement Calculations Per UG-3?

Apr. lt, 1996

lncated on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

tn -> | l<-

Bean Tube RT
.25 in
0 psi
Not installed

SA 24O 3OIL HIGH

90 deerees
28.562s in
0 i n
6 i n

l - l < -  d
twl-> | l< |

l / l  l v-'\l-la''z
<- L ->l

-> l - l

l l ,
l_17

corros ion a l low = 0 in
noz th ick  new tn= .25 in
nozz le  id .  new d= 10 in
f i l l e t  we ld  tw l  =  . 25  i n
groove weld tw2 = .1875 in

To datum L= 21.5 in

Reinforcenent Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = l0 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(d-Cn-C) = .625 in

Nozzlc required thicloess

hn = P*Rn/(Sn*E - 0.6*P)
: 10!,7,2_9.* 5 | (16700* I _ 0.6* 105.729)
= 0.0318 in

Required thickness tr from UG-32(a)

u': P{.R/(S*E - 0.6*P)
= |05.'t29+22.31 25/(16700"' I - 0.6* 105.729)
= 0.1418 in

Area required

Allowable stresses: Sn : 16700, Sv : 16700, psi

frl = lesser of I or Sn/Sv so frl = I
fr2 : lesser of I or Sn/Sv so fr2 : I

3.2r.1996
Revision No. 0
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Pumpout Port

A = d*h*F + 2*tn*U.*F*(l _ frl)
= l0*Ol4l8*l  + 2*0.25*0.l4i3*l*( l  _ l)
=  1 .418 in^2

Area available

Al : larger of the following = 1.082 in^2

= 0.273 in^Z

Apr. 18,1996

R€vision No. 0
Doc. No. V049-l{tl
Pase 64 of 73

: di.(El *t_F*tr) _ 2{,h*(El *t_F*tr)*(l _frI)
: ! 0:( ! *.0.25- I +0. I 4 I 8) - 2*9.25* 1l'*025- I *0. I 4 I 8),*( l - I )- 1.082 in^2

= 2*(+ tn)*(El,r.t-F",tr) - 2*tn*(El +t-F*tr),i(l -frl )= 2:\O-.?5t0.25)*(l *0.25_ I *0. r4l8) _ 2*0.25+(l r0.25_l *0.1418)*(l_1)
= .108 in^2

A2 : smaller of the following

: 5*(tn - trn)*fr2*t
= 5+(0.25 - 0.0318)"' l*0.25
: .213 in^2

= 5*(tn - x1)*fr2*tn
= 5,i(0.25 - 0.0319)+l+0.25
= .273 in^2

A4l : l-es^2*fr?
= 0.25'2*1 : .063 in^2

Area: Al + A2 + A41
: 1.082 + 0.273 + 0.063
:  1 .418 in^2

As Area > A the reinforcement is adequate for MAWP : 105.729 at 0 Deg F

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) : Iesser of 0.25 or 0.7*tmin. tl (min) : 0. 175 in
tl(actual) : 0.7*[.es = 0.7*0.25 = 0.175 in
t2(actual) = 0.1875]n
tl + t2 = 0.3625 >= 1.25*rmin

The weld sizes for tl and € are satisfactory.

UG-45 Nozzle Neck Thickness Cbeck

bl = 0.0318 in (E = l)
tr2 : 0.1418 in
tr3 = 0.0625 in
tr4 : 0.319375 in
15 = 0.1418 in
ff i  = 0.1418 in

Wall thickness per UG-45(a):
lVall thickness ircr Uca!(b)(l):
Wall thickness ircr UG-I6O):
$td pipe wall pir UG-45@)(4):
The-eieater of12 or tr3: 

'

The lesser of tr4 or trs:

3.2t.1996
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PumDout Port

Req'd per UG-45 is the larger of ftl or ffi = 0. 1418 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and U$r-15(c)

Groove weld in tension : 0.74*16700 : 12358 osi
Nozzle wall in shear = 0.7*167ffi: 11690 osi 

'

Inner fillet weld in shear = 0.49*16?00 = Bi83 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*l,eg*Si : 1.57'*10.5't0.25*8183 : 33724.19 lbf

(3) Nozzle wall in shear
(Pil2)*Mean nozzle dia.*tn*Sn = 1.57*10.25*0.25*11690 : 47030.33 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*10.5*0.18?5*12358 : 3E197.81 lbf

Loading on welds per UG-4I(bXl)

w = (A - (d - 2+tn)*(Elft - F*tr))*sv
: ( l_118-: (10 - 2*0.25)*( l*0.25, l*0.14t8))*t6700
: 65t4.67 lbf

Wl-l = (A2 + A5 + A4l + A42)*Sv
= (0.2t3 + 0 + 0.063 + 0)*16700
= 5611.2 Ib f

W2-2: (A2 +43 +A41 + A43 + 2*rn*t*fr l)*Sv
= LO-,?13_+ -0 + 0.063 + 0 + 2*0.25*0.25*li+167m
: 7698.7 lbf

load for path l-l lesser of W or Wl-l : 5611.2 lbf
Path l-l Thru (l) A (3) = 33724.19 + 47030.33 = 80754.52 lbf
Path l-l is stronger than Wl-l so it is acceptable per UG-4I(b)(l).

Load for path 2-2 Iesser of W or W2-2 : 6514.6? lbf
Path !-! rhru (l), (4\ : T72a.B + 3El9?.81 = 7l922tbf
Path 2-2 is stronger than W so it is acceptable per UC-4 I (bXZ) .

Limits of reinforcement UG,f0

Parallel to the vessel wall d = l0 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5r(bi-Cn-C) : .625 in

3.21.1996
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PumDout Port

Nozzle required thickoess

trn = P*Rn/(Sn*E - 0.6*P)
= !05-.7486*5/(16700*l - 0.6't105.7486)
: 0.0318 in

Required thickness tr from UG-37(a)

tr_ P*RJ(S:tE _ 0.6*P)
: 105.7 486*22.31251 (167ffi*l - 0.6*105.7486)
: 0-1418 in

Area required

Allowable shesses: Sn = 16700, Sv : 16700, psi

frl = lesser of I or Sn/Sv so frl :l
fr2 : lesser of I or Sn/Sv so fr2 = I

A : d*tr*F + 2*tn*u"*F*0 - fil)
: l0:t0.1418*l + 2*0.25*O.l4ig*1*fl _ l)
:  1 .418 in^2

Area available

Al : larger of the following -- 1.082 in^2

= d*(El *t_Fxrt ) _ 2*m*(El *l-F*tr)*( l -frl ): I 0:I! +.0.?5- r +0. l4r 8) - 2*9.25*(1 *0.25- I ''.0. I 4 I 8)*( 1- I )= I.082 in^2

= 2+(t+ tn)*(El *r_F*rr) _ 2*tn,k(El "t_F+tr)*(l-fr1)
= 2* (0_.25 + O.25)*( I *0. 25- I +0. | 4 t8;) - 2*0.25*( I *0. 25_ I *0. I 4 I 8)*( I _ I ): .108 in^2

A2 : smaller of the following : 0.273 in^Z

: s*(ur - trn)+fr2!tst
= 5+(0.25 - 0.0318)*l*0.25
: .213 ir'Z

: 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.0318)*1*0.25
: .273 in^2

A4l = l*p^2+fr2
= 0.25-2*t = .063 in^2

A r e a : A l + A 2 + A 4 l
= 1.082 + 0.273 + 0.063
= 1.418 in^2

As Area > A the reinforcement is adequate for MAP : 105.7486 at 0 Deg F

3.2r.1996
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Doc. No. V049-l-081
Paee (fr of 73



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSRTBM.VSL

PumDout Port

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) = lesser of 0.25 or 0.?*tmin. tl(min) = 0.175 in
tl(actual) = 0.7*I-eg: 0.7*0.25 : 0.175 in'
t2(actual) = 0.1875 in
tl + t2:0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

APt. rE, 1996

Rcvision No. 0
Doc, No. V049-t{tr
Peee 67 of 73

Wall thickness oer UG-45(a):
Wall thickness irer UG+S(bi(t):
Wall thickness per UG-16(b):
Std pipe wall pEr UG-a50)@):
The sreater of tr2 or tr3:
The lesser of tr4 or tr5:

trl = 0.0318 in (E = l)
12 = 0.1418 in
tr3 : 0.0625 in
tr4 : 0.319375 in
15 : 0.l4l8 in
6 : 0.1418 in

Req'd per UG45 is the larger of f I or tr6 = 0.1418 in

Available nozde wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Croove weld in tension = 0.74*16700 = 12358 psi
Nozzle wall in shear : 0.7*16700 = 11690 osi 

'

Inner fillet weld in shear = 0.49*16700 : El83 psi

Strength of welded joints:

l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D. *l-eg*Si : I .57* 10.5x0. 25'18 I 83 = $72a.'9|fr.f
(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*10.25*0.25*11690 : 47030.33 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57*10.5*0.1875*12358 = 38197.81 lbf

Loading on welds per UG-4I(bXl)

W = (A- (d - 2*tn)*(El+t - F*rr))*Sv
= (l_.118: (10 - 2, ' .0.25)+(l+0.25 - l*0.1418))+16700
: 6514.67 lbf

Wl-l = (A2 + A5 + A4l + A42)*Sv
: (0.273 + 0 + 0.063 + 0)*16700
:5611 .2  l b f

W2-2 = (A2 + A3 + A4l + A43 + 2*tn,rt*fr1),+Sv

3.2r.1996
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Pumpout Port

: Lo-.!3,+ 0 + 0.063 + 0 + 2t.25*0.25*l)+16700
= 7698.7 lbf

Load for path l-l lesser ofW or Wl-l : 5611.2 lbf
Path l-l Thru (l) & (3) = 337U.19 + 47030.33 = 80754.52 lbf
Path l-l is stronger than Wl-t so it is acceptable per UGalg)(l).

I-oad for Dath 2-Z lesser of W ot W2-2 : 6514.67 lbf
Path2-2 Thru (l), (4) : 33724.19 + 38197.81 :71922lbf
Path 2-2 is stronger than W so it is acceptable per UGaIQ)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG40

Parallel to the vessel wall d : 10 in
Normal to the vessel wall outside 2.5*(tn-Cn) * re = .625 in
Normal to the vessel wall inside 2.5*(tir-Cn-C) : .625 in

Apr. lt, 1996
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Nozzle required thickness

L / D o = 6 1 1 0 . 5 = . 5 7 1 4
From table G:
From table HA-3:

Pa: 4r.B/(3*Do/t)

Do/t = 10.5/0.05481 : 191.5709
A :0.000926

B : 55,14.5

: 4*5544.5 | (3* 10.5/0.0548 l)
: 3E.5897 pSi

Nozzle required thickness hn = .05481 in

Required thickness tr from UG-37(dXl) = .1867 in

Area required

Allowable stresses: Sn : 14700, Sv : 14700, psi

frl = lesser of I or Sn/Sv so frl :1
fr2 : Iesser of I or Sn/Sv so frZ : I

A : 0.5*(d*u.*F + 2*tn*t"+F,ffl _ frl))
: 0jI:(10*91867*l + 2*0.25*0.1E67,'.t,r.(t - l)): .9335 n^2

Area available

Al = larger of the following : .633'ur^2
= d*(El *t-F*tr) - 2*ul*(Elt-F*tr)*fl-frl)
: lgJ t.*q.25_ I *0. tB67) _ 2*0.25xi(l-+0.25- t *0. t AOZ;*1I - t ;: .633 in^2

: 2*(t+tn)*(El *t_F*tr) _ 2*tn*(El r,t_F*r)*(l_frI)

3.2r.1996
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Prmpout Port

: .M3 in^2

A2 = smaller of the followinp

= 5'r(m - g.n)*frz*t
= 5*(0.25 - 0.05481)+l*0.25
= .244 n^2

: 5*(tn - hn)*fr2+tn
= 5*(0.25 - 0.0S+8t;*1*9.25
=.244in^2

A4l : l*g^2*fr?
= o.25^2*l = .063 in^2

A r e a = A 1  + A 2 + A 4 l
= 0.633 + 0.2M + 0.063
= .94 in^2

As Area > A the reinforcement is adequate for Pe = 38.44917 at 400 Deg F

UG-45 Nozzle Neck Thickness Cbeck

: 2* (0.25 + 0.25)*( l *0. 25- 1'r,0. 1867 ) - 2+0.25*( l *0. 25- 1'k0. 1 867)*( l - l )

= 0.244 in'2

Wall thickness oer UG-45(a):
Wall thickness ber Uc45(bX2):
Wall thickness per UG-I6O):
Std pipe wall per Uc-as(b)(a):
The greater of u2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or

t r l  :0 .05481 in(E = l )
tr2 : 0.0585 in
tr3 : 0.0625 in
t4 : 0.319375 in
t5 : 0.0625 in
tr6 = 0.0625 in

h6 : 0.0625 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

Rcvision No. 0
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Applied Loads

Radial load
Circumferential moment
Circumferential shear
lnnsitudinal moment
Lnnlitudinal shear
Torsion moment
lntemal pressure

Stresses at thc nozzle OD per WRC bulletin 107 ( psi)

Mean radius Rm = 22.4J75 n
Rm/t: 89.75

Stress concentration factor Kn (tension) : I
Stress concentration factor Kb (bending) : I

Pressure stress intensity factor, Farr equation I 1.5

| : .25*(4 1 3*(rlx\ 2..tt- l*(1/x)^4)
= .25*(4 + 3*(5/5.5)^2 + 3*(5/5.5)^4)
= 2.132

Local circ. pressure sEess : I*P*Rm/t = 0 psi

Local long. pressure stress = P*Rm/2t = 0 psi

Maximum combined stress =-9257 psi
Allowable combined stress = +-1.s'FS = +- 25050 psi

The maximum combined shess is within allowable limits.

Maximum Drimarv membrane sress =-2349 osi
Allowable firimary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Pumpout Port

Pr : 1155 lbf
Mc = 75 lbf-ft
Vc : 150 lbf
ML =23.8lbf-ft
VL : l0 lbf
Mt : 0lbf-ft
P = 0ps i

3.21.1996
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Pumpout Port

rom a  t u e
F i g . read

-:e. 
la356tlffi

4C*  110 .044  10 .205
lc  10.0633 10.20s
2C-110 .0189  10 .20s -2096
3A* 13.0844 10.205
lA  10 .0601  l0 .z0s
38* 16.8590 10.205
lB -110 .0148  10 .205
pressure stress*

ToTaTEia-ltress
Primary nembrane
ci rc  s t res s*

4C*  110 .044  10 .205
l c -  I  I 0 .  0427  I  0 . 205

-  7019
2096 -2096 2096

- 108
- 1 1 3 0

AI Bl Cu Cl 0u DIBuAu

76 76
88 -88

-76 -76
-88 88

-36 36
124 1?4

7019

- 108
I130

-7019 7019

108 108
l l 30  - 1130

2C  10 .0338  10 .205
4A* I8 .0408 10.205
2A 10 .0265  10 .20s
48*  13 .2169  10 .205
28 -110 .0207  10 .205
presaure stress*

Total long stress
Prinary menbrane
long stres s*

torsion moment l lt
Circ shear from Vc
Long shear from VL

-Tttal 
shear stress

-eom6lned 
stress

-2t44 -2t44 -1992 -1992 -1108 -1108 -892 -892

-2068 -2068 -?068 -2068
4735 -4735 4735

-3748 3748 -3748 3748
-281 -281 281 281
-498 498 498 -498

36
-t?4

-1036 -1036 -964 -964 -2349 -2349 -1787 -1787

-36
-2 - 2 2

-4735

-36
-124

-363636
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S i n g l e  4 . O O  x  3 . 0 0  x  0 . 2 5 0  A n g l e  i n  8 0 . 0 0  o D  x
Meta l  Dens i ty  =  .2836 Lbs . , /Cu. In .
Eff.  ShI Wdth, One Ring, based on SQR(Rr.T)
Radius of Ring Centroid, Inches,
I,  for Ring plus Eff.  Shell ,
A, for Ring plus Eff.  Shel-I ,
CFl, Extrene Inner Fiber (r ing) fron Centroid,
C2. Extreme Outer Fiber (shel l)  frora Centroid, =
Vleight of Ring only,

weight of fuII or enpty inner vessel at one ring
Strap ctr l ine from tank vert ical ctrt ine
Strap angle (fron botton )
weight of jacket at 1 ring, nay incl . saddfe

PROCESS SYSTEMS INTERNATIONAL.
v59 0  49

IIGORNG. BAS

WESTBORO, MASS, 01581

o3-I2-7996

.2500  Thk  she l l

5 . 1 6 9  I n .
34 .239

8 . 8 4 4  f � n . ^ 4
2 . 9 8 0  I n .  ^ 2

=  2 . 4 8 9  I n .
1 . 7 6 1  I n .
113  Lbs .

2168 pounds
32 inches
I23 .2L  deg rees
2320 pounds

o inches
0 degrees
0
1 . 4 . 7

Angle fron dead botton ctrline to saddLe or lifting lug 90 degrees
Hoiizontal Force at 1 ring 

- 
ioaa pounds

offset of Horiz. force above centerline
side force angle above centerl ine at 1 r ing
Seismic vert icaL factor used on r ing weight
External Pressure or vacuum

Maxinun stresses

Psi

Revision No. 0
Doc. No. V0{9-t{81
Pnse 73 of73

Inner Fiber
Inner Fiber
Outer Fiber
Outer Fiber

l,lax. Tension =
Max. Conpression =
l'[ax . Tension =
Max. conpression :

0  ps i  a t  0 .00  deg rees .
-4 ,384  ps i  a t  99 .00  deg rees .

0  ps i  a t  0 .O0  deg rees .
-1  ,619  ps i  a t  f 23 .2L  deg rees .
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AngIe
fron
bottom

0 . 0 0
5 . 0 0

1 0 . 0 0
1 5 . 0 0
2 0 . o o
2 5 .  0 0
3 0 .  o o
3 5 . 0 0
4 0 . 0 0
4 5 . 0 0
5 0 . 0 0
5 5 . 0 0
6 0 . 0 0
6 1 . 0 0
6 3 . 0 0
6 5 . 0 0
7 0 . 0 0
7 5 . 0 0
8 0 .  o o
8 5 . 0 0
9 0 . 0 0
9 0 .  o 0
9 0 . 0 0
9 0 . 0 0
9 0 . 0 0
9 5 . 0 0

l -00 .  oo
1 0 5 . 0 0
1l_o .  o0
1 1 5 .  O O
l _ 1 9 . 0 0
1 2 0 . 0 0
r 2 2  .  O O
T23  .2L
r23.2r
1 2 5 .  O O
1 3 0 . 0 0
1 3 5 .  O 0
1 4 0 . 0 0

Inner
f  iber
stress

- 2  , 7 8 4
- 2  , 7 7 9
- 2 , 7 6 7
- 2 , 7 4 6
- 2 , 7 2 0
-2  ,689-2  ,656
- 2 , 6 2 3
-2  r594
- 2 , 5 7 3
- 2 , 5 6 3
- 2 , 5 6 8
- 2  , 5 9 2
- 2  , 6 0 0- 2 , 6 L 8
- 2  , 6 4 0- 2 , 7 7 7
-2  ,826
-2  t973-3  ,160
- 3 , 3 9 3
- 3 , 3 9 3
- 4 , L ? O
- 4 , r 4 7
-4  ,  ! 47
- 4 , 3 3 3
- 4  , 3 8 3
-  4  , 3 O 2
- 4 , 0 9 6
- 3  , 7 7  2
-3  ,432- 3 , 3 3 7
- 3 , L 3 3
- 3  , 0 0 2
-2  ,698
- 2  r 7 0 7- 2 . 7 0 9
-2  ,699- 2 , 6 7 7

Outer
f iber
stress

- 1 r  1 5 1
-r  ,  L52
- 1 , 1 5 5
- 1 , 1 5 1
- r  , 168
-L ,L74
-1  ,  180
- 1  , 1 8 2- L  t L 7 9
- 1  , 1 6 8-I  ,  L49
-L ,1L7
- L , O 7 L
-1  ,  060
- 1  , 0 3 5
- 1 ,  O O 7

-924
-818
-647
-529
- 3 4 0
- 3 4 0

- L , 0 7 8
- L , 0 9 4
-L  rO94- 9  3 6

-467
-885
-986

-L ,  L66
- 1  . 3 6 3-L  ,4L9
- 1 , 5 4 0
- 1  ,  5 1 9
- 1 r  3 1 5
- !  , 293-L ,268
- L  , 2 4 9-L ,239
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AngIe
fron
botton
1 4 5 . 0 0
1 5 0 . 0 0
1 5 5 . 0 0
1 6 0 .  O 0
1 6 5 .  O 0
1 7 0 , 0 0
1 7 5 .  O O
1 8 0 . 0 0

0 . o o

Inner
f iber
stress

- 2 , 6 4 8
- 2 , 6 L 5
- 2 , 5 8 3
- 2  , 5 5 2- 2 , 5 2 5
-2  ,5O5- 2 , 4 9 2
- 2  , 4 8 8

0

Outer
f iber
stress

-L ,236
- 1 , 2 3 8
-L ,243
-L  ,25O
- l  , 2 5 7
- L , 2 6 2
-1  ,266
- ! , 2 6 7

0
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-082
PAGE I OF ?3

REV. DEO # DATD BY: CHECK TITLE:

8OK-LONG Cryopump
o l 1 l //,/ ?,/tL WDR (.P C_-

RY l^ | BJ-..^ ^.-,{1^- DEPr . 744

PROJECT: LIGO Vacuum Equipment
' \

PROJECTNO: V59049

PURPOSE:
Determine required shell thickness for the 80K long cryopump. Additionally, waluate
nozzle opening(s), calculate size and spacing ofstiffener rings and suppon rings.

METHOD:
Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.31 .

ASSUMPTIONS:
See Calculation

INPUT! 1. Vacuum pressure = 14.7 psi
2. "Bakeout" Temperature = 400degF.
3. Valve weight = I 50.0 lbs
4- Unbalanced Vacuum Load = I155.0 lbs @ 10" Nozzle

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels.
2, COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer

Systems, Inc.
3 ,  l a t r  - / - a 6 C ,  , / ,  / z a  y ' a . .  F r : ,  r , . -u, (r2,-.. . ,

CALCI.JLATIONS:

CONCLUSIONS:
The requirements of the ASME Code are met for 80K long cryopump outer shell,

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinder
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017,018, & 019.

Revision No. 0
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PROJECT: LIGO VACUUM EOUIPMENT
BY: WDB CHK]D: Nlr'
PROJECT NO: V590J9

TABLE OF CONTENTS

80K- Cryopurnp LONG
80k Cryopump Long Detail Dra$ing
80k Cryopump Long COMPRESS Plot
COMPRESS Output For Shell Design

Pressure Summary
Weight Summary
Nozzle Summary
Nozzle Schedule
Thickness Summary
8OK LFT F&D HD
S0KLJacker
8OK RT F&D HD
BEAM TUBE LFf
BEAM TUBE RT
Clean Air Vent
GN2 Vcnt
GN2 Fecd
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3

5
o
7
8
o

l0
l 2
l4
l6
2 l
26
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35
38
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL Apr. lE, 1996

Pressure Summary

Pressure summary for pressure chamber I

I
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l e l r l x ^ I 4 P
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I  ( p s t )  l ( d c a  F )  ( p . t )
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I IOIi LFT F&D IID I

I aoxl..tact<Et I

I got< R? F&D rID I

I nr BEAX tttBE Lrl I

I BX BE^X TL'BE RT

I 12 cre.n ^lr sent I

I c'|2 Cr|2 v€nt I
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I n3 Bu6t Dlsc l

I  na  E lec  Ins t ru t ton  i
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I L  2 L n 2  F e e d  I

support RlbEs I

I LAT B|| TOBE F'-G

I LFT srrTB cvn pLT I

I

I R! Ar|TB CVR PLr I

S t l f fne i  R inqs  I

o . o  I

o . o  I
o ' o  I

o . o  I

I

o . o  I  7 5 . r  |  7 5 . r  I
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o . o  I  o , o  I  o . o  I
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o . o  I  o , o  I  o - o  I
o . o  I  o . o  I  o . o  I

t t l
o . o  |  3 r . e  I
o . o  2 2 . ' r  |  2 2 . 7
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I

t - l

I o,ooo I

l l

t _ t

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.

Hydrotest Dressure calculation based on Pe

= 1.5+Pe*l = 22 psi

Vessel hydrotest pressure is 22 psi.
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996

Weight Summary

cobPonent  - - - - - - - -  He lgb t -  ( l !B)  co t t r tbu t .d  by  v633er  E t . ! . t t .

|let6l xetal Thys P.ck.d In6ul Llnlrg P]Plng L6aar6f nlng. opcr TGet raot.l6

X.u I sup Beds a PI.t & r|1.c Llquld t lquld a trg

60k ll! fed bd

Lft b! tube llg

Llt brtb d! PI

Fi bb tubc frg

It bitb cv! plt

o ta32 ?14

o 25aso

o 1,432 136

o o o

o o o

o o o

o o o

o

vGsse l  6pera t tn9  ue tgb t .  cor roded:  6 ,?aa lbs

vasser  e .p ty  ' re tgb t .  co l loded:  6 ,J84 Lbs

rerse l  e lp ty  re tgh t ,  n€u:  6 ,?a t r  lbs

ve6s61 tes t  le tgh t ,  beo:  35 /o9s  Ibs

Vessel lift weisht. new:
Center of gravity io seam:

6,786 lbs
60 in
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CoMPRESS 5.53 C : \COMPRESS\CRYOPMPS\80KLCRYO. VSL Apr. 18, 1996

Nozzle Summary

( l n l  ( l n )  a r ?  a 2 ?

F.q t u6er t cor! ^./Lt

(  I n )  ( 1 D )  I  r n )  ( r  )

Brr

cN2

Glt2

Ilr2

TJ2

3 . 2 5  0 . 1 2 5 0

t . 2 5  0 .  l a s o

2 . 7 5  0 , r : 5 0

o . 3 7 s o  o . 2 4 9 2

o.3750 0-2a92

o . 2 5 0 0  0 . 2 0 9 4

o.25()(, 0 - 2094

o . 2 5 0 0  0 , 2 0 9 4

o.2500 0 .  ?o9a

o.2500 0  -209r

o-25( '0  0 -2094

o . 2 5 0 0  0 . 2 0 9 4

o,3a50 0-2492

o.oooo 105.t

o,oooo to5- 5

.r.DPc

.r6iPt

o .oooo . r . !P t

o. oooo 6r.rpt

o.oooo crc.pt

o. oooo cxGnpt

.tcrPt

o-oooo ax.hPt

v

Y v

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickneis
Req t - required vessel wall thickness due to pressure + corr per UC-37
Usir t - loial vessel wall thickness (near ooenine)
Aa - area available oer UG-37. sbverniis coiaifion
Ar - area required o'er UG-37. s-overnins-condition
Corr - corrosibn alloiwance on no''zzle id. 

-
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CoMPRESS 5.53 C : \COMPRESS\CRYOPMPS\8OKLCRYO. VSL Apr. 18, 1996

Nozzle Scbedule

tbtcrlala

rrPlct? ttorD? Pral . trP.ct? xdr!"

Al.

6||2

GN?

Lta2

.Iec instrutlot

t . 5 0  l D x o . 1 ?

aa 2ao 304L BrGB

ta 2ao 30aL lllct

sa 2ao loat, aICn

g 2ao 30aL 8168

SA 24O 3OtlL nIGE

31 2ro 30aL sr(;E

sr  2ao 30rL  Er ( :s

gA 2ao 30aL atcx

sa 2ao 30aL ||rGB

s 2ao 30aL lrlcll
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996

Thickness Summary

lror t l|.q t itolrt

(  r n l  ( r n )  E

covErrtr9

Load araruB ati6s! (  l n )

Ltt l'tb cw PIi

Rl bDtb cvr prt

o . 4 7 5 0

ta2 .  oo  o .2 tuo

o.3750

L OOOO

o. t5  . r t .EMt

O. a5 ctt.it.l

o ,a5  c r t6EfEt

o ,  g5  In tcEn. I

lnt.h!I

1 t . 2 t

Nom t - vessel wall thickness
Req t -_ required vgssel wall thickness due to governing loading
E - longitudinal seam joint efficiency

load:
internal - circ stress due to internal pressue governs
external - external Dressure governs
wind - combined long srEss due to STATUS * wind sovems
seismic - combined long stress due to STATUS + seismic govems

Ra,ision No. 0
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL

8OK LFT F&D HD

ASME Section VIII Division l, 1992 Edition, A94 Addenda

ComDonent:
Mateiial specifi cation:

External design pressure: Pe: 14.7 psi @ 400

Corrosion allowance: Inner C = 0 Outer= 0

PWHT is not performed

Apr. 18, 1996

F&D head
SA 240 3O4L HIGH

deg F

in

Radiography: Category A joints - Spot UW-l l(b) type I
Head to shell seam - Spot UW-l l(b) 6pe I

Estimated weig}t:
capaclty:

new = 666.6 corr = 666.6 lb
new : 171.72 con = 171.72 US ga

OD=80  c rownL :E0  knuck l e r : 4 . 8  t = . 375  i n (m in )

Straight flange : 0 forming allowance : 0 in

lv{AP. (New & at 0 des F) Aooendix l-4(d) Eq 4

P : 2*S,kE+L/(M+t, _ t*(M_0.2)) _ Ps
= 2* I 6?00+0. 85 *0.37 5 | (r.7j A6+80. 375 - 0. 375*(t .2706_0.2)) _ 0
: 75.12013 psi

MAWP: (Corroded & at 0 deg F) Appendix l-4(d) Eq 4

P = 2r.S*E*t/(M*Lo - t*(M_0.2)) _ ps
= 2* 16?-0010.85*0.37 5 I (1.77M*80.3?5 _ 0.375+( 1.7706-0.2)) _ 0:75 .12013 ps i

External Pressure: (Corroded & at 4fi) deg F) UG-33(e)

A = .125l(Ro/t)
: .125 t (80.37 s t0.2492\
: 0.000388

FromtableHA-3: B:4757.7

Pa: B/(Ro/t)
: a7 57 .7 I (80.37 5 1O.2492'l
=  14 .7511ps i

Check the external pressure per UG-33(a)(l)

t = 1.67*Pa*ln*M/(2'tS+E + 1.67*Pa*(M-0.2))
: 1.67 * | 4.7 5l l*80. 375* 1 .7706 | (2+ t41 N+ | + | .67 * t4.7 5 | t* (1.77 06-0.2))
:0 .119087 in

Design tbickness for external Dressure Pa : 14.751I Dsi:

3.2l.1996 Retision No. 0
Doc. No. V0+9_l-082
paee l0 of Zl



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL Apr.

8OK LF*T F&D HD

: t * C o r r o s i o n * f a
: 0 . 2 4 9 2 + 0 + 0
= 0.2492 in

Maximum Allowalle External Ptessure: (Corroded @

lE, r996

Re\.ision No. 0
Doc. No. V019-l-082
Prse ll of73

A = .125/(Roit)
= .12st(80.37sto.37s\
: 0.000583

From table HA-3:

Pa= B/(Ro/t)
= 5l l1l(80.375/0.375)
= 23.846 psi

Check the Maximum External Pressure: UG-33(a)(1) & App. l-4(d)

Pe: 2*S*E*t/((M*tf - t*(M-0.2))*1.67)
: 2:" 14700*l +0.375(( L7706,r80.375 - 0.375'r,( 1.77M-0.2j)*1.6'1)
: 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

B  : 5 1 1 1

3.2r.1996



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL

TOKIJACKET

ASME Section VIII Division l. 1992 Edition. A94 Addenda

Component:
Mateiial specifi cation:

External design pressure:

Cvlinder
SA 240 3O4L HIGH

Corrosion allowance: Inner C = 0

Pe= 14.7 psi @ 400

Outer:0

new : 2579.3 con = 2579.3
new :3051.407 con = 3051.407

Apr. It, 1996

Revision No, 0
Doc. No. V0{9-l-082
Paee l2 of 73

deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW-l l(b) type I
Category B joints - Spot UW-l lO) type I

Estimated weight:
capaclry:

OD : 80 length Lc= 142 t : 0.25 in (new)

MAP: (New & at 0 deg F) Aooendix l-l(a)

lb
US ga

P:S*E*V (Ro_0 .4 *0_Ps
= 16700*0.85*0.251{d!0 - 0.4*0.25) - 0
=  88 .94111ps i

MAWP: (Corroded & at 0 deg F) Appendix l-l(a)

P :S *E+ t / (Ro -0 .4 t ) -Ps
: 16700*0.85*0.251(40 - 0.4*0.25) - 0
= 88.94111 ps i

External Pressure: (Corroded & at 4fi) deg F) UG-28

L/Do = 46180 =0.575
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4* 4261 .2 | (3*80/0. 20938)
: 14.8702 psi

Do/t : 80/0.20938 : 382.0804
A :0.000322

B = 4261.2

Do/t :80/0.25=320
A : 0.000421

B : 4826.5

Design thickness for external Dressure Pa : 14.8702 Dsi:
= t + Corrosion
= 0.20938 + 0
: 0.20938 in

Maximum Allowable External Pressure: (Corroded @ 4(X) deg F)

UDo:46180:0 .575
From table G:
From table HA-3:

3.2r.1996



COMPRESS5.53 C:\COMPRESS\CRYOPMPS\t0KLCRYO.VSL Apr.l8,1996

SOKLJACKET

Pa:4*B/(3+Do/t)
: 4* 4826.5 / (3+80/0. 25)
: 20.1 104 psi

Rerision No. 0
Doc. No. V049-l-082
Pase l3 of73
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr.

tOK RT F&D HD

= t l C o r r o s i o n * f a
= 0 . 2 4 9 2 + 0 + 0
: 0.2492 io

Maximum Allowable External Pressure: (Corroded @ 4

18, 1996

Revision No 0
Doc. No. V049-l'0E2
Paee | 5 of73

A = .125/(Ro/t)
= .r2st(80.37st0.375)
= 0.000583

From table HA-3:

Pa= B/Ro/t)
= 5ll l /(80.375i0.37s)
= 23.846 psi

Check the Maximum External Pressure: UG-33(aXl) & App. l-4(d)

Pe: 2*S*E+r/((M*Lo - t*(M-O. 2\\* 1.671
= 2* t 4700+t *0 .375t((1.7706*80.375 _'0.375'r(t .7706_0.2)),Il .67)
= 46.58239 psi

The maximum allowable external preszure is 23.846 psi.

B : 5 1 1 1

3.2t.1996
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BEAM TUBE LFT

Openilg nl Reinforcement Calculations Per UG-37

Located on:
Local vessel thickness:
Liouid static head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
End of nozzle to datum line:
Nozzle calculated as hillside:
Projection outside vessel Lpr:

8OK LFT F&D HD
.375 in
0 psi
Not installed

sA 24.0 304L HrCH

0 deerees
177 rn
no
21.275 in

Apr- 18, 1996

Revision No. 0
Doc. No. V049-l-082
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tn  -> l  l<-

l - l < -  d
twl -> |  l< l

l / l  l v-'i l 
I t"z

<- R ->l

' ll; c o r r o s i o n a l l o w = 0 i n
noz th ick  new tn= .25 in
nozz le  id .  new d= 44.625 in
f i l l e t  we ld  tw l  =  . 25  i n
groove weld twz = .1875 in

To head center R= 0 in

Reinforcement Calculations For Nozzle MAWP

Limits of reioforcement UG40

Parallel to the vessel wall d : M.625 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5t(tn-Cn-C) : .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6xP)
= 0*22.3125/(16700*l - 0.6*0)
=  0 i n

Required thickness tr from UG-37(a)

u.= P*L*M(2*S*E - 0.2*P)
= 0*.80*1.7706/(2*16700*l - 0.2*0)
: 0 i n

Area required

Allowable stresses: Sn = 16700, Sv = 16700, psi

frl : lesser of I or SilSv so frl : I
fr2 : lesser of I or Sn/Sv so fr2 : I

3.2t.t996



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\t0KLCRYO.VSL Apr. 18, 1996

BEAM TUBE LFT

A : d'It"+F * 2r.1rr'*6'*f'*(l _ frl)
: 44.625*0*l + 2+0.25+0,F1'i(i _ t)
= 0 in^2

Area available

A1 = larger of the following : 16.734 n^2

= di.(El*t-F*tr) - 2*tn+(El *t-F*tr)*(l-frl)

= ft .ftT.#:: 
375-1*0) - 2*0'25:r'(l *0.375- I *0)*(l-l)

: 2*(t+ rn)*(El*t-F*t) - 2{,tn*(El *t-F*E)*(l-frl)
j ri[$?]!r*o 15)*(l *0.375-1'f0) - 2*0.25*(1 *0.375-l*0)*(l-l)

A2 = smaller of the following : 0.313 in^2

= 5*(tn - trn)*fr2*t
: 5*(0.25 - 0)*1*0.375
= .469 in^2

: 5+(tn - trn)*fr2*tn- 5't10.25 - 0;*1*P.t,
: .313 ir^2

A41 = l*E'2*fr2
= 0.25*2+l = .063 in^2

A r e a : A l  + A 2 + A 4 l
= 16.734 + 0.313 + 0.063
: 17.11 in^2

As Area > A the reinforcement is adequate for MAWP : 0 at 0 Deg F

Check the welds - From UIV-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) = lesser of 0.25 cir o.7*tmin, tl (min) = 0. 175 in
t l(actual) = 0.7*l*e.: 0.7+0.25 = 0.175 in
t2(actual) : 0.18751n
tl  + €:0.3625 >: 1.25*trnin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
tVall thickness per UQ-45(b)(l):
Wall thickness per UG-16(b):
$!d pipe wall per UG-4J@)(4):
The-geater of tr2 or tr3: 

' '

The lesser of tr4 or tr5:

3.2r.1996

t r l : O i n ( E :  l )
t r 2 : 0 i n
tr3 : 0.0625 in
tr4 : 0.328125 in
trS : 0.0625 in
ffi : 0.0625 in

Revision No. 0
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BEAM TUBE LFT

Reg'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new. tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Groove weld in tension : 0.74*16700 : 12358 psi
Nozzle wall in shear : 0.7*16700 : I1690 psi -

Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded joints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*[,eg*Si = 7.57*45.125*0.25*8183 = 144933.7 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57+44.875t.25*l 1690 : 205901.1 lbf

(4) Groove weld in teosion
(Pii2)*Nozzle O.D.*tw*Sg : 1.57*45.125*0.1875*12358 : 164159.6 lbf

Loading on welds per UG-4I(bXl)

W = (A - (d - 2:rtil)*(El*t - Ftr))*Sv
= (o - (44.625 - 2*0.25)*(l*0.3?5 - 1,F0))+I6700
:-276332.8lbt

wl-l : (A2 + A5 + A41 + A42)*Sv
: (0.313 + 0 + 0.063 + 0)+16700
= 6279.2tbf

W2-2 = (A2 + A'3 + A4l + A43 + 2*tn*t*frl){,Sv
: (0.313 + 0 + 0.063 + 0 + 2t.25*0.375*l)*16700
= 9410.45 lbf

Load for patft l-l lesser of W or W1-l =-276332.8lbf
Path l-l Thru (l) & (3) : t44933.7 + 205901.1 : 350834.8lbf
Path l-l is stronger than W so it is acceptable per UG4IO)(2).

Load for Dath 2-2 lesser of W or W2-2 = -276332-8 lbt
Parh2-Z i}]rru (l), (4) = r4/.933j + 164159.6 : 309093.3lbf
Path 2-2 is stronger than W so it is acceprable per UG4l(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcenent UG40

Parallel to the vessel wall d : M.625 n
Normal to the vessel watl outside 2.5*(tn-Cn) * te = .625 in
Normal to the vessel wall inside 2.5*(m-Cn-C) = .625 n

3-21.1996 Revision No. 0
Doc. No. V049-l{82
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18,1996

BEAM TUBE LFT

Nozzle required thictness

UDo : 21.275145.125 = .4715 Dolt: 45.12510.10929 : 412.8923
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4*4595.3(3 * 45.125 I 0.1@29)
= 14.8394 psi

Nozzle required tiickness trn : .10929 in

Required thichess tr from UG-37(dXl) : .2492 in

Area required

Allowable stresses: Sn : 14700, Sv : 14700, psi

frl = lesser of I or Sn/Sv so frl = I
fr2 : lesser of I or Sn/Sv so fr2 :1

A : 0.5*(d*h*F + 2*ur*h.*F*(l _frl)
: 0_.5_\\!,62-!*0.2492*1 + 2*0.25*0.2492*l*(l - l)): 5.5603 in^2

Area available

Al : larger of the following : 5.614 n^2

: O.l'16 in^2

A = 0.000347
B = 4595.3

: q*(Ellt-F*qr)-- ?'rtn*(E1*r-F'ttr)*(l-fr l): y :9?5.*(l:0.37 5-l*0.2492) - 2*0.25*(i*0.375-1*0.2492)*(1-l)
:5.614in^2

= 2*(t+ tn)+(El*t-F*tr) - 2*rn*(EI +t-F*tr)*(l-frI)
= 2*(0.3.15+0.25)*(l*0.375_t +0.2492) _ 2*0.25';(l+0.375_l*0.2492)*(l_l)
= .157 in^2

A2 = smaller of the following

: 5*(h - trn)*fr2*1
= 5*(0.25 - 0.10929),i1,',0.3?5
- .264 in'Z

= 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.10929)*l*0.25
: .176in^Z

A4l : l*g'Z*ft2
= 0.25'2*l : .063 in^2

A r e a : A l + A 2 + A 4 l
: 5.614 + 0.176 + 0.063
: 5.853 in^2

3.21.1996 Re\ision No. 0

Doc. No V049-l{82
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Wall thickness per UG45(a):
Wall thickness per UGa5@)(2):
Wall thickness fer UG-16@):
Std pipe wall per UG-asOXa):
The'sieater of tr2 or 13:
The fesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl

Available nozde wall thickness new.

COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLCRYO.VSL

BEAM TUBE LFT

As Area > A the reinforcement is adequate for Pe : 14.7 at 400 Deg F

UG-45 Nozzle Neck Thictness Check

tl = 0.10929 in (E : l)
tr2 = 0.0708 in
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0708 in
ffi : 0.0708 in

or tr6 = 0.10929 in

tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

Apr. rE,1996

Re'r'ision No. 0
Doc. No. V049-l{82
Paee 20 of 73
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EOK RT F&D HD

ASME Section VIII Division l. 1992 Edition. A94 Addenda

ComDonent:
Mateiial specifi cation:

External design preszure: Pe: 14.'l psi @ 400

Corrosion allowance: Inner C : 0 Outer= 0

PWHT is not performed

Radiography: Category Ajoints - Spot tiW-ll(b) type I
Head to Shell seam - Spot LfW-l l(b) q/pe I

F&D head
SA 240 3O4L HIGH

new :666.6 corr = 666.6 lb
new : 171.72 con = 171.'12 US ga

deg F

in

Estimated weight:
capaclty:

OD=80  c rown l : 80  knuck l e r : 4 . 8  t : . 375  i n (m in )

Straight flange : 0 forming allowance = 0 in

MAP: (New & at 0 deg F) Appendix l-4(O Eq 4

p : 2*S+E*U(M+Lo _ t*(M-0.2)) _ ps
= 2* 16700*0. 85*0.37 5 | (l .77 M*80.375 - 0.375*(l .770G0.2)) _ 0
:75 .12013 ps i

MAWP: (Corroded & at 0 deg F) Appendir I-4(d) Eq 4

p :2*SjrElrr/(Mrto - r,F(M_0.2)) - ps
: 2 i 1 6?-00:0. 85 +0.37 5 t (1.77 M*80. 375 - 0.37 5* (t .7 7 M-0. 2)) - 0
: 75.12013 psi

External Pressure: (Corroded & at 400 deg F) UG-33(e)

A: .125/(Ro/t)
= . 125 | (80.37 s | 0.2492\
= 0.000388

From table HA-3;

Pa: Bi(Ro/t)
= 4't 57 .7 I (80.37 5 | 0.U92\
: 14.751t psi

Check the external pressure per UG-33(a)(l)

t = 1.67*Pa*Ln{'M/(2*S*E + 1.67*Pa*(M-0.2))
= 1.67 * t4.7 5 1 t*80. 325* t. 7706/(2 * t4?00* I + t.67 * | 4 ;t S ll,F( l.226_0.2))
= 0.119087 in

Design thickness for external pressure Pa : l4.75ll psi:

3 .21.1996

B = 4757.7
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BEAM TUBE RT

Opening BM Reinforcement Calculations Per UG-37

8OK RT F&D HD
.375 in
0 psi
Nbt installed

SA 240 3O4L HIGH

0 desrees
-27 in
no
13.275 n

c o r r o s i o n a l l o w = 0 i n .
noz th ick  new tn= .25 in
nozz le  id .  new d= 44.625 in
f i l l e t  we ld  tw l  =  . 25  i n
groove weld twZ = .1875 in

To head center R= 0 in

tE, t996

Revision No. 0
Doc. No. V0'19-1482
Pape 2l of?3

l * l < -  dt"-lrl '1 ,-'il- 
l-t,z

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to datum line:
Nozzle calculated as hillside:
Projection outside vessel Lpr:

tn -> |  l<- ' l l ,
l - l /

<_ R _>l

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG40

Parallel to the vessel wall d : 44.625 n
Normal to the vessel wall outside 2.5*(m-Cn) * te : .625 in
Normal to the vessel wall inside 2.5't(d-Cn-O : .625 in

Nozzle requirei thickness

trn = P*Rn/(Sn*E - 0.6'r'P)
: 0*22.31251(16700*1 - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

t: P*L*Mi (2*S*E - 0.2*P)
: 0{'�80*1.7706/(2*16700*l - 0.2*0)
= 0 i n

Area required

Allowable stresses: Sn : 16700, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl : I
fr2 = Iesser of I or Sn/Sv so fr2 =1

3.2r.1996
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BEAM TUBE RT

A : d{.U.,'.F * 2*grd.6*p*(l - frl)
: 44.625x0x1 + 2*'0.25*0*l'F(l - l)
= 0 in"2

Area available

Al : larger of the following = 16.734 in^Z

= d*(El,tst-F*tr) - 2*!l*(El *t-F*tr)*(1-fr1)
: 44.625*(l*9.375-1*0) - 2'10.25*(l *0.375-l *0)*(l-1)
= 16.734 n'2

: 2+(t+tn)*(El,'.t-F*b) - 2*tn'i(El*t-F*tr)*(l-fr l)
: 2*(0.37 5 +0.25)*(l*0.375_1,',0) _ 2*0.25,r(t *0.375_1+0)r(l_l)
: .469 in^2

A2 : smaller of the following : 0.313 in^2

= S*(tn - trn)*fr2*t
= 5*(0.25 - 0)*tn3l5
= .469 in^Z
: s*(tlt - trn)*fr2*[r
: 5*(0.25 - O)*1xg.rt
: .313 n'2

A4l = l-es,^2+fr2
= o.25-2*1 = .063 in^2

A r e a : A l + A 2 + A 4 l
= 16.734 + 0.313 + 0.063
: 17.l l  i t l^^2

As Area > A the reinforcement is adequate for MAWP = 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmip = 0.25 in
tl or t2(min) = lesser of 0.25 or o.7*tmin, tl(min) = 0.175 in
tl(actual) = 0.7*[.ee = 0.7t.25 = 0.175 in
t2(actual) = 0.1875in
tl + t2 = 0.3625 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
W3ll tlrlckness per UQ-at@)(l):
Wall thickness per UG-16O):
$td pipe wall per-UG4-5(b)(4):
The'eieat€r of tr2 or tr3: 

''

The lesser of tr4 or tr5:

3.21.t996

t r l : O i n ( E : 1 )
t r 2 : O i n
tr3 : 0.0625 in
t4 : O.328125'n
tr5 : 0.0625 in
tr6 : 0.0625 in

Rn'ision No. 0
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BEAM TUBE RT

Req'd per UG-45 is the larger of trl or ffi : 0.0625 in

Available nozzle wall thickness new. tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Groove weld in tension : 0.74*16700 = 12358 psi
Nozzle wall h shear : 0.7{'16700 = 11690 psi -

Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozde O.D.*lrg*Si : 1.5?*45.125"'0.25*8183 : 1a4933.7 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*44.875*0.25*11690 : 205901.1 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*45.125{.1875*1235E : 164159.6 lbf

Iradins otr welds per Uc-4l(b)(l)

W = (A - (d - z*tn)*(El*t - F*tr))*Sv
: (0 - (44.625 - 2{'0.25)+(l*0.375 - lr0))*16700
:-276332.8lbf

wl-l : (A2 + A5 + A4l + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
= 62'19.2lbf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*frl)*Sv
: (0 3t3 + 0 + 0.063 + 0 + 2+0.25r'0.375*l)*16700
: 9410.45 lbf

Load for path 1 - I lesser of W or W l- I : -27 6332.8 lbf
Path l-l Thru (1) & (3) = 14/,933.7 + 205901.1 : 350834.8 lbf
Path l-l is stronger than W so it is acceptable per UG4IOX2).

load for path 2-2 lesser of W or W2-2 =-276332.8lbf
Path 2-2 Thru (l), (4) = 1M933.7 + 164159.6 = 3$093.3 lbf
Path2-2 is srrohger.than W so it is acceptable per UG41@)(2).

Rehforcement Calculations for Erternat Pressure

Linits of rcinforcement UG-40

Parallel to the vessel wall d : 4.625 n
Normal to the vessel wall outside 2.5*(tn-Co) + re = .625 in
Normal to the vessel wall inside 2.5*(EFCn-C) = .625 in

3-2t.1996 Revision No. 0
Doc. No. V049-l{E2
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BEAM TUBE RT

Nozzle required thickness

L/Do : 13.275145.125 : .2942 Dolt = 45.125t0.10015 : 450.5742
From table G: A : 0.00051I
From table HA-3: B : 4993.9

Pa= 4*B/(3*Do/t)
: 4* 4993.9 I (3*45. I 2510. I 001 5)
= 14.7779 psi

Nozzle required thickness trn : .10015 in

Required thickness tr from UG-37(dXl) : .2492 in

Area required

Allowable stresses: Sn = 14700, Sv : 14700, psi

frl = lesser of I or Sn/Sv so frl :I
fr2 : lesser of 1 or Sn/Sv so fr2 :l

A : 0.5*(d*tr+F + 2*tn:r.tr*F*(l - frl)
: Q.51(44.625*0.2492*l + 2*0.25*0.2492*l*(l - l))
: 5.5603 in^2

Area available

Al : larger of the following = 5.614 in^2

: d*(El *t-F*tr) _ 2*fil{,(El*t-F*tr)*(l_frI)
-- 4-625'r(r.0.37 s-t+O:2492) - 2*0.25*(i"0.375-l *0.2492)*(l-l)
: 5.614 in^2

: 2,'.(t+tn)+(El *t_F*tr) _ !*g1x(pl *t_F*tr)+( l -frI)
= 2*(9.375 +0.25)*(1,F0.375- t +0 .2492) _ 2*0.25*(1*0.375_l *0.2492)+(l _l ): .157 n^2

A2 = smaller of the following : 0.1E7 in^2

: 5*(tn - tn)*fr2*t
: 5*(0.25 - 0.10015)*l*0.375
: .2El in^2

= 5*(fil - trn)*fr2'inl
= 5'*(0.25 - 0.10015)*1*0.25
: .187 n^2

A4l : l*g^Z*fr2
: 0.25^2*l : .063 in^2

A r e a : A 1  + M + A 4 l
: 5 . 6 1 4 + 0 . 1 8 7 + 0 . 0 6 3
: 5.E64 in^2

3-2r-199�6
Ro'ision No. 0
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BEAM TUBERT

As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

tr l  = 0.10015 in (E = l)
tr2 : 0.070E in
tr3 : 0.0625 in
t4 : O.328125 irr
tr5 : 0.0708 in
tr6 : 0.0708 in

or tr6 = 0.10015 in

tt : 0.25 in

r8, 1996

Revision No. 0
Doc. No. V049-l{82
Paee 25 of 73

Wall thickness per UG-45(a):
Wall thickness irer UGa5$)(2):
Wall thickness irer UG-16(b)i
Std pipe wall per UG45OX4):
The'gieater of tr2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of tl

Available nozzle wall thickness new.

The nozzle neck thickness is adequate for Pe.

3-2r.t996



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr.

Clean Air Vent

ODening n2 Reinforcement Calculations Per UG-37

Located on:
local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

- ' l- l

!;

8OKLIACKET
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

180 desrees
$.25 fn
0 i n
3.25 in

18, 1996

Revision No. 0
Doc. No. V0-t9-1482
PAee 2(r of 73

i

c o r r o s i o n a l l o w = 0 i n
noz th ick  ne} ,  tn= .125 in
nozz ' le  id .  new d= 1.5 in
f i l l e t  we ld  tw l  =  . 125  i n
groove weld twZ = .0875 in

To datum L= 24 in<_ L _>l

Reinforcement Calculations For Nozzte MAWP

Limits of reinforcement UG40

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(h-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(d-Cn-C) = .3125 in

Nozzle required tiickness

trn: P*Rn/(Sn*E - 0.6*P)
: 0*0.75l(16700*1 - 0-6*0)
: 0 i n

Required thicluess tr from UG-37(a)

t=P*R/ (S*E_0.6*P)
= 0*39.75l(16700'tl - 0.6*0)
: 0 i n

Opening does not require rEhforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmin : 0. 125 in
tl or t2(min) = lesser of 0.25 or 0.7*trnin. tl (min) = 0.0875 in
tl(actual) : 0.7*I€g = 0.7*0.125 : 0.0875 in

3.21.1996
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Clean Air Vent

€(actual) : 0.0E75 in
{  +  A :0 .175 >:  1 .25* tmin

The weld sizes for tl and t2 are satisfactory.

UG-.45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness ber UGaSOXI):
Wall thickness per UG-16(b):
Std pipe wall per Uc45OXa):
The-greater of tr2 or u3:
The lesser of tr4 or tr5:

t r l  =  0 i n (E :  l )
t r 2 : O i n '
tr3 : 0.0625 in
tr4 : 0.126875 in
tr5 : 0.0625 in
ffi = 0.0625 in

Req'd per UG-45 is the larger of trl or 16 : 0.0625 in

Available nozzle wall thickness o€w, tn : 0.125 in

The nozzle neck thickness is adequate for MAWp.

Exempt from weld strength calculations per UW-15(b)(2)

Reinforcement Calculations for External pressure

Limits of reinforcement UG-{)

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tit-Cn-C) : .3125 in

Nozzle required thickness

L/Do : 3.2511.75 : 1.8571 Dott = t.7\t0.cn741:234.8993
From table G:
From table HA-3:

A :0.000197
B = 2594.7

Pa = 4*Bi (3*Do/t)
: 4*2594.7 | (3* I .7510.00745)
: 14.728 psi

Nozzle required thickness trn = .00745 in

Required thickness tr from UG-37(0(l) : .2G)4 in

Opening does not require reinforcement per UG-36(cX3)(a)

UG-,{5 Nozzle Neck Thickness Cteck

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(2y:
Wall thickness irer UC-t0Oi:
ftd pipe wall per UG-45(b)(a):
The greater of tr2 or tr3:

3.21.t996

trl : 0.007a5 in (! = 11
tr2 : 0.0398 in
tr3 : 0.0625 in
tr4 = 0.126875 in
b5 = 0.0625 in

Re\.ision No. 0
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Clean Air Vent

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(bX2)

Rcvision No. 0
Doc. No. V049-l{82
Paee 28 of?3
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GN2 Vent

Opening GN2 Reinforcement Calculations Per UG-37

Located on:
Local vessel thickness :
Liquid static head included:
Flange description:

Nozzle material specifi cation :

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

tn -> l  l<-

tt',,l->l,l'l'; '-'l I'
\l-l-*' l-17 

<- L ->l

EOKIJACKET
.25 n
0 psi
Ndt installed

SA 240 3O4L HIGH

0 desrees
43.23 in
0 i n
3.25 in

Apr. rt, 1996

Revision No. 0
Doc. No. V0.19-1482
Paee 29 of73

c o r r o s i o n a l l o w = 0 i n
noz th ick  new tn= .125 in
nozz le  id .  new d= 3 in
f i l l e t  we ld  tw l  =  . 125  i n
qroove weld twz = .0875 in

To datum L= 36 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5+(tn-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rr/(Sn*E - 0.6*P)
: 0*1.5/(16700*l - 0.6*0)
=  0 i n

Required thickness tr from UG-37(a)

r: P*Ri/(S*E _ 0.6*P)
: 0*39.7 5l (16700*l - 0.6*0)
: 0 i n

Opening does not require reioforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or h or t, tmin = 0.125 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) = 0.0875 in
tl(actual) : O.7*lf,g = 0.7+O.125 = 0.0875 in

3-21-1996
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GN2 Veot

€(actual) = 0.0875 in
tl + t2 -- 0.175 > = 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-,15 Nozzle Neck Thickness Cbeck

Apr. rE, t996

Revision No. 0
Doc. No. V0.19-1482
Paee 3O of 73

Wall thickness per UG-45(a):
Wall thickness ber UG-a5(b)(l):
Wall thickness per UG-16ft):
Std pipe wall per UGa5O)(a):
The sreater of trz or tr3:
The fesser of tr4 or tr5:

Req'd per UG-45 is the larger of rl or

t r l  :O in (E  =
t r 2 : 0 i n
tr3 : 0.0625 in
tr4 : 0.189 in
tr5 : 0.0625 in
ffi : 0.0625 in

tr6 : 0.0625 in

l )

Available nozzle wall thickness n€w, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15@)(2)

Reinforcement Calculations for External Pressure

Limits of reiaforcement UG-+0

Parallel to the vessel wall d = 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(to-Cn-C) : .3125 in

Nozzle required thickness

L/Do : 3.2513.25 : 1 Do/t : 3.2510.0108 = 300.9259
From table G: A : 0.000253
From table HA-3: B : 3340.3

Pa: 4*B/(3*Do/t)
= a*334Q.3/(3*3.25l0.0108)
: 14.8001 psi

Nozzle required thickness trn = .0108 in

Required thickness tr from UG-37(d)(l) : .20)4 in

Opening does not require reinforcement per UG-36(cX3Xa)

UG45 Nozde Neck Thickness Check

Wall thickness per UG.45(a):
Wall thickness ircr UG-a5(b)(2):
Wall thickness per UG-166):
Std pipe wall pEr UGaS@)(a):
The greater of tr2 or tr3:

3.2r.1996
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13 : 0.0625 in
tr4 : 0.189 in
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GN2 Vent

The lesser ofh4 or tr5: ffi = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new. tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(b)(2)

Revision No. 0
Doc. No. V0+9-l'082
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GN2 Feed

Openinq GN2 Reinforcement Calculations Per UG-37

located on:
l.ocal vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification :

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center [o:
Projection outside vessel Lpr:

8OKLIACKET
.25 in
0 psi
Not installed

SA 2,!0 304L HIGH

0 deerees
43.25 in
0 i n
3.25 in

tn  -> l  l<-

l - l < -  d
twl -> |  l< l

l / l  l v-'il 
ll-z

<_ L _>l

-> l  I

l l i
l-l r

c o r r o s i o n a l l o w = 0 i n
noz th ick  new tn= . I25 in
nozz le  id .  new d= 3 in
f i l l e t  we ld  tw l  =  . 125  i n
groove weld tw2 = .0875 in

To datum L= 29 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required thickness

bn=P*Rn/ (SnxE-0 .6*P)
: 0+1.5/(16700*l - 0.6*0)
= 0 i n

Required thickness tI from UG-37(a)

r: P{,R/(S*E - 0.6*P)
: O39.751(167M*l - 0.6*0)
: 0 i n

Opening does not require reinforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t, tmin = 0.125 in
tl or €(min) = lesser of 0.25 or 0.7*tmin, tl(min) = 0.0875 in
tl(actual) = 0.7'r'kg : 0.7t.125 = 0.0E75 in

3.21.1996
Rerision No. o
ooc Nro vo.'t-tosz
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GN2 Feed

t2(actual) = 0.0875 in
tl + t2 : 0.175 > = 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Apr. 18, !996

Relision No, 0
Doc. No. V049-14E2
PaEc 33 of 73

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness per UG-I6O):
Std pipe wall per Uc-as@)(a):
The sreater of tr2 or tr3:
The fesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or

Wall thickness per UC-45(a):
Wall thickness per UC-a5@)(2):
Wall thickness ner UG-16(b):
Std pipe wall per UG-as@Xa):
The greater of tr2 or tr3:

3.2r.1996

t r l : 0 i n ( E :
tr2 = Oin
tr3 : 0.0625 in
tr4 : 0.189 in
tr5 : 0.0625 in
tr6 : 0.0625 in

tr6 = 0.0625 in

r)

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(b)(2)

Reinforcement Calculations for External Pressure

Limi8 of reinforcenent UG-40

Parallel to the vessel wall d = 3 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required tlickness

L/Do = 3.2513.25 : 1 Do/t : 3.2510.0108 : 300.9259
From table G: A = 0.000253
From table HA-3: B : 3340.3

Pa= 4*B/(3*Do/r)
-- 4+3340.1 | (3*3. 2510. 0 I 08)
= 14.8001 psi

Nozzle required thickness trn = .0108 in

Required thicbess tr from UG-37(O(I) : .20)4 in

Opening does not require reinforcement pcr UG-36(cX3Xa)

UG-45 Nozzle Neck Thickness Check

trl = 0.0108 in (E : l)
tr2 = 0.0398 in
h3 = 0.0625 in
a4 : 0.189 in
tr5 = 0.0625 in
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The lesser of tr4 or tr5:

GN2 Feed

tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld srength calculations per UW-I5OXZ)

Re\ision No' 0
Doc, No. V049-1482
Pese 3'1 of 73
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Burst Disc

EOKLIACKET
.25 in
0 psi
Not installed

SA 2,+0 3(XL HIGH

corros ion a l loh,  =
noz thick new tn=
nozz le id .  new d=
f i l le t  weld twl  =
groove h,eld twz =

To daturn L= 22 in

Apr. tE, 1996

Revision No. 0
Doc. No. V049-l{82
Paee 35of73

Owning n3 Reinforcement Calculations Per UG-37

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

tn -> l  l<-

0 desrees
43.23 i^
0 i n
3.25 in

'  
l - l < -  d

twl -> |  l< l
l / l  l v

-  - t  t -' r l  
I  twz

<- L _>l

-> l  I

I I '
l_17

0 i n
. 1 2 5  i n
2 . 5  i n
. 1 2 5  i n
.0875 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0*1.25l(1670*1 - 0.6t)
= 0 i n

Required thickness tr from UG-37(a)

tr: P*R/(Si.E - 0.6*P)
= O*39.'751(167ffi*1 - 0.6*0)
=  0 i n

Opening does not require reinforcement per UG-36(cX3Xa)

Check the welds - From UW-16(d):

unin = lesser of 0.75 or tn or t. tmin : 0. 125 in
tl or t2(min) : lesser of 0.25 or o.7*tmin, tl(min) = 0.0875 in
tl(actual) = 0.7*ll;g: O.l*0.125 = 0.0875 in

3.2t.t996
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Burst Disc

t2(actual) = 0.0E75 in
tl + t2 = 0.175 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-f5 Nozzle Neck Thickness Check

Apr. t8, 1996

Wall thickness per UG45(a):
Wall thickness iler UG-aS@Xl):
Wall thickness oer UG-16ft):
Std pipe wall p€r UG- SOXa):
The sreater of tr2 or tr3:
The lesser of tr4 or tr5:

Nozzle required thickness

L/Do :  3 .2512.75:  l . l8 lE
From table G:
From table HA-3:

t r l : O i n ( E : 1 )
t r 2 - 0 i n
tr3 : 0.0625 in
t4 = 0.177625 in
b5 = 0.0625 in
ffi : 0.0625 in

Dolt -- 2.7510.W76 :281.7623
A = 0.000238

B : 314O.5

trl = 0.00976 in (E :
trZ = 0.0398 in
tr3 : 0.0625 in
tr4 = 0.177625 in
tr5 = 0.0625 in

Req'd per UC-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozde neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-15(b)(2)

Reinforcement Calculations for External Pressure

Limits of rei nforcenent UG-40

Parallel to the vessel wall d = 2.5 in
Normal !o the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(h-Cn-C) : .3125 in

Pa: 4+B/(3*Do/t)
: 4*3 140.5/(3*2.7 5 10.ffi97 6)
= 14.8612 psi

Nozzle required thickness trn = .00976 in

Required thickness tr from UG-37(dXl) : -2094 in

Opening does not require reinforcement per UG-36(cX3Xa)

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
WaIl thickness ixr Uca5ft)(2):
Wall thickness per UG-16ft):
Std pipe wall pEr UG-45OX4):
The greater of tI2 or b3:

3-2r.t996
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The lesser of tr4 or tr5:

Burst Disc

tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozde neck thickness is adequate for Pe.

Exempt from weld strengtft calculations per UW-15(bX2)

Re\ision No. 0
Doc. No. V0{9-1482
Pasc 37 of 73

3.2r .1996



COMPRESS 5.53 C:\COMPRESS\CRYOPb:PS\8CKi.cR','o. vS:.

Elec Instrmntion

Openiog n4 Reinforcement Calculations Per UG-37

corros ion a l low = 0 in
noz thick new tn= .125 in
nozz le  id .  new d= 2.5 in
f i l l e t  we ld  tw l  =  . 125  i n
groove weld tw2 = .0875 in

To datum L= 22 in

I  o ,  t  t T r t

Rerision No. 0
Doc, No. V049-l-082
Paee 38 of73

lrcated on:
Locat vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification: SA 240 304L HIGH

Nozzle orientation: 15 deerees
End of nozzle to shell center: 43.2fin
Nozzle offset from center Io: 0 in
hojection outside vessel Lpr: 3.25 in

8OKLIACKET
.25 in

l,8ii",ou*

tn -> | l<-

l - l < -  d
tw l -> l  l < l

l / l  l v-'i l 
l l-a

<_ L _>l

' l l ,
l-lr

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(m-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tir-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
: 0*1.25l(16700*1 - 0-6*0)
: 0 i n

Required thickness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: q439.751(16700+l - 0.6*0)
: 0 i n

Opening does not require rehforcenent per UG-36(cX3Xa)

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. trnin : 0.125 in
tl or t2(min) = lesser of 0.25 cir o.7*tmin. tl (min) = 0.0875 in
tl(actual) = 0.7*lEE: 0.7+0.125 = 0.0875 in

3.2t.1996
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Elec Iostrmotiotr

t r l : O i n ( E = l )
t r 2 : 0 i n
tr3 : 0.0625 in
t4 = 0.177625 in
b5 = 0.0625 in
tr6 : 0.0625 in

A . . , .  t o  t ^ ^ 4
r a u t .  t o .  t > 7 v

Revision No. 0
Doc. No. V0'19-l'o82
Paee 39 of73

t2(actual) : 0.0875 in
t l  +  t2  = 0.175 >:  1 .25* tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness fer UG-45(b)(l):
Wall thickness oer UG-16(b):
Std pipe walt p6r UG45(b)(4):
The sreater of tr2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of tr1 or tr6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Exempt from weld strength calculations per UW-I5O)(2)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(m-Cn-C) = .3125 in

Nozzle required thickness

LlDo -- 3.2512.'15 : l . lEl8
From table G:
From table HA-3:

Dolt : 2.7 5 10.W976 : 281.7623
A = 0.000238

B : 3140.5

Pa:4*B/(3+Doit)
: 4*3 I rtO.5/(3,'.2.7 5 10.Cfr97 6\
= 14.8612 psi

Nozzle requirld thickness trn : .00976 in

Required thickness tr from UG-3?(dXl) = -2094 in

Opening does not require reinforcement per UG-36(cX3Xa)

i!C-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): f I
Wall thickness per UG-45(b)(2): b2
Wall thickness per UG-I6O): b3
Std pipe wall per Uc-a5@)(a): b4
The greater of tr2 or tr3: trs

3.2r.t996

= 0.0@76 in (E =
: 0.0398 in
= 0.0625 in
: 0.177625 in
= 0.0625 in

l )
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The lesser of tr4 or tr5:

Elec Instrmtrtion

tr6 = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness n€w, to = 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(b)(2)

Revision No. 0
Doc. No. V0{9-l-082
Pape 40 of?3
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Vacuum Gauge

Opening n5 Reinforcement Calculations Per UG-37

Located on:
Local vessel thickness:
Liquid sutic head included:
Flange description:

Nozzle material specifi cation:

Nozzle orientation:
ind of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

8OKLIACKET
.25 in
0 psi
Not installed

SA 2,!0 304L HIGH

0 deerees
43.25 in
0 i n
3.25 in

Revision No. 0
Doc. No. V049-14E2
Paee 4l of 73

tn -> | l<-

l - l < -  d
tw l -> l  l < l

l / l  I  v
\ l  I  tw2

<-  L  > l

c o n o s i o n  a l l o w  =  0  i n
noz thick net. l  tn= .125 in
nozz le  id .  new d= 1 .5  in
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove t, teld tw2 = .0875 in

To da tum L= 15  in

' ll;
Reinforcement Cal culations For Nozzle MAl.'i i

Limits of reinforcement UG-40

Parallel to the vessel wall d : 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0*0.75(16700*1 - 0.6*0)
=  O i n

Required thickness tr from UG-3?(a)

fi.: P*&r(s*E _ 0.6*P)
: O*39.751(16100*1 - 0.6*0)
=  0 i n

;i'iri;n: 'j.-i.:-s nn:- i€.quire reinforcement Der UG-36(cX3Xa)

'*--:::: :hc welds - From [IW-l6(d):

tmin = lesser of 0.75 or tr or t. tnin : 0.125 in
tl or t2(min) = lesser of 0.25 or o.7*tmin, tl(min) = 0.0875 in
t!(actual) : 0.7*t€g : 0.7*0.125 : 0.0875 in

3.2t.t996



Wall thickness per UG-45(a):
Wall thickness fer UG-45(b)(l):
Wall thiclness per UG-16ft):
Std pipe wall per UG-aS@Xa):
The ereater of tr2 or tr3:
The lesser of tr4 or trs:

COMPR-ESS 5.53 C:\COi':;*i-ii.!;"i::-:',':;:-i.!!--:l'.331':: :' :r i r; ii:i.

Vacuum GauEe

t2(actual) : 0.0875 in
t l  + t2 = 0.175 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

t r l : 0 i n ( E : 1 )
t r 2 : 0 i n
t3 = 0.0625 in
h4 : 0.126875 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or ffi : 0.0625 in

Available nozzle watl thickness new, tn = 0. 125 in

The nozzle neck thiclness is adequair io! i'iAwF.

Exempt from weld srength calculations per UW-15(b)(2)

Rtinforcement Calculations for External Pressure

Limits of reioforcemeni. UG-40

Parallel to the vessel wall d = 1.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required thickness

L/Do : 3.2511.75 : 1.8571 Do/t = 1.7510.00745 -- 234.8993

trl = 0.00745 in (E = l)
tr2 : 0.0398 in
: - .a -  Jr  J. : .414 : . .

14 :0.126E75 in
tr5 : 0.0625 in

! -. -. ! a! t !!!!4
, - . ! . r .  r r , r .  . t : r j

Revision No, 0
Doc. No. V0.19-14E2
Paee 4aof73

From table G:
From table HA-3:

Pa:4*B/(3*Doit)
: 4*2594.7l(3* I .75l0.0c?j:)
: 14.728 psi

Nozzle required thickness trn : .00745 it

Required thickness tr from UG-37(dX!) : -2094 rn

iiiiening does not requfue reinforcement Der UG-36(cX3Xa)

1:J a -', a;ozzle Neck Thichess Check

A = 0.000197
B = 2594.7

Wall thickness per UG45(a):''J-, 
aii iliii:lness per UC-45@)(2):

Wall thickness ocr UC lfii.;.
Std pipe wall p6r UG-45ft)(4):
The greater of trz or tr3:

3.21.1996



The lesser of tr4 or tr5:

Vacuum Gauge

E6 = 0.0625 in

Re4'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is atlo,'i,-.aic ior Fe.

Exempt from weld strength calculations per UW-15(b)(2)

Revision No. 0
D€. No. V049-l'082
Pase 43 of73
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LN2 Lvl Cntrl

Opening LN2 Reinforcement Calculations Per UG-37

Located on:
Local vessel thickness:
Liquid static head incluJi..l.
Flange description:

Nozzle material specification:

iii.iezle orientation :
End of nozzle to shell cr:rrii,r ,
ii.,r.iia ,..riiiet from center l-o:
Projection outsidr. veiirl :.iii:

SOKL'ACKET
.25 in
v uJl
Not installed

Jn Z+U Jtr+:- -:1 :a

JJ5^{egre€s
+-'r,,r;-t I|l
0 i n' !  . t <  : _ .

L ,--. .l 4 | t\,\4

Revision No. 0
Doc. No. V049-14E2
Paee 44 of ?3

tn  -> l  l<-

l - l < -  d  ->  l -
tw l -> I  I< l  I

l z l  l "  I
I

\ l - l - twz l_
<_ L _>l

cof fos ion  a l low =  0  in
noz  th ick  new tn=  .125 in
nozz le  id ,  new d= 2  in
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove weld twZ = .0875 in

To datum L= 36 in

Reinforcement Calculatior:s Frii iioz.aii i-: I'.'-.:

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2 in
Normal to the vessel wall outside 2.5*(h-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5+(tir-Cn-C) = .3125 in

Nozzle required thicko,.-'::

trn : P*Rn/(Sn*E - 0.6*P)
= 0*l/(16700*l - 0.6*0)
= 0 i n

Required thickness tr fron UG-37(a)

tr: P+R/(S*E _ 0.6*P)
- 0*39.75t(16700'.t - 0.6*())
: 0 i n

i-i l;.-,; ;.;; ..i;..-;,; ;i . ..r-; rii re reinforcement per UG-36{i:)(3)(a)

:l;;i.i; ilt. wclds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmin = 0.125 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin. tl(minr : 0.0875 in
: l ; i t , ' i i ,di j '  -  i j .7+teg = 0.7*0.125 = 0.0875 in

3.2r.1996
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Wall thickness per UG-45(a):
n'"ii iirj,.i.'iri:. !'+' i-;G-45(h)(2):
Wall thicknesi !),:, r_:+- 14ir-.) '
Sirl iii;'' ..''..:l :.,i: :jC-45(bX4):
The greater of lr? !r ir-l:

3.2r.1996

trl = 0.ffi866 in (E : l)
tr2 : 0.0398 in
!i3 0.06?5 !r
t r4 :0 .13475 in
tr5 : 0.0625 irt

Revision No. 0
Doc. No. V049-l{82
Pape 45 of73

LNZ Lvl Cntrl

t2(actual) : 0.0875 in
t l  + t2 = 0.175 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

fIG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a):
lr'.'r :: !.hictness per UG-45(bXl ) :
Wall thickness pri i IG- l,1il',i
Siri 1,ip+.rall per UG-a50X4):
The qreater of tr2 or lr3
I t:. l'rrs€r of tr4 or tr5:

t r l : O i n ( E = l )
t r 2 = 0 i n

, \  ' rr^a :^
!!  --- u,r i tr . : . :  : : :

tr4 : 0.13475 in
tr5 : 0.0625 ir
tr6 : 0.0625 in

Req'd per UG-45 is the larger of rl or b6 = 0.0625 in

n r ,r iiairlt-- ni'zzle wall thickness new. tn : 0. 125 in

The nozzle neck thii.i.',i:: '.: :..!:'-:'.,.'i: i1r: r'.'! nWi

Exempt from weld strength calculations per UW-15(b)(2)

:i.'!,: i'ilicement Calculatiots for Externi! Pressiire

!.lmits of reinforcemen: UG-++

Parallel to the vessel wall d : 2 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.-5*ttrr-Cr-{l ) = .-112-5 in

Hozzle required thickn.:r:i

L/Do : 3.2512.25:1.4444 Dolt:2.2510.ff i8(rt i  :  2,59..3!5?
From table G: A : 0.000218
From table HA-3: B = 2814.1

Pa:4*B/(3+Do/t)
: 4*28'7 4. 1 / (3*2.25 ff_t.t_t:,_i:__t.:_.:
: 14.7495 psi

Nozzle requiretl thicli, '. 'rt i i ri - i;t.i*t,r, i i '

Required thickness tr from UG-37{i.ri.:: : = -2i}tt :.1

+i.r,,i!.:: .ii.'*r *oi require feinforcement per UG-36(c)(3)(a)

:=ii:-::,-: i;1r:1zle Neck Thiclmess Check
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LN2 Lvl Cntrl

The lesser of tr4 or tr5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

i..,;.iiahir: a,rz_zle rvall thickness new, tn = 0.125 in

The nozzle neck thi;i.-;,':::.-. i-: i,!,.*::*1,, *br !r,-

Exempt from weld strenglh calculations per UW-I5O)(2)

Revision No, 0
Doc. No- V0{9-l{82
Pape 46 of73
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LN2 Fecd

Opening LN2 Reioforcement Calculatior"': Per I,IG-3?

Located on:
! .ocal vessel thickness:
Liquid static hgai! i::i lrrrii ri
Flange description:

Nozzle material sPeci fiui'i i. ui

lr.l + ::.-:,.!r orientation :
End of nozzle to de'r'.::!i :!:':,i:
iir :'...::. ::;:.r:i:lted aS hillSide:
Projection outsi,.i, ' $!ci L1;: .

EOK LFT F&D HD
.375 in

w6i insratteO

. l r ^  - i i i  - i i t * i ,  , - r r (  i , - t

90 desre€s

no
fl in

cor ros ion  a l  low =
noz th ick new tn=
nozz le  id .  new d=
f  i I l e t  w e l d  t w l  =
groove lreld tr',z =
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tn -> I l<-

l -  l . -  d -> l -
t w l - >  I  l < l  I

t / l  l v  I-'i 
l- l-1-' l-

<- R ->l

0  i n
. 125  i n
2 . 3 7 5  i n
. l 2 5  i n
. 0875  i n

To head center R= 30 in

?:-:inforcement Calculai:'-', s F-'r i-1....::i': j.i i'.ii'l

Limits of reinforcement UG-40

Parallel to the vessel wall d : 2.375 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wal! irr.:ii!r' t !=iti',-{','-{.'i : .r i?5 ir

i'{ozzle required thickEi:i:

trn : P*Rn/(Sn*E - 0.6*P)
= 0*1.1875/(16700*1 - 0.6*0)
= 0 i n

::.:.:lired thickness tr from UG-37(a)(l)

tr: P*L*M/(2*S*E - 0.2*P)
-- 0*80*l/(2*167()i : '  :  - ; ;  : ' : ' r : ,
=  0 i n

'--t;--i::::. ;;ir: :...: : -.]:i:re reinforcement per UC-36ii'X3Xa,:

i'-.,..'-; ;h;. *.elds - From UW-i6(d):

tmin = tesser of 0.75 or tn or t. tmin : 0.125 in
t l  or €(min) = lesser of 0.25 or 0,7*tr-rr i ;r ,  l  ! .rr t i r tr  -  t l .u37: trr
ii{a.;:ir-tai) - i-r ial ,eg = 0,7+0.125 : 0.0875 in

3.2r.1996



COMPRESS 5.53 C:tCG.l-jr'EF::':.1:F-YC'!:i=i!:*4".t'-ai1' '- -- ! '�"r, i;:

LN2 Feed

t2(actual) = 0.0875 in
t l  + Q = 0.175 > = 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wa.ll thickness ber UG-aS(bXl):
Wall thickness per UG-16(b):
Std pipe wall pdr UG-45(hX4):
Thr rreater of tr2 or tr3:
The lesser of h4 or tr5:

Nozzle required thickne::

UDo=012 .625=O
From table G:
From table HA-3:

t r l : 0 i n ( E =  l )
h 2 = 0 i n
tr3 : 0.0625 in
t4 :0.177625 in
tr5 = 0.0625 in
tr6 : 0.0625 in

Dolt: 2.62510.00436 - 602.0642
A : 0.002689

B = 6658.6

Req'd per UC-45 is the larger of trl or tr6 : 0.0625 in

A-vtilable n,-rzz!e rr,all thickness new, ul : 0.125 in

The nozzle neck thitl.:ners rr a,Je,;u:re tor M A.W P.

Exempt from weld strength calculations per ffW-15(b)(2)

F-.i:!l'orcement Calculations for Exterra! Pressure

Limits of reinforcement UG-4ii

Parallel to the vessel wall d = 2.375 n
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall insi,ie 2.5*{t!-Cn-C} = .3125 in

Nozzle required thicl:ne is i!'n = .,ii4:tf in

Required thickness tr from UG-37(€ii ! i : .2r9'.' '-

iE.,:::iri docs ++t icquire reinforcement per UG-36(cX3Xa)

UG-4-q i{ozzle Neck Thickness Check

Pa = 4*B/(3*Do/t)
= 1'+ 69Jq :6 I (3*2. 62 t /tJ. ij*i4-ri')
: t4.7462 psi

WaIl tbickness per UG-45(a):
r.:ii'jickness for UCa5(b)(2):
Wall thickness per UC- | 6ii.):
liJ pipe rvr!! pe:' t-lG-a5OX4):
The greater of tr2 .ir i:-3:

3.21.t996

j:--_

t r l = 0 . 0 0 a 3 6 t u ( E : 1 )
tr2 : 0.04 in
t'.-! - IJ.._E?S in
t4 : O.177625 n
tr5 = 0.0625 in

Revision No. 0
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LN2 Feed

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 ir

a,! . .1! ! , :h!r  n, ' ru ! :  - ' : ! l  rh ickness new, tn = 0.125 in

The nozzle neck thie i  " . . t .  : '  1, i  r : '1!-  io i  . , ._ ' .

Exempt from weld strength calculations per UW-15(bX2)

Revision No. o
Doc. No. V049-l-082
Paec 49 of73

3.2r.1996



Support Rings

:tiffening Ring Calculat;ons P.-:r LtC-?l!

aSi!i-t- :-',',il1,r Vi'i l-tavision I, 1992 Edition. A

Support Rings
{ : !  ? rn  { t r4 t  t - { l r :H

2

92 in

4x3x114 Un E-:u:i " rr
lec in (hard wav)

4 f  -  !  Z r ; . 1 " ' l

lr : 2.77 in^4

Identifier:
Ring material sFi'..'r i i.-;i: i:r:: :
ll,lml,,er lr! r.ints in this qrouD:
Distance first rin: t,' ::'.I:: ii::;
Ring spacing:

Rins descriDti! !n:
RinE is rollid:
fun! cross secti()j):: :ij::
l l  i r ' -  , '  . , ' , .61 of  inert ia:

B =

:- : : r.,':i!;ons for rinE 42 in from dai.ii-=

From table HA-3 (ring)

r.69t42))

A: 2.6747998-04

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
= (80^2*42+(0.209.1t i  i  i . rJ,  i  4:)  -  j . i . -  1 . ' i ' , :  . - r  ! j  i ,  :  i . ; . ' j
:1 .646531 in^4

.1., ; : : i; i. : ; : : i ii :. ; ;:ri i : I nertta Of the Co_mh_ilgC :iSg - :!9!!_!99ti-

:--::tii '.r:.iil i, i'':r'i;r.'uting smaller of = 4.91935

W: 1. l*Sqr(Do*ts)
- 1. !*Sqrl80*0.25)
: 4.91935 in

W : L s : 4 2 i n

Shell area Al = W*ts : I .229t.:r ::: l

r-t,(:t?nae:,: the rinc neutral axis

3.21.1996 Revision No. 0
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Support Rings

Y2 : Rinc NA + ts/2
:2.76 + O.25t2
= 2.885 in

Neutral axis Of combini.i! r...!ii,!,

N A = A s * Y 2 i ( A l + A s )
: 1.69*2.885/(1 .2?9-r:- '  ' :
: i.o6sst6 in'

Inert ia of  the shel l  a i ' , . ' r ' i  i i , :  . r ' , ' r i , i r : r , j . , - r , : . . " ,  
- r . j  ;

I l : w * r s ^ 3 / 1 2 + A 1 * N A ^ 2
: 4.9 1935*0.25' 3 ! 12 + i.229!-:r -' r .i..rt.j ji.' ?
: 3.435626 in^4

Inert ia of the r inc al. j : :  :"- . : ' , i : ' ' : . ; , .- ;  . :- : :r ' : '  ' i ' i

t2 =.tt  + Asr(NA _ Y2)^2
= 2 .77  +  1 .69* (1 .669 i ._ r : . .  -  - . : ; : ;  - :
= 5.265493 in^4

Total avai lable I = 11 + 12 = 8.70i l l i  i : : ' . i

The +.'_3.'- j./4 i io Fqual Ang vacuum stiffener is satisfactory.

i-':.:.. :.:;rr.ions for ring 134 io from d:ii.:.!!

ih('ll material soecification:
Reouired shel! ti,i..i -..-. - .
r---., - i--. :i:ill thickness:
Shell outer di:rr: -:t=:':
..i'. ign temperature:
External desig:, r-,, .'.-'' '- .
liiii'i?r':: :.,:; ;:-': i:,-1 length:

t s :
D o :

L s :

SA 240 3O4L HIGH

0.25 in
80 in
4@ deg F
i  r .  r  l . tJ i
29.22495 in

B: ,75*(P*Do/(t + As/l : ,))

= ;-ffiiftJ"o(0.20e38 
+ t.6e t2e.224es)\

From tabte HA-3 (ring) A = 2.500345E-C.i

E r.:r,:r: i::,:..3 i.lr-:::rini cf inertia of llre eonrl-:i::ed r!nt-l;!iell secti,'+

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
-- (80^ 2*29.22495*(0.1i)?.1 :, ! . a.9.11+. ?l i 95i":, :ii:1'r :!,1'!:' : : ?
: 1.146451 in^4

4'.:':::::!: =:=:-!- :: lnertta of the combined iini-ghell secti,ia

::!r:!i r'i,iii, ,-.,.,,t:,i.utint smaller of : a.9L935

W: I . I *Sqr(Do*ts)

3.2r.1996 Rerision No. 0
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COMPRESS 5.53

Support Rings

= l. l*Sqr(80*0.25)
- 4.91935 in

W = Ls :29.22495 in

Shell area Al : W*ts = 1 .22983i :.:'2

rr'it:nc: li' rlrc ring neutral axis

Y2 = Rine NA + ts/2
= 2.76 I O.2st2
: 2.885 in

Neutral axis of combined seclion

N A = A s * Y Z i ( A l + A s )
=  1 .69*2 .885/ (1  .22 ' � : t i :  .  i . . : . .
: i.oks8i6 i"'-'---

Inertia of the shell rir,,rr-, i.i:i :.::i i!;::rii:-; :..r,_'1,..i,, i.J;

I l  = W+ts^3/12 + Al*NA^2
: 4.91935*0.25 ^3/i2 + !.f2:^t-i.-.. : ..:,i.=.ili,'l
= 3.435626 in^4

Iner t ia  o f the  r ing  a lu , " ;  i i , , :  .  , , , . , , , , . . , . ;  ' . , ; , , , , ,  ' r= ;

1 2 = I r + A s * ( N A _ y 2 ) ^ 2
: 2. '17 + 1.69*(1.669:i .- : :  j  1a::.-  :
= s.zes+stii^i 

-' '

Totr l  avai lable I  = I1 + 12 :  B.Tni i i i i  , r ,  - i

Tll: :!';J: l.'j 
-r,11: 

i.,iuli Ang vacuum stiffener is satisfactory.
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CoMPRESS 5.51

Stiffner Rings

.-:, ifening Ring Calculaiion_q BsL:zS_:2

; ; 1 4 ; .

I r :

Stiffner Rinss
SA 240 303.-L Hlr,i?i
2

84 in

2.5x2.5x1 | 4 Eqr',.i .'.
let in (hard wav)

oi'oi'i"ra

SA 240 3O4L HIGH
i : 0.20!riS in
ts : 0.25 in

: 4 0 0 d e g F

Ls : 23.22495 in

t==

From table HA-3 (ring)

!:,: i ! ,. '  i , i :, ' .  ,-n:1i.; '1{l jng Smallef Of

W: l . l+Sqr(Dott :^)
: l . :"Sqr(80*0.25)
: 4.91935 in

W : Ls :23.22495 in

Shell area Al : W*ts = 1.229'i.:',- :+-)

D, iiaiirr. i.: thc rinc neutral axis

3.21.1996

1.19t23.22495))

A = 2.562953r r;;

: 4.9t935

-:,:;r'i,-'j ,,'-.':r'tr'-', +f inertia oi'rhe ccmti;.e4, ri;.; ;lell Secti;;

ls- (Do'2*Ls+(t + As/Ls)*A)/10.9
: (80^2*23.22495+((1.-r:r . : ' .  i .  i : ;- , : , : j ; : ,- ' ;  i . - , :+:: : . ' : - i  l , - ' ;  ' ; r  ,  +. ;
:  .9108638 in^4

- - -,:,,::,:: --. j-,:--i: .i:- ina:i:a Of the comlii i ied iirrr,shell Sec'r:r_rr

Revisiofi No. 0
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1t{tnerESC!

Y2 = Ring NA + ts/2
: 1.783 + 0.2512
= 1.908 in

Neutral axis of comhrl:.; :':', i'i .i

N A = A s x Y 2 / ( A l + A s )
=  l .19+1.908/ ( l  .229 ' i . i , -  -  " . " : , t  ;= .9382945 in

Inertia of the shel! ai--i',:i;-i:: .-.-,',,i:',,.:.i 1;,-1q'-,1, i'J.'1

I l  - W * t s ^ 3 / 1 2 + A l * N A ^ 2
= 4 .91935+0.25"3 i i?  i  i . : : ; !1 . ' : - . : - ' : : l  1 . - : ' :
= 1.08915 in^4

Iner t ia  Of  the r in t  Cl i i . . . r  i : - . -  . - , ' . . - r : ' . . , . . . . :  , . . - ; . . - . : - .  : j . ' -

1 2 : I r + A S * ( N A - Y 2 ) ^ 2
:  0 .703 +  l . l9 * (0 .9 j :  . : : . . r  .  . : , . : , : ;  .
:  1 .821991 in^4

Total available I : 11 + 12 - 2.91i i.1: i;r. +

Tl:1..1;1.i:'1,'i lquai A ..'i:cuum stiffener is satisfactory.

.' : :'':irns for ring 88 in from d::::---'

i : , .- l  j ' , ' : : , .=rial specif i  cat ion:
Required 5[31] ;ir.''l ::.=-.. i -
i ....i.,,.;:;., :'r::, lhickness: ts :
Shell outer dir::'..:..;,. l)o :
: i - . . :  - . .  :  Jrnperature:
External desit:t ::i::::,:: I! =
: i i i i i : , r : ,  .- ; .r ,-  1=6 1.nt,n'  Ls =

B = .?5*(P*Do/(t 1- Ari i i;j
= .r i ' : r  i i . r  '10/(0.20938 + l .19146))
: 3749.21

From table HA-3 (ring)

5i:r:i *'::li: .:.,,;i;:1.,ittint smaller of

W: I . l  *Sqr(Do+ts)

3-2r-1996

SA 240 3O4L HIGH

0.25 in
80 in
400 deg F
- ' ! .{  ? tr i
qo'in"*

A = 2.836-i7iE', j :

ii+;'-'!:'+,j ,lr.-:,:.=r,'r -i jnertia oi iire coiiriiir..ed riiis siiell sectii l

Is= (Do'2*Ls*(t + As/Ls)'FAyl0.9
: (80^ 2*46*(0.209 il - r : !,;r,''2..-i:^.i'57 i i-i*;,' i,l.!
= 1.802328i''.'4

,'r;;il;i;!i :r:-;;:;.:'....i ilertia Of the COmbaned ri nq-shell segtion
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CoMPRESS 5.5-1
'jriffner Rings

= l . l+Sqr(80*0.25)
= 4.91935 in

W = L s = 4 6 i n

Shell area Al : W*ts = |.229i'. .,' .

l'!:',:::.; : . 'lh(1 ring neutral axis

Y2 = Rine NA + ts/2
: 1.783-+ O.2512
= 1.908 in

Neutral axis of comhined s+.rtir,'i

NA = As+Y2l(Al + As)
=  1 .19+1.908/ ( l  .22 i i : - r -  -  , . ,1 ; ;
= .9382945 in

Inertia of the shell .r1,.'.r; ::'.,' ,-,-',::;-.,,,:. .-.-::-':', :j'i

l l  -  W*ts^3/12 + A1*NA^2
= 4 .91935*0 .25 '3 , r  j - r  +  i  ? -?Qi i :  : - : . j : i r :_ . . ' :
= 1.08915 in^4

Inertia of the rint i:l:...,i ,1 . . ' .i " . .r . ::,.:: i; .

1 2 : l r + A s * ( N A - Y 2 ) ^ 2
:  0 .703 + 1.19x(0.93 i - : r , : '
=  1 .821991 in^4

To ta l  ava i l ab le  I  :  11  +  12 :2 .9 i ; ; ; i  : i : ' +

i:ii ,-' . :' r : . : :': .! I 4 ;:.r':i:.i ,:' .,'i:,,t'.,i i1 )1:ffener is satisfactory.

! o .
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.VSL

Pressure Summary

Pressure summary firr Dressure chamber I

Apr. l t, 1996

l x o l z l €  |  r  I  r . ^ 6 p  l x ^ P  I  P c  l o c - e e  I  o c s - - € 6

1 s t6 tuB I  dearsn  I  I  le t t€Eno l l  F r t lo  I  t {D t  t

|  ( u c - . s )  l ( d e s  r )  |  ( p s l )  |  ( p 6 r )  |  ( p s i )  I  |  ( d c a  r ) strc3s aeduct.lon I (1n) I

I rlD aoxL

I hl Pubpout Pora

I fLC F.I BTTUBE

I not appllcabl.

I rot .ppltcabl.

I xot appltcabl€

I xot .pPttcable

I  o.ooo I

i - l : t - t - t - l - l
|  |  o . o  |  " s . r  |  " 5 . a  |  2 3 . s  l l . o o o  I

I  I  o . o  |  1 5 7 . e  I  1 5 7 . e  I  5 6 . 3  |  r . o o o  I

I  o k  o . o  I  r o s - ?  L  r o s . "  I  r s . r  I  r . o o o  I

I  o . o  I  o . o  I  o - o  I I  r .  o o o  I

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowable external pressure is 23.85 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe

: 1.5*Pe81 : 35.8 psi

Vessel hydrotest pressure is 35.8 psi.
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.vSL Apr. 18, 1996

coDPohent  - - - - - -

Weight Summary

-  Fe lqh i  ( rbs)  co t t t l tu ted  bv  vc6ac l  E tobet t .

Tray6 g.ck.d In6ut Llnthg PlPIng l-.dd6f alngE o9.r t€6t t6zrr'

a t'l.t & rrlsc l.lguld Llquld & flg

lrd aokl
o o

t  a 3 :

vcas€I  op€ta t l rq  re lghr ,  co t rodedr  1 .262 I I r3

vesse l  cnp ty  !c lgh t . ,  corzoded:  r ,262 t I tB

vesse l  enpt t  ue tqh t .  hc r :  1 ,25r  l t rs

Vessc l  t . s t  ce tqb t ,  reu :  a757o l t ' s

Vessel lift weisht. new:
Center of gravity io seam:

1,262 tbs
19.4 in

Vessel center of sravi

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLRTBM.VSL

Nozzle Summary

Ap.. rE, r996

( t D )  ( i n )  a 1 ? ( t h )  ( r )

l o .5o  O-25oo Y y  O . 2 S O  O . 1 4 6 4

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickness
Req t - required vessel wall thickness due to pressure * cor'r per UG-37
User t - Iocal vessel wall thickness (near opening)
Aa - area available oer UC-37. soverninq condition
Ar - area required fer UC-37,'giverning-condition
Corr - corrosion allowance on nozzle id.

3.2t.1996
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COMPRESS5.53 C:\COMPRESS\CRYOPMPS\E0KLRTBM.VSL Apr. 18, 1996

Nozzle Schedule

N o t l l e  S e r v l c e  s i z e  t { a t e E l a l s

nath Nozzte tnpact? lrorD? P.d tDP.ct? ||orD" rt.ng.

Purtout Port sa 2ao 3o.L $IGH

R€lision No. 0
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.VSL Apr. lE, 1996

Thickness Summary

Le^.Jth Nob t Req t Jolnt

( 1 h )  (  I n )  ( r n )  E

c o e € t n l n 9 .

LOad st.tus atEs..

o , ! 7 5 0  0 . 3 " 5 0  0 . 4 5

o.2500 0 .2500 0 .  s5

Nom t - vessel wall thickness
Req t - required vessel wall tiickness due to governing loading
E - Ionlitudinal seam joint efficiency

l,oad:
internal - circ stress due to internal pressure govems
external - external Dressure governs
wind - combined lone strEss due to STATUS + wind qovems
seismic - combined lon! stress due to STATUS + seismic governs
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLRTBM.VSL Apr. l t, r996

HD SOKL

ASME Section VI![ Division l. 1992 Edition. A

Component:
Mateiial specifi cation:

Corrosion allowance: Inner C = 0 Ou er= 0 in

PWHT is not performed

Radiography: Category A joints - Spot lIW-l l(b) type I
Head to ihell seam - Spot UW-l l(b) type I

Estimated weight:
capacity:

new = 666.6 corr: 666.6 lb
tnew : 171.72 con : 171.72 US ga

O D = 8 0  c r o w n  L : 8 0  k n u c k l e r : 4 . 8 t : .375 in (min)

Straight flange = 0 formins al lowance:0 in

MAP: (New & at 0 des F) Appendix l-4(d) Eq 4

P : 2*S*E*r/(M*Lo - t*(M-0.2)) _ Ps
= 2# 16700+0. 85 *0.37 5 I (1.7746*80. 375 - 0. 375*(1 .7706-0.2)) - 0
:  75.12013 ps i

MAWP: (Corroded & at 0 deg F) Appendix l-4(d) Eq 4

P : 2*S*E*/(M*Lo - t*(M_0.2)) _ Ps
: 2* 16700*0. 85*0.37 5 I (1.77 A6*80.375 _ 0. 375*( l .7706_0.2)) _ 0
: 75.12013 psi

!4alf mCm 4!1Sw4!!s External Pressure: (Corrode

A = .125l(Ro/t)
: .r2sl(80.37510.375)
: 0.000583

From table HA-3:

Pa= B/(Ro/t)
= 51ll/(80.375/0.375)
= 23.846 psi

Check the Maximum External Pressure: UG-33(aXl) & App. 14(d)

pe: 2*S*E*r/((y*1a _ 1*(M_0.2)\* 1.67)
: 2* I 4700* l *0 .37 5 | ((1 .77 06*80. 375 - 0. 375 *( | .7 7 M-0.2))* 1 .67'
: 46.58239 psi

The rnaximum allowable external pressure is 23.846 psi.

F&D head
SA 240 3O4L HIGH

B  : 5 l l l

Revision No. 0
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Beam Tube RT

ASME Seqtign VJU Division I, 1992 Edition. A9

Component:
Mateiial specifi cation :

Cvlinder
SA 240 3O4L HIGH

Corrosion allowance: Inner C : 0 Outer: 0

new : 357.7 con : 357.7
nevr = 236.975 con :236.975

Apr. lE, 1996
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ln

PWHT is not performed

Radiography: Category A joints - Spot UW-l l(b) type I
Category B joints - Spot UW-ll(b) type I

Estimated weight:
capacrty:

tb
US ga

P : S * E i i l ( R + 0 . 6 * t ) _ P s
: 16700*0.85*0.251Q2.3125 + 0.6't0.25) - 0
: 157.9855 psi

MAWP: (Corroded & at 0 dee F) UG-27(cXl)

P : S * E * U ( R + 0 . 6 * t ) _ P s
: 16700*0.85*0.251(22.3125 + 0.6*0.25) - 0
: 157.9855 psi

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

LlDo : 5.71875145.125 :0.1267 Dolt = 45.12510.25 = 180.5
From table G: A : 0.005954
From table HA-3: B :7630.7

Pa: 4*B/(3,sDo/t)
: 4*7 9!0.7 I (3* 45. 125 1O.25)
:56.3671 ps i

lD : 44.625 length Lc= 35 r = 0.25 in (new)

MAP: (New & at 0 dee F) UG-27(cXl)

3.2r.1996
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Pumpout Port

Opening nl Reinforcement Calculations Per UG-37

lncated on:
lncal vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specifi cation :

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

tn

Beam Tube RT
.25 in
0 psi
Not installed

sA 240 304L HrCH

90 deerees
28.5625 in
0 i n
6 i n

c o r r o s i o n a l l o w = 0 i n
noz  th ick  neh,  tn=  .25  in
nozz le  id .  new d= l0  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove weld twz = .1875 in

To da tum L= 21 .5  in

Apr. rE ,1996

Revision No. 0
Doc. No. V0l9-l-082
Pase 64 of73

twl->l  ,
l /

< _ L

- ' l  I

l t ;
I  l<-

l-1.- a
l < l

l l '
I ll,z
_> l

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 10 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickness

trn : P+Rn/(Sn*E - 0.6*P)
: 105.729*5 | (16700*l'- 0.6*105.729)
: 0.0318 in

Required thickness tr from UG-37(a)

tr_ P*R/(S*E _ 0.6*P)
= l-05.729*22.3125/(16700*l - 0.6*105.729)
= 0.1418 in

Area required

Allowable sresses: Sn = 16700, Sv : 16700, psi

frl = lesser of I or Sn/Sv so frl :l
fr2 : lesser of I or Sn/Sv so fr2 :l

3-2r-1996
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Pumpout Port

A = d*f*F * 2*tn*tr*p*(l _ frl)
:  l0!r0.1419'F1 + 2*0.25*0.1419*1*(l  _ l)
=  1 .418 in^2

Area available

Al : larger of the following : 1.082 in^2

= d+(El +r_F*rr) - fxgl*(ll *t_F*tr)*( I _frl )= l0+(1 *0.25- I  +0. l4l  8) - 2*6.25*(l  *0.25-l  *0. 141 8)*( l- l)
= 1.082 in^2

= 2*(t+ rn)'r.(El *t-F*tr) - 2*rn*(E l,rt_F*rr)*( I _frl )
:  2*(0.25 +0.25)*( l  *0.25-l  *0.1418) - 2+0.25*(l  *0.25-l  *0.1418)*( l- l  ):  .108  in^2

A2 = smaller of the following : 0.273 in" 2

: s*(tn - trn)xfr2xtn
: 5*(0.25 - 0.0318)+l*0.25
: .273 in^2

A4l = l*s.^2*frZ
: 0.25*2*1 : .063 in^2

A r e a : A l + A 2 + A 4 1
: 1.082 + 0.273 + 0.063
: 1.418 in^2

As Area > A the reinforcement is adequate for MAWP : 105.729 at 0 Deg F

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(rnin) : lesser of 0.25 dr o.7*tmin, tl(min) : 0. 175 in
t l  (actual) :0.7*trs.:  0.7+0.25 = 0.175 in
t2(actual) = 0.1875in
t l  +  t2 :0 .3625 >= 1 .25* tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl : 0.0318 in (E : l)
Wall thickness per UG-45(b)(l): t2 = 0.1418 in
Wall thickness per UG-16(b): tr3 : 0.0625 in
Std nipe wall per UG-456X4): b4 : 0.319375 in
The gieater oftr2 or tr3:' 

'' 
tr5 : 0.1418 in

The lesser oftr4 or tr5: tr6 : 0.l4l8 in

3.2r_1996

= 5*(tn - tm)*fr2*t
: 5*(0.25 _ 0.0318)*l*0.25
: .273 in^2
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Pumpout Port

Req'd per UG-45 is the larger of trl or tr6 = 0.1418 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension = 0.74+16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 : I1690 psi -

Inner fillet weld in shear = 0.49*16700 = 8i83 psi

Strength of welded joints:

(l) Inner fillet weld in shear
(Pil2)*Nozzle O.D.*l,eg*Si : 1.57*10.5*0.25*8183 : 33724.19 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*10.25*0.25*11690 : 47030.33 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57*10.5'k0.1875*12358 = 38197.81 lbf

Loading on welds per UG-4I(bXl)

w = (A - (d - 2*rn)+(El,et - F*tf))+sv
:  (1 .418 -  (10  -  2+0.25)* ( l *0 .25  -  1*0 .1418) ) *16700
: 6514.67 lbf

wl-l : (A2 + A5 + A4l + A42)+Sv
: 0 . 2 7 3  J  0 - r  0 . 0 6 3 + 0 ) * 1 6 7 0 0
= 561 1 .2  lh f

W2-2: (A2 + .A'3 + A4l + A43 + 2*'tnr't*fr1)*Sv
= 0.273 + 0 + 0.063 + 0 + 2*0.25*0.25*1)"16700
= 7698.7 lbf

Load forpath l-1 lesser of W orWl-1 = 5611.2 lbf
Path l-l Thru (1) & (3) : 33724.19 + 47030.33 : 80754.52 lbf
Path l-l is strohger tian Wl-l so it is acceptable per UG-41@)(l).

l,oad for path 2-2lesser of W or W2-2 = 6514.67 lbf
Path2-2 i'hru (l). G\ = 33724.19 + 38197.81 = 71922lbf
Path 2-2 is strohgi:i than W so it is acceptable per Uc-41 (b)(2).

Reinforcenent Calculations For Nozzle MAP

Limits of reinforcement UG-40

Parallel to the vessel wall d : l0 in
Normal to fte vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

3.2r.1996
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Pumpout Port

Nozzle required tlickness

trn: P*Rn/(Sn+E - 0.6*P)
: 105.7486"5(16700* I - 0.6* 105.7486)
: 0.0318 in

Required thickness tr from UG-37(a)

tr: P*Pr/(S*E _ 0.6*P)
: 105.7 486*22.3125 I (167W+ | - 0.6+1 05.7486)
:  0 .1418 in

Area required

Allowable stresses: Sn = 16?00, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl = 1
fr2 : lesser of I or Sn/Sv so fr2 :1

A : d*tr{.F * 2,r6*6*p*(l _ frl)
:  l0{<0.1419*l + 2*0.25x0.1413*1*11 _ l)
=  1 .418 in '2

Area available

: 0.273 in^2

Apr. lE, 1996
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Al : larger of the following : 1.082 in^2

: d*(81*t-F*tr) - 21.tn*(El *t-F*tr)*(l-frl )
:  101(1*0.25-l*0. 1418) - 2*9.2J*(1*0.25-l*0. 14l8)*( l- l)-- l.O82in^2

= 2+(t+tn)*(El *t-F*tf ) - 2*tn+(E I *t-F*tr)*( I -fr I )
= 2*(0.25 + 0.25)*( l  *0.25_1,r0. l4t g) _ 2+0.25+(1 *0.25_l*0. t4t 8)*( l_l)
:  .108 in"2

A2 : smaller of rhe following

: 5*(tn - trn)*fr2*t
= 5+(0.25 - 0.0318)*1*0.25
: .273 in^2

: 5*(tn - trn)*fr2xtn
: 5*(0.25 - 0.0318)*l*0.25
: .273 in^2

A4l = l*p^Z*fr2
: 0.ZS*2*l : .063 in^2

A r e a = A l + A 2 + A 4 1
: 1.082 + 0.273 + 0.063
:  1 .418 in^2

As Area > A the reinforcement is adequate for MAP : 105.7486 at 0 Deg F

3-21-1996
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Pumpout Port

Check the welds - From UIV-I6(d):

tmin : lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) : tesser of 0.25 or 0.7"tmin, tl(min) : 0.175 in
tl(actual) = 0.7*trg : 0.7*0.25 : 0.175 in
t2(actual) = 0.1875 in
t l  + t2 = 0.3625 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

tr l  :  0.0318 in (E : l)
tr2 : 0.1418 in
tr3 : 0.0625 in
tr4 = 0.319375 in
tr5 = 0.1418 in
tr6 = 0.1418 in

Wall thickness per UC-45(a):
Wall thickness per UG-aS@Xl):
Wall thickness per UG-16(b):
Std pipe wall per UC-45(bX4):
The-sieater of tr2 or tr3:
The lesser of tr4 or tr5:

Apr. rE,  t996
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Req'd per UG-45 is the larger of trl or tr6 : 0. l4l8 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP..

Allowable stresses in ioints UG-45(c) and UW-15(c)

Groove weld in tension = 0.74*16700 : 12358 psi
Nozzle wall in shear = 0.7116?00 = I1690 psi 

'

Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*[.eg*Si = 1.57*10.5*0.25*8183 = 33724.19 lbf

(3) Nozzle wall in shear
(Pi/2)*Vean nozzle dia.*tn*Sn : 1.57*10.25i'0.25*11690 : 47c6A33 bf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*10.5*0.1875*12358 : 38197.81 lbf

Loading on welds per UG-4lOXl)

w = (A - (d - 2{,rn)*(El,tt - F,r.tr))*sv
= (1.418 - (10 - 2*0.25)*( l*0.25 - l*0.1418))*16700-- 6514.67 tbf

Wl-l = (A2 + A5 + A4l + A42)*Sv
: (0.273 + 0 + 0.063 + 0)+16700
:5611.2  lb f

W2-2: (A2 + A3 + A41 + A43 + 2*tn*t*frl)*Sv

3_2r.1996
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Pumpout Port

: (0.273 + 0 + 0.063 + 0 + 2*0.25*0.25*l)*16700
= 7698.7lbf

lnad for Dath l-l lesser of W or Wl-l = 561 1.2 lbf
Path l-l Thru (l) & (3) = 33724.19 + 4'1030.33: 80754.52 lbf
Path l-l is stronger than Wl-l so it is acceptable per UG-4I(b)(l).

t oad for path 2-2 lesser of W or W2-2 : 6514.67 lbf
Path2-2 Thru (l), (41 :33724.19 + 38197.81 = 71922lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(bX2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG40

Parallel to the vessel wall d = l0 in
Normal to tlre vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5x1tn-Cn-C) = .625 in

Nozzie required thickness

L /Do=6110 .5 : . 5714
From table G:
From table HA-3:

Do/t : 10.5/0.05a68 = 192.0263
A :0.0m922

B : 5540.3

Apr- rt, 1996
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Pa:4*B/(3*Do/t)
: 4*5540.3(3* 10.5/0.05468)
: 38.469 psi

Nozzle required thickness trn = .05468 in

Required thickness tr from UG-37(dXl) : .lE64 in

Area required

Allowable stresses: Sn : 14700, Sv = 14700, psi

frl = lesser of I or Sn/Sv so frl :l
fr2 = lesser of I or Sn/Sv so fr2 :1

A = o.s*(d*tr*F + z{.tn*tf*F*(l _ frl)
= 0.5*(10*0.1864+l + 2+0.25*0.t364*1x11 - l))
: .932 in^2

Area available

Al : larger of the following : .6J6 in^2

= d*(El,it-F*tr) - 2'rtn*(El +t-F{.tr)*(l -frl)
: l0*(l i.0.25_ I {.0. I 964) _ 2*9.2J,* (l +0.25- I *0. I 864)*( I _t)
= .636 in^Z

: 2*(t+tn)*(E I *t-F'i'F) - 2{'tnr'(El *t-F*tr)*(l-fr1)

3.21-1996
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PumDout Port

= 0.244 in^2

trl = 0.05468 in (E = 1)
tr2 : 0.0583 in
tr3 : 0.0625 in
tr4 : 0.319375 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Apr. 18, 1996
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: 2*(0.25+0.25)*(l +0.25-l*0. 1864) - 2*0.25*(l *0,25-l*0. 1864)*(l-l)
: .064 in^2

A2 : smaller of the following

: 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.0546E)*l*0.25
: .244 in^2

: 5*(tn - trn)*fr2*6
: 5*(0.25 - 0.05468)*l*0.25
: .744 in^2

441 : Leg^2*fr2
: o.25^2*1 : .063 in^2

Area:  A l  +  A2+ A41
: 0.636 + 0.244 + 0.063
: .943 in^2

As Area > A the reinforcement is adequate for Pe : 38.33908 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness ner UG-45(a):
Wall thickress ber UG-45(b)(2):
Wall thickness oer UG-16(b):
Std pipe wall per UC-45(bX4):
The sreater of tr2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

3.2r.1996



COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\E0KLRTBM.VSL Apr. 18,t996

Applied l,oads

Radial load
Circumferential moment
Circumferential shear
Ilnsitudinal moment
LonEitudinal shear
Torsion moment
Internal pressure

Stresses at thc nozzle OD per WRC bulletin 107 ( psi)

Mean radius Rm : 22.4375 in
Rm/t: 89.75

Sress concentration factor Kn (tension) : 1
Stress concentration factor Kb (bending; : I

Pressure stress intensity factor, Farr equation 1I.5

| : .25*(4 1 3x(r/x)^2 .r_ 3*(r/x)^4)
= .25*(4 + 3*(515.5)^2 + 3*(5/5.5)^4)
: 2 . 1 3 2

lncal circ. pressure stress : I*P*Rm/t : 0 psi

Local long. pressure stress = PrRm/2t : 0 psi

Maximum combined stress =-9257 psi
Allowable combined stess : + -l .5"S : + - 25050 psi

The maximum combined stress is within allowable limits.

Maximum Drimary membrane stress :-2349 osi
Allowable irrimary membrane stress : +-l.J*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Pumpout Port

Pr = 1155 lbf
Mc = 75 lbf-ft
Vc : 150 lbf
ML :23.8lbf-f t
vL : l0 lbf
Mt : 0lbf-ft
P :  0 p s i

Rerision No. o

Doc. No. V0l9-l-082
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r roml  va tue
F ig .  I  r ead Au Al  Bu Bl  Cu Cl  Du Dl

m
-2068 -2068 -2068 -2068

-7019 70t9 -7019 70t9
-2096 2096 -2096 2096

-108 -108 108 108
-1 I30  t r 30  l r 30  - 1130

-76 -76 76 76
-88 88 88 -88

3c. l4:Bs6s l6:aos
4C* |  10.  044 |  0 .  205
l c  10 .0633  I 0 . 205
2C- r  10 .0189  10 .20s
3A'*  I3 .0844 10.205
lA  10 .0601  10 .205
38*  I 6 . 8590  10 .205
l B - 1 1 0 . 0 1 4 8  1 0 . 2 0 5
pressure stress*

Tota l  c i rc  s t ress
Primary membrane
c i rc  s t res  s*

Total long stres s
Primary membrane' long 

stre s s*

tors i on llroment l4t
C i rc  shear  f rom Vc
Long shear from VL

-To$T3Fear 
stre-C

-eomSTnea 
stress

-4328 40 -4000 16 -92s7 7041 -6781 4997

-2t44 -2144 -7992 -1992 -1108 -1108 -892 -892

-2068 -2068 -2068 -2068
-4735 4735 -4735 4735

-3748 3748 -3748 3748
-?8t -28r 281 281
-498 498 498 -498

-36 -36  36  36
-t24 124 124 -t24

-1036 -1036 -964 -964 -2349 -2349 -1787 -1787

-  ? 5-  ? A36
-2. ?

- t-2- 3 6- 5 b

-5896 3823 -5576 3647 -9257 7041 -6781 4997

44.  l io :o i4 lo : ios
1 C - l 1 0 . 0 4 2 7  1 0 . 2 0 5
2C  I0 .0338  10 .205
4 A *  1 8 . 0 4 0 8  1 0 . 2 0 5
2 A  1 0 . 0 2 6 5  1 0 . 2 0 5
48*  13 .2169  10 .205
2B- r  10 .0207  10 .20s
pressure stre s s*
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PROCESS SYSTEMS INTERNATIONAL. INC,
WESTBOROUGH. MA

ENGINEERINC
CALCULATIONS

NO: V049-l-067
PACE I OF 25

REV. DEO # D4TE BY: CHECK TITLE: 80K Cryopump -Design of Pump Reservoir
0 o  t z  P q/./ ?/re R 4 < _ - A.^ A.

BY: R. D. Ciano DEPT...744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Design aluminum reservoir of 80k cryopump to meet the requirements
of ASME Section VIII, Div. l.

METHOD: COMPRESS was used for evaluation of shells for intemal and extemal pressure..
A finite element analysis ofthe discontinuity at the end ofthe pump reservoir shell was
performed using the IMAGES program.

ASSUMPTIONS:

INPUTS: See a$achment to this calculation.
l , ; t  n , s r  ) . ' e  5 . , 1 , > .  y J c t t - 7 -  t -  F t  i  t

9 t 4 . u ' c r . ' ) A r  r )  f  s  t r - - J
l / 4 a  y ' t ) ' " t

a (2 ry FAla-

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels
2. COMPRESS 5.53, Computer Aided Pressure Vessel Design, Code Computer

Systems, Inc.
3. IMAGES - 3D. Version 3.0. R. L. Cloud and Associates.

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met. The required material is
38209, 6061, T65 l (aluminum)

NOTES: IMAGES computer file: 80KPMPSH.+
COMPRESS files: SHORTPMP.VSL and LONGPMP.VSL
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COMPRESS 5.53 A:\SHORTPMP.VSL

Inner Alum C-vl

ASME Section \IIII Division l. 1992 Edition. A94 Addenda

Apr. 16, 1996

Revision No. 0
Doc. No. V049-1.,067
Paee 5 of25

PWHT is not performed

Radiography: Category A joints - Spot UW-l l(b) type I
Category B joints - Spot UW-l l(b) type I

Internaf design pressure: P = 14.7
External design pressure: Pe: 40

Corrosion allowance: Inner C = 0

Estimated weight:
capacity:

Component:
Material specification:

From table G:
From rable NFA-13:

Cylinder
SB 209 606I T65I WELDED

psi @ 70
psi @ -320

Outer = 0

new = 495.3 corr = 495.3
new = 458.427 corr = 458.42'7

A : 0.000777
B : 4017.5

deg F
deg F

in

lb
US ga

ID : 53 leneth Lc= 48 | : O.625 in (new)

Desien thicknessl UG-27(cX1) Circ. stress

r:  p*R-/(S+E - 0.6*p) + Corrosion
= 14.7'26.51(6000*0.85 - 0.6*14.7) + 0
= 0.0765 in

MAP: (Nerv & at 0 dee n UG-27(cXl)

p = Sx.E*r(R + 0_6*0_ps
= 6000't'�0.85+0.6251(26.5 + 0.6t0.625) - 0
= 118.6047 psi

MAWP: (Corroded & at 70 deg F) UG-27(cXl)

P : S * E + I / ( R + 0 . 6 * 0 - P s
: 600010.85*0.6251(26.5 + 0.6'i0.625) - 0
= 118.6047 psi

External Pressure: (Corroded & at -320 dee F) UG'28

L/Do = 60.83334154.25 =1.1214 Dolt = 54.2510.40613 : 133.5779

Pa:4*B/(3*Do/t)
= 4*4017.5/(3*54.25 10.40613)
= 40.1014 psi

Desim tNckness for external pressure Pa = 40.1014 mil

= t + Corrosion
: 0.40613 + 0
: 0.40613 in

3.t2.1996
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Inner Alum Cvl

Maximum Allorvable External Pressure: (Corroded @ -320 dee F)

L/Do = 60.83334154.25 =t.r2t4 Do/t = 54.2510.625 = 86.8
From table G: A = 0.001501
From table NFA-13: B : 6231.1

Pa= 4*B/(3tDo/t)
= 4"6231. | | G'*54.25/0.625\
= 95.7158 osi

Apr. 16, 1996
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Component:
Material specification:

Cylinder
sB 209 6061 T65l WELDED

psi @ 70
psi @ 400

Outer= 0

new : 495.3 corr = 495.3
new = 458.427 corr = 458.427

Internal design pressure: P = 14.7
Extemal design pressure: Pe= 25

Corrosion allowance: Inner C = 0

Estimated weight:
. capacity:

deg F
deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW-l1(b) type I
Category B joints - Spot UW-llO) rype I

lb
US ga

ID : 53 length Lc= 48 | : 0.625 in (new)

Desien thickness: UG.27(cXl) Circ, stress

t = P*R/(S*E - 0.6*P) + Corrosion
= 14.7*26.51(6N0*0.85 - 0.6*14.7) + 0
: 0.0765 in

MAPI (New & at 0 dee F) UG-27(c)(l)

P = S * E * ' ( R + 0 . 6 * t ) - P s
- 6000'*0.85*0.6251(26.5 + 0.6*0.625) - 0
= 118.6047 psi

MAWP: (Corroded & at 70 deg F) UG-27(cXll

p = S*E*I/(R + 0.6*0_ps
= 6000+0.85*0.6251(26.5 + 0.6*0.625) - 0
= 118.6047 psi

External Pressure: (Corroded & at 400 deq Fl UG.28

L/Do = 60.83334154.25 =1.1214 Dolt = 54.2510.36191 = 149.8992
From table G:
From table NFA-13:

A = 0.0006214
B :2835.4

Pa= 4+B(3+Don)
= 4+2835.4 | (34 54.25 | 0.3619 1)
: 25.2205 psi

D€sisn thickress for external pressure Pa = 25.2205 psi3

= t + Corrosion
:0 .36191 +  0
= 0 .36191 in

3.r2.1996
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Maximum Allowable External Pressure: (Corroded @ 400 dee F)

L/Do = 60.83334154.25 =r.l2l4 Dolt = 54.25t0.625 = 86.8
From table G: A = 0.001501
From table NFA-13: B = 4310.7

Pa= 4*B/(3*Do/t)
= 4'+ 43 10.7 / (3* 54.25 | 0.625')
= 66.2166 osi

Apr. 16, 1996
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Outer Alum Cvl

ASME Section VIII Division l. 1992 Edition. A94 Addenda

new = 327.7 corr = 327.7 lb
new : 563.293 corr = 563.293 US sa

A = 0.000447
B = 22a7.6

Apr. 16,7996

Roision No. O
Doc. No. V049-t{67
Paee 9 of25

Internal design pressure: P = 25
Extemal design pressure: Pe= 14.7

Corrosion allowance: Inner C : 0

Estimated weighr:
capaclty:

Component:
Material specification:

From table G:
From table NFA-13:

Cylinder
SB 209 6061 T65I WELDED

psi @ 400
psi @ 70

Outer= 0

deg F
deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW-11(b) type I
Category B joints - Spor UW-l l(b) twe I

OD = 59.5 lengrh Lc= 48 t = O.375 in (new)

Desien thickness: (At 400 dee F) Aopendix l-l(a)

t = P+Ro(S+E + 0.4+P) + Corrosion
: 25+29.75/(35O0+0.85 + 0.4*25) + 0
: O.2492 in

MAP: (New & at 0 deg F) Apoendix l-l(a)

P: S*E*t /(Ro _ 0.4+0 -  Ps
= 6000+0.85*0.3751(29.75 - 0.4*0.375) - 0
:  64.61149 psi

MAWP: (Corroded & at 400 des Fl Appendix l-l(al

P = S*E*r/(Ro - 0.4+t) - Ps
: 3500+0.85+0.375I(29.75 - 0.4t0.375) - 0
= 37.69003 psi

External hessure: {Corroded & at 70 deg tr) UG-28

uDo = 6t.79r66/59.5 :1.0385 Dotr = 59.5t0.29505 = 201.6607

Pa:4*B/(3*Do/t)
: 4*2247 .6 | (3* 59. 5/0.29505)
= 14.8606 psi

Desiqn thickness for external oressure Pa = 14,8606 psi:

= t + Corrosion
= 0.29505 + 0
= 0.29505 in

3.12.1996
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Maximum Allowable External Pressure: (Corroded @ 70 dee F)

LlDo = 6\.79166/59.5 =1.0385 Do/t : 59.5/0.375 = 158.6667
From table G: A = 0.000655
From table NFA-13: B = 3357.6

Pa= 4,r.8/(3*Db/r)
= 4*3357 .6 I (3+ 59. 5 | 0.37 5)
:  28.2151 osi

Apr. 16, 1996

Revision No- 0
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Component:
Material specification:

Internal design pressure:
External design pressure:

Cylinder
SB 209 6061 T65I WELDED

P = 4 0
Pe: 14.7

psi @ -320
psi @ 70

Outer= 0

deg F
deg F

inCorrosion allowance: Inner C : 0

Radiography: Category A joints -
Category B joints -

Estimated weight:
capacity:

PWHT is not performed

Spot UW-l lO) type I
Spot UW-l1(b) type I

new = 3zt . t  cot r  = szt - t
new = 563.293 corr = 563.293

tb
US ga

OD = 59.5 length Lc= 48 t = 0.375 in (new)

Desim thicknessl (At -320 dee n Appendix l-l(a)

t = P*Ro(S*E + 0.4*P) + Corrosion
= 40*29.75l(6000*0.85 + 0.4*40) + 0
= 0.2326 in

MAP: New & at 0 des F) Apnendix l-l(a)

P = S*E*t/(Ro - 0.4*t) - Ps
= 6000+0.85+0.375/(29.75 - 0.4+0.375) - 0
= 64.61149 psi

MAWP: (Corroded & at -320 deg F) App,endix l-l(a)

P = S+E+t(Ro - 0,4*t) - Ps
= 6000:i0.85*0.3751(29.75 - 0.4*0.375) - 0
= 64.61149 psi

External Pressure: (Corroded & at 70 deq n UG-28

LlDo = 61.79166/59.5 :1.0385 Dott = 59.5t0.29505 = 201.6607
From table G:
From table NFA-13:

A = 0.000447
B = 2247.6

Pa:4+B/(3*Do/t)
: 4*2247 .6 | (3* 59. 5/0.29505)
= 14.8606 psi

Design thickn€ss for external pr€ssure Pa = 14.8606 tr6i:

= t * Corrosion
= 0.29505 + 0
= 0.29505 in

3.r2.1996



COMPRESS 5.53 A:\SHORTPMP.VSL
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Maximum Allorvable Erternal Pressure: (Corroded @ 70 dee F)

LlDo = 61.79166/59.5 :1.0385 Dolt : 59.510.!75 = 158.6667
From table G: A = 0.000655
From table NFA-13: B = 3357.6

Pa = 4+B/(3*Do/t)
: 4*3357 .6 / (3+ 59. 5 1 O.37 5)
:  28.2151 osi

Apr. 16, 1996
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Component:
Material specification:

Cylinder
sB 209 6061 T65l WELDED

Internal design pressure: P = 14.7 psi @ 70 deg F
Extemal design pressure: Pe= 40 psi @ -320 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography: Category A joints - Spot ItW-l l(b) type I
Category B joints - Spot UW-llO) type 1

Estimated weight: new : 1506.5 corr = 1506.5 lb
capacity: new : 1394.383 corr = 1394.383 US ga

ID = 53 length Lc= 146 t: 0.625 in (new)

Desim thickness: UG-27(cl(l) Circ. stress

t -  P*R/(S*E-0.6*P) + Corrosion
= 14.7*26.5|(6000*0.85 - 0.6*14.7) + 0
: 0.0765 in

MAP: (Nerv & at 0 des F) UG-27(c)(1)

P = S+E*I/(R * 0.6*t)-Ps
= 6000:i'0.85*0.6251(26.5 + 0.6+0.625) - 0
= 118.6047 psi

MAWP: (Corroded & at 70 dee F) UG-27(cXl)

P: S*E*'(R + 0.6*0 -  Ps
: 6000*0.85*0.6251(?6.5 + 0.6*0.625) - 0
:  118.6047 psi

External Pressure: (Corroded & at -320 dee F) UG-28

L/Do = 158.8333154.25 :2.9278 Dol. : 54.2510.61646 = 88.0025
From nble G:
From table NFA-13:

A : 0.000527
B : 2671.9

Pa= 4*B/(3*Do/o
= 4+267 1.9 | (3* 54.25 10.6 l6r'.6)
:4O.4822psi

Desim thicknes for external oressure Pa = 40.4822 nsi:

= t + Corrosion
= 0.61646 + 0
= 0.61646 in

3.12.1996
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Maximum Allorvable External Pressure: (Corroded @ -320 dee F)

L/Do = 158.8333154.25 :2.9278 Dol. = 54.25/0.625 = 86.8
From table G: A = 0.000537
From mble NFA-13: B : 2725.2

Pa= 4*B/(3*Do/t)
= 4+27 25.2 I (3+ 5 4.25 I 0. 625)
: 41.8618 psi

Apr. 16, 1996
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Component:
Material specifi cation:

Cylinder
sB 209 6061 T65l WELDED

Intemal design pressure: P = 14.7
External design pressure: Pe: 25

Corrosion allowance: lnner C : 0

psi @ 70
psi @ 400

Outer= 0

PWHT is not perfotmed

Radiography: Category A joints - Spor UW-l tO) type 1
Category B joints - Spot UW-l 1(b) type I

Estimated weight: new : 1506.5 cor = 1506.5
capacity: new = 1394.383 corr = 1394.3g3

ID = 53 length Lc= 146 t : 0.625 in (new)

Desien tNckness: UG-27{c)(l) Circ. stress

r = P*R"i(S*E - 0.6*p) + Corrosion
: 14.7*26.5/(6000+0.85 - 0.6*14.7) + 0
= u.u /bf ln

MAP: (New & at 0 dee F) UG-2?(cX1)

P : S : t E * r / ( R + 0 . 6 + 0 _ P s
= 6000*0.85+0.6251(26.5 + 0.6*0.625) - 0
:  118.6047 psi

MAWPI (Corroded & at 70 des n UG.2?(c)[)

P = S,*E*r/(R * 6.6*9 _ Ps
= 6000*0.85*0.6251(26.5 + 0.6+0.625) - 0
= 118.6047 osi

deg F
deg F

in

lb
US ga

L/Do = 158.8333154.25 =2.9278 Do/t = 54.25/0.53843 = 10O.7559
From table G: A = 0.000422
From table NFA-13: B = 1905.5

Pa = 4*B/(3*Do/t)
= 4+ 1905.5/(3*54.25 10.53843)
= 25.2161 psi

Desiqn thiclfless for external pressure pa = 25.216l psi:

= t + Corrosion
= 0.53843 + 0
: 0.53843 in

3.r2.t996

Corroded & at 4{t0 de



COMPRESS 5.53 A:\LONGPMP.VSL
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Maximum Allorvable External Pressure: (Corroded @ zl00 des F)

L/Do = 158.8333154.25 =2.9278 Do/t = 54.2510.625 = 86.8
From table G: A = 0.000537
From table NFA-13: B = 2427 .l

Pa= 4*B/(3*Do/t)
= 4+2427 . 1 I (34 5 4.25 I 0.625\
= 37.2826psi

Apr. 16, 1996
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Component:
Material specification:

Cylinder
SB 209 6061 T651 WELDED

psi @ -320
psi @ 70

Outer = 0

Intemal design pressure: P = 40
External design pressure: Pe: 14.7

Corrosion allowance: Imer C = 0

deg F
deg F

in

lb
US ga

PWHT is not performed

Radiography: Category A joints - Spot tIW-Il(b) type I
Category B joints - Spot UW-l l(b) type I

Eslimated weighr: new = 1326 corr = 1326
capacity: new: 1698.799 corr = 1698.799

OD = 59.5 length Lc: 146 t = 0.5 in (new)

Desien thickness: (At -320 deg F1 Annendix l-l(a)

t = P*Ro/(S*E + 0.4+P) + Corrosion
: 4O*29.75/(6000*0.85 + 0.4+40) + 0
: 0.2326 in

MAP: (New & at 0 deq F) Appendix l-l(a)

P: S*E*r/(Ro - 0.4*r) - Ps
: 6000+0.85*0.51(29.75 - 0.4*0.5) - 0
: 86.29442 psi

MAWP: (Corroded & at -320 dee n Aopendix 1-1(a)

p = S*E+t/(Ro - 0.4+0 - ps
: 6000x0.85*0.5l(29.75 - 0.4*0.5) - 0
= 86.29442psi

External Pressure; (Corroded & at 70 deq Fl UG.28

LlDo = 159.75t59.5 =2.6849 Do/t = 59.5/0.43951 = 135.378
From table G:
From table NFA-I3:

A = 0.000303
B :  1 5 1 5

Pa:4+B/(34Do/r)
= 4* l5l5/(3*59.5/0.43951)
= 14.9212 psi

Desien thickness for external pressur€ Pa = 14.9212 p6i:

= t + Corrosion
= 0.43951 + 0
:0 .43951 in

3.r2.1996
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Maximum Allowable External Pressure: (Corroded @ 70 dee F)

LlDo = 159.75159.5 =2.6849 Do/t = 59.5/0.5 = ll9
From table G: A = 0.000367
From table NFA-13: B = 1835

Pa= 4*B/(3+Do^)
= 4* 1835/(3*59.5/0.5)
= 2O.5602 osi

Apr. 16, 1996
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Internal design pressure: P : 25 psi @ 400
Extemal design pressure: Pe: 14.7 psi @ 70

Conosion allowance: Inner C = 0 Outer= 0

PWHT is not performed

Radiography: Category A joints - Spot UW-l lO) rype I
Category B joints - Spot UW-l 1(b) type 1

Component:
Material specifi cation:

Estimated weight:
^ ^ ^ ^ ^ : r . , ,
r 4 P 4 r l t J  ,

From table G:
From table NFA-13:

Cylinder
sB 209 6061 T65l WELDED

new: 1326 corr  = 1326
new = 1698.799 corr = 1698.799

A = 0.000303
B =  1515

deg F
deg F

in

lb
US ga

OD = 59.5 length Lc= 146 t : 0.5 in (new)

Design thickness: (At 400 dee F) Appendix l-l(a)

t : P+Ro(S*E + 0.4*P) + Corrosron
- 25*29.751(3500*0.85 + 0.4+25) + 0
= 0.2492 in

MAP: (New & at 0 dee Fl App€ndix l-l(a)

P = S*Ef t/(Ro - 0.4*0 - Ps
: 6000+0,85*0.5 /(29.75 - 0.4*0.5) - 0
= 86.79442 psi

MAWP: (Corroded & at 400 dee F) Aopendix 1-1(a)

P: S*E*t i (Ro -  9.4+11 -Ps
: 3500:'.0.85:*0.5t(29.75 _ 0.4+0.5) - 0
= 50.33841psi

Externa! Pressure: (Corroded & at 70 dee F) UG.2E

LlDo : 159.75159.5 =2.6849 Do/t: 59.510.43951 : 135.378

Pa= 4*Bi(3*Doit)
= 4*1515(3+59.5 1O.4395L)
:  14.9212 psi

Desim thicloess for exlernal oressure Pa = 14.9212 psi:

: t + Corrosion
= 0.43951 + 0
: 0.43951 in

3.12.r996
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Maximum Allorvable External Pressurel (Corroded @ 70 deg f')

LlDo : 159.75/59.5 :2.6849 Dolt: 59-5/0.5 = 119

Apr. 16, 1996

Revision No. 0
Doc. No. V049-l{67
PaEe 20 of 25

From table G:
From table NFA-13:

Pa= 4*B/(3+Do/t)
= 4*1835/(3*59.5/0.5)
= 20.5602 psi

A = 0.000367
B = 1835

3.r2,1996
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MEMORANDUM
LIGO PROJECT

To:

From:

Subject:

Dave Moore

{*ry',Ciatto

Our structural design calculation V049-l-06?, Analysis of Pump Reservoir, will be updated to
include the following design conditions based on the results ofyour pressure drop calculation
which you summarized in the referenced memorandum:

APC//

Design Pressure for 80K Pump Reservoir

Reference: Doc. No. V049-I-55, Memorandum re: Design Pressures, March 29, 1996

Date: Apnl2, 1996

-P_e_qig_C-o-q!,ili,ol->NormalOperation Regeneration l,eak Check

Doc. No. V049-l-056

Absolute Pressure
Temperature
Inner Cyl. Pressure
Outer Cyl. Pressure
End Plate

Rich Bagley
Paul Hendry

40 psia
-320"F
40 psid (external)
40 psid (internal)
40

25 psia
400'F
25 psid (extemal)
25 psid (internal)
25 osi

14.7 psia
700F
14.7 psid (internal)
14.7 psid (ext6rnal)
14.7

Please let me know ifyou disagree with any ofthe pressures and./or temperatures h the above
table.

Art Roussopoulos Roberto Than
Lynne Long/?roj ecr File

Dave McWilliams
Stu Motew

Tom Starr
Walt Bilynsky
Steve Toth

Dick Curtis

Rwision No. 0
Doc. No. V049'l{67
Peee 25 of 25



PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-083
PAGE I OF 90

REV. DEO # DATE BY: CHECK TITLE:

80K Cryopump External Shell Support Design
o o  t3  6 y,/2 |fri r.,'JDB f J o .

BY; WBihnsl-v DEPT . 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PIIRPOSE:
Design an extemal shell support frame for the 80k short and long cryopump including.

baseplates, anchor bolts and bolted comections. The support frame must be able to withstand thermal
expansion of the cryopump's external shell while maintaining structural support integrity

METHOD:
Support frame is designed to AISC standards using hand calculations and
STAAD-III computer program release 21.

ASSUMPTIONS.
See calculation

INPUTS: Vacuum pressure = 14.7 psi
Design Temperature = 400 F.
Unbalanced Vacuum Load = 1 155. lbs
Full vacuum valve load = 25,4 kios
Seismic acceleration = 0.05625 d

l .
2.
J .

i

5

REFERENCES:
L STAAD-III , Research Engineers, Release 21
2, AISC - ASD 9th edition
3. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: V049-l-081 80k-Short Pump - Ourer Shell Analysis
V049-1-082 80k-LongPump - OuterShellAralysis
Y049-l -032 Component lnterface Loads

CONCLUSIONS:
The requirements ofAISC Codes and Standards and the Ligo Vacuum
Equipment Structural Design Criteria are met.

NOTES: STAAD-III Compurer File: 80kshort.* & 80klong *



PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH. MA

ENGINEERING NO: V0{9-t-0t3
CALCULATTONS PAGE 2 OF 90

PROJECT: LlcO VACUUttt EOUIPMENT
BY: W- Bilvnskv CHKD: R b t-
PROJECT NO: V59019

TABLE OF CONTENTS

80K-SHORT Cryopump

STAAD Model
Design loads

Dcadu€ight
Thernal
Vacuum
Seismic

STAAD Computer Generated Plot
STAAD Output File

Anchorage Design
Anchor Bolts
Bascplatc
Bascplalc Dcsign Detail

Bolled Conncctions
Lifling Lugs

80K-LONG Cryopump

6
7

J J

39
40

Dcsign Lords
Deadneight
Thermal
Vacuum
Scisntic

STAAD Computer Cencratcd Plot
STAAD Outpur File

Anchoragc Destgn
Anchor Bolts
Baseplate

Bolted Connections
Lifling Lugs

Suesscs in Oulcr Shcll due to intcmayexternal loading

Preliminary Design of 8oklong including
Detail Ior Suppon Reinforcing Pa<ls on Sbell

4 l

13

72

75
76

79
t5
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PAGE NO. 1
ID: Process systens Internatio

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *

S T A A D - I I I
Revision 21. o
Proprietary Progran of
Research Engineers, Inc.
Date= APR 11, 1995
T i n e =  1 5 : 1 8 : 3 2

rr USER fD: Process Systens International *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1. STAAD SPACE 8OK-SHORT CRYOPUUP SUPPORT
2. *** REV1 REVISED LOADS & I,{EMBER RELEASE
3. INPUT WIDTH 72
4. UNIT INCHES POUND
5. JOINT COORDINATES
6 .  1  0 .  0 .  0 . i  2 I 3 . 5  O .  0 . r  3  3 7 . 5  O .  O . t
7 .  6  3 7 . 5  O .  - 4 2 . 2 5 i  7  3 7 . 5  - 9 ,  - 4 2 . 2 5 ,  A
8 .  1 0  3 7 . 5  - 9 .  4 2 . 2 5 t  L L  3 7 . 5  - 7 A .  4 2 . 2 5 1 ,
9 .  1 3  8 0 . 5  - 7 O .  - 4 2 . 2 5 i  1 - 4  8 0 . 5  O .  4 2 . 2 5 ,

r . 0 .  1 5  L 3  . 5  0 .  2 8 . 5 5
11. MEI{BER INCIDENCES
1 2 .  I  I  2 ,  2  2  3 ,  3  3  4 ,  4  4  5 1  5  3  6 i  6  4
1 3 .  1 1  7 0  9 ,  1 2  1 1  L 0 ;  L 3  1 3  1 2 ;  ! 4  t S  1 4 t
14. MEMBBR PROPERTY AMER
15. 9 TO 12 15 L6 ?ABLE ST TUB4O4O8
16. ] .3 1.4 TABLE ST TUB4O2O3
17. 5 TO 8 TABLE ST TUB8O8O5
r ,8 .  1  2  4  TABLE ST  P fPE OD 45 .12  ID  44 .62
19 .  3  TABLE ST  P IPE OD 80 .  ID  79 .5
20 .  L7  TABLE ST  P IPE OD 1 ,0 .  ID  9 .5
21. I{EI'{BER RELEASE
22. 9 LL 13 14 END I{X MY I{Z
23. CONSTANTS
24. E STEEL ALL
25. POISSON STEEL ALL
26. DEN5ITY STEEL ALL
27. BETA 90. MEMB 13 14
28 .  ALPHA 0 .00000919  MEMB L  TO I
29. SUPPORTS
30 .  8  11  13  15  F IXED
31. LOAD 1 DEADWEIGHT
32. JOfNT LOAD
3 3 .  1 5  F Y - 8 5 2 .
34. * FLANGE WEIGHT = 2 G 426 LBS.
3 5 .  1 6  F Y  - 1 5 0 .
36. * VALVE IiETGHT
37. MEIi{BER LOAD
3 8 . L T O 4 U N r Y - 4 2 . 7 3
39. *  UNIFoRM A7OO.#/!LO[ = 53:rg 41i11
40. rr UNIFORM = INTERNAL+EXTERNAL
41. LOAD 2 DW+TH

4  8 0 . 5  0 .  O .  r  5  1 l - 0 .  0 .
3 7 . 5  - 7 O .  - 4 2 . 2 5 ,  9  3 7 . 5
J , 2  8 0  . 5  0  .  - 4 2  . 2 5
1 5  8 0 . 5  - 7 0 .  4 2 . 2 5

4 2 . 2 5

L a r  7  3 9 ,  A 4 r 4 r  9 7  6 ,  I O 8 7
L5 7  r3 r  16  10  L5 ,  17  2  L6

Rerision No. 0
D6. No, V(X9-14E3
Pase ? of90



SOK.SHORT CRYOPWP SUPPORT
*** REV1 REVISED LOADS & }TEMBER RELEASE ID: Process

-- PAGE NO. 2
Systerds Internatio

42. JOINT LOAD
4 3 .  1 5 F Y - 8 5 2 .
4 4 .  7 6  F y  - 1 5 0 .
4 5 .  1 6  F Z  L 1 5 5 .
46. * UNBALANCED VACI,'IJI.{ LOAD € TURBO
47. I,TEMBER LOAD
4 8 .  l  T O  4  U N r  y  - 4 2 . 7 3
49. TEMPERATURE LOAD
50. I  TO 8 r-7 TEMP 330.
51 . LOAD 3 DW+VACUW
52. JOINT LOAD
53 .  1  FX  25400 .
54. * FULL VACIJI'U LOAD € GATE VALVE
5 5 .  1 5 F y - 8 5 2 .
5 5 .  1 6  F Y  - 1 5 0 .
5 7 .  1 6  F Z  1 1 5 5 .
58. * UNBALANCED VACUIJI.{ LOAD E TURBO
59. UEMBER LOAD
6 0 . L T O 4 L , N I Y - 4 2 . 7 3
61. LOAD 4 DW+?H+SErS-AXTAL
62. JOINT LOAD
6 3 .  1 5  F Y  - 8 5 2 .
6 4 .  L 6  F Y  - L 5 0 .
6 5 .  1 5  F X  4 7 , 9 2 5
66. rr  FI"ANGE WEfcHT X 0.05625
6 7 .  L 6  F X  8 . 5
68 .  *  VALVE WETGHT X  0 .05525
5 9 .  L 6  F Z  1 1 5 5 .
70. * UNBALANCED VACUIJ}{ LOAD € TURBO
7].. I.TE},IBER LOAD
7 2 . 7 T O 4 U N I Y - 4 2 . 7 3
7 3 .  1 T O 4 U N I X 2 . 4
74. r t  UNIFORM WEIGHT X 0.05625
75. TEUPERATURE LOAD
76 .  1  TO I  17  TEMP 330 .
77. LOAD 5 DVI+VACUW+SEIS-AXIAL
78. iIOTI,IT LOAD
7 9 .  1  F X  2 5 4 0 0 .
8 0 .  1 5 F Y - 8 5 2 .
8 1 .  L 6  F Y  - L 5 0 .
8 2 .  1 5  F X  4 7 . 9 2 5
8 3 .  1 6  F X  8 . 5
8 4 .  1 5  F Z  1 1 5 5 .

PI.IP

PMP

PMP

85. * UNBALANCED VACUU]! LOAD € TIJRBO pMp
86. I.{EI'{BER LOAD
87. l -  TO 4 UNI Y -42.73
8 8 .  1 T O 4 U N I X 2 . 4
89. LOAD 6 DW+TH+SEIS-U\T
90. JOINT LOAD
9 1 .  1 5 F Y - 8 5 2 .
92 .  L6  FY  - l so  .
9 3 .  1 5  F Z  4 7 . 9 2 5
9 4 .  1 6  r Z  8 . 5
9 5 .  1 6  F Z  1 1 5 5 .
96. * UNBALANCED VACUI'M LOAD E TURBO PMP
97. I,IEI.{BER LOAD

Revision No. 0
Doc. No. Vo{9-l{E3
Pase 8 of 90



8OK-SHORT CRYOPU}IP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE
9 8 .  1 ? o 4 u N r Y - 4 2 . 7 3
9 9 .  1 T O 4 U N I Z 2 . 4

1OO. TEMPERATURE LOAD
101 .  1  TO 8  17  TEMP 330 .
I-02. LOAD 7 DW+VACUIJI.T+SEI S-LAT
103. JOINT LOAD
1 0 4 .  1  F X  2 5 4 0 0 ,
1 0 5 .  1 5 F Y - 8 5 2 .
1 0 5 .  1 6  F Y  - L 5 0 .
7 0 7 .  1 5  F Z  4 7 . 9 2 5
1 0 8 .  1 6  F Z  8 . 5
1 0 9 .  1 6  F Z  1 1 5 5 .
110. I.IEMBER LOAD
1 1 1 .  I  T O  4  U N r  Y  - 4 2 . ? 3
1 1 2 .  l T O 4 U N I  2 2 . 4
113. LOAD 8 THERMAL XBAKEOUTII
114. TEMPERATURE LOAD
115. 1 TO 8 L7 TEl. tP 330.
116. PERFORM ANALYSTS

PROCESSING ELEMENT STIFFNESS MATRIX.
PROCESS]NG GLOBAL STIFFNESS MATRIX.
PROCESSING TRIANGULAR FACTORIZATION.
CAICULATING JOINT DISPLACEMENTS.
CALCULATING MEMBER FORCES.

].17. PRINT MATERIAL PROPERTIES ALL

-- PAGE NO. 3
Process Systens Internatio

P R O B L E M  S T A T I S T I C S

NUMBER OF JOINTS/},IEMBER+ELE}4ENTS/SUPPORTS =
ORTGINAL/FINAL BAND-WIDTH - I4./ 5

16 /  t 7  /

TOTAL PRII.{ARY LOAD CASES = 8, TOTAL DEGREES OF FREEDoI{ =
SrZE OF STIFFNESS !{ATRTX = 2592 DOUBLE PREC. WORDS
REQRD,/AVAIL. DISK SPACE = 72.03/ 480.8 MB, E)GIEM = 1.02 MB

*1
.+

++
?f

t 5 : 1 8 : 3 3
1 5 : 1 8 : 3 3
1 5 : 1 8 : 3 3
l -5 :  18  :  33
1 5 : 1 8 : 3 3

Re\ision No. 0
Doc. No. VO49-1483
Pase 9 of 90



8oK-SHORT CRYoPIJI'IP SUPPoRT
*** REVI REVISED LOADS & MEUBER

I.{ATERIAL PROPERTIES.

-- PAGE NO. 4
fD: Process Systems InternatioRELEASE

\LL UNITS ARE - POUN

MEI.{BER E

INCH

G

1 1 1 5 3 8 4 6 . 0
L 1 L 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 5 .  O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 5 . 0
1 1 1 5 3 8 4 5 . 0
1 1 1 5 3 8 4 5 .  O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 5 . 0
L 1 . 1 5 3 8 4 5 . 0
1 1 1 5 3 8 4 6 . 0
l 1 t  5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 L 1 5 3 8 4 6 . 0

1
2
3
4
5
6
7
I
Y

1 0
1 L
J.2
1 3
r 4
1 5
1.6
1-7

2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
29000000  .  o
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 .  o
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0

DEN

o .2a299999
o.28299999
o.28299999
o.24299999
0 . 2 8 2 9 9 9 9 9
0 . 2 8 2 9 9 9 9 9
o .28299999
o.2a299999
o .28299999
o.28299999
o .2a299999
o.28299999
o.24299999
o.28299999
o.28299999
o .2a299999
o.2a299999

ALPHA

0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
o . 0 0 0 0 0 9 1 9
o.  ooooo919
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 0 0 0
o. ooooo000
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
o. oooooo00
0 . 0 0 0 0 0 0 0 0
0.  oooo0000
0 . 0 0 0 0 0 0 0 0

************ END OF DATA FROM INTERNAL STORAGE ************

118. PRINT MEMBER INFORMATION ALL

Roision No. 0
Doc. No. V049-1481
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8OK-SHORT CRYOPIJI.IP SUPPORT
*** REV1 REVISED LOADS & ME},{BER RELEASE

MEMBER INFORMATION

-- PAGE NO. 5
Process Systens Internatio

RELEASES

000000000111

0 0 0 0 0 0 0 0 0 1 1 1

000000000111
000000000111

Revision No. 0
Doc. No. V049-l{83
Paee ll of 90

I D !

.{EMBER

1
2
3
4
5
6
7
I
9

1 0
L 1
L 2
1-3
L 4
1 5
t-6
l 7

START
JOINT

END
JOII'IT

LENGTH
(rNcH)

1 3 . 5 0 0
2 4 . 0 0 0
4 3 . 0 0 0
2 9 . 5 0 0
4 2 . 2 5 0
42  .250
42  .250
42 .250

9 . O O O
6 1 . 0 0 0

9 . 0 0 0
6 1  . 0 0 0
7 0 . 0 0 0
7 0 . 0 0 0
7  4  . 6 3 2
?  4  . 6 3 2
2 8 . 5 6 0

BETA
(DEG)

o . 0 0
o . o 0
0 . o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
o . o 0

9 0 . 0 0
9 0 . 0 0

0 . 0 0
0 . 0 0
0  . 0 0

2
3
4
5
6

T 2
9

L4
6

1 0
r 2
1_4
1 3
L 5
L 6

I
2
?

3
4
3
4
7
I

1,0
1 t
1 3
I 5

7
1 0

************ BND OF DATA FROM INTERNAL STORAGE rr***********

]-19. PRINT JOINT COORDINATES AIL



8OK-SHORT CRYOPI]I,IP SUPPORT
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.fOINT COORDINATES

1OORDINATES ARE INCH UNIT

JOTNT X

-- PAGE l{O. 5
Process Systens Internatio

120. PRINT SUPPORT INFORMATION ALL

SUPPORT INFORMATION ( I.=FIXED, o=RELEASED )

* * * * * * **** ** END OF DATA FROl,t

UNITS FOR SPRING CONSTANTS ARE

JOrrI? FORCE-X/ FORCE-Y/
XFX KFY

z,
o .  o00
o . o o o
0 . 0 0 0
o.  ooo
0 . 0 0 0

- 4 2 . 2 5 0
- 4 2 . 2 5 0
-42  .250

4 2 . 2 5 0
4 2 . 2 5 0
4 2  , 2 5 0

- 4 2 . 2 5 0
-42  .250

4 2  . 2 5 0
42 .250
2 8 . 5 5 0

SToRAGE ************

DEGREES

MOM-X/ t{Ot't-Y / \LOM-Z//
KMX KI{Y KMZ

2
3
4
5
6
7
8
t

10
L 1
L 2
L 3
1 4
I 5

l b

0 . 0 0 0
1 3 . 5 0 0
3 7 . 5 0 0
8 0 . 5 0 0

r . r , 0 .000
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
8 0 . 5 0 0
8 0 . 5 0 0
8 0 . 5 0 0
8 0 . 5 0 0
1 3 . 5 0 0

Y

0 . 0 0 0
o.  ooo
0 . 0 0 0
o . o o 0
0 . 0 0 0
0 . 0 0 0

- o  f i n n
- 7 0 . 0 0 0

o .  0 0 0
- 9 . 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

INTERNAL

POUN INCH

FORCE-Z/
KFZ

I

l_ l-

1 5

1

I

l-

I

1

t

1

1

I

1

1

L

1

1

t

1

L

1

1

1

1-

I

1

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

o . 0

o . o

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

ReTision No. 0
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8OR-SHORT CRYOPI,JMP SUPPORT
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-- PAGE NO, 8
ID: Process Systens lnternatlo

JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE tlFE = SPACE

. INT

1-

LOAD

1
2
3
4
A

6
7
6

1
2
3
4
5
6

X-TRANS

- 0 . 0 0 I L 3
- 0 . 1 1 5 5 3

0 . 1 9 9 2 5
- o . 1 1 2 6 3

o .202L4
- 0 . 1 1 5 5 3

o .19925
- 0 . 1 1 4 4 0
- 0 . 0 0 1 1 3
-o  .07  459

0 , 1 9 8 9 1 -
- 0 . 0 7 1 6 9

0 . 2 0 1 8 1
- 0 . 0 7 4 5 9

0 . 1 9 8 9 1
- 0 . 0 7 3 4 5
- 0 . 0 0 1 1 3
- 0 . 0 0 1 8 0

0 . 1 9 8 3 1
0 . 0 o t  0 9
o  . 2 0 L 2 I

-0 .  00180
0 . 1 9 8 3 L

- 0 . 0 0 0 6 7
- 0 . 0 0 1 1 3

0 . 1 2 8 6 0
o . 1 9 8 3 1
o . 1 3 1 5 0
o .2072r
0 . 1 2 8 6 0
0 . 1 9 8 3 1
o.L2973

-o  .  00113
o  . 2 r a o 7
0 . 1 9 8 3 1
o ,22096
0 . 2 0 1 2 1
o . 2 \ 8 0 7
0 . 1 9 8 3 L
o .2L920

- 0 . 0 0 1 1 2
- 0 . 0 0 3 6 2

0 . 0 5 5 9 9
- 0 .  o o 2 6 3

0 .  0 6 6 9 8
- o . 0 0 3 3 9

o . 0 6 6 2 2
- 0 . 0 0 0 2 3

Y-TRANS

- 0 . 0 2 8 0 9
- 0 . 0 2 8 1 4
-o .oL474
-o .o2794
- o . 0 1 4 5 5
- 0 .  0 2 8 1 4
-o  .o I47  4
- 0 . 0 0 0 0 4
-o . 0257 4
- 0 . 0 2 5 7 8
- 0 . 0 1 4 5 3
-o.02562
- o . o L 4 4 7
- 0 .  0 2 5 7 I
- 0 .  0 1 4 6 3
- o . 0 0 0 0 4
- o . 0 2 1 5 1
- 0 . 0 2 L 5 4
- 0 . 0 1 4 3 9
- 0 . 0 2 1 4 3
-o .  oL42A
- 0 . 0 2 1 5 4
- 0 . 0 1 4 3 8
- 0 , 0 0 0 0 2
- 0 . 0 1 4 4 9
- 0 . 0 1 4 4 9
- 0 . 0 1 4 4 9
- o .  o L 4 4 9
- 0 .  0 1 4 4 9
- 0 . 0 1 4 4 9
- o .  0 1 4 4  9

o . 0 0 0 0 0
- o . 0 0 9 8 9
- 0 . 0 0 9 8 7
- 0 . 0 1 4 7 8
- 0 . 0 0 9 9 4
- 0 . 0 1 4 8 5
- 0 . 0 0 9 8 7
- 0 . 0 1 4 7 8

0 . 0 0 0 0 2
- 0 . 0 0 0 7 5
- 0 . 0 0 1 0 0

0 . 0 0 6 1 5
-o .  oo090

o . 0 0 6 2 5
- o . 0 0 0 9 8

o .  00617
- 0 . 0 0 0 0 2

Z-TRANS

- 0 .  0 0 0 0 2
0 . 1 0 0 4 2
0 , 1 0 0 4 3
0 . 1 0 0 4 8
o .  Loo47
0 . 1 2 9 5 5
0 . 1 2 9 5 5
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
0 .  0 9 8 3 2
0 . 0 9 8 3 3
0 . 0 9 8 3 6
0 . 0 9 8 3 6
o .L2766
o . L 2 7 6 6
o .  ooo00
0 .  ooo00
o . 0 9 4 4 9
o . 0 9 4 4 9
0 . 0 9 4 5 0
o . 0 9 4 s 0
o . r 2 4 L 7
0 . 1 2 4 1 8
0 .  0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 8 7 8 4
0 . 0 8 7 8 4
0 . 0 8 7 8 1
0 . 0 8 7 8 0
0 . 1 1 8 2 0
0 .  1 1 8 2 1
o . 0 0 0 0 0
o . oooo2
o . 0 8 3 2 8
o .  0 8 3 2 9
o.08322
0 . 0 8 3 2 2
o , 1 . L 4 L 3
0 . 1 1 4 1 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 3 3 5 2
0 . 0 9 4 4 1

- 0 . 0 3 3 5 0
o . 0 9 4 4 2

- 0 .  o o 3 9 5
o.  L240A

- o . 1 2 8 0 3

X-ROTAN

o . 0 0 0 0 1
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0. ooooo
0. o,oo00
0. ooooo
0 . 0 0 0 0 0
o . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 L
o.  ooo00
o . ooooo
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  00000
0 . 0 0 0 0 0
0 .  oooo0
o.  00001
o . 0 0 0 0 0
0 .  o o o 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  o 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 6 8
0 . 0 0 0 6 7
0 . 0 0 0 6 7
0 . 0 0 0 6 7
0 . 0 0 0 6 7
0 .  0 0 0 6 7
o.  00067
o . 0 0 0 0 0

Y-RCITAN

o. oooo0
o  , 0 0 0 1 6
o .  o 0 0 1 6
0 . 0 0 0 1 6
0.  ooo16
0 . 0 0 0 1 4
0 . 0 0 0 1 4
o. oooo0
0 . 0 0 0 0 0
0 . 0 0 0 1 6
0.  ooo l6
o . 0 0 0 1 6
o .  o o o 1 6
0 . 0 0 0 1 4
o . 0 0 0 1 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 5
o. ooo15
0 .  ooo16
0 . 0 0 0 1 5
0 . 0 0 0 1 4
0 . 0 0 0 1 4
o . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 1 5
o . 0 0 0 1 5
0 . 0 0 0 1 6
0 . 0 0 0 1 6
0 . 0 0 0 1 4
0 . 0 0 0 1 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  00015
0 . 0 0 0 1 5
0 . 0 0 0 1 6
0 .  ooo16
o .  ooo14
o.  oool4
o .  ooo00
o.  oooo0
o .00000
o.oo429
0  . 00006
0 . 0 0 4 3 5
o .00000
0 . 0 0 4 2 9

-0.  ooool

Z-ROTAN

o .  ooo17
0 . 0 0 0 1 7
o .  o 0 0 0 0
0 . 0 0 0 1 7
o.  00000
o . 0 0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 7
0 . 0 0 0 1 7
0 . 0 0 0 0 0
o . 0 0 0 1 7
0. ooooo
0 . 0 0 0 1 7
o .  ooooo
0 . 0 0 0 0 0
0 . 0 0 0 1 7
0 . 0 0 0 1 7
o. oooo0
0 .  ooo16
0 . 0 0 0 0 0
o. oool7
0. ooooo
0 . 0 0 0 0 0
o .  ooo16
0 . 0 0 0 1 6
o .  oo000
0 . 0 0 0 1 6
0 . 0 0 0 0 0
0 .  ooo16
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 6
o . 0 0 0 1 6
o . 0 0 0 0 0
0 . 0 0 0 1 5

- 0 .  o o 0 0 1
0 .  oooLS
0 . 0 0 0 0 0
o . 0 0 0 0 0
o .  0 0 0 1 7
0 . 0 0 0 1 7
o . 0 0 0 0 0
0 . 0 0 0 1 5
0 . 0 0 0 0 0
0 . 0 0 0 1 7
0 . 0 0 0 0 0
o. ooooo

7
I
1
2
3

3

6
7
I
1
2
3
4
5
6
7
8
1
4

3
4
5
6
7
8
1

'l

4
5

6
7
I
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JOINT DI SPLACEI,IENT (INCH RADIANS ) STRUCTURE TYPE = SPACE

-- PAGE NO. 9
fD: Process Systems Internatlo

INT I,OAD

t
2
3
4
5
6
7
at

I
2
3
4
5

6

at
L

J

4

6
7
I
t
2
J

4
:
6
7
a5
I

4' 5

5

I
I
2
3
4
5
6
7
8

X-TRANS

- 0 . 0 0 0 9 2
- 0 , 0 0 1 9 3

o .  a2632
- 0 .  o o 1 5 3

o .02672
- 0 . 0 0 1 8 4

o  .  o 2 6 4 L
- 0 . 0 0 0 0 9

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 1 5
0 . 0 0 0 8 8
0 . 0 7 0 5 0
0 . 0 0 1 . 9 0
o . 0 7 ! 5 2
0 . 0 0 0 6 6
o . 0 7 0 2 7

- 0 . 0 0 0 2 3
- 0 , 0 0 0 9 4
- 0 . 0 0 0 1  2

0 . 0 2 8 1 3
0 .  o o o 2 9
0 . 0 2 8 5 4

- o . o 0 0 2 1
0 . 0 2 8 0 4

- 0 . 0 0 0 0 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 1 1
o . L 2 L 6 7
0 .  L 9 1 1 5
0 . 1 2 4 5 1
0 . 1 9 3 9 9
o .L2233
0 . 1 9 1 8 0
0 .  r_2930

Y-TRANS

- 0 , 0 0 0 6 5
- 0 .  o 0 0 9 1

o .  00625
- 0 .  ooo81

0 . 0 0 6 3 5
- 0 . 0 0 0 8 9

0 . 0 0 6 2 7
- 0 . 0 0 0 0 2

o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 7 7
- 0 . 0 0 0 5 7

0 . 0 0 6 5 9
- 0 . 0 0 0 4 6

0 .  0 0 6 6 9
- o .  o o 0 5 9

0 . 0 0 6 5 7
- 0 . 0 o 0 0 2
- 0 . 0 0 0 6 7
- 0 . 0 0 0 4 7

0 . 0 0 6 6 9
- 0 . 0 0 0 3 6

0 . 0 0 6 7 9
- 0 . 0 0 0 4 9

0 . 0 0 6 5 7
- 0 . 0 0 0 0 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 4 8
- o . 0 o 1 4 9
- o . 0 0 1 4 9
- 0 . 0 0 1 4 9
- 0 . 0 0 1 4 9
-0 .  ooL49
- 0 . 0 0 1 4 9

0 . 0 0 0 0 0

Z-TRANS

0 . 0 0 0 0 0
-o , o27 37

o .  07688
-o .o2736

0 . 0 7 6 8 8
- 0 . 0 0 3 2 2

0 . 1 0 1 0 3
- 0 .  1 0 4 2 5

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
o .  ooo00
o .22244
0 . 0 9 4 4 1
o  . 2 2 2 4 5
o . 0 9 4 4 2
0 . 2 5 2 1 0
0 ,  L  2 4 0 8
0 . 1 2 8 0 3
0 . 0 0 0 0 0
0  .  1 8 1 1 2
0 . 0 7 5 8 8
0 . 1 8 1 1 3
o . 0 7 6 8 8
0 . 2 0 5 2 8
o . 1 0 1 0 3
0 . 1 0 4 2 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o. oooo0
o.  ooo00
o .  ooooo
o .  ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1

- 0 . 0 4 0 2 9
o . 0 8 7 8 2

- 0 . 0 4 0 3 2
o  .  oa779

- 0 . 0 0 9 9 3
0  .  1 1 8 1 9

- o  . 7 2 8 L L

X-ROTAN

0 . 0 0 0 0 0
- 0 . 0 0 0 5 8

o . 0 0 1 9 0
- 0 . 0 0 0 6 8

0 . 0 0 1 9 0
- 0 . 0 0 0 0 8

o . 0 0 2 5 0
- 0 . 0 0 2 5 8

0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooo00
o .00000
0 . 0 0 0 0 0
0 .  ooo00

- 0 . 0 0 0 6 8
-o .  00069
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 5 9

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 4 4 8
o . 0 0 1 9 0
o . 0 0 4 4 8
o .  o o 1 9 0
o .  o 0 5 0 7
0 . 0 0 2 5 0
o . 0 0 2 5 8
o . ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0 . 0 0 0 4 3
0. ooooo

Y-ROTAN

0 . 0 0 0 0 0
- 0 . 0 0 0 0 8
o.ooo22

- 0 . 0 0 0 0 8
o .  o 0 0 2 2

- 0 . 0 0 0 0 1
o . 0 0 0 2 9

- o . 0 0 0 3 0
0 . 0 0 0 0 0
o .  o 0 0 0 0
0. ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  00000
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 3

- 0 . 0 0 4 2 6
- 0 . 0 0 0 0 3
- 0 . 0 0 4 3 3

0 . 0 0 0 0 3
- o . oo427

0 . 0 0 0 0 1
o . 0 0 0 0 0
0 . 0 0 0 5 2
o.ooo22
0 . 0 0 0 5 2
0 . 0 0 0 2 2
0 .  o o o 5 9
0 . 0 0 0 2 9
0 . 0 0 0 3 0
o .  0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 1 7
o . 0 o 0 1 8
0 . 0 0 0 1 7
0 . 0 0 0 1 8
o . 0 0 0 1 5
0 . 0 0 0 1 5
o. ooool

z-RoTAll

0 . 0 0 0 0 2
0 . 0 0 0 1 4

- 0 . 0 0 3 2 1
0 . 0 0 0 1 0

- 0 . 0 0 3 2 6
0 . 0 0 0 1 3

- 0 . 0 0 3 2 2
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 7
0 . 0 0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 1 5
o . 0 0 0 0 0
0 . 0 0 0 1 7
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 2

- 0 . 0 0 0 0 8
- 0 . 0 0 3 4 3
- o . 0 0 0 1 2
- 0 .  o o 3 4 8
- 0 .  o 0 0 0 5
- 0 . 0 0 3 4 2
0.  ooool -
0 , 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 .  o 0 0 1 6
o . 0 0 0 1 6
0 . 0 0 0 0 0
0 . 0 0 0 1 6
o . 0 0 0 0 0
0 . 0 0 0 1 6
0.  oooo0
o .  00000

1 0

1 1

L 2
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-- PAGE NO. 10
ID: Process systens fnternatio

JOINT DISPLACE},IENT ( INCH RADIANS ) STRUCTIRE TYPE = SPACE

,INT

1 3

LOAD

I
2
3
4
9

6
7
I
1
2
J

4
5
5
7
6

1

L 4

.L5

X-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.  oooo0
0 .  oooo0
0 .  ooo00
0 .  ooo00
o .00000

- 0 . 0 0 1 1 4
o  .  1 3 4 6 ?
o . 2 0 4 1 4
o . 1 3 7 5 9
o .20707
0 . L 3 4 0 1
o . 2 0 3 4 8
o . 1 2 9 3 0
0 . 0 0 0 0 0
a .  ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 L 1 4
- 0 . 0 7 0 1 5

0 . 2 0 3 3 5
- 0 ; 0 6 7 1 9

0 . 2 0 6 3 1
- o . 0 7 0 5 8

o  .2029L
-o .07345

Y-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  oooo0
0 . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 5 4
- 0 . 0 0 L 5 2
- 0 . 0 0 1 5 2
-o  .  00152
- 0 . 0 0 1 5 2
- 0 . 0 0 1 . 5 2
- 0 . 0 0 L 5 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0

-o .02647
-o .02643
- o . 0 1 5 2 8
-o.02627
- 0 . 0 1 5 L 2
- 0 . 0 2 6 4 4
- o . 0 1 5 2 9
- 0 . 0 0 0 0 4

Z-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 2 1 - 5 9 3
o . o a 7 8 2
0 . 2 1 5 9 0
o . o a 7 7 9
o .24630
0 . 1 1 8 1 9
o . 1 2 8 L 1
0 . 0 0 0 0 0
o .  00000
0 . 0 0 0 0 0
o. oooo0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o .  oo000

-0.  ooool
o . 0 9 8 4 7
o . 0 9 8 4 8
0 . 0 9 8 5 1
o . 0 9 8 5 L
o . r 2 7 a r
o . 1 2 7 8 1
0 . 0 0 0 0 0

X-ROTAN

o .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

-o  .  0004  3
- 0 . 0 0 0 4 3
- 0 . 0 0 0 4 3
- 0 , 0 0 0 4 3
- o . 0 0 0 4 3
- 0 . 0 0 0 4 3
- 0 . 0 0 0 4 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
o .  oooo3
0 . 0 0 0 0 3
o .  ooo03
0 . 0 0 0 0 3
0 .  ooo00

Y-ROTAN

0 . 0 0 0 0 0
o. oooo0
0 .00000
o .  ooo00
o .  ooooo
0 . 0 0 0 0 0
0. oooo0
o . 0 0 0 0 0
o .  ooo00
o . 0 0 0 1 4
o . 0 0 0 1 3
0 . 0 0 0 1 4
0 . 0 0 0 1 3
0 . 0 0 0 1 2
0 . 0 0 0 1 2

- 0 . 0 0 0 0 1
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 6
0 . 0 0 0 1 6
0 . 0 0 0 1 5
0 . 0 0 0 1 5
0 .  ooo14
0 . 0 0 0 1 4
0 .  ooo00

Z-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 0
o. ooooo
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0. oooo0
0 . 0 0 0 0 0
0 . 0 0 0 1 5
0 . 0 0 0 1 5
o . 0 0 0 0 0
0 . 0 0 0 1 6
0 . 0 0 0 0 0
0 . 0 0 0 1 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 7
0 . 0 0 0 1 7
0 .  0 0 0 0 0
0 . 0 0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0

L 6

4
5
6
7
I
1

3
4
5
6
7
8
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*** REV1 REVISED LOADS & I{EMBER RELEASE

-- PAGE NO. 1I
ID: Process systeros lnternatio

SUPPORT REACTIONS -UNIT POUN INCH STRUCTURE TYPE = SPACE

, INT

8

LOAD FORCE-X FORCE-Y FORCE-Z

L  4 . 3 2  1 9 7 7 . 6 4  0 . 0 1
2  - 4 4 . 6 8  2 7 4 6 . O O  1 2 3 . 8 3
3  1 3 L s . 7 4  - 1 8 8 8 7  ,  5 3  - 3 4 7  . 7 5
4  - 2 5 . 3 4  2 4 3 8 . 4 0  1 2 3 . ? 7
5  1 3 3 5 . 1 0  - 1 9 1 9 5 . 4 7  - 3 4 7  . 7 8
6  - 4 0 . 2 3  2 6 7 6 . 3 2  1 4 . 5 6
7  t320 .L9  -18957 .23  -457 .Or
8  - 4 . 5 5  7 2 . 4 0  4 7 r . 5 7
L  4 . 4 4  2 0 3 0 . 1 5  0 . 0 1
2  4 4 . 3  3  1 4 0 6 . 5 3  - 8 1  9 . 3 1
3  1 4 0 4 . 7 5  - 2 0 2 2 7 . O O  - 3 4 7 . 7 5
4  6 4 . 2 7  1 0 8 9 . 5 1  - 8 1 9 . 3 6
5 !424.7L -29E!A42 -347 .7a
6  39 .88  1475 .19  -9_28 ._5_8
7 14!.Q-l-9--:?..Q-1511-.-3..9.,-.:-45!1..01
8  - 4 . 5 5  7 2 . 3 4  - 4 7 7 . 5 7
1  - 4 . 3 1  l 2 4 A . A 2  - 0 .  0 1
2  4 6 0 . 7  3  4 8 0 . 4 5  9 0 . 6 9
3  - 1 3 5 9 9 . 6 4  2 2 r I 3 . 9 9  - 2 2 9 . 7 5
4  2 6 0 . 2 5  7 8 8 . 0 5  9 0 . 7 0
5  - 1 3 8 0 0 . 3  4  2 2 4 2 L , 9 2  - 2 2 9 . 7 2
6  4 L 4 . 6 3  5 5 0 . 1 - 3  1 5 . 7 8
7  -13545 .76  22 !a3 .6A  -304 .66
8  4 . 5 2  - 7 2 . 4 0  3 2 0 . 4 3
1  - 4 . 4 5  \ 2 9 7 . 7 0  - O . 0 1 -
2  -460 .48  r92L .32  -550 .18
3  - 1 4 5 2 0 . 8 5  2 3 5 5 4 .  8 5  - 2 2 9 . 7 5
4  - 6 6 7  . 2 0  2 2 3 8 . 3 4  - 5 5 0 . 1 7
5 -Ll1?_?,,93 23872.27 -229.72
6  - 4 L 4 . 3 9  1 8 5 1 " . 5 5  - 6 2 5 . O 9
7  - L 4 4 7  4  . 7  3  2 3 4 8 5 .  1 5  - 3 0 4 . 6 6
8  4 , 4 4  - 7 2 . 3 4  - 3 2 0 . 4 3

MOU-X

0 . 5 5
7 7 3 3 . 4 5

- 2 L 7 L 8 . 5 3
7 7 3 0 . 2 6

-2L720 .29
9 0 9 . 5 5

- 2 8 5 4 2 . 5 0
2945L .44

0 . 5 5
- 5 1 1 5 9 . 7 3
- 2 L 7 L 8 . 5 4
-5LL72.96
- 2 L 7 2 0 . 2 9
-57993 .67
."28542.�5-Q-.-
- 2 9 4 5 L . 7 2

' - o . 5 5

7 2 8 2 . 6 4
- 1 8 7 0 6 . 3 7

7 2 8 2 . 9 5
-L8704.7r

r 2 L 4  . 2 6
- 2 4 7 7 4 . 7 6

2 5 9 8 8 . 5 4
- 0 . 5 5

t{ol{-v t{oM z

o . 0 2  - 2 6 2 . 9 2
3L4.66  526.45

- 8 8 3 . 6 9  - 2 L 3 6 2 . 9 0
3 1 4 . 5 3  2 1 5 . 3 0

- 8 8 3 . 7 6  - 2 L 6 7 4 . 3 9
37.OL 454.76

- 1 1 6 1 . 3 4  - 2 L 4 3 4 . 6 r
1 1 9 8 . 3 3 7 3 . 2 6

0 . 0 2  - 2 6 9 . 9 5
- 2 0 8 2 . 0 0  - 9 L 2 . 4 7

- 8 8 3 . 5 9  - 2 2 4 0 2 . 2 2
-2082.13 -1233.72

-883 .  76 -2.?. !_23 .47
-2359 .66  -841 .19
-1.1 6 1 . 3 4-:228-0..5 o.
- r . 1 9 8 . 3 4 7 3 . 2 0

1 1

t 3 0 . 1 3  - 2 4 2 . 7 2
1 8 7 8 . 3 5  3 3 3 5 . 1 4

- 5 2 7 5 . L 5  - 1 6 0 2 0 . 8 3
1 8 7 7 . 5 7  3 L 0 2 . 5 5

-5275 .55  -16253  .67
2 2 0 . 9 2  3 2 8 1 . 6 3

-6932 .58  -16074 .34
7153 .36  3042 .22

0 . 1 3  - 2 4 9 . 2 01 5
-44694 .55
-L8706 .37
- 4 4 6 9 4 . 2 8
-L4704 .7L
-507 62 .97
- 2 4 7 7  4  . 7  6
-25988 .7 0

-12428 .42  2257 .33
- 5 2 7 5 . t 5  - 1 7 0 9 8 . 6 3

-12429 .20  20 !7  .49
-5275 .55  -L7334 .77

-._1rt_0-8_5_, g6_ 2310. 82
-6932 .  s8  -17045 .11
-7L53 .4L  3042 .L7

Rerision No. 0
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8OX-SHORT CRYOPIJI.{P SUPPORT
*** REV1 REVISED LOADS & UEI,IBER RELEASE ID: Process

--  PAGE NO. L2
systens fnternatio

UEMBER END FORCES

CLL UNITS ARE --

MEUBER LOAD JT

STRUCTURE TYPE =

POUN INCH

AXIAL SHEAR.V

SPACE

SHEAR-Z uol.r-z

0 .  o 1
- 1 5 3 9 6 . 0 1

0 . 0 2
-L5396.L2

- 0 . 0 5
- 1 5 3 9 5 . 8 3

- 0 . 0 3
- 1 5 3 9 6 . 0 4

o .  0 7
-15395.70

0 . 0 6
- 1 5 3 9 5 . 4 8

o .  0 1
-L5395.79

0 . 0 0
0 . 0 0

1 5 3 9 5 . 8 3
-65594 .73

1 5 3 9 5 . 8 1
- 6 5 5 9 4 . 4 8

1 5 3 9 5 . 7 5
-65594  .61

1 5 3 9 5 . 7 1
-65594 .63

1 5 3 9 5 . 7 3
- 5 5 5 9 4 . 5 5

L5395.73
-65594  .27

L5395.72
- 6 5 5 9 4 . 6 1

0 .  o 0
0 .  o 0

6 5 5 9 4 . 9 1
-43725 .99

6 5 5 9 4 . 3 4
-43726 .95

6 5 5 9 4 . 6 9
-43726 .72

5 5 5 9 4 .  3 4
-43726.89

6 5 5 9 4 . 6 6
- 4 3 ? 2 6 . A 3

TORSION

0 . 0 0
0 . 0 0
o . o 0
0 . 0 0
0 .  o o
0 . o o
0 . 0 0
0 . 0 0
o ,  o0
0 . 0 0
0 .  o o
0 . o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

4283 .98
-42A3 .98

4284 .OO
-4284 .OO

4 2 A 4 . O O
- 4 2 8 4 . 0 0

4 2 A 4 . O O
- 4 2 8 4 .  O O

4284 .  02
-4284 .  02

4284  .  O0
- 4 2 A 4 . O O

4 2 8 4 .  O O
-4284 .OO

0 . 0 0
0 . 0 0

2 0 5 0 . 1 6
- 2 0 5 0 . 1 6

1 1 6 4 . 8 4
-7164  .84

1 1 5 4 . 8 6
- 1 1 6 4 . 8 6

1 1 5 8 . 8 6
- 1 1 5 8 . 8 5

1 r . 5 8 . 8 4
- 1 1 5 8 . 8 4

llol,l-Y

0 . 0 0
o .  o 0

- 0 . 9 8
- 0 . 4 1
- 0 . 6 7
- 0 .  0 5
- 0 . 5 1

0 . 1 7
o . o 7

-o .  38
r . 2 5

- 8 6 4  . 6 6
- 0 . 3 1

-a66 .21
0 .  o 0
0 . 0 0

o . 0 0
0 . 0 0

- 0 . 1 9
-27720 .74

0 . 3 3
-277t8 .7 6

242 .64
-27962.12

2 4 3 . 0 5
-2?962 .44

8 6 6 .  3 3
-3 !407 .oo

8 6 3  . 9 6
- 3 1 4 L 0 . 6 0

o . 2 9
- o . 2 4

-L .47
o . 4 1

-7257 .59
- L 7 5 . 9 5

- 7 2 6 r . 7 5
- 1 8 2 .  O B

-7257 .29
-L79 .22

-7253.09
- L 7 7  . 6 8

1  0 . 0 0
2  0 . 0 0
!  - o . 2 4
2  0 . 2 4
1  2 5 4 0 0 . 3 4
2  -25400 .34
L  4 7  . 6 L
2  - 8 0 . 0 8
L  25447 .34
2 -25479 .7 4
1  0 . o o
2  0 , o o
L  25400 .34
2  -25400 .34
1  0 . 0 0
2  0 . 0 0

2  0 . o o
3  0 . o o
2  0 . 2 4
3  - O . 2 4
2  25399 .73
3  -25399 .73
2  8 8 . 4 7
3  - L 4 5 . 4 8
2 254AA .7 4
3  -25546 .34
2  0 . 0 0
3  0 . 0 0
2  25399 .73
3  -25399 .73
2  0 . 2 4
3  - o . 2 4

3  - O . 7 4
4  0 . 7 4
3  8 4 . 4 7
4  - 8 4  . 4 7
3  1 3 0 . 0 2
4  -L30 .02
3  - 1 3 5 . 7 4
4  32 .7L
3  - 9 0 . 9 8
4  -L2 .22

- 8 5 1  . 9 9
1 4 2 8 . 8 5
- 8 5 1 . 9 9
1 4 2 8 . 8 5
- 8 5 2 . 0 1
t42A  .87
- 8 5 2 . 0 3
1 4 2 8 . 8 8
-852  .  OO
1 4 2 8 . 8 5
- 8 5 2 . 0 0
1 4 2 8 . 8 5
- 8 5 2 . 0 1
l 4 2 A . A 7

o . o o
o . o 0

- 1 5 7 8 . 8 4
2 6 0 4  . 3 5

- 1 5 7 8 . 8 4
2604  .36

- 1 5 7 8 . 8 6
2 6 0 4 . 3 8

- 1 5 7 8 . 8 5
2604  .37

- 1 5 7 8 . 8 6
2 6 0 4 . 3 9

- 1 5 7 8 . 8 5
2604 .37

- 1 5 7 8 . 8 6
2 6 0 4 . 3 8

0 . 0 0
0 . 0 0

1427  .25
4 1 0  .  1 4

1 4 2 7  . 2 4
4 1 . o . 1 5

L 4 2 7 . 2 5
4 1 0 . 1 4

1 4 2 7 . 2 4
4 1 0 . 1 5

L 4 2 7  , 2 3
4 1 0 . 1 6

0 .  o 0
0 . 0 0

- 0 . 0 5
0 .  o 5
o . 1 1

- 0 . 1 1
0 . 1 0

- 0 . 1 0
0 . 0 8

- 0 . 0 8
4 7 . 9 4

- 8 0 . 3 4
4 8 . 1 5

- 8 0 . 5 5
0 . 0 0
0 . 0 0

o . o o
o .  o0

L 1 5 5 . 0 4
- 1 1 s 5 . 0 4

1 1 5 4 . 9 9
- 1 L 5 4 . 9 9

1 1 5 4 . 8 9
- 1 1 5 4 . 8 9

L 1 5 5 . 0 1
- 1 1 5 5 . 0 1 -

1243  .6L
- 1 3 0 1 . 2 1

L 2 4 3 . 4 9
- 1 3 0 1  . 4 9

0 . 0 0
0 . 0 0

0 . 0 2
- 0 . 0 2

L 7 2 . 9 2
- r 72 .92

1 7 3 . 0 8
- 1 7 3 . 0 8

r 7 2 . 9 3
- L 7 2 . 9 3

L 7 2 . 7 9
- L 7  2  . 7 9

Rerision No. 0
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8OX-SHORT CRYOPT'T.IP SUPPORT
*** REV1 REVISED LOADS & I.{EMBER RELEASE

MEMBER END FORCES STRUCTURE TYPE = SPACE

\LL UNITS ARE -- POUN INCH

ITEMBER LOAD .fT AXIAL

8 3 . 9 8
- 8 3 . 9 8
1 3 0 . 6 5

- 1 3 0 . 5 5
a 4  . 9 6

- 8 4 . 9 6

o .  o o
o .  o 0

- o  . 24
o  . 2 4
0 . 3 1

- 0 . 3 1
- 1 1 8 . 1 6

4 7 . 3 6
- 1 1 8 . 6 9

4 7 . 8 9
- o . 7 3

0 . 7 3
o . 3 4

- o . 3 4
- o . 4 9

o . 4 9

o . 0 1
- o . 0 1

L 7  4  . 9 3
- L 7  4  . 9 3
-490  .97

490 .97
L 7 4 . 8 0

- L 7  4  . a O
- 4 9 1 .  0 1

491 .  Or .
2 0 . 5 1

-20  .5L
- 6 4 5 . 2 5

6 4 5 . 2 5
6 6 5 . 8 9

-565  .  89

- 0 .  o l
o .  0 1

3 9  . 6 7
-39 .67
- 8 6 . 5 5

8 6 . 5 5

SHEAR-Y SHEAR-Z TORSION UOM-Y MOt{-Z

L 4 2 7 . 2 5  1 0 . 9 0  L 2 5 3 . 4 8  - 7 0 . 3 A  6 5 5 9 4 . 6 3
410 .14  -11 .4 .10  -L253 .48  -26L5 .35  -43726 .65

1 4 2 7 . 2 5  1 0 . 8 1  L 2 5 3 . 5 2  - 6 9 . 2 2  5 5 5 9 4 . 5 8
410 .14  -114 .01  -L253 .52  -26L9 .29  -43726 .7 r

0 . 0 0  0 . 0 5  - 0 . 0 4  - 0 . 8 5  0 .  o 0
0 . 0 0  - 0 . 0 5  0 . 0 4  - 1 .  0 9  0 .  o o

2 r L 2 . 5 4  0 . 0 0
- 8 5 2 . 0 0  0 . 0 0
2 1 7 2 . 5 3  0 . 0 2
- 8 5 2 . 0 0  - 0 . 0 2
2 rL2 .54  0 .02
- 8 5 2 . 0 0  - 0 . 0 2
2 L t 2 . 5 6  0 . 0 8
- 8 5 2 . 0 2  - 0 . 0 8
2 r r 2 . 5 4  0 . 0 7
- 8 5 2 . 0 1  - O . O 7
2 r r 2 . 5 4  - 1 1 8 . 6 2
- 8 5 2 . 0 0  4 7  . 4 2
2 L L 2 . 5 4  - 1 1 8 . 6 9
- 8 5 2 . 0 0  4 7  . 8 9

0 . 0 0  0 . 0 r .
0 . 0 0  - 0 . 0 L

- 1 9 8 9 . 3 7  0 . 3 5
t 9 a 9 . 3 7  - 0 . 3 5

- L 9 7 8 . 9 0  - 4 5 6 . 0 1
L 9 7 8 . 9 0  4 5 6 . 0 1

- ! 9 7 8 ; 9 0  L 2 2 2 r . 7 4
L97a .90 -L2227 . t4

- 1 9 7 8 . 8 3  - 2 7 5 . 4 O
L97A.A3  275 .5O

- 1 9 7 8 . 8 3  1 2 4 0 1 . 5 3
1 9 7 8 . 8 3 - 1 2 4 0 1  . 5 3

- 1 9 7 9 . 9 5  - 4 r . 4 . 5 8
! 9 7 9 . 9 5  4 L 4 . 5 8

-1979 .95  L2262 .59
1979 ,95-L2262.59

0 . 0 0  - 4 2 . 4 3
0 . 0 0  4 2 . 4 3

- 7 2 3 7 . O 4  - O . 3 7
1 2 3 7 . O A  O . 3 7

- 1 2 4 7 . 5 6  3 9 . 9 5
1 2 4 7 . 5 6  - 3 9 . 9 5

- t 2 4 7 . 5 5  5 2 . 7 A
L 2 4 7 . 5 5  - 6 2 . 7 8

o.  oo-516342.81
o . 0 0  - 0 . 2 3
o .  o o  1 1 6 5 2 . 6 5
o . 0 0  - 0 .  0 7
o .  o o - 5 2 3 9 5 4 . 8 8
0 . 0 0  - 0 .  0 3
o.  oo  L75L5.75
0 . 0 0  0 . 2 3
o .  o o - 5 1 8 0 9 4 .  2 8
o .  oo  -o .23
0 .  o o  L 7 9 2 . 5 5

4 3 7 2 7 . O 9
- 0 . 0 4

43727 .OA
- o . 1 2

43726 .86
- 0 . 0 3

43727 .23
0 . 0 7

43726.92
- 0 . 0 1

43727 .02
- 0 .  0 8

4 3 7  2 6  ,  8 0
0 . 0 1
0 . 0 0
o . o o

- 8 4 0 5 1 .  0 5
0 . 0 0

- 8 3 5 0 8 . 4 0
0 . 0 1

- 8 3 6 0 8 . 3 9
o .  o o

- 8 3 5 0 5 .  3 9
0 .  o 2

- 8 3 6 0 5 . 3 8
0 . 0 1

-43652.?2
- 0 . 0 1

-83652.73
o .  o o
0 . 0 2
0 . 0 0

-52266 .52
0 . 0 1

-52709 .20
- 0 . 0 1

-52709 .19
0 . 0 0

ID :  PTOCESS

o .  o o  0 .  o o
0 . 0 0  0 . 0 0
o . o o  - 0 . 4 5
o . 0 0  - 1  . 8 8
o .  o o  0 . 5 3
o . 0 0  - 0 . 1 7
o .  o o  - 0 . 2 0
0 . 0 0  - o . 7 4
0 . 0 0  - r . 4 7
0 . 0 0  0 . 6 3
o .  o o  2 4 5 6 . O 4
0 . 0 0  0 . 6 6
0 . 0 1  2 4 5 6 . 8 0

- 0 .  0 1  - L . 4 4
o . o o  L . 9 7
0 . 0 0  - 2 . 3 4

o .  o o  - L 4 . 9 2
0 . 0 0  0 .  o o
o.  oo  t9266.2L
0 . 0 0 o . 0 5

--  PAGE NO. 13
systens Internatio

o . o o 0 . 3 0

4
I 2

4
I 2

4
L 2

o . o o  1 5 . 4 5
o .  o o  o .  o o
o .  o o  - 1 6 8 8 . 0 5
o .  o o  - 0 .  0 3
0.oo  -2652.O5
o . o o  - 0 . 0 2

Rer.ision No. 0
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IoK-SHORT CRYOPUI.{P SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

I,{EMBER END FoRcES STRUCTT RE TyPE = SPACE

lLL UNITS ARE -- POUN INCH

TIEMBER LOAD JT

-- PAGE }IO. 14
ID: Process Systens Internatio

AXIAL

3 9 . 7 3
- 3 9 . 7 3
- 8 6 . 5 4

8 6 . 5 4
9 . 8 3

- 9 . 8 3
- l _ L 6 , 4 0

1 1 6 . 4 0
726 .  L6

-L26 .  L6

3  - 0 . 0 1
9  0 .  o l
3 1156.74
9 -1156 .7 4
3  490 .97
9  - 4 9 0 . 9 ?
3  1 1 5 6 . 8 0
9  - 1 1 5 6 . 8 0
3  4 9 L . 0 1
9  - 4 9 L . 0 L
3  L 3 L L . 1 0
9  - 1 3 L L ,  t  0
3  6 4 5 , 2 5
9  - 6 4 5 . 2 5
3  6 6 5 . 8 3
9  - 6 6 5 . 8 3

0 . 0 1
- 0 . 0 1

2 L 2  . 7 7
- 2 7 2 . 7 7

8 6 . 5 5
- 8 6 . 5 5
2L2  .7  L

- 2 L 2 . 7 1
8 6 . 5 4

- 8 6  . 5 4
2 4 2 . 7  4

- 2 4 2  . 7  4
1 1 6 . 4 5

- 1 1 6 . 4 5
1-26 .28

-1 ,26  .2A

L989  .37
- !9A9  .37

SHEAR-Y SHEAR-Z

- 1 2 4 7 . 6 3  4 0 . 8 9
7 2 4 7 . 6 3  - 4 0 . 8 9

- 1 2 4 7 . 6 3  6 3 . 7 L
L 2 4 7 . 6 3  - 6 3 . 7 L

- 1 2 4 6 . 5 L  4 0 . 1 6
L 2 4 6 . 5 r  - 4 0 . 1 6

-L246 .5 I  62 .99
1 2 4 6 . 5 L  - 6 2 . 9 9

0 . 0 0  4 2 . 4 5
0 . 0 0  - 4 2 . 4 5

- 2 0 4 2 . 2 5  - O . 3 9
2 0 4 2 . 2 5  0 . 3 9

- 2 0 5 2 . 7 2  - 3 7 r . 9 3
2 0 5 2 . 7 2  3 7 r . 9 3

-2052 .72 -L3049 .07
2 0 5 2 . 7 2  1 3 0 4 9 . 0 7

-2052 .79  -557 .76
2052 .79  557 .76

-2052 .79 -L323s .11
2 0 5 2 . 7 9  1 3 2 3 s . 1 1

- 2 0 5 L . 6 7  - 3 3 0 . 4 9
2 0 5 1 . 6 7  3 3 0 . 4 9

- 2 0 5 L . 6 7 - 1 3 0 0 7  . 6 3
2 0 5 L . 6 ?  L 3 0 0 7 . 6 3

0 . 0 0  4 2 . 4 0
0 .  0 0  - 4 2 . 4 0

- 7 2 8 5 . 6 0  0 .  3 8
1 2 8 5 . 6 0  - 0 . 3 8

- 1 2 7 5 . ! 3  . - 4 4 . 2 2
! 2 7 5 . 1 3  4 4 . 2 2

- I 2 7 5 . L 3  - 6 7 . 0 5
! 2 7 5 . L 3  6 7 . O 5

- 1 2 7 5 . 0 5  - 4 5 . 1 9
L 2 7 5 . O 5  4 5 . 1 9

- 1 2 7 5 . 0 5  - 6 8 . 0 0
7 2 7 5 . 0 5  5 9 . 0 0

- L 2 7 5 . L 7  - 4 3 . 9 9
L 2 7 6 . L 7  4 3 . 9 9

- L 2 7 6 . L 8  - 6 6 . 8 3
L 2 7 6 . 1 8  6 6 . 8 3

o .oo  - 42 .45
0 . 0 0  4 2 . 4 5

o . 3 5  0 . o 1
- 0 . 3 5  - O . 0 1

MOM-Y

- 1 7 2 7  . 4 6
- 0 . 0 4

-269L.4!
- o . 0 4

- L 5 9 7 . 0 7
0 .  2 0

-266 I .29
- 0 . 1 4

- L 7 9 3 . 6 7
o  . 2 2

1 6 .  3 8
0 . o o

I5714 .  L9
- 0 .  0 4

551323.25
0 . 1 5

2 3 s 6 5 . 1 5
0 . 1 1

5 5 9 1 8 3 . 6 3
0 . 0 1

1 3 9 6 3 . 3 1
- 0 . 0 5

5 4 9 5 7 L . 8 8
o  . 2 5

-L79 I .L7
- 0 . 1 4

- 1 5 . 8 5
0 . 0 0

1 8 6 8 .  3 6
- 0 .  0 2

2432 .34
0 . 1 5

1 9 0 9 . 1 1
o . 0 7

2472 .  Ar
- 0 . 1 2

L858 .79
- 0 . 2 8

2423  .32
o . 2 8

L 7 9 3 . 7 2
- 0 . 2 0

- 0 . 1 1
0 .  o 0

uol.{-z
-52772 .L8

0 . 0 1
- 5 2 7  ! 2  . 2 0

0 . 0 0
- 5 2 6 6 4 . 8 8

0 . 0 0
-52664 .46

o . 0 0
- 0 .  0 2
o . o o

-46284 .47
- 0 . 0 1 -

- a 6 7 2 7 . 5 2
0 . 0 0

-86727 .53
o . 0 0

-867  30  .52
o . 0 1

- 8 6 7 3 0 . 5 5
o .  0 2

-46683  .22
0 . 0 1

- 8 6 6 8 3 . 2 0
0 . 0 0

- 0 . 0 2
0 . 0 0

-543) .6 .7 r
0 . 0 1

-5347  4  .07
- 0 . 0 1 .

- 5 3 8 7 4 . 0 6
0 . 0 0

- 5 3 8 7 1 . 0 4
0 . 0 2

- 5 3 8 7 1 , 0 4
0 . o o

- 5 3 9 1 8 .  3 6
o .  o 0

- s 3 9 1 8 . 4 0
0 . 0 0
o .  0 2
0 . 0 0

3 . 1 8
0 . 0 0

4
! 2

4
L 2

4
\ 2

4
L 2

L 2

4
T 4

4
t 4

4
L 4

4
1 4

4
1 4

4
L 4

4
1 4

4
1 4

7
6

TORSION

o .  o o
0 . 0 0
o .  o 0
0 .  o o
0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0
o . o o

0 . 0 0
o . o o
0 . o o
0 . 0 0
o .  o 0
0 . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0

o .  o 0
0 .  o o
0 . 0 0
o . o 0
o . o o
o . 0 0
o . o o
0 . 0 0
o .  o o
0 . 0 0
o .  o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0

0 . o o
0 . 0 0
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8 OK-SHORT CRYOPT]I,{P SUPPORT
*** REV1 REVTSED LOADS & MEMBER RELEASE

-- PAGE NO. 15
ID: Process systens Internatio

MEMBER 8ND FORCES

\LL UNITS ARE --

MEUBER LOAD JT

STRUCTT RE TYPE = SPACE

POUN INCH

AXIAL SHEAR.Y SHEAR-Z

7  7 9 7 8 . 9 0  - 4 5 6 . 0 1  L 7 4 . 8 2
6  - r 9 7 A . 9 0  4 5 6 . 0 1  - L 7 4 . 4 2
7  L 9 7 8 . 9 0  r 2 2 2 L . L r  - 4 9 0 . 9 9
6  -1978 .90  - I222L .LL  490 .99
7  ! 9 7 8 . A 2  - 2 7 5 . 8 0  L 7 4 . 7 6
6  - r 9 7 8 . A 2  2 7 5 . 8 0  - L 7 4 . 7 6
7  1 9 7 A . A 3  1 2 4 0 1 . 5 4  - 4 9 1  .  O L
6  - 1 9 7 8 . 8 3  - 1 2 4 0 1 . 5 4  4 9 1 .  0 1
7  1 9 ? 9 . 9 5  - 4 J . 4 . 5 7  2 0 . 5 9
6  - r979 .95  4 r4 .57  -20 .59
7  L979 .93  L2262 .58  -645 .22
6  - ) . 9 7 9 . 9 3  - L 2 2 6 2 . 5 8  6 4 5 . 2 2
7  0 . 0 0  - 4 2 . 4 3  6 6 5 . 7 6
6  0 . 0 0  4 2 . 4 3  - 6 6 5 . 7 6

8  L 9 7 7 . 6 4
7  - 1 9 7 7 . 6 4
8  2746 .OO
7 -2746 .OO
I  - 1 8 8 8 7 . 5 3
7  r .8887 .53
I  2 4 3 8 . 4 0
7  -2438  .40
8  - !9L95 .47
7  L9 I95 .47
8  2 6 7 6 . 3 2
7  -2676 .32
B  - !A957  .23
7  7A957 .23
I  7 2 . 4 0
7  - 7 2 . 4 0

1_O 2042 .25
I  -2042 .25

10  2052 .72
9  -2052 .72

10  2052 .72
9 -2052.72

10  2052 .79
9  -2052 .79

10  2052 .79
9 -2052.79.

10 205L.67
I -205L.67

t  o  205L .67
9 -205L.67

10  0 .  oo
9  0 . o o

- 4 . 3 2
4  . 3 2

4 4 . 6 8
- 4 4 . 6 8

-L3L5 .74
1 3 1 5 . 7 4

2 5  . 3 4
- 2 5 . 3 4

- 1 3 3 5 . 1 0
1 3 3 5 . 1 0

4 0  . 2 3
- 4 0 . 2 3

- 1 3 2 0 .  t  9
I 3 2 A  . 7 9

4 . 5 5
- 4 . 5 5

0 . 3 9
- 0 . 3 9

3 7  L . 9 4
- 3 7 I . 9 4

L3049 .07
- 1 3 0 4 9 .  0 7

5 5 7 . 7 5
- 5 5 7 . 7 5

13235.L2
- 1 3 2 3 5 . 1 2

3 3 0 . 5 1
- 3 3 0 . 5 1

1 3 0 0 7 . 6 1
- 1 3 0 0 7 . 6 1

-42  .40
4 2  . 4 0

0 . 0 1 '
- 0 . 0 L

1 2 3 . 8 3
- L Z J . t t J

- 3 4 7 . 7 5
3 4 7 . 7 5
L 2 3 . 7 7

- I 2 3  . 7 7
- 3 4 7 . 7 4

3 4 7 . 7 8
1 4 . 5 6

- r 4  . 5 6
- 4 5 7 . O r

4 5 7 . 0 7
4 7 L . 5 7

- 4 7 L . 5 7

0 . 0 1
- 0 . 0 1 -

-7156 .7 6
rL56 .7 6
- 4 9 0 . 9 9

4 9 0 . 9 9
- 1 1 5 6 . 8 3

1 1 5 6 . 8 3
- 4 9 1 .  0 1

4 9 1  . 0 1
-1311  .  01

1 3 1 1 .  0 1
-645 .24

645 .24
- 6 6 5 . 8 1

5 5 5 . 8 1

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
o . o o
0 . 0 0
0 . o o
0 .  o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

o . 0 2
- 0 . 0 2

3 1 4 . 6 6
- 3 1 4 . 6 6
- 8 8 3 . 6 9

8 8 3 . 6 9
3 1 4 . 5 3

- 3 1 4 . 5 3
-883  .7  6

8 8 3 . 7 6
3 7 .  0 1

- 3 7 .  0 1
- 1 1 6 1 . 3 4

1L6L  .34
1 1 9 8 . 3 3

- 1 1 9 8 . 3 3

0 .  o 0
0 .  o 0
0 . 0 0
0 . 0 0
o .  o 0
o .  o o
o . o o
o . o o
0 .  o o
0 . 0 0
0 .  o o
o .  o o
o . 0 0
o . o o
o . o 0
o . o o

lto!,r-Y

- t 573 .4L
0 . 0 0

4 4 1 8 . 9 5
0 . o o

- L 5 7 2 . A 4
0 . 0 0

4 4 1 9 . 1 5
0 . 0 0

- 1 8 5 . 3 5
o .  o 0

5807 .06
0 . 0 0

-599L.79
0 . 0 0

- 0 . 5 5
0 . 0 1

-7733  .46
1 8 0 . 1 0

21718 .63
- 5 0 5 . 7 8

-7730 .25
1 8 0 .  0 2

2 ! 7 2 0 . 2 9
- 5 0 5 . 8 2
- 9 0 9  . 5 5

2 1 . 1 8
28542 .50

-664  ,69
- 2 9 4 5 1  . 4 8

6 8 5 . 8 ?

- 0 . 1 1
0 . 0 0

1 0 4 1 . 0 . 9 2
o .  o 0

4 4 1 8 . 9 5
0 . o o

1 0 4 1 1 . 4 9
0 . o o

4 4 1 9 . 0 9
0 .  o o

LL799.O9
o .  00

5 8 0 7 . 0 6
0 .  o o

5992.29
o.  oo

uou-z
- 4 1 0 4 . 0 9

0 . 0 0
1 0 9 9 9 0 . 0 2

0 . 0 0
-2442. lA

0 . 0 0
1 1 1 6 1 3 . 9 4

0 . 0 0
- 3 7 3 L . L 2

o . o o
LLO363 .  17

0 . 0 0
- 3 8 1 . 9 0

0 . 0 0

- 2 6 2 . 9 2
- 0 . 5 2

526  .45
2 1 9 8 . 4 6

- 2 r 3 6 2 . 9 0
-5A597 .26

2 1 5 . 3 0
1 3 3 0 . 3 6

- 2 1 6 7  4 . 3 9
-59766.70

4 5 4 . 7 6
1 9 9 9 . 1 5

-2L434  .6L
-5909? .02

7 3 . 2 6
204  .4A

3  . 4 9
0 . 0 0

3347 .43
0 . 0 0

I L 7  4 4 r  . 6 3
o . o o

50L9 .7 6
o .  o o

1 1 9 1 1 6 .  1 0
0 . o o

297  4  .56
0 .  o 0

1 1 7 0 5 8 . 4 6
0 . 0 0

- 3 8 1 . 6 1
o . o o

1 0

1 1
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8OK-SHORT CRYOPWP SUPPORT
*** REVI REVISED LOADS & I.{EI,IBER RELEASE

MEMBER END FORCES STRUCTT'RE TYPE

POUN TNCH

AXIAL SHEAR-Y

ID: Process
--  PAGE NO. 16

Systens Internatio

= SPACE

\LL UNITS ARE --

I'{EI.!BER LoAD JT

L2 1 1  2 0 3 0 . 1 5
1 0  - 2 0 3 0 . 1 5
1 L  1 4 0 6 . 5 3
1 0  - 1 4 0 6 . 5 3
rL -20227 .OO
10  20227 .OO
1 1  1 0 8 9 . 5 1
1 0  - 1 0 8 9 . 5 1
LL  -20544 .42
10  20544 .42
1 1  L 4 7 6 . L 9
1 0  - I 4 7 6 . I 9
1 1  - 2 0 1 5 7 . 3 0
10  20757 .30
L l -  7 2 . 3 4
1 0  - 7 2 . 3 4

i .3  7237 .48
L 2  - 1 2 3 7 . O A
1 3  L 2 4 7 . 5 5
L 2  - 1 2 4 7 . 5 5
1 3  L 2 4 7 . 5 s
1 2  - L 2 4 7 . 5 5
1 3  L 2 4 7 . 6 3
L 2  - L 2 4 7 . 6 3
1 3  1 2 4 7 . 6 3
L 2  - L 2 4 7 . 6 3
13  1246 .5 r
7 2  - L 2 4 6 . 5 7
1 3  L 2 4 6 . 5 r
1 2  - 1 2 4 6 . 5 1
1 3  0 . O O
L 2  0 . 0 0

L 5  1 2 S 5 . 6 0
7 4  - 1 2 8 5 . 5 0
1 5  1 2 7 5 . L 3
7 4  - t 2 7 5 . L 3
1 5  I 2 7 5 . 1 3
1 4  - L 2 7 5 . t 3
1 5  ! 2 7 5 . O 5
1 4  - L 2 7 5 . O 5
1 5  ! 2 7 5 . O 5
L 4  - 1 2 7 5 . O 5
1 5  t 2 7 6 . L 7
L 4  - 1 2 7 6 . L 7

- 4  . 4 4
4  . 4 4

- 4 4 . 3 3
4 4 . 3 3

- 1 4 0 4 . 7 5
L404 .75

- 6 4 . 2 7
6 4 . 2 7

- L 4 2 4 . 7 I
L 4 2 4 . 7 t

- 3 9 . 8 8
3 9 . 8 8

- 1 4 0 0 . 3 0
L 4 0 0 . 3 0

4 . 5 5
- 4 . 5 5

- 0 .  0 1
o . o t

3 9  . 6 9
- 3 9 . 6 9
- 8 6 . 5 2

86 .52
3 9 . 7 2

- 3 9  . 7  2
- 8 5 . 4 8

8 6 . 4 8
9 . 7 8

- 9 . 7 8
- 1 1 6 . 4 3

1 1 6 . 4 3
! 2 6 . 2 r

- ! 2 6 . 2 L

- 0 . 0 1
0 . 0 1

- 2 r 2 . 7 2
2 t 2 . 7 2
-46 .52

g 6  . 5 2
- 2 L 2  , 6 9

2 L 2 . 6 9
- 8 5 . 4 8

8 5 . 4 8
-242 .64

242  .64

SHEAR-Z

0 . 0 1
- 0 .  0 1

- 8 1 9 . 3 1
8 1 9 .  3 1

- 3 4 7 . 7 5
3 4 7 . 7 5

- 8 t 9 . 3 6
8 1 9 , 3 6

- 3 4 7 . 7 8
3 4 7 . 7 8

- 9 2 8 . 5 8
9 2 8 . 5 8

- 4 5 7 . 0 1
457 . OL

- 4 7 L . 5 7
4 7 L . 5 7

o  . 3 7
- o . 3 7

- 3 9 . 9 5
3 9 . 9 5

- 6 2 . 7 7
6 2 . 7 7

- 4 0 . 8 9
4 0 . 8 9

- 6 3 . 7 0
6 3 . 7 0

- 4 0 . 1 7
4 0 . r 7

- 6 2 . 9 4
6 2 . 9 8

- 4 2  . 4 6
4 2  . 4 6

0 . 3 8
- 0 . 3 8

- 4 4 . 2 2
4 4 . 2 2

- 6 7 . O 3
6 7 . 0 3

- 4 5 . 1 8
4 5 . 1 8

-68 .  OO
5 8 .  O 0

- 4 4 .  0 1
4 4 . O t

TORSION

0 . 0 2
- 0 .  0 2

- 2 0 8 2 . 0 0
2 0 8 2 .  O 0
- s 8 3 . 6 9

8 8 3 . 6 9
-2082  .73

2082 .L3
-843 .76

8 8 3 . 7 6
-2359  .66

2359  .66
-1151  .34

1 1 6 1 . 3 4
- 1 1 9 8 . 3 4

1 1 9 8 . 3 4

o .  o0
o . o 0
o . o o
0 . 0 0
o .  o o
0 . 0 0
0 . 0 0
o .  o o
0 ,  o o
o .  o o
0 . 0 0
o .  o o
0 . 0 0
o . o o
0 . 0 0
o . o 0

0 . 0 0
o .  o o
0 . 0 0
o . o o
0 . 0 0
o .  o o
0 . 0 0
o .  o 0
0 . 0 0
o . o o
0 . o o
o . o o

uou-Y

- 0 . 5 5
o .  o 1

511-69.73
-LL9r.64
2L7L8.64

-505.77
5 r L 7 2 . 9 6
-LLgI.7L
2L720.29

- 5 0 5 . 8 1
5?993 .57
- 1 3 5 0 . 5 3
2A542.50

- 6 6 4 . 6 9
2945L .72

- 6 8 5 . 8 5

- 2 5 . 5 9
0 . 0 0

2796 .44
0 . 0 0

4393 .79
o . 0 0

2862 .  LO
o . o 0

4459 .  L2
0 . 0 0

2 8 1 1  . 9 4
0 . 0 0

4 4 0 8 . 8 9
0 . 0 0

2 9 7 2 . O 9
0 . 0 0

-26 .26
0 . 0 0

3 0 9 5 . 5 0
0 . 0 0

4692 .45
0 .  o o

3762.79
o . o o

4759 .82
o . o o

3 0 8 0 . 4 0
0 . 0 0

uou-z

- 2 6 9 . 9 5
- 0 . 6 6

-912 .87
- I79L .27

-22802 .22
-62447.37

- L 2 3 3 . 7 2
-2686.79

-23123 .47
-63784  .  OO

- 8 4 1 . 1 9
- 1 5 9 1 . 6 0

-22730 .50
-52687.59

7 3 . 2 0
2 0 4 . 3 0

- 0 .  8 6
0 . 0 0

2778 .32
0 . 0 0

- 6 0 5 6 . 3 6
0 . 0 0

2 7  8 0  . 4 7
0 . 0 0

- 6 0 5 3 . 7 3
o .  o o

6 8 4 . 5 0
o . o o

- 8 1 5 0 . 1 9
0 . 0 0

8 8 3 4 . 5 2
0 . 0 0

- 0 . 8 5
0 .  o o

-L4490 .7 4
0 . 0 0

- 5 0 5 6 . 3 6
0 . 0 0

- 1 4 8 8 8 . 6 0
0 . 0 0

- 5 0 5 3 . 7 3
0 . 0 0

- 1 6 9 8 4 . 5 7
0 . 0 0

1 3

I 4
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8OK-SHORT CRYOPI'MP SUPPORT
* * * REV1 REVISED LOADS & }.IEMBER RELEASE

MEMBER END FORCES STRUCTIJRE TYPE = SPACE

-- PAGE NO. T7
rD: Process systens Internatio

\LL UNITS ARE --

!,TE},{BER LOAD JT

POI,'N INCH

AXIAL

L 2 7 6 . L 7
- 7 2 7  6  .  L 7

0 . 0 0
0 .  o o

L 2  . 2 9
- L 2  . 2 9

- 9 1 5 . 4 5
9 1 5 . 4 6

24454 .3L
-24454  .3 r

-549  .  L3
5 4 9  .  1 3

2522L.04
- 2 5 2 2 L . 0 4

- 8 3 1 . 2 1
8 3 1 . 2 1

2 4 9 3 8 . 5 8
- 2 4 9 3 8 . 5 8

- 8 6  . 2 5
a 6  . 2 5

1 5

1 5
1 4
1 5
L 4

7
1 3

7
1 3

7
1 3

7
1 3

7
L 3

1 3
7

L 3

t 3

1 0  L 2 . 6 6
15  -L2 .66
1 0  7 6 7 . 9 9
1 5  - 7 6 7 . 9 9
10  26537 .75
75  -26537 .75
1 0  ! r 4 5 . 7 L
15  -L !45 .7L
10  26915 .95
1 5  - 2 6 9 1 5 . 9 5
i_o  643 .77
15  -643 .77
10  26453 .44
L5  -26453 ,4A
1 0  - 8 6 . 1 7
1 5  4 6 . L 7

SHEAR-Y

- 1 1 6 . 4 3
1 1 6 . 4 3

-126 .2 r
1 2 6  . 2 L

- 2 . 9 4
2  . 9 4

3 2 . 7 4
-32  .7  4

- 9 5 8 . 1 3
9 5 8 , 1 3

1 8 . 6 6
- 1 8 . 5 5

- 9 7 2 . 2 3
9 7 2 . 2 3

2 9 , 5 0
- 2 9 . 5 0

-96L .3?
9 6 L . 3 7

3  . 3 2
- 3  . 3 2

- 3 . 0 3
3 . 0 3

- 3 2 . 0 8
3 2 , 0 8

- ro22.95
7022 .95

- 4 6  . 6 0
4 6 . 5 0

- 1 0 3 7 . 4 9
L 0 3 7 . 4 9

- 2 8 . 8 4
2 4  . 4 4

- 1 0 1 9 . 7 1
1 0 1 9  .  7 1

3 . 3 1
- 3 . 3 1

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 .  O 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 .  O 0

SHEAR-Z

-66 .82
6 6 . 8 2

- 4 2 . 4 6
4 2  . 4 6

o .  o 0
0 . 0 0

- 5 1 . 0 0
5 1  . 0 0

L43 .23
- r43 .23

- 5 0 . 9 8
5 0 . 9 8

L 4 3  . 2 4
- r43 .24

- 6 . 0 0 '
6 . 0 0

l - 8 8 . 2 3
- 1 8 8 . 2 3
-L94 .23

L94  .23

o . o o
0 . 0 0

3 3 7 . 4 5
- 3 3 7 . 4 5

L 4 3 . 2 3
- r43  .23

3 3 7  . 4 7
-337  .47

L 4 3 . 2 4
-L43  .24

3 S 2 . 4 5
- 3 8 2 . 4 5

1 8 8 . 2 3
- 1 8 8 . 2 3

L 9 4 . 2 3
- r94 .23

o .  o o
o . 0 0

- o . 0 1
0 . 0 1

- 0 .  0 1
0 . 0 1
8 . 5 0

- 8 . 5 0

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
o .  o 0

- 0 . 0 7
o .  0 7

- 1 0 5 9 . 9 7
1 0 5 9 . 9 7
2976 .4L

-2976 .A7
- 1 0 5 9 . 5 3

1 0 5 9 . 5 3
2977 .03

- 2 9 7 7 . O 3
-L24 .56

L 2 4 . 6 6
39t2 .  LO

- 3 9 L 2 . \ O
- 4 0 3 6 . 6 9

4 0 3 6 . 5 9

- 0 . 0 7
o . 0 7

70 I3  .44
- 7 0 L 3 . 4 4

2976 .8L
-2976 .8 I

7 0 1 3 . 8 8
- 7 0 1 3 . 8 8

2 9 7 7  .  0 3
- 2 9 7 7 . 0 3

7944 .75
-7944 .75

3 9 1 2 . 1 0
- 3 9 1 2 . 1 0

4036 .72
-4036 .72

0 . 0 0
0 . 0 0
0 . 0 0
o . o o
0 . 0 0
o . o o
o . 0 0
0 .  o o

ttou-y

4 6 7 7 . 3 4
o . o 0

2 9 7 2 . L O
o .  o 0

- 0 .  0 7
o . 3 4

- 9 5 7 . 5 4
4763 .e7
2689 . L4

- 1 3 3 7 8 . 5 7
- 9 5 7 . L 4
47  6L .e3
2 6 8 9 . 3 5

- 1 3 3 7 9 . 6 8
- 1 1 2 . 6 1

5 6 0 . 2 8
3 5 3 4 . 0 6

- 7 7 5 A 2 . L 7
- 3 6 4 6 . 5 0
1 8 1 4  2  .  1 1

- o . 0 7
0 . 3 4

6 3 3 5 . 7 1
- 3 1 5 2 0 . 5 4

2689 .  L4
-1337A.67

5 3 3 6 . 1 0
- 3 t 5 2 2 . 5 L

2589 .35
-13379.69

7 1 8 0 . 6 1
- 3 5 7 2 4 . 0 7

3 5 3 4 . 0 5
- I 7 5 8 2 . 1 7

3 6 4 6 . 6 3
-t8t42.25

0 . 0 0
0 . 0 0
0 . 0 8
o  . 2 5
o . L 7
0 . 1 2

- 2 4 2 . 6 9
o .  o 0

uou-z
- 8 1 5 0 . 1 9

0 . o o
- 8 8 3 4 . 5 5

o . o 0

- 2 . 6 6
- 2 r 7 . 1 2
L905 .22

5 3 8 . 3 0
-5LO92.9L
-204L4.62

1 1 5 1 . 8 4
240 .45

-5L847 .L2
-20772 ,79

L 7 3 r . 9 a
469 .69

- 5 L 2 6 6 . 2 0
-20483 .24

L 7 7  . 3 8
7 0 . 1 3

- 2 . 4 3
- 2 2 2 . 9 4

- 1 5 5 6 . 1 2
- 8 3 8 . 1 7

-54554 .24
- 2 1 7 9 1  . 0 8

-2332.94
-1145  .  3  0

-55332 .O3
-22098 .54

- 1 3 8 2 . 9 1
- 7  6 9  . 5 8

- 5 4 3 8 0 . 9 5
-27722.45

1 7 7 . 2 2
7 0 . 0 6

4 2 8 4 . 0 0
.  0 : 0 2
4243 .99

o .  0 0
4284 .OL

0 . 0 1
4 2 8 4 . 0 1

0 . 0 0

1 6

L7 2
1 6

16
2

1 6
2

16

0 . 0 0
0 . 0 0

- 1 1 5 5 . 0 3
1 1 5 5 . 0 3

- 1 1 5 4 . 9 9
1 1 5 4 . 9 9

- 1 1 5 4 . 9 9
1 1 5 4 . 9 9
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8OK-SHORT CRYOPUI,IP SUPPORT
*** REV1 REVISED LOADS & I'{EMBER RELEASE

ME},IBER END FORCES

-- PAGE NO. 18
Process systens Internatio

STRUCTURE TYPE = SPACE

POUN INCH\LL UNITS ARE --

I"IEMBER LOAD JT

5 2
1 5

6 2
1-6

7 2
1 6

a 2
L 6

AXTAL

- 1 1 - 5 5 . 0 4
1 1 5 5 . 0 4

- 1 1 6 3 . 5 0
1 1 6 3 . 5 0

- 1 1 5 3 . 3 8
1 1 6 3 . 3 8

0 .  o 0
0 . 0 0

SHEAR-Y

150  .  OO
- 1 5 0 . 0 0

1 5 0 . 0 0
-150  .  O0

1 5 0 . 0 0
- 1 5 0 .  O 0

0 . 0 0
0 . 0 0

SHEAR-Z

8 . 5 2
- 8 . 5 2
- 0 . 0 1

o .  0 1
- 0 .  0 3

o .  0 3
0 .  o 0
0 .  o0

TORSION

0 . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0
o .  o o

MOr.t-Y

- 2 4 2 . 7 9
o .  o 3
o  . 2 4
o . 2 2
0 . 3 4
o . 2 6

- 0 . 2 5
o.  oo

t{oM-z

4284 .02
0 . 0 2

4243 .99
- 0 . 0 2

4 2 8 4 . 0 1
0 . 0 1
0 . 0 0
o .  o0

************** END OF LATEST ANALVSIS RESULT **************
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8OK-SHORT CRYOPIJI.TP SUPPORT
*** REV1 REVISED LOADS & ME},{BER RELEASE

MEI.{BER STRESSES

',L UN]TS ARE POUN/SQ INCH

lrElIB LD SECT AXIAL BEND-Y

-- PAGE NO. 19
ID: Process Systens Internatio

COUBINED SHEAR-Y SHEAR-Z

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . o
0 . 0
0 . o
0 . 0
0 . 0
2 . 3
3 . 8
2 . 3
3 . 8
0 . 0
0 . 0

0 . 0
0 . 0

5 4 . 5
5 4 . 6
5 4 . 6
5 4  . 6
5 4 . 6
5 4 . 6
5 4 . 6
5 4 . 6
5 8 . 8
6 1 . 5
5 8 , 8
5 1  . 6
o . 0
0 . 0

0 . 0
0 . 0
4 . 6
4 . 6
4 . 6
4 . 6
4 . 6
4 . 6
4 . 6
4 . 6
0 . 3
3 . 0
0 . 3
3 . O

Revision No. 0
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. o
r - . 0 0

. 0
L . 0 0

1 . 0 0
. 0

1 . 0 0
. 0

1 .  O 0
. 0

1 . 0 0

1 . 0 0
. 0

1 . 0 0

. 0
1 , 0 0

. 0
1 . 0 0

. 0
L  .  o 0

. 0
1 . 0 0

. 0
t . o 0

. 0
1 . 0 0

. 0
t - . o 0

1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

1 . 0 0

t  , 0 0
. 0

1 , O O
. 0

1 . O 0

0 . 0  T
0 . 0  T
o . 0  T
0 . 0  T

7 2 0 . A  C
7 2 0 . 8  C

1 . 4  C
2 . 3  C

7 2 2 . t  C
7 2 3 , O  C

0 . 0
0 . 0

7 2 0 . 8  C
7 2 0 . 8  C

0 , 0
0 . 0

0 , o  T
o . 0  T
o . 0  c
0 . 0  c

7 2 0 . 7  C
7 2 0 . 7  C

2 . 5  C
4 . 2  C

7 2 3 . 3  C
7 2 4 . 9  C

0 . 0
0 . 0

7 2 0 . 7  C
7 2 0 . 7  e

0 , o  c
0 , 0  c

0 . 0  T
0 . 0  T
1 . 3  C
1 . 3  c
2 . 1  C
2 . 1  C
2 . 2  T
0 . s  T
1 . 5  T
0 . 2  T
1 . 3  c
1 . 3  C
2 . L  C
2 . L  C

0 . 0
o . o
o . o
0 . 0
o . o
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
2 . 2
0 . 0
2 . 2
o . 0
0 . o

0 . 0
o . o
o . o

7 0 . 5
o . o

7 0 . 5
0 . 6

7 7 . r
o . 6

7 r . L
2 . 2

7 9 . 9
2 . 2

7 9 . 9
o . o
0 . 0

0 , 0
o . o
5 . 8
0 . 1
5 . 8
0 . 1
5 . 8
0 . 1
5 . 8
0 . 1
0 . 1
2 . L
0 . 1
2 . L

BEND-Z

0 . 0
3 9  . 2

0 . 0
3 9  . 2

0 . 0
3 9 . 2

0 . 0
3 9 . 2
o . o

3 9 . 2
o . o

3 9  . 2
0 . 0

3 9  . 2
0 . 0 '

3 9 . 2
1 6 6 . 9

3 9 . 2
1 6 6 . 8

3 9  . 2
1 6 6 . 8

3 9 . 2
1 6 6 . 8

3 9 . 2
1 6 6 . 8

3 9  . 2
1 5 6 . 8

3 9 . 2
1 6 6 . 8

o . o
0 . 0

5 2 . 7
3 5 .  1
5 2 . ?
3 5 . 1
5 2 . 7
3 5 . 1
5 2 . 7
3 5 . 1
5 2  . 7
3 5 . 1
5 2 . 7
3 5 . 1
5 2  . 7
3 5 . 1

0 . 0
3 9 . 2
o . o

3 9  . 2
7 2 0 . A
7 5 9 . 9

1 . 4
4 t . 4

7 2 2 . r
7 6 2 . 2

0 . 0
3 9  . 2

? 2 0 . a
7 6 0  .  O

0 . 0
o . o

3 9 . 2
1 5 6 . 9

3 9 . 2
1 8 1 . 1
7 5 9 . 9
9 0 1 . . 9

4 ! , 7
1 8 5 . 5
7 6 2 . 4
9 0 6 , 3

3 9  . 2
1 8 5 .  O
7 6 0 . O
905 .7

o . o
0 . 0

52 .7
3 5 . 1
5 4 . 4
3 6 .  s
5 5 . 1
3 7  . 2
5 5 . 2
3 s . 6
5 4 . 5
3 5 .  3
5 4 . 0
3 6 . 5
5 4 . 8
3 7 . 3

4 0 .  3
6 7 . 5
4 0 . 3
6 7 . 6
4 0 . 3
6 7  . 6
4 0 . 3
6 7  . 6
4 0 . 3
6 7  . 6
4 0  . 3
6 7 . 6
4 0 . 3
6 7  . 6

0 . 0
0 . 0

7 4 . 7
L 2 3 . 2

7 4 , 7
123 .2

7 4 . 7
L 2 3 . 2

7 4 . 7
L 2 3 . 2

7 4 . 7
t 2 3 . 2

7 4 . 7
123 .2

7 4 . 7
! 2 3 . 2

o . o
0 . 0

3 8 . 0
1 0 . 9
3 8 . 0
1 0 . 9
3 8 .  O
1 0 . 9
3 8 .  O
1 0 . 9
3 S . 0
1 0 . 9
3 8 .  O
1 0 . 9
3 8 . 0
1 0 . 9



8OK.ST{ORT CRYOPT]MP SUPPOR?
*** REV1 REVISED LOADS & MEMBER RELEASE

I.{E}{BER STRESSES
-,L 

UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND.Y

-- PAGE NO, 20
ID: Process Systens Internatio

1 . 0 0

. 0
1 . 0 0

. U
1 . 0 0

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0
. 0

. 0
1 . 0 0

L . 0 0

. 0
1 . 0 0

. 0
L . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1  . 0 0

. 0
1 . O O

. o
1 .  O 0

. 0
1 .  O 0

. o
1 . 0 0
. o

1 . 0 0
. o

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0

0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
o . o
6 . 2
o . o
6 . 2
o . o
o . o
o . 0

o . 0  c  o . 7
0 . 0  c  0 . 0

1 8 . ?  C  8 4 7 . 8
L 8 . 7  C  0 . 0
5 2 . 5  T  2 2 7 2 I  . 4
5 2 . 5  T  0 . 0
I A . 7  C  5 1 2 . 8
t a . 7  c  0 .  0
5 2 . 5  T  2 3 0 5 6 . 8
5 2 . 5  T  0 . 0

2 . 2  C  7 7 0 . A
2 . 2  C  0 . 0

5 8 . 9  T  2 2 7 9 8 . 4
5 8 . 9  T  0 . 0
7 1 . 1  C  7 8 . 9
7 L . L  C  0 . 0

1 . 4  C
1 . 4  C

0 . 0  T
o . 0  T
0 . 0  T
0 . 0  T
0 . 0  c
0 . 0  c
3 . 4  T
1 . 3  T
3 . 4  T
l - . 4  T
0 . 0  T
o . 0  T
0 . 0  c
0 . 0  c
o . o  T
0 . 0  T

0 . 0  T
0 . o  T
4 . 2  C
4 . 2  C
9 . 2  T
9 . 2  I
4 . 2  C
4 . 2  C
9 . 2  I
9 . 2  T
1 . 0  C
1 . 0  c

o . 7
0 . 0

7 4 . 3
0 . 0

LT6.7
o . o

7 6 . O
o . o

1 1 8 . 4
o . o

7 4 . 7
0 . 0

BEND-Z

0 . 0
0 . 0

LLL .2
o . 0

1 1 1 . 2
0 . 0

I IL .2
0 . 0

1 1 1 . 2
0 . 0

I11  .2
0 . 0

1 1 1 . 2
0 . 0

1 1 1 . 2
0 . 0
0 . 0
0 . 0

3 5 9 8 . 6
0 , 0

3 5 7 9 . L
0 . o

3 6 7 9 . L
o . o

3679 .O
0 . 0

3679 .O
o . 0

3 6 8 1 . 1
0 . 0

3 6 8 1 . 1
0 . 0
0 . 0
0 . 0

2 3 0 0 .  o
0 . 0

23L9 .4
0 . 0

2 3 1 9 . 4
0 . 0

2319 .6
0 . 0

2319 .6
0 . o

2317 .5
o . o

COMBINED

L . 4
L . 4

Ltr .2
o . o

LLL .2
o . o

1 1 1 . 2
0 . 0

1 1 4 . 5
1 . 3

LL4 .6
l - . 4

1 1 1  . 4
0 . 0

1 1 1 . 4
0 . 0
0 . 0
0 . 0

3 6 9 9 . 3
0 . 0

4 5 4 5 . 6
r a . 7

26452 .9
5 2  . 5

42LO .4
LA .7

2 6 7 a a . 2
= z  -  5

4 4 5 4 . O
2 . 2

2654A.5
6 8 . 9

1 5 0 .  O
7 L . 2

2 3 0 0 . 6
o . o

2395 .O
4 . 2

2445 .4
9 . 2

2399 .8
4 . 2

2447 .2
9 . 2

2393 .2
1 . 1

SHEAR.Y

0 . 0
0 . 0

9 9 . 9
4 0  . 3
9 9 . 9
4 0 . 3
9 9 . 9
4 0 . 3
9 9 . 9
4 0 . 3
9 9 . 9
4 0 . 3
9 9 . 9
4 0 . 3
9 9  . 9
4 0 . 3

0 . 0
0 . 0

3 9 7 . 9
3 9 7 . 9
3 9 5 . 8
3 9 5 . 8
3 9 5 . 8
3 9 5 . 8
3 9 5 . 8
3 9 5 . 8
3 9 5 . 8
3 9 5 . 8
3 9 6 . 0
3 9 6  . 0
3 9 6 . 0
3 9 6 . 0

o . 0
0 . o

2 4 7 . 4
2 4 7  . 4
249 .5
249 .5
249 .5
249 .5
249 .5
249 .5
249 .5
249 .5
249 .3
2 4 9 . 3

SHEAR-Z

0 . 0
0 . 0

0 . 0
o . o
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
5 . 6
2 . 3
5 . 6
2 . 3
0 , 0
0 . 0

0 . 1
0 . 1

9 L . 2
9 L . 2

2 4 4 4  . 2
2 4 4 4 . 2

5 5 .  2
5 5 . 2

2 4 8 0 . 3
2 4 8 0 . 3

8 2 . 9
8 4 .  9

2452 .5
2452 .5

8 . 5
8 . 5

o . 1
0 . 1
8 . 0
8 . 0

t2 .6
1 2 . 6

8 . 2
8 . 2

L 2  . 7
L 2 . 7

B . O
8 . 0

6
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8OK-SHORT CRYOPIJI,IP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

I.TEIiTBER STRESSES

..L IJNITS ARE POUN/SQ INCH

..rEMB LD

..  PAGE NO. 2I
ID: Process Systens Internatio

SECT AXIAL

7  . O  L 2 . 4  r
l - . o 0  L 2 . 4  r

8  . O  1 3 . 5  C
1 . 0 0  1 3 . 5  C

1  . 0  0 . 0  T
1 . 0 0  0 . 0  T

2  . O  1 2 3 . 6  C
1 . 0 0  L 2 3 . 5  C

3  . 0  5 2 . 5  C
L . 0 0  5 2 . 5  c

4  . 0  1 2 3 . 6  C
1 . 0 0  I 2 3 . 6  C

5  . 0  5 2 . 5  C
1 . 0 0  5 2 . 5  C

6  . 0  1 4 0 . 1 -  c
1 . 0 0  L 4 0 . L  c

7  . O  5 8 . 9  C
1 . 0 0  6 8 , 9  C

8  . 0  7 I . !  C
1 . 0 0  7 L . L  C

l . 0  0 . 0  c
1 . 0 0  0 . 0  c

2  . O  2 2 . 7  C
1 . 0 0  2 2 . 7  C

BEND-Y

L L 7 . L
o . o

7 4 . 9
o . o

o . 7
o . o

6 9 1 . 5
o . o

24260 .7
o . o

1 0 3 7 .  O
o . o

2 4 6 0 6 . 5
o . o

5 L 4  . 4
o . o

24]-83.6
o . o

7 8 . 4
0 . 0

o . 7
0 . 0

8 2 . 2
o . 0

L24 .6
0 . 0

8 4 . O
0 . 0

1 2 6 . 4
0 . 0

8 1 . 8
0 . 0

L24  .2
o . 0

7 4 . 9
o . o

o . o
o . o

2 5 5 . 8
0 . 0

7 L 8  . 5
o . o

255  .7
0 . 0

7 L 8 . 6
0 . 0

BEND-Z

2 3 1 7 . 5
0 . 0
0 . 0
0 . 0

3 7 9 6 . 9
0 . 0

3 8 1 6 . 4
0 . 0

3 8 1 6 . 4
0 . 0

3 8 1 6 . 5
0 . 0

3 8 1 6 . 5
0 . 0

3 8 1 4 . 4 '
0 . 0

3 8 1 4 . 4
o . 0
0 . 0
0 . 0

2390  .2
0 . 0

2370 .7
0 . 0

2370 .7
0 . 0

2370 .6
o . o

2 3 7 0 , 6
0 . 0

2 3 7 2 . 6
0 . 0

2 3 7 2 . 6
0 . 0
o . 0
0 . 0

0 . 5
0 . 0

667  .3
0 . 0

r7aa4  .6
0 , o

4 0 3 . 6
o . o

1 8 1 4 8 . 6
o . o

COMBINED

2447 .O
1 2  . 4
9 2 . 4
1 3 . 5

3797 .6
0 . 0

4 6 3 1 . 5
7 2 3 . 6

2Ar29.5
5 2 . 5

4 9 7 7 . r
123 .6

24475 .5
5 2 . 5

4 5 6 9 . 0
1 4 0 . 1

28067.O
6 8 . 9

1 5 0 . 0
7 I . L

2 3 9 0 . 9
0 . 0

2475 .6
2 2 . 7

25O4 ;6
9 . 3

2 4 7 7  . 3
2 2  . 7

2506 .2
9 . 3

24AO .4
2 5 . 9

2 5 0 9 . 3
1 2 . 5
9 2 . 4
1 3 . 5

3 1 3 . 3
3 t 2 . 4

L 2 3 4 . 3
3 1 1 . 1

LA9r4 .2
3 1 1 . 1
9 7 0 . 5
3 1 1 . 1

1 9 1 7 8 . 3
3 1 1 . 1

SHEAR.Y

2 4 9 . 3
249.3

o . o
o . o

408 .4
4 0 8 . 4
410 .  s
470 .5
4 1 0 . 5
4 1 0 . 5
4 1 0 . 5
4 1 0 . 6
4 1 0 . 6
4 1 0 . 6
4 1 0 . 3
4 1 0 . 3
4 1 0 . 3
4 1 0 .  3

o . o
o . o

257 .1
257 .1
2 5 5 .  O
2 5 5 . 0
255 .O
255 .O
2 5 5 . 0
255 .  O
2 5 5 .  O
2 5 5 . 0
255 .2
255 .2
255  .2
255  .2

0 . 0
0 . 0

0 . 1
0 . 1

1 1 4 . 0
1 1 4 . 0

3 0 5 5 . 3
3 0 5 5 . 3

6 8 . 9
5 8 . 9

3 1 0 0 . 4
3 1 0 0 . 4

SHEAR-Z

L 2  . 6
L 2 . 6

8 . 5
s , 5

0 . 1
0 . 1

7 4 . 4
7 4 . 4

2 6 0 9 . 8
2 5 0 9 . 8

1 1 1 . 5
1 1 1 . 5

2647 .O
2647 . O

6 5 . 1
5 6 . 1 .

2 6 0 1 . 5
2 6 0 1 . 5

8 . 5
8 . 5

0 . 1
0 . 1
8 . 8
8 . 8

1 3 . 4
L 3  . 4

9 . O
9 . 0

1 3 . 6
1 3 . 6

8 . 8
8 . 8

1 3 . 4
1 3 . 4

8 . 5
8 . 5

0 . 0
0 . o

4 3 . 7
4 3 . 7

L 2 2 . 7
L 2 2 . 7

4 3 . 7
4 3 . 7

L 2 2 . 8
r 2 z . a

. 0  9 . 2  C
1 . 0 0  9 . 2  C

. 0  2 2 . 7  C
1 . 0 0  2 2 . 7  C

. 0  9 . 2  C
1 . 0 0  9 . 2  C

. 0  2 5 . 9  C
1 . 0 0  2 5 . 9  C

. 0  L 2 . 4  C
1 . 0 0  L 2 . 4  C

. 0  1 3 . 5  c
L . 0 0  1 3 . 5  c

. 0  3 1 2 . 8  C
1 . 0 0  3 L 2 . A  C

. 0  3 1 1 . 1  C
L . 0 0  3 1 1 . 1  C

. 0  3 L 1 . 1  C
1 , 0 0  3 1 1 . 1  C

. 0  3 1 1 . 1  C
1 , 0 0  3 1 1  . 1  C

. 0  3 1 1 . 1  C
1 . 0 0  3 1 1 . 1  C
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!.IEMBER STRESSES

.,L T'NITS ARE POUN/SQ INCH

-- PAGE NO. 22
ID: Process Syster0s Internatio

-.dMB LD SECT

6  . 0
l , . oo

7 . o
1 . O O

I  . O
l - .  o0

1 0  1  . 0
1 . O O

2  . O
1 .  O 0

3  . 0
1 .  O 0

4  . 0
t . o 0

5  . O
L . o 0

6  . O
1 . O 0

7 . O
1 . 0 0

8  . O
1  . 0 0

1 1  1  . O
1 . 0 0

2  . O .
1 . . 0 0

3  . O
L . O O

4  . O
1 . O 0

5  . O
t _ . oo

6  . 0
1 . 0 0

7 . O
1 . 0 0

I  . 0
1  . 0 0

1 2  L  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
L . o 0

4  . 0
1  . 0 0

AXTAL

3 1 - 1 . 3  C
3 1 1 . 3  C
3 1 1 . 3  C
3 1 1 . 3  C

0 . 0  T
0 . o  T

3 1 0 . 9  C
3 1 0 . 9  C
4 3 1 . 8  C
4 3 1 . 8  C

2969 .7  T
2969 .7  T

3 8 3 . 4  C
3 S 3 . 4  C

3 0 1 8 . 2  T
3 0 1 8 . 2  T

4 2 0 . 4  C
420 .4  C

2940 .7  T
2 9 8 0 . 7  T

L l . 4  C
L 1 . 4  C

3 2 1 . 1  C
3 2 1 . 1  C
3 2 2 . 8  C
322 .8  e
3 2 2 . 4  C
3 2 2 . 8  C
3 2 2 . 4  C
3 2 2 . 4  C
3 2 2 . 4  C
3 2 2 . 4  C
322 .6  C
322 .6  C
322 .6  C
322 .6  C

0 . 0  c
0 . 0  c

3 1 9 . 2  C
3 I9 .2  C
2 2 I . 2  C
221..2 C

3 1 8 0 . 3  T
3 1 8 0 . 3  T

1 7 1  . 3  C
1 7 r . . 3  C

BEND-Y

3 0 . 1
0 . 0

9 4 4  . 2
0 . 0

9 7 4 , 3
0 . 0

0 . 1
0 . 0

1 2 5 7 . 5
2 9  . 3

3 5 3 1 . 5
8 2 . 2

1 2 5 7 . 0
2 9 . 3

3 5 3 1 . 8
4 2 . 2

I 4 7 . 9
3 . 4

4 6 4 1 . 1
1 0 8 . 1

4 7 8 8 . 9
L 1 1 , 5

0 . 0
0 . 0

t692  ,8
0 . 0

7 r 8 . 5
0 . o

L692 .9
0 . 0

7 1 8 . 6
0 . 0

J . 9 1 8 . 6
0 . 0

9 4 4 . 2
0 . o

9 7 4 . 4
0 . 0

0 . 1
0 . 0

8 3 2 0 . 3
L 9 3  . 8

3 5 3 1 . 5
4 2 . 2

8 3 2 0 . 8
1 9 3 . 8

BE}ID.Z

606  .7
0 . 0

L7945 .2
o . 0

62 .L
0 . 0

4 2 . 8
0 . 1

8 5 . 5
3 5 7 . 5

3 4 7 3 . 6
9 5 7 5 . 8

3 5 .  O
216 .3

3 5 2 4 . 3
9718 .2

7 3 . 9
3 2 5 . 1

3 4 8 5 .  3
9 6 0 9 . 3

1 1 . 9
3 3 . 2

o . 6
0 . 0

5 4 4 . 3
0 . 0

!9096 .2
o . o

8 L 6 . 2
o . 0

1 9 3 6 8 . 5
o . o

4 8 3 . 7
0 . 0

1 9 0 3 5 . 5
o . o

6 2 . L
o . o

4 3 . 9
0 . 1

1 4 8 . 4
29L .3

3707 .7
L O 2 2 5 . 6

200 .6
4 3 5 . 9

COUBTNED

9 4 8 . 1
3 1 1 . 3

1 9 2 0 0 . 8
3 1 1 . 3

1 0 3 6 . 4
o . o

3 5 3 . 8
3 1 1 .  O

t 7 7  4  . 5
8 1 8 . 6

9 9 7 4 . 9
L 2 6 2 a . 8

1675  .4
629 .O

LOOT 4  .2
L28L8.6

642 .6
7 4 9 . 3

LLLOT.L
1 2 6 9 8 . 0

48L2  .2
L56 .2

3 2 L . 7
32L . I

2559.9
322 .8

20137 .5
3 2 2 . 4

2 4 3 L . 9
322 .4

2 0 4 0 9 . 8
322 .8

2724 .8
322 .6

20302  .3
3 2 2 . 6

1 0 3 6 . 4
0 . 0

363 .2
3 1 9 . 3

8 6 8 9 . 9
7 0 6  . 2

1 0 4 1 9 . 5
1 3 4 8 8 . 2

8692 .7
8 0 2 . 0

SITEAR.Y

1 0 3 . 6
1 0 3 . 6

3 0 5 5 . 6
3 0 6 s .  6

1 0 . 6
1 0 . 6

1 . 1
1 . 1

t L . 2
1 1  . 2

3 2 8 . 9
3 2 8 . 9

6 . 3
6 . 3

3 3 3 . 8
3 3 3 . 8

1 0 . 1
1 0 . 1

3 3 0 . 0' 3 3 0 . 0

1 . 1
1 . L

0 . 1
0 . 1

9 3 . 0
9 3 . 0

3262 .3
3262 . !

1 3 9 . 4
1 3 9 . 4

3 3 0 8 . 8
3 3 0 8 .  B

a 2  . 6
4 2 . 6

3 2 5 L . 9
3 2 5 r . 9

1 0 . 6
1 0 . 5

1 . I
1 . 1

1 1 . 1
1 1 . 1

3 5 1  . 2
3 5 1  . ?

1 6 .  t
1 6 .  L

SHEAR-S

5 . 1
5 . 1

1 6 1 . 3
1 6 1 . 3
166 .4
1 6 6 . 4

0 . 0
o . o

3 1 . 0
3 1 .  O
8 6 . 9
8 6 . 9
3 0 . 9
3 0 . 9
8 5 . 9
8 6 . 9

3 . 6
3 . 6

1 1 4 . 3
1 1 4 . 3
L L 7 . 9
T T 7  . 9

0 . 0
0 . 0

249 .2
2A9 .2
L 2 2 . 7
L22 .7
289  .2
289 .2
L 2 2 . 4
L 2 2 . 8
3 2 7  . 8
3 2 7 . 8
1 6 1 . 3
1 5 1  . 3
1 6 6 . 5
1 5 5 . 5

o . o
o . o

2 0 4 .  S
2 0 4 . 8

8 6 . 9
8 5 . 9

204 .4
2 0 4 . 8
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-- PAGE NO. 23
ID: Process Systens Internatio

I4E}IB LD SECT

5  . O
1 . 0 0

6  . 0
1 . 0 0

7 . O
1 . 0 0

I  . 0
1 . 0 0

1 3  1  . 0
1  . 0 0

2 . O
L . 0 0

3  . 0
r , , 0 0

4  . 0
1 .  O O

5  . 0
l _ . oo

6  . 0
1 . O 0

7 . O
1 .  O O

8  , 0
r- .  oo

1 4  1  . O
1 . 0 0

2 . O
1 . O O

3  . 0
t - , 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

5  . 0
1 . 0 0

7  . O
1 '  0 0

I  . 0
1 . 0 0

1 5  1  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

AXIAL

3 2 3 0 . 3  T
3 2 3 0 . 3  T

232 .L  C
232 . I  C

3 1 6 9 . 4  T
3 1 6 9 . 4  T

1 1 . 4  C
1 1  . 4  C

6 L 2 . 4  C
6 1 2 . 4  C
6 L 7 . 6  C
6 1 7 . 5  C
6 1 7 . 6  C
6 1 7 . 6  C
6 7 7 . 6  C
6 ! 7 . 6  C
6L7  .6  C
677  .6  C
6 1 7 . 1  C
6 1 7 . 1  C
6 1 7  . L  C
6 L 7 . 1  C

0 . 0  c
0 . 0  c

6 3 6 . 4  C
5 3 6 . 4  C
5 3 1 . 3  C
6 3 1 . 3  C
6 3 1 . 3  C
6 3 1 . 3  c
6 3 L . 2  C
6 3 1 . 2  C
63r .2  C
6 3 1 . 2  C
6 3 1 . 8  C
5 3 1 . 8  C
5 3 1 . 8  C
6 3 1 . 8  c

o . 0  T
0 . o  T

1 . 9  C
1 . 9  c

1 4 3 . 9  T
1 4 3  . 9  T

3 9 0 7 . 9  c
3 9 0 7 . 9  C

BEND-Y

3 5 3 1 . 8
82 .2

9429 .9
2L9 .6

464L . r
1 0 8 . 1

4788 .9
1 1 1 . 5

L9 .7
0 . 0

2 L 5 r . 4
0 . 0

3379 .a
0 . 0

2 2 0 L . 6
0 . 0

3 4 3 0 . 1
0 . 0

2 1 6 3 . 0
0 . 0

3 3 9 1  . 5
0 . 0

2246  .2
0 . 0

2 0  . 2
0 . 0

234r .2
0 . 0

3 6 0 9 . 6
0 . 0

2 4 3 2 . 9
o . 0

3 5 6 1  . 4
0 . 0

2369 .5
0 . 0

3 5 9 8 . 0
0 . 0

2246 .2
0 . 0

0 . 0
0 . 1

r55 .7
7 7 4 . 6
4 3 7 . 3

2775  ,4

BEND-Z

3759 .9
1 0 3 7 1 . 4

1 3 5 . 8
2 5 8 . 8

3 6 9 6 . 0
1 0 1 9 3 . 1

1 1 . 9
3 3  . 2

o . 4
0 . 0

1424  .8
0 . 0

3 1 0 5 . 8
0 . 0

1 4 2 5 . 9
0 . 0

3 1 0 4 . 5
o . o

3 5 1 . 0
o . o

4 t 7 9 . 6
o . o

4 5 3 0 . 5
o . o

0 . 4
o . o

7636 .3
o . o

3 1 0 5 . 8
o . o

7 6 3 5  . 2
o . o

3 1 0 4 . 5
o . o

8 7 1 0 . 0
0 . 0

4 L 7 9  . 6
o . o

4 5 3 0 . 5
0 . 0

0 . 4
3 5 . 3

3 0 9 . 8
4 7 . 5

8 3 0 7 . 8
3 3 1 9 . 4

COMBINED

1 0 5 2 1  . 9
1 3 6 8 3  . 9

9 7 9 8 . 8
7 t o . 5

1 1 5 0 5 .  s
13470 .6

48t2.2
1 5 6 . 1

532 .5
6L2 .4

4 1 9 3 . 8
617  .6

7 r .03  .3
6 t7  .6

4245 . r
6 t 7 . 6

7 I 5 2 . 2
6 t 7 . 5

3 1 3 L . 1
6 L 7 . L

8 1 8 8 . 1
6 L 7 . L

68 !6 .7
0 . 0

6 5 7 ; L
6 3 6  . 4

10648 .7
6 3 1 . 3

7 3 4 6 . 6
6 3 1 . 3

1 0 6 9 9 . 3
6 3 1 . 2

7 3 9 7 . L
63L  .2

1 1 7 1 1  .  3
5 3 1 . 8

8 4 0 9 . 3
6 3 1 . 8

6 8 1 6 . 8
0 . 0

2 . 4
3 7 . 3

609  .4
1 0 0 6 . 1

1 2 6 5 3 . 0
9402 .8

SHEAR-Y

356 .2
356 .2
1 0 .  o
1 0 .  o

3 5 0 . 1
3 s 0 . 1

1 . 1
1 . 1

0 . 0
0 . 0

2 6  . 5
2 6 . 5
5 7  . 7
5 7  . 7
26 .5
2 6 . 5
5 7 . 7
5 7  . 7

6 . 5
6 . 5

7 7  . 6
7 7  . 6
8 4 . 1
8 4 . 1

0 . o
0 . 0

1 4 1 . 8
1 4 1  . 8

5 7  . 7
5 7 . 7

1 4 1  . 8
1 4 1 . 8

5 7 . 7
5 7  . 7

1 6 1  . 8
1 6 1  . 8

7 7  . 6
7 7 . 6
8 4 . 1
8 4 . 1

o . 7
o . 7
8 . 2
a . 2

239.5
239 .5

SHEAR-Z

8 6 . 9
8 6 . 9

232 . I
232.L
1 1 4 . 3
1 1 4 .  3
LL? .9
r t? .9

o . 7
o . 7

7 9 . 9
7 9 . 9

L 2 5 . 5
L 2 5 . 5

8 1 . 8
8 1 . 8

L 2 7 . 4
I 2 7  . 4

8 0 .  3
8 0 . 3

L 2 6 . O
1 2 6 . O

8 4 . 9
8 4 . 9

0 . 8
0 . 8

8 8 . 4
8 8 . 4

1 3 4 . 1
1 3 4 . 1

9 0 . 4
9 0 . 4

1 3 6 . 0
1 3 6 . 0

8 8 . 0
s 8 , 0

1 3 3 . 6
1 3 3 . 6

8 4 . 9
8 4 . 9

0 . 0
0 . 0

1 2 . a
t 2 . a
3 5 . 8
3 5 . 8

Revision No' 0
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8OK-SHORT CRYOPWP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

!,IEI,IBER STRESSES

"L UNITS ARE POUN/SQ INCH

-- PAGE NO. 24
ID: Process Systems Internatio

gEMB LD SECT

4  . O
1 . O O

5  . 0
1 . 0 0

5  . 0
1 . 0 0

7 . O
1 . 0 0

8  . 0
1 . 0 0

t 6  1  . O
1 . 0 0

2  . O
1 .  O O

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

6  . 0
1 . 0 0

7 . O
1 . O O

I  . O
1 . 0 0

L 7  I  . 0
1 . 0 0

2 . O
1 . 0 0

J  . U

1 .  O O
4  . 0

1 . 0 0
5  . 0

1 . 0 0
6  . 0

1 .  O 0
7 . O

1 .  O O
I  . 0

1 .  O 0

AXIAL

8 5 .  3  T
8 6 .  3  r

3 9 5 5 . 6  C
3 9 5 5 . 6  C

1 3 0 . 7  T
1 3 0 . 7  T

392L .2  C
392r .2  c

1 3 . 6  T
1 3  . 5  T

2 . O  C
2 . O  C

1 2 0 , 8  C
1 2 0 , 8  C

4 L 7 2 . 6  C
4 L 7 2 . 6  C

1 8 0 . 1  C
1 8 0 . 1  C

4232 .L  C
4232.r  C

1 0 7 . 5  C
1 0 7 , 5  C

4 1 5 9 . 4  C
4 1 5 9 . 4  C

1 3 . 5  T
1 3 . 5  T

0 . 0  T
o . o  T

1 s 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 1 . 9  T
1 5 1 . 9  T
1 5 1 . 9  T
1 5 1 . 9  T

0 . 0  c
0 . 0  c

BEND-Y

1 5 5 . 6
7 7 4 . 3
4 3 7  . 3

2175  .6
1 8 . 3
9 1 .  L

5 7 4 . 6
2 8 5 8 . 9

592 .9
2949 .9

0 . 0
0 . 1

1 0 3 0 . 2
5 1 2 5 . 3

437  .3
2 7 7 5 . 4
1 0 3 0 .  3
5 1 2 5 . 6

4 3 7 . 3
2 ! 7  5  . 6
) . 1 6 7 . 6
5 8 0 8 . 8

5 7 4 . 6
2858 .9

592 .9
2950 . O

o . o
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

1 3 . 3
0 . 0

1 3 . 3
o . o
0 . 0
o . o
0 . 0
o . 0
0 . 0
0 . o

BEND-Z

I 8 7 . 3
3 9 . 1

8 4 3 0 . 4
3 3 5 7 . 9

2 8 L . 6
7 6 . 4

8 3 3 6 . 0
3 3 3 0 . 6

2 8 . 8
1 1 . 4

o . 5
3 6 . 2

2 5 3 .  O
1 3 6 . 3

8 8 7 0 . 5
3 5 4 3 . 3

3 7 9 . 3
1 8 5 . 2

8997 . L
3 5 9 3 . 3

224 .9
725.r

8842  .4
3 5 3 2 . 1

2 A . 8
L L  . 4

2 3 5  . 2
0 . 0

235 .2
o . o

235 .2
0 . 0

235 .2
o . o

235 ,2
0 . 0

235 .2
0 . 0

235  .2
o . 0
0 . 0
0 . 0

COMBINED

429 .3
8 9 9 . 7

1 2 8 3 3 . 3
9 5 0 9 . 1

4 3 0 . 6
29A.2

1 2 8 3 1 . 8
1 0 1 1 0 . 7

6 3 5 . 3
297  4  .9

2 . 5
3 8 . 3

1 4 0 4 .  O
5 3 8 2 . 3

1 3 4 8 0 . 5
9 8 9 1 . 3
1 5 8 9 . 7
5 4 9 2 , 0

1 3 5 5 6 . 4
1 0 0 0 0 . 9

t  5 0 0 . 0
6 0 4 1 - . 4

L357 6 .4
1 0 5 5 0 . 3

6 3 5 . 3
2 9 7  4  . 9

235 .2
0 . 0

3 8 6 . 1
L50  .8
3 S 6 . 1
1 5 0 . 8
3 8 5 . 5
1 5 0 . 8
3 8 6 . 5
1 5 0 . 8
3 A 7 . 2
152  .  O
3 A 7 . 2
1 5 1 . 9

o . o
o . o

SHEAR-Y

4 . 7
4 . 7

243 .L
2 4 3 . L

7 . 4
7 . 4

240 .3
2 4 0 . 3

0 . 8
0 . 8

0 . 8
0 . 8
8 . O
8 . O

255 .7
255.7

L l .7
L ! . 7

259  .4
259 .4

7 . 2
7 . 2

254 .9
254 .9

0 . 8
0 . 8

3 2  . 6
3 2 . 6
32 .6
3 2 . 5
3 2 , 6
32 .6
3 2 . 6
3 2 . 6
32 .6
3 2 . 6
32 .6
32 .6
32 .6
32 .5

0 . 0
o . o

SHEAR-Z

L2 .7
L 2 . 7
3 5 . 8
3 5 . 8

1 . 5
1 . 5

4 7 . L
47 . r
4 4 . 6
4 S . 6

o . o
o . o

a 4  . 4
8 4 . 4
3 5 . 8
3 5 . 8
8 4 . 4
8 4 . 4
J 5 .  a t

3 5 . 8
9 5 . 6
9 5 . 6
4 7  . L
4 7  . L
4 8 . 6
4 8 . 6

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
1 . 9
1 . 9
1 . 9
1 . 9
0 . 0
o . o
0 . 0
0 . 0
o . 0
o . o
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8OK-SHORT CRYOPWP SUPPORT
*** REV1 REVISED LOADS & I,TEMBER RELEASE

123. PARAMETER
124 .  CODE A ISC
125. I 'YLD 45999.969 !{EI. IB 9 TO 16
126. WSTR 21000. MEl. lB 9 TO 16
1.27. t iMrN 0.188 UEUB 9 TO 16
128. CB 1. I . IEMB 9 TO 15
129. C}{Y 1. !,rEl.tB 9 TO 16
130. MAIN O. MEUB 9 TO 16
131. RATIo 1. MEI'IB 9 TO 16
132. CHECK CODE MEMB 9 TO 16

-- PAGE NO. 25
ID: Process SYstens Internatio
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8OX-SHORT CRYOPUI{P SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

-- PAGE NO. 26
ID: Process systens Internatio

-  (Arsc)STAAD-III CODE CHECKING
* * * * * * * * * * * * * * * * * * * * * * *

-.r,L IINITS ARE - PoUN

T.IEI,IBER TABLE

rNcH (UNLESS OTHERWSSE IIOTED)

RESULT/ CRITICAL COND/ RATIO/
FX l,ry lt$

I,oADING/
LOCATION

9 ST TUB 40408 PASS
L 9 7 9 . 9 3  C

10 ST TUB 40408 PASS
19L95.47 T

11 ST TUB 40408 PASS
2052.79 C

T2 ST TUB 4O4Og PASS
20544 .42  I

13 ST TUB 40203 PASS
1 2 4 6 . 5 r  C

L4 FT TUB 40203 PASS
L 2 7 6 . r 7  C

15 ST TUB 40408 PASS
2522L.O4 C

16 ST TUB 40408 PASS
269L5.95 C

133. SELECT WELD MEMB 9 TO 16

Arsc- H1-3
5807 .06

AISC- H2-1
- 5 0 5 . 8 2

Arsc- H1-3
4 4 1 9 . 0 9

Arsc- H2-1
- 5 0 5 . 8 1

A ISC-  H1-3
4 4 0 8 . 8 9

A ISC-  H1-3
3 0 8 0 . 4 0

ATSC- H1-1
2689 .35

Arsc- H1-l
2 6 a 9 . 3 5

0 . 6 9 6
1 1 0 3 5 3 . 1 7

0 . 4 6 4
-597 66 .7 0

o . 7 4 0
1 1 9 1 1 6 . 1 0

0 . 4 9 6
-63784 .OO

o . 3 1 L
- 8 1 5 0 . 1 9

0 . 4 3 9
-L6984  .57

o  . 4 7 7
- 5 L A 4 7 . 1 2

0 . 5 1 0
- 5 5 3 3 2 .  0 3

7
0 . 0 0

5

6 1 . 0 0
5

0 . 0 0
I

6 1 .  O 0
7

0 . 0 0
5

0 . 0 0
5

o .  o o
5

0 . o o

R€\'ision No. 0
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8OK-SHORT CRYOPT]II{P SUPPoRT
*** REV1 REVISED LOADS & UEMBER RELEASE ID: Process

-- PAGE tro. 27
Systems Internatio

ALL UNITS ARE . INCH

ttEuBER LOCATION,/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POUN

!!ELD TYPE/
HOR STRESS

WELD SrZEl
VERT STRESS

cot{B SERESS//
DIR STRESS

l o

1 0

1 1

1 1

T 2

L 2

1 3

1 3

1 4

r 4

1 5

1 5

1 5

STA
7

END
5

STA
7

END
5

STA

END
5

STA

END
5

STA

END
7

STA
6

END
6

STA
5

END
7

.STA
0

END

I
I29 . 04

I
163  .67

I
2 9 7  . 5 L

1
1 6 9 . 8 0

1
9 8 . 2 0

l-
7 6 3  . 6 7

1
2 9 7  . 5 L

l"
1 6 9 . 8 0

1
2 7  . 9 9

1
2 7  . 9 9

1
1 9 . 5 6

1
1 9 . 5 6

1
3 1 . 4 . 9 1

1
55L  .7  6

1
314  .  91

I

5 5 L  . 7  6

5 /16
2452 .52

3 / t6
4 1 3 3 . 8 5

3/76
5 8 5 . 2 3

4  /16
4 L 6 . 6 3

5/16
2647 .  02

3 /16
4 4 t ! . 7 r

3 /L6
6 1 L , 9 3

4  /16
4 3 9 . 0 3

3 /16
5 L . 7 5

3  /76
5 L . 7 5

3  /76
1 0 7 . 8 4

3  /76
1 0 7 . 8 4

4  / 1 6
522 .L5

3 /1  6
ao9  .47

4 /L6
53A .47

3 /L6
aza .92

t 79A9 .95
7 7 A z L . 5 2

4 1 8 9 .  3 4
5 5 9 . 6 1

18824 .80
1 8 8 1 3 . 3 5

1 6 1 0 5 . 2 5
1 6 0 9 9 . 9 6

L9L25 . L5
1 8 9 4 0 . 8 4

4467  .46
6 8 4  . 2 6

L9549 .20
1 9 5 3 7 . 3 5

1 7 L 9 6 . 4 9
1 7 r . 9 0 . 4 5

6333 .72
6 3 3 3 . 4 4

5 5 7 . 1 2
5 5 4 . 0 0

9 1 2 1 . 9 0
9L2L .24

5 7 7  . 6 4
567  .19

L6542 .09
1 6 5 3 0 . 8 5

1 7 8 5 5 . 1 0
L7  829  .2L

1 7 6 1 9 . 0 4
L7607 .99

1 8 6 7 0 . 5 5
1 8 6 4 3 . 9 8
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8ON-SHORT CRYOPT'}IP SUPPORT
* * * REV1 REVISED LOADS & MEI.{BER RELEASE

-- PAGE NO. 28
ID: Process Systens lnternatio

AI,L UNITS ARE - INCH

I{EMBER LOCATION,/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POt'N

WELD TYPE/
HOR STRESS

WELD SIZ8,/
VERT STRESS

couB srREss/
DIR STRESS

********** *  *  *  ***** END OF TABULATED !{ELD DESIGN ******************

134 .  F IN ISH

** * * * * * * * * * * * * *  END OF STAAD- I I J  * * * * * * * * * * * * * * *

* * * *  DATE= APR 1 t ,1996  T I I , !E=  15 :18 :33  * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* For questions on STAAD-fff, contact: *
*  Research Engineers,  Inc at  *
*  Ph :  (7L4 \  974 -25oO Fax :  (7L4 \  92L -2543  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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PAGE NO. 1
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *
*  S T A A D - I I I  *
*  Rev is ion  21 .  o  *
* Proprietary Progran of *
* Research Engineers, fnc. *
*  Date= APR 16,  L996 *
*  T i n e =  7 L 2 4 g 2 2 6  *
* *
* USER ID: Process Systems fnternational_ *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1. STAAD SPACE 8OK-LONG CRYOPU}IP SUPPORT
2. tttttt REvL REVISED LOADS 6t MEI,IBER RELEASE
3. INPUT I4TIDTH 72
4. UNIT INCHES POUND
5. JOTNT COORDINATES
6 .  1  0 .  0 .  0 . ;  2 1 3 . 5  0 .  0 . r  3  3 7 . 5  0 .  0 . r  4  L 2 8 . 2 s  0 .  0 . r  5  2 0 6 . 5  0 .  0 .
7 . 6  3 7 . 5  O .  - 4 2 . 2 5 ,  7  3 7 . 5  - 9 .  - 4 2 . 2 5 i  I 3 7 . 5  - 7 O .  - 4 2 . 2 5 i  I 3 7 . 5  O .  4 2 . 2 5
8 .  L 0  3 7 . 5  - 9 .  4 2 . 2 5 t  L l  3 7 . 5  - 7 O .  4 2 . 2 5 i  7 2  ] - 2 A . 2 5  O .  - 4 2 . 2 5
9 ,  1 . 3  L 2 8 . 2 5  - 7 O .  - 4 2 . 2 5 ,  1 4  L 2 A . 2 5  O .  4 2 . 2 5 t  L 5  1 2 8 . 2 5  - 7 O .  4 2 . 2 5

L 0  .  J " 6  1 " 3  . 5  0  .  2 8  . 5 6
l-L. MEI,IBER TNCIDENCES
1 2 ,  1  1  2 ,  2  2  3 ;  3  3  4 i  4  4 5 ,  5  3  6 i  6  4  ] - 2 ,  7  3  9 ,  A  4  L 4 i  9  7  6 1  1 0  I  7
L 3 .  l L  l O  9 ,  L 2  L L  1 0 r  1 3  1 3  1 2 ;  1 4  1 5  1 4 r  1 5  7 1 3 ;  1 6  1 0  L 5 i  1 7  2 ] - 6
].4. MEI,IBER PROPERTY AI,IER
15. 9 TO L2 75 16 TABLE ST TU840408
16 .  13  14  TABLE ST  TUB4O2O3
17. 5 TO 8 TABLE ST TUB8O8O5
1-8. ] .  2 4 TABLE ST PIPE OD 45. ] -2 ID 44.62
] .9 .  3  TABLE ST  P IPE OD 80 .  ID  79 .5
20 .  L7  TABLE ST  P IPE OD 10 .  ID  9 .5
2 ]. . I.IEMBER RELEASE
22 .  9  TT  13  14  END MX MY MZ
23. CONSTANTS
24. E STEEL ALL
25. POISSON STEEL ALL
26. DENSITY STEEL ALL
27 . BETA 90 . MEMB 13 1.4
28 .  ALPHA 0 .000009L9  MEMB 1  TO I
29. SUPPORTS
30 .  8  ] . L  13  15  F IXED
31. LOAD 1 DEADWEIGHT
32, JOINT LOAD
3 3 .  1 5 F Y - 8 5 2 .
34. *  FLANGE WEIGI{T = 2 € 426 LBS.
3 5 .  1 6  F Y  - 1 5 0 .
36. * VALVE WEIGHT
37. I,TE}.{BER LOAD
3 8 .  1 T O  4 U N I  Y - 5 0 . 3 6
39 .  *  UNIFORM IO4OO#/206 .5 r '  =  5O.36
40. * UNIFORM = INTERNAL+EXTERNAL
41. LOAD 2 DW+TH

H'iil\;6*:"""
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8OX-LONG CRYOPUIIP SUPPORT
*** REV1 REVISED LOADS & I{E!{BER RELEASE
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I D :
42. JOINT LOAD
4 3 .  l "  5  F Y  - 8 5 2 .
4 4 .  1 6  F Y  - 1 5 0 .
4 5 .  . 1 6  F Z  1 1 5 5 .
45. * UNBALANCED VACI]t,l,l LOAD E TURBO
47. I,IEMBER LOAD
4 8 .  1 T O  4 U N r  Y  - 5 0 . 3 6
49. TEMPERATIJRE LOAD
50 .  1  TO 8  17  TE t rP  330 ,
51 . LOAD 3 DW+VACIJIIM
52. JOTNT LOAD
5 3 .  1  F X  2 5 4 0 0 .
54. * TULL VACW!,T LOAD € GATE VALVE
5 5 .  1 5 F y - 8 5 2 .
5 6 .  1 6  F Y  - 1 5 0 .
5 7 .  1 6  F Z  1 1 5 5 .
58 . * UNBAI,ANCED VACIJTJI,I LOAD E TURBO
59. MEMBER LOAD
6 0 .  1 T O  4 U N I  Y  - 5 0 . 3 6
61. LOAD 4 DW+TH+SEI S-AXIAL
62, .'OINT LOAD
6 3 .  1 5  F Y - 8 5 2 .
6 4 .  1 6  F Y  - 1 5 0 .
6 5 .  1 5  F X  4 7 . 9 2 5
66. *  FLANGE WEIGHT X 0.05625
6 7 .  L 6  F X  8 . 5
68 .  *  VALVE WEIGHT X  0 .05625
5 9 .  L 6  F Z  1 1 s 5 .
70. Tt UNBALANCED VACUUM LOAD E TURBO
71. MEMBER LOAD
7 2 . L 1 I O 4 U N I Y - 5 0 . 3 5
7 3 .  r _  T O  4  U N I  X  2 . 8 3
74 .  *  UNIFORM WEIGHT X  0 .05625
75. TEMPERATURE LOAD
75 .  I  TO I  17  TEMP 330 .
77. LOAD 5 DW+VACI]TJI,{+SEI S-AXIAL
78. JOINT LOAD
7 9 .  I  F X  2 s 4 0 0 .
8 0 .  1 5 F Y - 8 5 2 .
81  ,  16  FY  - . r . 50 .
8 2 .  1 5  F X  4 7 . 9 2 5
8 3 .  1 6  F X  8 . 5
84 .  16  FZ  l - l - 55 .
85. * UNBALANCED VACWM LOAD € TI,JRBO
86. MEMBER LOAD
87 .  t  TO 4  I JN I  Y  -50 .36
8 8 .  1 T O 4 U N I X 2 . 8 3
89. I,oAD 6 DW+TH+SEIS-LAT
90. JOTNT LOAD
9 1 .  1 5 F Y - 8 5 2 .
9 2 .  L 6  F Y  - 1 5 0 .
9 3 .  1 5 F 2 4 7 . 9 2 5
9 4 .  L 6  F Z  8 . 5
9 5 .  1 6  F Z  1 1 5 5 .
96. * UNBALANCED VACI]UI'{ LOAD E TURBO
97. II{EMBER LOAD

PMP

PMP

PMP

PMP

PMP



8OK-LONG CRYOPWP SUPPORT
*** REV1 REVISED LOADS & UEMBER RELEASE
9 8 .  l  T O  4 U N I  Y  - 5 0 . 3 6
9 9 . L T O 4 U N r Z 2 . 8 3

1OO. TE},{PERATIJRE LOAD
10L .  1  TO I  17  TEMP 330 .
I.02. LOAD 7 DW+VACUIJI.T+SEI S-LAT
103. JOINT LOAD
1 0 4  .  1  F X  2 5 4 0 0 .
1 0 5 .  1 5  F Y - 8 s 2 .
1 0 6 .  1 6  F Y  - 1 5 0 .
1 0 7 .  |  5  ? Z  4 7 . 9 2 5
1 0 8 .  1 6  F Z  8 . 5
1 0 9 .  1 6  F Z  1 L 5 5 .
],10. UEMBER LOAD
L r . 1 .  l T O 4 U N I Y - 5 0 . 3 6
1 1 2 .  l T O 4 U N r  2 2 . 8 3
113. LOAD 8 THERMAL IIBAKEOUTII
]-14. TEI,IPERATURE LOAD
115 .  1  TO 8  17  TET, IP  330 .
],].6. PERFORM ANALYSIS

PROCESSING ELE!{ENT STIFFNESS I,TATRIX.
PROCESSING GLOBAL STIFFNESS II{ATRIX.
PROCESSING TRIANGULAR FACTORIZATION.
CALCULATING JOINT DISPLACEI4ENTS.
CALCULATING I.IEI,TBER FORCES .

117. PRINT MATERIAL PROPERTIES ALL

- -  PAGE NO. 3
fD: Process Systens Internatio

P R O B L E M  S T A T I S T I C S

NUMBER OF,'OrNTS/.{EMBER+ELEII{ENTS,/SUPPORTS =
oRIGINAL/FINAL BAND-WIDTH = L4/ 5

L6/ 7?/

TOTAL PRII.{ARY LOAD CASES = 8, TOTAL DEGREES OF FREEDOU =
SIZE OF STIFFNESS I.IATRIX = 2592 DOUBLE PREC. WoRDS
REQRD/AVAIL .  D ISK SPACE =  t2 .O5 / '  490 .4  MB,  EXMEM =  1 .02  MB

*1
+

++
++

1 7  .  4 8 . 2 6
1 1 . : 4 8 : 2 6
L 1 - : 4 8 : 2 6
I !  ,  4 8  . 2 7
11 : .  48  ?  2?
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8OK-LONG CRYOPIJI'TP SUPPORT
*** REV1 REVISED LOADS & ME}.{BER RELEASE

MATERIAL PROPERTIES.

-- PAGE NO. 4
ID: Process Systens Internat io

\LL TINITS

MEI,TBER

I

2
J

4
5
5
7
I
9

LO
11
I 2
1 3
1 4
1 5
L 6
1-7

ARE - POUN

E

29000000. o
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 .  0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
29000000 .  o

INCH

G

1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 , 0
1 1 1 5 3 8 4 6 .  O
1 l L 5 3 8 4 6 . 0
L l 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1  5 3 8 4 6 .  O
1 1 1 5 3 8 4 6 . 0
1 L 1 5 3 8 4 6 .  O
1 1 1 5 3 8 4 5 . 0
L t  1 5 3 8 4 6 .  O
l t 1 5 3 8 4 6 . O

DEN

o .24299999
o .28299999
o .24299999
o .2a299999
o.24299999
o.28299999
o.2e299999
o.2a299999
o.28299999
o .2a299999
o .28299999
o.2a299999
o .28299999
o .24299999
o.28299999
o .24299999
o .2a299999

ATPHA

0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
o.  oooo0919
0 .  o 0 0 0 0 9 1 9
o .  oooo0919
0 . 0 0 0 0 0 9 1 9
o . 0 0 0 0 0 0 0 0
o . 0 0 0 0 0 0 0 0
o .  o 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0

************ END OF DATA FROM INTERNAI" STORAGE ************

118. PRINT MEMBER INFORMATION ALL
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8OK-LONG CRYOPIJI'{P SUPPoRT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER INFORIIATION

dEMBER

- -  PAGE NO. 5
IDi Process Systens Internatio

3
4
9

6
L 2

9
I 4

6
7

t 0
7 2

L 3
I ?

1 5

I

3
4
3
4

4
7
n

t 0
L L
L 3
t 5

1

3
4
5
6
7
I
9

1 0
l,L
r2
L 3
L 4
1 5
I 6
T 7

START
JOINT

END
JOINT

LENGTH
( INCH)

1 3 . 5 0 0
2 4 .  O O 0
9 0 . 7 5 0
78 .250
4 2  . 2 5 0
4 2  . 2 5 0
42 .250
42 .250

9 .  0 0 0
6 1 . 0 0 0

9 . 0 0 0
6 1 . 0 0 0
70 . ooo
7 0 . 0 0 0

1 0 9 , 3 4 5
1 0 9 . 3 4 5

2 8 . 5 6 0

BETA
(DEG)

o .  o 0
0 .  o o
o .  o 0
0 .  o 0
0 . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

9 0 , 0 0
9 0 . 0 0

0 . 0 0
0 . 0 0
0  . 0 0

RELEASES

000000000111

0000000001L1

oo0000000111
0 0 0 0 0 0 0 0 0 L 1 1

************  END OF DATA FROM INTERNAL STORAGE ************

].].9. PRINT .JOINT COORDINATES ALL

Rerision No. 0
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8OK-LONG CRY OPI,JI,IP SUPPORT
*** REV1 REVISED LOADS & I,IEMBER RELEASE

JOINT COORDINATES

rD: Process
-- PAGE NO. 6

Systems Internatio

:OORDINATES

JOINT

ARE INCH UNIT

x

0 . 0 0 0
1 3 . 5 0 0
3 7 . 5 0 0

I28 .250
2 0 6 . 5 0 0

3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0
3 7 . 5 0 0

1 2 8 . 2 5 0
7 2 4  . 2 5 0
1 2 8 . 2 5 0
1 2 8 . 2 5 0

1 3 . 5 0 0

1
z
3
4
5
5
7
o
9

10
1 1
I 2
1 3
I 4
I 5
1 6

Y

o . o o o
0 . 0 0 0
o . o o o
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

-9  .  OOO
- 7 0 . 0 0 0

0 . 0 0 0
- 9 . 0 0 0

- 70 .  oo0
0 . 0 0 0

- 70 .ooo
0 . 0 0 0

- 70 .  ooo
0 . 0 0 0

z

0 . 0 0 0
o . o o o
o.  oo0
0 . 0 0 0
0 . 0 0 0

- 4 2 . 2 5 0
- 4 2 . 2 5 0
- 4 2 . 2 5 0

42 .250
42 .250
42  .250

-42  .250
-  4 2  . 2 5 0

42  .250
42 .250
2 8 . 5 6 0

* * * * * * * * * * * *  E N D  O F

120. PRINT SUPPORT

DATA FRO!,T INTERNAL STORAGE * * * * * * * * * * * *

INFORMATION ALL

SUPPORT INFoRMATION (I=FIXED, o=RELEASED)

UNITS FOR SPRTNG CONSTANTS ARE

JOrNT FORCE-X/ FORCE-Y/
KFX KFY

POUN INCH DEGREES

?oRcE-z/ MoM-X/ MOM-Y/
KFZ KMX KMY

vtotq-z/
KMZ

6

1 1

I J

1 5

1

1

1

1

1

I

1

1

1

-t

t

,l

L

L

I

,|

I

1

1

1

1

L

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

o . 0

o . o

0 . 0

0 . 0

0 , o

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

o . 0

o . 0

0 . 0

H ilil\?*"-'".,
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8OK-LONG CRYOPWP SUPPORT
*** REV1 REVISED LOADS & I{EMBER RELEASE

***********r t  END OF DATA FROM INTERNAL STORAGE ************

I2]". PRINT ANALYSIS RESULTS

-- PAGE r'lo. 7
ID: Process systens Internatio

Revision No 0
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8OK-LONG CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & I.TEMBER RELEASE

-- PAGE NO. 8
ID: Process Systems Internat io

JOTNT DISPLACEMENT (INCH RADIANS ) STRUCTURE TYPE = SPACE

INT LOAD

1

3
4
5
6
7
8
1

,l

4
5
6
7
I
1

4
5
6
7
I
1
2
J

4
5
6
7
e
1

2
J

4
5
6
7
I
1
2
J

4
5
6
7
8

X-ROTAN

0 .  ooo01
o . 0 0 0 0 1
0 .  o o o 0 1
o . 0 0 0 0 1
o .  0 0 0 0 1
0 . 0 0 0 0 1
0 ; 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
o . 0 0 0 0 1
o . 0 0 0 0 0
0 . 0 0 0 0 1
o .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 1
0 .  0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 1
0 . 0 0 0 0 1
o . 0 0 0 0 0
o . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
0 . 0 0 0 5 9
o .  00059
0 . 0 0 0 0 0

X-TRANS

- 0 . 0 0 0 4 7
- 0 . 1 1 5 5 3

o  . L a 7  6 9
- o . 1 1 0 4 5

o . 7 9 2 7 7
- 0 . 1 1 5 5 3

o . L a 7 6 9
- 0 . 1 1 5 0 5
- 0 . 0 0 0 4 7
-o .  07 459

0 . 1 8 7 3 5
- 0 .  0 6 9 5 1

o .  19243
-o .07459

0 . 1 8 7 3 5
- 0 . 0 7 4 1 1
- o . 0 0 0 4 7
- 0 . 0 0 1 8 0

o . 7 8 6 7 6
0 . 0 0 3 2 8
0 . 1 9 1 8 3

- 0 . 0 0 1 8 0
o . t 4 6 7 6

- 0 . 0 0 1 3 3
- 0 . 0 0 0 4 7

o .27341_
0 . 1 8 6 7 5
o  . 2 7  8 5 0
0 . 1 9 1 8 5
o  . 2 7  3 4 !
o . L a 6 7 s
o . 2 7 3 8 8

-o .  ooo47
0 . 5 1 0 7 2
0 . 1 8 6 7 5
0 . 5 1 5 8 2
0 . 1 9 1 8 6
o . 5 ! o 7 2
o . ! 8 6 7 5
o . 5 1 1 1 9

- 0 . 0 0 0 4 7
- 0 . 0 0 3 2 5

o .05427
- 0 . 0 0 1 7 3

o . 0 5 5 8 0
- 0 . 0 0 1 6 1

o  .05592
- 0 . 0 0 0 4 1

Y-TRANS

- 0 . 0 0 6 2 2
- 0 . 0 0 6 2 6
- 0 .  0 0 1  4 0
- 0 . 0 0 6 1 3
-o .oo727
- 0 . 0 0 6 2 6
- 0 . 0 0 1 4 0
- 0 . 0 0 0 0 3
- 0 . 0 1 0 7 8
- 0 , 0 1 0 8 1
- 0 . 0 0 6 4 7
- 0 . 0 1 0 6 9
- 0 . 0 0 6 3 5
- 0 . 0 1 0 8 1
- 0 . 0 0 6 4 7
- o .  o 0 0 0 3
- o . 0 1 8 8 1
- o . 0 1 8 8 3
- o . 0 1 5 4 0
- 0 . 0 1 8 7 4
- 0 . 0 1 5 3 0
- 0 . 0 1 8 8 3
- 0 . 0 1 5 4 0
- 0 . 0 0 0 0 2
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 . 0 5 0 1 5
- 0 .  0 5 0 1 5
- 0 , 0 5 0 1 5

o . 0 0 0 0 0
-o .  08020
- o .  0 8 0 1 8
- 0 .  0 8 3 1 4
- o . 0 9 0 2 6
- 0 .  o 8 3 2 2
- 0 . 0 8 0 1 8
- o . 0 8 3 1 4

0 . 0 0 0 0 2
- 0 . 0 0 0 6 6
- 0 . 0 0 0 8 2

0 . 0 0 2 6 1
- 0 . 0 0 0 7 3

o . 0 0 2 7 0
-0 .  ooo73
o  . 00277

-0 .00002

Z-TPANS

- 0 . 0 0 0 0 1
o . 1 2 0 4 0
o . L2040
0 . 1 2 0 4 5
o . 1 2 0 4 6
o . L 7 9 0 7
o . 7 7 9 0 7
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
o . L L 7 8 8
0 . 1 1 7 8 8
o . L L 7 9 2
o . L L 7 9 2
o . L 7 a 2 7
o . L 7 a 2 8
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 1 1 3 2 9
o  .  LL329
o . 1 1 3 3 1
0 . 1 1 3 3 1
o  . r 7  6 7 5
o . 1 7 6 7 5
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 9 5 3 9
0 . 0 9 6 3 9
0 . 0 9 5 3 2
0 . 0 9 6 3 2
o . L 7 L 6 2
o . L 7 L 6 2
0 .  oooo0
o . oooo2
0 .081 -84
0 . 0 8 1 8 4
o . 0 8 1 7 0
0 . 0 8 1 7 0
o . 7 6 7 3 4
0 . 1 6 7 3 5
o . 0 0 0 0 0
o .  o 0 0 0 0

- 0 . 0 1 4 8 3
o . I t 3 2 2

- 0 . 0 1 4 8 r .
o . t ! 3 2 4
o . 0 4 8 5 8
o . 1 7 6 6 3

-0  .  12805

Y-ROTAN

0 . 0 0 0 0 0
0 .  ooo19
0 . 0 0 0 1 9
o .  ooo19
0 .  ooo19
0 .00006
0 .00006
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 1 9
o . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 0 6
0 . 0 0 0 0 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o o o 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 0 6
0 .  o 0 0 0 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 0 5
0 . 0 0 0 0 6
0 . 0 0 0 0 0
0 .  00000
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 . 0 0 0 0 5
0 . 0 0 0 0 5
o .  o 0 0 0 0
0. oooo0

- 0 . 0 0 0 0 2
0 . 0 0 4 2 9
0 . 0 0 0 0 9
0 . 0 0 4 4 0

- 0 . 0 0 0 0 3
o .  0 0 4 2 8

- 0 . 0 0 0 0 3

Z-ROTAN

- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 8
- o .  o 0 0 3 4
- 0 .  o 0 0 3 8
- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 8

0 . 0 0 0 0 0
- 0 . 0 0 0 3 4
- 0 , 0 0 0 3 4
- 0 . 0 0 0 3 8
- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 8
- 0 .  ooo34
- 0 . 0 0 0 3 8
0 .  ooo00

- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 8
- o . 0 0 0 3 5
- 0 .  ooo39
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 8

0 . 0 0 0 0 0
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 5
- 0 .  0 0 0  3 9
- 0 .  o o 0 3 5
- 0 . 0 0 0 3 9
- 0 .  ooo35
- 0 . 0 0 0 3 9

0 . 0 0 0 0 0
- 0 . 0 0 0 3 8
- o .  ooo38
- 0 . 0 0 0 4 2
- o .  ooo38
- 0 . 0 0 0 4 2
- 0 . 0 0 0 3 8
' 0 . 0 0 0 4 2

0 . 0 0 0 0 0
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 5
- o . 0 0 0 3 8
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 5
- 0 . o 0 0 3 8

0 . 0 0 0 0 0
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8OK-LONG CRYOPTJI''P SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

-- PIGE NO. 9
ID: Process Systens Internatio

JOINT DISPLACE},{ENT ( INCH RADIANS ) SIRUCTLJRE TYPE = SPACE

INT

7

LOAD

1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
6

1
4

4
5
6
7
8
I

2
J

3
6
7
.'
1

J

4
5
6
7
I
1

2
J

4
5
6
7
I

X-TRANS

- 0 . 0 0 0 3 8
- 0 .  o o 1 1 L

0 . 0 1 3 8 7
- 0 . 0 0 0 7 1
o . o L 4 2 7

- 0 . 0 0 0 6 8
0 . 0 1 4 3 0

- 0 . 0 0 0 1 1
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0

- 0 . 0 0 0 4 8
0 . 0 0 L 5 0
o . 0 5 9 0 3
0 . 0 0 3 0 7
o . 0 6 0 6 0

- 0 . 0 0 0 1 5
o . 0 5 7 3 8

- 0 . 0 0 0 4 1
- 0 . 0 0 0 4 0

0 . 0 0 0 1 2
o . 0 1 5 L 1
0 . 0 0 0 5 3
0 . 0 1 5 5 1

- 0 . 0 0 0 3 1
0 . 0 1 4 5 8

- 0 . 0 0 0 1 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 6
o . 2 6 4 6 6
o  .L?429
o .26970
0 . 1 8 3 3 3
o  .270L2
o .  1 8  3 7 5
o  .27  296

Y-TRANS

- 0 . 0 0 0 5 7
- 0 .  ooo74

0 . 0 0 2 7 0
- 0 . 0 0 0 5 5

o.oo279
- 0 . 0 0 0 6 4

0 . 0 0 2 7 9
- 0 . 0 0 0 0 2

0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 6 8
- 0 . 0 0 0 5 6

o . 0 0 2 8 7
- 0 . 0 0 0 4 7

0 . 0 0 2 9 5
- 0 . 0 0 0 5 6
o . o o 2 7 7

- 0 . 0 0 0 0 2
- o . 0 0 0 5 9
- 0 . 0 0 0 4 7

o . 0 0 2 9 6
- 0 . 0 0 0 3 8

o . 0 0 3 0 5
- 0 . 0 0 0 5 7

0 . 0 0 2 8 6
- 0 . 0 0 0 0 2

o . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
- 0 . 0 0 5 1 9
0. ooooo

Z-TRANS

0 . 0 0 0 0 0
-o.oLzLr

0 . 0 9 2 4 5
- 0 . 0 1 2 1 0

o . 09246
o.03967
o . L4423

- 0 . 1 0 4 5 5
0 . 0 0 0 0 0
o .  o o 0 0 0
0.  oooo0
0 . 0 0 0 0 0
0 .  oooo0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o .  0 0 0 0 0
o .  o 0 0 0 0
o.24726
o . L L 3 2 2
o .24124
o . L L 3 2 4
0 . 3 0 4 5 8
o . L 7 6 6 3
0 . 1 2 8 0 5
0 .  o o 0 0 0
0 . 1 9 7 0 0
0 . 0 9 2 4 5
0 . 1 9 7 0 1
o . 0 9 2 4 6
o . 2 4 8 7 8
o.L4423
o . 1 0 4 5 5
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
o .  o o 0 0 1

- 0 . 0 3 1 7 4
0 . 0 9 5 3 8

- 0 . 0 3 1 8 1
0 . 0 9 6 3 1
0 . 0 4 3 4 8
0 . 1 7 1 5 9

- 0 . 1 2 8 1 1

X.ROTAil

0 . 0 0 0 0 0
-0 .  ooo30

0 .00225
-0.  ooo30
o .00226
0 . 0 0 0 9 7
o . 0 0 3 5 3

- 0 . 0 0 2 5 5
0 . 0 0 0 0 0
0 .  o o o 0 0
0 . 0 0 0 0 0
0 .  o o 0 0 0
0 .  ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 ; 0 0 0 6 0
- 0 . 0 0 0 5 0
- 0 . 0 0 0 6 0
- 0 . 0 0 0 6 0
- 0 . 0 o 0 6 0
- 0 . 0 0 0 6 0
- 0 . 0 0 0 6 0

o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 4 8 2
0 .  o 0 2 2 6
0 . 0 0 4 8 2
o . 0 0 2 2 6
0 . 0 0 6 0 8
0 . 0 0 3 5 3
0 . 0 0 2 5 5
0 .  o 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 1 4 8
0 . 0 0 1 4 8
0 . 0 0 1 4 8
0 . 0 0 1 4 8
0 . 0 0 1 4 8
0 . 0 0 1 4 8
0 . 0 0 1 4 8
o . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 0 0
-o . oooo2
0 .  ooo l7

- 0 . 00002
0 .000x7
0 . 0 0 0 0 7
0 . 0 0 0 2 7

- 0 . 0 0 0 2 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  oooo0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o. oooo4

-o.oo427
- 0 . 0 0 0 0 8
- 0 . 0 0 4 3 9

o . 0 0 0 0 3
- 0 . 0 0 4 2 8

o .  o 0 0 0 3
0 . 0 0 0 0 0
0 . 0 0 0 3 7
0 . 0 0 0 1 7
o . 0 0 0 3 7
0 .  ooo17
o .ooo47
o .ooo27
o .  ooo20
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooo00
0 .00000
o.  oooo0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0. ooooo
o . 0 0 0 2 2
o . 0 0 0 2 1
o . 0 o 0 2 2
o .  ooo21
o . 0 0 0 0 9
o. ooooS
0 . 0 0 0 0 3

Z-ROTAN

0 . 0 0 0 0 1
0 .  0 0 0 1 8

- 0 . 0 0 3 3 0
0 . 0 0 0 0 9

- 0 . 0 0 3 3 9
0 . 0 0 0 0 8

- 0 . 0 0 3 4 0
0 . 0 0 0 0 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooooo
0 . 0 0 0 0 0

- 0 . 0 0 0 3 5
-o.  ooo35
-0 .  ooo38
- o . 0 0 0 3 5
-0 .  ooo39
- 0 . 0 0 0 3 5
- 0 . 0 o 0 3 8

0 . 0 0 0 0 0
0 . 0 0 0 0 1

- 0 . 0 0 0 1 1
- 0 . 0 0 3 5 9
- 0 . 0 0 0 2 0
- 0 . 0 0 3 6 8
- 0 . 0 0 0 0 1
- 0 . 0 0 3 4 9

0 . 0 0 0 0 2
0 . 0 0 0 0 0
o. oooo0
0 . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o o 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 9
-o  .  000  35
- 0 . 0 0 0 3 9
- 0 .  ooo35
- 0 . 0 0 0 3 9

0 . 0 0 0 0 0

1 1

1 2
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8OK-LONG CRYOPI,'MP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

JOINT DISPLACEMENT (TNCH RADIANS ) STRUCTURE TYPE = SPACE

-- PAGE NO. 10
ID: Process systerns Internatio

,INT

1 3

LOAD

1
2
3
4
5
6
7
I

?

4

6
.7

I
1

3

5
6

I

1 4

X-TRANS

o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 8
o . 2 a o 3 2
0 . 1 9 3 9 5
o  .24544
0 . 1 9 9 0 7
o  . 2 7  4 8 6
0 . 1 8 8 4 9
o  . 2 7  2 9 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- o . 0 0 0 4 8
- 0 . 0 6 9 2 5

o .19269
- 0 . 0 6 4 1 2
o . L 9 7 a 2

-o .0729L
0 .  1 8 9 0 3

- 0 . 0 7 4 1 1

Y-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 5 2 4
- 0 . 0 0 5 2 4
- o . 0 0 5 2 4
- 0 . 0 0 5 2 4
- 0 . 0 0 5 2 4
- o . oo524
- 0 . 0 0 5 2 4

o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- o . 0 1 1 5 1
- o . 0 1 1 4 9
- 0 . 0 0 7 L 5
- 0 . 0 1 1 3 7
- 0 , 0 0 7 0 3
- 0 . 0 1 1 5 2
- 0 , 0 0 7 1 8
- 0 .  o o 0 0 3

Z-TRANS

o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
o.22449
o .  0 9 6 3 8
o  . 2 2 4 4 2
0 . 0 9 6 3 1
o . 2 9 9 7 0
0 . 1 7 1 5 9
o.  r .28L1
o .  ooooo
o . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
o .  o 0 0 0 0

- 0 . 0 0 0 0 1
o . 1 1 8 0 3
0 . 1 1 8 0 3
0 . 1 1 8 0 7
0 , 1 1 8 0 7
o . L 7 A 4 2
0 , 1 7 8 4 3
0 .  o o 0 0 0

x-RoTAt{

0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0

- 0 . 0 0 1 4 8
- 0 . 0 0 1 4 8
- 0 . 0 0 1 4 8
- o . 0 0 1 4 8
- 0 . 0 0 1 4 8
- 0 . 0 0 1 4 8
- 0 .  o 0 1 4 8

0 . 0 0 0 0 0
0. ooooo
0 . 0 0 0 0 0
0 .  ooo00
o .00000
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 0

Y-ROTAN

0 .  o o o 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0. oooo0
0 . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  ooo15'  
0 .  0 0 0 1 6
0 . 0 0 0 1 6
0 .  ooo16
0 .00003
0 .00004

-0 .  ooo03
0.  oooo0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 9
0 . 0 0 0 1 9
0 .  ooo19
0 . 0 0 0 1 9
0 . 0 0 0 0 6
0 . 0 0 0 0 5
0 . 0 0 0 0 0

Z-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 9
- 0 . 0 0 0 3 5
- 0 .  o o o 3 9
- o , 0 0 0 3 5
- 0 .  o o o 3 9

o . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0. ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  o 0 0 3 4
- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 8
- 0 . 0 0 0 3 4
- 0 .  o o o 3 8
- 0 . 0 0 0 3 4
- 0 . 0 0 0 3 s
0. ooooo

1 5

1 6

2
3
4
5
o

8
1
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8OK-LONG CRYOPT'I{P SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

SUPPORT REACTIoNS -UNIT POIN INCH STRUCTURE TYPE = SPACE

-- PAGE NO. 11
ID: Process Systems Internatio

,INT

I

LOAD FORCE-X

1 . 8 0
- 7 9  . 6 7

1 5 9 5 . 3 0
- 3 4 . 9 3

L640 .04
- 3 1 . 5 0

1 6 4 3 . 4 6
-LL .79

1 . 8 5
59 .74

1 7 3 4 . 7 0
1 0 5 . 1 9

1 7 8 0 . 1 5
1 1 . 5 8

r . 5 8 6 . 5 4
::-1: :79'-

- L . 7 7
6 1 1 . 6 5

- r 3 7  6 3  . 3 2
225  .29

- r4149 .70
L95 .7L

- 7 4 1 7 9 . 2 L
L L  . 7 7
- 1 . . 8 9

-59L .?7
-74966  .69

- 9 4 4 . 2 6
-_1-5,319-3 a 4

- 1 7 5 . 8 3
- r - 4 5 5 0 . 7 9

7 7  . 7 7

FORCE-Y FORCE-Z uo!.r-Y l,roM z

o . o 2  - 1 0 9 . 6 1
9 1 . 1 4  1 3 8 6 . 0 s

-595.76 -29359.75
9 1 . 0 4  5 6 4 . 4 4

- 6 9 5 . 8 6  - 3 0 1 8 1 . 0 2
-298 .56  50L .74

- 1 0 8 5 . 4 5  - 3 0 2 4 3 . 9 8
7 A 6 . A 7  2 L 6 . 4 6

0 . 0 2  - 1 1 3 . 1 0
-L4A2 .6 r  -1175 .84

-695.76 -3r92r.54
-L482 .7 r  -20 !O .O7

-695 .86  -32755 .9L_
- L a 7 2 . 3 !  - 2 9 r . 5 2
- 1 0 8 5 . 4 5  - 3 1 0 3 7 . 3 1
:z8G.8s-- --ft6.aa

0 .  0 9  - 7 2 . 7 9
5 1 0 . 3 0  7 0 1 5 . 3 8

- 3 8 9 5 . 4 4  - 1 5 4 0 3 . 1 0
509 .70  6585 .44

- 3 8 9 5 . 0 0  - 1 5 8 3 3 .  0 7
- 1 6 7 1 . 5 8  6 5 5 3 . 2 0
-6077 .2A -15465.24

4 4 0 5 . 5 8  6 4 L A . 2 l
0 . 0 9  - 7 5 . O 9

- 8 3 0 0 . 9 1  5 6 7 3 . L 6
-3895 .44  -76745 .27
- 8 3 0 1 . 5 1  5 2 3 5 . 4 0
- 3 8 9 6 . 0 0  - L 7 l 8 2 . t L

- r o 4 8 2 . ? 9  6 1 3 5 . 3 5-:o617.'zz -162s3.13
- 4 4 0 5 . 6 3  6 4 r A . 2 l

1 7 3 3 . 3 7
2 2 3 L . 9 3

0 , 0 1
5 5 . 5 9

!{ol.!-x

o  . 6 4
3457 .63

-26394 .L4
3 4 5 3 . 5 8

-26397 .92
- 1 1 3 2 6 .  O 3
- 4 1 1 7 7 . 4 9

29a50.7L
0 . 6 4

-56244 .08
-26394 .15
-56244 .7r
-26397 .92
- 7 L O 2 7 , 7 6
-4II17.4e

1 1

1 3

1 5

1

3
4
5
6
7
I
1

1

4
5
6
7
I
1

3
4
5
6
7
IJ

1

3

5

6
7
8

- 8 1 5 0 . 0 5  - 4 3 L . 9 5
L954 .59  56 .52

- a 4 2 7 . 4 0  - 4 3 2 . 0 2
1 9 3 7 . 8 0  - 1 8 5 . 3 6

- 8 4 4 4 . L 4  - 6 7 3 . 9 0
7 3  . O 9  4 8 8 . 5 3

1 7 8 6 . 4 7  0 . 0 1
1 4 3 4 . 1 0  - 9 2 0 . 4 8

- 8 9 4 7  . 5 4  - 4 3 1 . 9 5
L L 5 2 . 4 4  - 9 2 0 . 5 5

-9229,_55. -432.02
I72A.22 -7!S_2-A3

- 8 5 5 3 . 7 5  - 6 7 3 . 9 0

4 3 4 2 . 6 0  - 0 . 0 1
3 8 4 4 . 0 5 3 7  . 4 9

--"73:1r9--=a-t8.ET - 2 9 8 5 1 . 0 0
- 0 . 6 4

3L55 .97
- 1 4 0 3 0 . 8 5

3 1 5 9 . 5 5
-r4027 .08

- 6 1 5 7 . 0 3
- 2 3 3 5 3 . 5 8

1 7 1 8 6 . 1 5
- 0 . 6 4

- 3 L 2 L 6 . 5 t
- 1 4 0 3 0 . 8 5
- 3 ! 2 L 2 . 9 3
- !4027 .08
- 4 0 5 3 9 . 5 1
- 2 3 3 5 3 . 5 8
- 1 7 1 8 6 . 3 3

14226 .O2  - I45 .54
4 r2L .38  37 .95

1 4 5 0 3 . 3 7  - 1 4 5 . 4 8
4 1 - 3 8 . 1 7  - 6 4 . 5 4

1 4 5 2 0 . 1 1  - 2 4 7  . 9 7
- 7 3 . 0 9  I 4 3 . 4 2

4 3 9 0 . 9 0  - 0 . 0 1
4 7 4 3 . 2 7  - 3 2 8 . 9 6

L5r25 .2 r  -145 .54
5 0 2 4 . 9 3  - 3 2 8 . 9 0

L 5 4 0 6 . 9 2  - 1 4 5 . 4 8
4 4 4 9 . r 4  - 4 3 L . 3 9

1 4 8 3 1 . 1 2  - 2 4 7 . 9 7
- 7 3 . O 9  - 1 8 3 . 4 3

Rcvision No. 0
Doc. No. V049'l{E3
Pace 54 of90



8OK-LONG CRYOPT'MP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

fD: Process
--  PAGE NO. 12

Systens Internatio

\LL UNTTS ARE --

MEMBER LOAD JT

STRUCTTJRE TYPE

POUN INCH

AXIAL SHEAR-Y

= SPACE

1  0 . o 0
2  0 . 0 0
1  0 . o 0
2  0 . 0 0
t  25400 .44
2  -25400 .44
t  4 7 . 6 !
2  - 4 5 . 9 4
L  25447 .55
2  -25445 .75
1  - 0 . 7 3
2  0 . 7 3
r _  2 5 4 0 0 . 5 9
2  -25400  .59
1  - 0 . 4 9
2  0  . 4 9

2  0 . 0 0
3  0 . 0 0
2  0 . 2 4
3  - O . 2 4
2  25400  .43
3  - 2 5 4 0 0 . 4 3
2  9 4 . 7 3
3  - 1 6 2 . 6 0
2  25494 .76
3  - 2 5 5 6 2 . 0 8
2  - 0 . 4 9
3  0 . 4 9
2  25399  .45
3  -25399  .45
2  - O . 2 4
3  0 . 2 4

3  - 0 . 3 1
4  0 . 3 1
3  1 7 9 . 2 0
4  - L 7 9 . 2 0
3  1 2 L . 8 8
4  - 1 2 1  . 8 8
3  - 3 4 4 . 2 4
4  4 7 . 4 0
3  - 4 0 0 . 6 0
4  L 4 3 . 7 A

- a 5 2 . O O
1 5 3 1 . 8 6
- 8 5 2 .  0 1
1 5 3 1 . 8 7
- 8 5 2 .  O 0
1 5 3 1 . 8 6
- 8 5 2 .  O O
1 5 3 1 . 8 6
- 8 5 2 .  O O
1 5 3 1 . 8 6
- 8 5 2 . 0 0
1 , 5 3 1 . 8 6
- 8 5 2 .  O O
1 5 3 1 . 8 6

0 . o o
o . 0 0

- 1 6 8 1 . 8 6
2 8 9 0 . 5 0

- 1 " 6 8 1 . 8 5
2490  .49

- 1 6 8 1 . 8 6
2 8 9 0 . 5 0

- 1 6 8 1 . 8 6
2 8 9 0 . 5 0

- 1 6 8 1 . 8 7
2 8 9 0 . 5 1

- 1 6 8 1 . 8 6
2490.50

- 1 6 8 1 . 8 6
2 8 9 0 . 5 0

0 . 0 0
o . o 0

6 3 3 . 4 3
3936  .7  4

633  .42
3936  .7  5

6 3 3 . 4 3
3936.74

5 3 3 . 4 3
3936  .7  4

6 3 3 . 4 3
3936 .?4

SHEAR-Z

0 . 0 0
0 . 0 0
0 . 0 9

- 0 . 0 9
- o  . 2 6
o . 2 6
0 . 0 1

- 0 .  o L
- 0 . 0 1

0 . 0 1
4 7  . 8 2

- 8 6 .  0 2
4 7  . 8 7

-86  ,  08
0 . 0 0
0 .  o o

0 . 0 0
0 . 0 0

1 1 5 5 . 1 0
- L L 5 5 . 1 0

r . 1 5 5 . 0 4
- 1 1 5 5 .  0 4

1 1 5 5 . 0 5
- 1 1 5 5 .  0 5

1 1 5 4 . 9 6
-LLs4 .96

1249 .74
-L3L7 .70

1 2 4 9 . 7 2
- L 3 L 7  . 6 4

0 . 0 0
0 . o o

0 . 0 2
- 0 . 0 2

1 8 9 . 8 8
- 1 8 9 . 8 8

1 8 9 . 8 5
- 1 8 9 . 8 5

LAg  .7  6
-r49.76

L49 .76
-LAg .?6

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0
0 . 0 0
0 . o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0

4 2 A 4 . 0 5
- 4 2 A 4 . 0 5

4 2 A 3 . 9 7
-4243  .97

4283 .96
- 4 2 a 3 . 9 6

4 2 8 4  . 0 1
- 4 2 8 4 . 0 1

4 2 A 4 . 0 3
- 4 2 8 4 . 0 3

4244 .02
-42A4 .02

4284 .02
-4244 .  02

0 .  0 0
0 . 0 0

2 0 3 6 . 3 5
-2036  .36

1 4 9 8 . 8 5
- 1 4 9 8 . 8 5

1 4 9 8 . 8 8
- 1 4 9 8 . 8 8

1 4 9 6 . 1 5
- 1 4 9 6 . 1 5

1 4 9 6 . 1 4
- t496 .L4

uott-Y

0 . 0 0
0 . o o

- 0 . 3 3
0 . 1 3
o . 7 4
o . 3 7

- 1  . 0 2
- o , 5 7

o . 7 3
- 0 . 0 3
- o  . 4 4

- 9 0 4 . 5 1
o . 7 0

- 9 0 5 . ! 7
0 .  o 0
0 . 0 0

0 . o o
0 . 0 0

- o  . 9 7
- 2 7 7  2 0  . 4 7

1 . 0 8
- 2 7 7  2 0  . 9 4

2 4 3 . 6 3
-27964 .OO

243 .73
-2796 ! .84

902 .86
- 3 1 ? 0 8 . 6 9

9 0 4 . 1 0
- 3 1 7 0 9 . 5 4

o . 5 1
- 0 . 3 9

- 2 . 3 0
0 . 1 9

- L 7 0 L 7 . 9 3
-2L4 .35

- 1 7 0 1 3 . 9 9
- 2 1 5 . 9 1

- 1 7 0 0 3 . 0 8
-279 .29

- 1 7 0 0 0 . 9 3
-220 .LO

!,ro!.t-z

- 0 . 1 6
-76090  .66

- 0 . t 0
- 1 6 0 9 0 . 9 3

- 0 . 0 6
- 1 6 0 9 0 . 6 1

0 .  o 2
- 1 6 0 9 0 . 7 3

- 0 . 1 2
-1609r_ .03

- 0 . 1 5
- 1 6 0 9 0 . 8 4

- 0 . 0 6
- 1 6 0 9 0 . 5 1

0 . 0 0
0 . 0 0

1 5 0 9 0 . 7 6
-70959 .Q9

1 6 0 9 0 . 8 7
- 7 0 9 5 9 . 0 0

1 5 0 9 1 . 0 4
-70959.07

1 6 0 9 1 . 4 0
-70959 .36

L6090 .76
- 7 0 9 5 9 . 5 9

1 6 0 9 1 . 0 9
- 7 0 9 5 9 . 1 4

1 5 0 9 1  . 0 4
-70959 .O7

0 . 0 0
0 . 0 0

7 0 9 5 8 . 5 2
-220A46 .7I

7  0960  .20
-220847.95

7 0 9 5 9 . 9 3
- 2 2 0 8 4 8 . 2 8

7 0 9 5 9 . 4 5
-220847.55

7 0 9 5 8 . 6 4
-220447 .42
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8OK-LONG CRYOPUI,iP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

UEMBER END IORCES STRUCTURE TYPE = SPACE

lLL T'NITS ARE -- POUN INCH

},IEMBER LOAD ,fT

3
4
.l

4
3
4

4
5

5

5
4
5
4
D

5

5

5

6
J

o

6
3
6
J

6
3
6
3
6
3
6

- 7 ? 3 5 . 3 6 0 . 1 3

ID: Process
--  PAGE NO. 13

Systeros Internatio

AXIAL

I 7 9  . 2 0
- r 7 9 . 2 0
r 2 2 . r 8

- L 2 2 . L 8
L 7  9  . 2 0

- L 7 9 . 2 0

o . 0 0
0 . 0 0
0 . 0 0
0  . 0 0

- o  . 2 4
o  . 2 4

- 2 6 9 . o 4
4 7  . 6 7

-269  .13
4 7  . 6 9

0 . 0 0
0 . 0 0

- 0 . 4 8
0 .  4 8
0 . 4 9

- 0 , 4 9

0 . 0 1
- 0 . 0 1
5 3 .  L 1

- 4 ?  1 1

- 4 8 2 . 4 A
4 4 2  . 4 8

6 3 . r 7
-63 .  L7

- 4 8 2  . 5 7
4 8 2  . 5 7

- 2 0 7 . 0 3
2 0 ? . 0 3

-752  .87
752 .87
545 .72

-545 .72

- 0 .  0 1
0 . 0 1

3 1 . 3 1
- 3 1 . 3 1
- 9 4 . 9 3

9 4 . 9 3

o . o 0  2 6 1 4 8 . 0 5
0 . 0 0  0 . 1 1
o . 0 0 - 5 1 1 6 2 4 . 7 5
0 . 0 0  0 . 0 8
0 . 0 0  L L 7 a 5 . o 2
0 . 0 0 - 0 . 1 2
0 . 0 0 - 5 2 5 9 8 9 . 5 3
0 .  o o - 0 . 0 4
0 . 0 0  1 0 6 8 5 . 4 2
o .  o o  - o . 2 4
0 .  o o - 5 2 7 0 8 5 . 8 8
o . o 0  0 . 1 4
0 . 0 0  3 7 8 5 . 8 1
0 . 0 0 - 0 . 0 s

!,toM-z

70959 .73
-220847 .55

70960 .17
-220A48.28

0 . 0 0
0 . 0 0

220847 . r9
- 0 . 6 3

220847 .O3
- 0 .  3 9

220447 .49
o . o ?

220847 .55
o . 2 !

220847 .95
o . L 7

220847 .50
- 0 . 0 2

220447 .30
o . 0 2
0 . 0 0
o .  o 0

- 7 3 3 1 9 . 0 6
- 0 . 0 3

- 7 3 0 5 0 . 3 2
- 0 . 0 2

- 7 3 0 5 0 . 3 4
- 0 . 0 2

-73048 .92
0 . 0 2

- 7 3 0 4 8 . 9 0
0 . 0 4

-7 3236 .  09
0 . o o

-7 3236 .  06
o .  o o
o .  o o
o .  o 0

- 1 8 3 3 9 0 . 8 0
- 0 . 0 3

- 1 8 3 6 5 9 . 5 3
- 0 . 0 2

-143659 .47
0 . 0 1

SHEAR-Y SHEAR-Z

6 3 3  . 4 3  - 1 8 8 .  0 4
3936 .74  -6A .79

6 3 3 . 4 3  - 1 , 8 8 . 0 ?
3936 .74  -68 .75

0 . 0 0  - o . o 2
o .  o o  0 . 0 2

4 7 9 2 . 6 6  0 . 0 0
- 8 5 1  . 9 9  0 .  O 0
4 7 9 2 . 6 5  0 .  0 3
- 8 5 1  .  9 8  - O .  0 3
4 7 9 2 . 6 4  0 . 0 0
- 8 5 2 . 0 1  0 . 0 0
4 7 9 2 . 5 A  - 0 . 0 2
- 8 5 2 . A L  O . 0 2
4 7 9 2 . 6 8  - 0 . 0 2
- 8 5 2 . 0 L  0 . 0 2
4 7 9 2 . 6 7  - 2 6 9 . 4 2
- 8 s 2 . 0 0  4 7  . 9 7
4 7 9 2 . 6 6  - 2 6 9 . 3 6
- 8 5 1  . 9 9  4 7  . 9 I

0 . 0 0  0 .  0 1
0 . 0 0  - 0 . 0 1

TORSIOT{ uoM-y

1 8 7 0 . 4 3  L 7 A 9 6 . 3 2
-L470.43 - t24A6.40

1 8 7 0 . 4 1  1 7 8 9 4 . 0 3
- 1 8 7 0 . 4 1  - 1 2 4 8 1 . 3 7

o .  o 0
0 . 0 0

o . 7 3
1 . 1 6

- 0 . 0 1  0 . 0 0
0 . 0 1  0 . 0 0
0 . 0 0  - 3  . 1 1
0 . 0 0  1 .  3 1
0 . 0 0  - 0 . 1 6
o .  o 0  0 . 1 4
0 . 0 0  0 . 7 I
0 . 0 0  - 0 . 4 3
0 . 0 0  0 . 0 4
0 . 0 0  7 . 2 4

-o ,02  L24L3 .45
0 . 0 2  7 . 9 2

- 0 . 0 1  L 2 4 L 3 . 4 8
0 . 0 1  - 1 . 5 8
o . 0 0  - t . 4 6
0 . 0 0  0 . 3 4

0 . 0 0
0 . 0 0

- 5 . 3 9
0 . 0 0

4
L 2

L 2
4

1 2

1 7 3 5 . 3 6  - 0 . 1 3
- 1 7 2 9 . O O  - 6 1 8 . 8 9

L 7 2 9 . O O  6 1 8 . 8 9
-L729 .OO L2709 .46

L7 29 .  OO-I2LO9 .  46
- L 7 2 8 . 9 7  - 2 7 A . 9 3

L 7 2 A . 9 7  2 7 8 . 9 3
- L 7 2 A . 9 7  L 2 4 4 9 . 4 6

L 7 2 8 . 9 7 - 7 2 4 4 9 . 4 6
- L 7 3 3 . 4 0  - 2 5 2 . 9 0

1 7 3 3 . 4 0  2 5 2 . 9 0
- 1 7 3 3 . 4 0  L 2 4 7 5 . 4 t

1733  .40 -12475  .4L
0 . 0 0  - 8 9 .  6 0
o .  o 0  8 9 . 6 0

- 4 3 4 0 . 6 I  - 0 . 1 5
4 3 4 0 . 5 1  0 . 1 5

-4346 .97  a6 .92
4 3 4 6 , 9 7  - A 6 . 9 2

- 4 3 4 6 . 9 7  5 8 . 5 5
4 3 4 6 . 9 7  - 5 8 . 5 5

0 . 0 0  6 . 4 5
0 . 0 0  0 . 0 0
o .  o 0  - 3 6 7 2 . 2 2
0 .oo  - o .29
0 . 0 0  - 2 4 7 3 . 5 4
0 . 0 0  0 . 1 2
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8OK-LONG CRYOPT'MP SUPPORT
*** REVI REVISED LOADS & MEI.{BER RELEASE

MEMBER END FORCES

-- PAGE NO. L4
ID: Process Systens Internatio

lLL UNITS ARE --

dEMBER LOAD JT

STRUCTURE TYPE = SPACE

POUN INCH

AXTAL SHEAR-Y SITEAR-Z

7

3 1 . 1 3
- 3 1 . 1 3
- 9 4 . 8 8

9 4 . 8 8
- 4 2 . 7 2

4 2 . 7 2
- 1 5 9 .  1 6

1 5 9 . 1 5
1 2 6 . L 6

- L 2 6 . 1 6

3  - 0 .  0 1
9  0 . 0 1
3  1 0 2 8 . 2 0
9 - ro28.20
3  4 8 2 . 5 7
9  - 4 8 2 . 5 7
3  1 0 2 8 . 4 4
9  - L 0 2 8 . 4 4
3  4 A 2 . 5 7
9  - 4 4 2 . 5 7
3  1 2 9 8 . 6 4
9  - 1 2 9 4 . 6 4
3  7 5 2 . 9 7
9  - ? 5 2 . 9 7
3  5 4 5 . 7 2
9  - 5 4 5 . 7 2

4
t 2

4
T 2

4
L Z

4
I 2

4
7 2

4
1 4

! 4
4

J"4
4

7 4
4

T 4
4

7 4
4

T 4
4

1 4

7
6

- 4 3 4 7  . O O  8 8 . 5 5
4 3 4 7 . O O  - 8 8 . 5 5

- 4 3 4 7 . 0 0  6 0 . 2 L
4347 .OO -60 .2 r

- 4 3 4 2 . 5 7  8 8 . 7 1
4 3 4 2 . 5 7  - 8 8 . 7 1

- 4 3 4 2 . 5 7  5 0 . 3 3
4 3 4 2 . 5 7  - 5 0 . 3 3

0 . 0 0  8 9 . 6 3
0 .  o o  - 8 9 . 6 3

- 1 7 8 8 . 5 6  - 0 . 1 8

- 0 .  0 1
0 .  o 0
0 . 0 0

-75566.73
- 0 . 0 3

- 7 5 8 3 5 . 4 4
- 0 .  0 4

-75835 .42
- 0 .  0 2

-75836 .77
0 . 0 2

-7  5436  .7  4
o . 0 2

-75649 .57
- 0 . 0 1

-75649 .65
0 . 0 1
o . o o
0 . 0 0

TORSTol{

0 .  o 0
o .  o 0
o . 0 0
o . o o
0 . 0 0
0 .  o o
0 . 0 0
0 . 0 0
o .  o o
O , ; 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0

0 . 0 0
o . o 0
0 . 0 0
0 .  o 0
0 . 0 0
o .  o 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
o . o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0

0 . 0 0
o .  o o

UOlt{-y

-37 4r.39
0 .  3 1

-2543.7 4
- 0 . 1 3

-37  47  .84
- 0 . o 8

-2549 .L2
o . 2 2

-3786.99
0 . 0 1

7 . 6 9
0 . 0 0

1 8 5 8 9 . 1 2
- o . 32

5 5 6 3 6 0 . 3 8
- 0 . 1 8

3 3 1 8 0 . 0 5
- 0 . 0 8

5 7 0 9 5 4 . 3 8
0 . 0 8

3 1 2 5 . 5 1
- o . 02

5 4 0 8 9 9 . 1 3
- 0 . 1 8

- 3 7  8 6  .  L 6
0 .  0 5

- 6 . 5 3
0 . 0 0

3 8 8 9 . 3 3
0 . 3 3

2690  .82
- 0 . 0 8

3 9 6 0 .  0 7
- 0 . 1 9

27  61 .97
o . 0 8

3AL3 .47
0 , 1 5

26L4 .93
- 0 .  2 3

3 7 A 7 . O 7
- 0 . 0 4

- 0 . 1 0
o .  o 0

ilolt-z

- 1 8 3 5 6 0 . 9 1
0 . 0 0

- 1 8 3 6 6 0 . 8 1
0 . 0 4

- L 4 3 4 7 3 . 7 7
- 0 .  0 5

-L83473 .?2

1 7  a a  . 5 6 0 .  1 s

I

0 . 0 1
- 0 .  o L

2 2 L . O ' 1
- 2 2 L . 0 7

9 4 . 9 3
- 9 4 . 9 3
2 2 L . O L

- 2 2 L . O I
9 4  . 8 8

- 9 4 . 8 8
295 .35

- 2 9 5 .  3 5
169  .  06

- 1 6 9 . 0 6
L26 .76

- L 2 6 . L 6

1 7 3 5 . 3 6
- 1 7 3 5 .  3 6

- r 7 9 4 . 9 2  - 4 3 9 . 9 7
1794 .92  439 .97

-7794  .92 -73764  .29
t 7 9 4 . 9 2  1 3 1 6 8 , 2 9

- L 7 9 4 . 9 5  - 7 4 5 . 3 2
L 7 9 4 . 9 5  7 4 5 . 3 2

-L794  .95 - I35L3 .72
L 7 9 4 . 9 5  L 3 5 r 3 . 7 2

- 1 7 9 0 . 5 3  - 7 4 . O O
t _ 7 9 0 . 5 3  7 4 . O O

-L790 .52 -12802 .34
1790 .52  L2802 .34

0 . 0 0  8 9 . 5 1
0  .  0 0  - 8 9 . 6 1

- 4 3 8 8 . 8 1  0 . 1 6
4 3 8 8 . 8 1  - 0 . 1 6

- 4 3 8 2 . 4 5  - 9 2 . 0 6
4342 .45  92 .06

- 4 3 8 2 . 4 5  - 6 3 . 6 9
4342 .45  63 .69

-4382 .4L  -93 .72
4382 .4L  93 .72

- 4 3 4 2 . 4 L  - 6 5 . 3 8
4 3 4 2 . 4 1  6 5 . 3 8

- 4 3 8 5 . 8 5  - 9 0 . 2 6
4 3 8 6 . 8 5  9 0 . 2 6

- 4 3 8 6 . 8 4  - 6 1 . 8 9
4 3 8 6 . 8 4  6 1 ,  S 9

0 . 0 0  - 8 9 . 6 3
0 . 0 0  8 9 . 5 3

0 . 1 3  0 . 0 1
- 0 . 1 3  - 0 . 0 1

-145427.L4
- o . 0 2

- 1 8 5 1 5 8 . 3 9
- 0 . 0 2

- 1 8 5 1 5 8 . 3 9
. t  n l

- 1 8 5 1 5 7 . 0 2
- 0 . 0 2

- 1 8 5 1 5 6 . 9 8
0 . 0 4

- 1 8 5 3 4 4 . 1 7
- 0 . 0 2

- 1 8 5 3 4 4 . 1 1
0 .  o 4
o . 0 0
o . o 0

1 . 1 5
0 . 0 0
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8OK-LONG CRYOFIJMP SUPPORT
*** REV1 REVISED LOADS & UE!.IBER RELEASE

.- PAGE NO. 15
ID: Process Systens Internatio

}{EI{BER END FORCES

\LL UNITS ARE --

MEMBER LOAD JT

2 7
6

3 7
6

4 7
6

5 7
6

6 7
6

7 7
4 \ o

a  " 7
6

1.0 1 I

2 a

? a

7
4 8

7
5 8

I

6 8
7

7 8
7

a a

7

l L 1 1 0
9

2 L O
9

3 1 0
9

4  1 0
9

5 1 0

STRUCTURE TYPE = SPACE

POUN INCH

AXIAL SHEAR-Y SHEAR-Z

L 7 2 9 . O O  - 6 r A . A 7  5 3 . 3 0
- L 7 2 9 . O O  6 r A . A 7  - 6 3 . 3 0

1 7 2 8 . 9 9  L 2 7 0 9 . 4 6  - 4 A 2 . 5 4
- !728 .99  - r2LO9.46  482 .54

t ? 2 4 . 9 7  - 2 7 8 . 9 3  5 3 . 1 1
- r 7 2 8 . 9 7  2 7 8 . 9 3  - 6 3 . 1 1

! 7 2 A . 9 7  1 2 4 4 9 , 4 6  - 4 8 2 . 6 2
-L728 .97  - t2449 .46  482 .62

1 ? 3 3 . 4 0  - 2 s 2 . 9 L  - 2 0 7 . O 7
- t 7 3 3 . 4 0  2 5 2 . 9 r  2 0 7 . 0 7

1 7 3 3 . 3 9  1 2 4 7 5 . 4 L  - 7 5 2 . 8 8
-1733 .39  - !2475 ._4 r  _ .  15 ,2 !8_8_

0 .  o o  - a 9 . 6 2  5 4 5 . 7 9
0 , 0 0  8 9 . 6 2  - 5 4 5 . 7 9

1 7 3 3  . 3 7  - 1 . 8 0  0 , 0 1 '
- L 7 3 3 . 3 7  1 . 8 0  - 0 .  0 1

2 2 3 L . 9 3  7 9 . 6 7  5 5 . 5 9
- 2 2 3 r . 9 3  - 7 9 . 6 7  - 5 6 . 5 9
- 8 1 5 0 . 0 5  - 1 5 9 5 . 3 0  - 4 3 1 . 9 6

8 1 5 0 . 0 5  1 5 9 5 . 3 0  4 3 1 . 9 5
1 9 5 4 . 5 9  3 4 . 9 3  5 6 . 5 2

- L 9 5 4 , 5 9  - 3 4 . 9 3  - 5 6 . 5 2
- 4 4 2 7 . 4 0  - 1 5 4 0 . 0 4  - 4 3 2 . 0 2

8 4 2 7 . 4 0  1 5 4 0 . 0 4  4 3 2 . O 2
1 9 3 7 . 8 0  3 1 . 5 0  - 1 8 5 .  3 6

- 1 9 3 7 . 8 0  - 3 1  . 5 0  1 8 5 .  3 6
- 8 4 4 4 . I 4  - 1 6 4 3 . 4 6  - 6 7 3 . 9 0

8 4 4 4 . ! 4  1 6 4 3 . 4 6  6 7 3 . 9 0
7 3 . 0 9  r r . 7 9  4 8 8 . 5 3

- 7 3 . 0 9  - 7 r . 7 9  - 4 8 8 . 5 3

1 7 8 8 . 5 6 0 . 1 8 o .  0 1
- 1 7 8 8 . 5 5  - 0 .  1 8  - 0 . 0 1

1 7 9 4 . 9 2  4 3 9 . 9 8  - r O 2 8 . 2 3
- 1 7 9 4 . 9 2  - 4 3 9 . 9 A  L O 2 8 . 2 3

1 7 9 4 . 9 3  1 3 1 6 8 . 2 9  - 4 8 2 . 5 2
- 1 7 9 4 . 9 3  - 1 3 1 6 8 . 2 9  4 A 2 . 5 2

L 7 9 4 . 9 5  7 8 5 . 3 2  - 1 0 2 8 . 3 9
- ! 7 9 4 . 9 5  - 7 A 5 . 3 2  1 0 2 8 . 3 9

1794 .96  L3573 .72  -4a2 .62
- 7 7 e 4 . e 6 - -= ! 3-5 L.3-J2- -4 e 2,, 6.2

1 7 9 0 . 5 3 73 .99  -L29A.54
- 1 7 9 0 . 5 3  - 7 3 . 9 9  1 2 9 8 . 5 4

1 7 9 0 . 5 2  1 2 8 0 2 . 3 5  - 7 5 2 . A 6
- 1 7 9 0 . 5 2  - 1 2 8 0 2 . 3 5  7 5 2 . 8 6

0 . 0 0  - 8 9 . 5 0  - 5 4 5 . 7 2

TORSION

o .  o o
o .  o 0
0 .  o o
0 . 0 0
o . o o
o . 0 0
o .  o o
0 . 0 0
0 . 0 0
0 . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 2
- 0 . 0 2
9 1 . 1 4

- 9 1 . 1 4
-695 .76

695 ,76
9 1 . 0 4

- 9 1 . 0 4
- 6 9 5 . 8 6

6 9 5 . 8 6
- 2 9 8 . 5 6

294  .56
- 1 0 8 5 . 4 5

1 0 8 5 . 4 5
7 4 6 . 4 7

- 7 A 6 . 8 7

0 . 0 0
o . o o
0 . 0 0
0 .  o o
0 . 0 0
o .  o o
o .  o 0
o .  o 0
0 . 0 0
0 .  o o
0 . 0 0
o .  o 0
o .  o 0
o .  o 0
o .  o o
o .  o 0

II{OM-Y

-569 .74
0 . 0 0

4342.9r
0 .  o 0

- 5 5 8 . 0 3
0 . 0 0

4343 .6 !
o . 0 0

1 8 5 3 . 5 5
0 . 0 0

6775 .87
0 . 0 0

- 4 9 L 2 . 1 2
o . 0 0

- 0 . 6 4
0 . 0 0

-3457 .63
5 . 4 4

26394 .L4
- 4 4  . 5 0

-3453  .  s8
5 . 8 5

26397 .92
- 4 4  . 4 9

1 1 3 2 6 . 0 3
- ! 9 . L 2

4 L L 7 7  . 4 9
-69 .  42

-29850 .7 r
5 0  . 3 2

- 0 . 1 0
0 . 0 0

9254 .L4
0 . 0 0

4342 .76
0 .  o o

9 2 5 5 . 5 5
0 . 0 0

4343.6L
0 . 0 0

L15A6.92
o . 0 0

6 7 7 5 . 7 r
0 . 0 0

49LL.57
0 .  o 0

MOt't-z

- 5 5 6 9 . 8 6
0 . 0 0

1 0 8 9 8 5 . 1 5
0 . 0 0

- 2 5 1 0 . 4 0
0 . 0 0

1 1 2 0 4 5 . 1 8
0 . 0 0

-2276.20
0 . 0 0

L L 2 2 7 I  . 6 4
0 . 0 0

- 8 0 6 . 5 4
0 . 0 0

- 1 0 9 . 6 1
- 0 . 1 2

1 3 8 6 . 0 5
3 4 7 3 . 6 L

-29359.75
-67953 .69

5 6 4 . 4 4
1 5 6 5 . 8 0

- 3 0 1 8 1 .  O 2
-6946r .62

5 0 1 . 7 4
1 4 1 9 . 8 6

- 3 0 2 4 3 . 9 8
-70007  .25

216 .46
502 .87

L . 6 4
0 , 0 0

3 9 5 9 . 8 1
0 .  o 0

1 1 8 5 1 4 . 5 9
0 .  o 0

7067.92
0 . 0 0

121623 .43
0 . 0 0

6 5 5 . 9 0
0 . 0 0

L L 5 2 2 r . 2 0
0 . 0 0

- 8 0 6 . 4 1
0 .  o 0

,4x 9
10

9
1-O

9
10

I
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8OK-LONG CRYOPUI.IP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES STRUCTURE TYPE = SPACE

lLL T'NITS ARE -- POUN INCH

I.{EUBER LoAD .fT AxrAL

ID: Process
--  PAGE NO. 16

Systens fnternatio

T 2 1 1  L 7  a 6  . 4 7
1 0  - L 7 4 6 . 4 7
1 1  1 4 3 4 . 1 0
1 0  - 1 4 3 4 .  L 0
1 1  - 8 9 4 7 . 4 4
1 0  4 9 4 7 . 4 4
1 1  1 1 5 2 . 4 4
10  - I I 52  .44
11  -9229 .55
10  9229 .55
1 1  J . 7 2 8 . 2 2
1 0  - 1 7 2 A . 2 2
1r -  -8653 .75
1 0  8 6 5 3 . 7 5
1 1  7 3 . 0 9
1 0  - 7 3 . 0 9

L 3  4 3 4 0 . 6 1
1 2  - 4 3 4 0 . 6 1
1 3  4 3 4 6 . 9 7
12  -4346 .97
13  4346 .97
12  -4346 .97
1 3  4 3 4 7 . O O
1 2  - 4 3 4 7 .  O 0
1 3  4 3 4 7 . O O
1 2  - 4 3 4 7 .  O O
13  4342 .57
12  -4342 .57
13  4342 .57
12  -4342 .57
1 3  0 . 0 0
t 2  0 .  o 0

SHEAR-Y SHEAR-Z

- 1 . 8 6  0 . 0 1
1 . 8 6  - 0 .  0 1

-59 .74  -920 .44
59 .74  920 .44

- L 7 3 4 . 7 0  - 4 3 1 . 9 5
L 7 3 4 . 7 0  4 3 1 . 9 5
- 1 0 5 . 1 9  - 9 2 0 . 5 5

1 0 5 . 1 9  9 2 0 . 5 5
- 1 7 8 0 . 1 6  - 4 3 2 . O 2

1 7 8 0 . 1 6  4 3 2 . 0 2
- 1 1 . 5 8  - L L 6 2 . 4 3

1 1 . 5 8  r L 6 2 . 4 3
- 1 6 8 6 . 5 4  - 6 7 3  . 9 0

1 6 8 6 . 5 4  6 7 3 . 9 0
r r .79  -444 .54

- 1 1 . 7 9  4 8 8 . 5 4

- 0 . 0 1  0 . 1 5
0 . 0 1  - 0 .  t  5

3 r . 2 7  - 8 6 . 9 1 -
- 3 L . 2 7  8 6 . 9 1
- 9 4 . 9 5  - 5 8 . 5 5

9 4 . 9 5  5 8 . 5 5
3 1 . 3 3  - 8 8 . 5 6

- 3 1 . 3 3  8 8 . 5 5
- 9 4 . 8 8  - 6 0 . 2 0

9 4 . 8 8  6 0 . 2 0
- 4 2 . 8 3  - 8 8 . 7 0

4 2 . 4 3  8 8  . 7 0
- 1 6 9 . 0 4  - 6 0 . 3 4

169,04 , . -60!_3_4
L 2 6 . 2 L  - 8 9 . 6 3

- L 2 6 . 2 r  8 9 . 6 3

uol,t-z

- 1 1 3 . 1 0
- 0 . 4 1

- 1 1 7 5 . 8 4
-2468.40

- 3 1 9 2 1 . 5 4
-73495 .47

-20LO.07
- 4 4 0 6 . 4 3

-32755.9L
- 7 5 8 3 3 .  S 3

- 2 9 r . 5 2
-4L4  .62

- 3 1 0 3 7 . 3 1
- 7 1 8 4 1 . 9 0

276 .46
502 .  A7

- 0 . 8 1
0 .  o 0

2 1 8 8 . 5 8
0 . 0 0

-6646 .27
0 . 0 0

2 1 9 3 . 3 0
o . o o

-664 t  . 44
o .  o o

-2998,22
0 . o o

- 1 1 8 3 2 . 8 9
o .  o o

aa34  .49
0 . 0 0

- 0 . 8 1
0 . 0 0

- 1 5 4 8 0 . 4 8
o . o o

-6646 .27
o .  o 0

- L 5 4 7 5 . 7 7
0 . 0 0

- 6 6 4 1 . 4 4
0 . 0 0

-20557 .28
0 . 0 0

TORSION

0 . 0 2
- 0 . 0 2

- 1 4 8 2 . 6 1
1 4 8 2 . 6 1
-695  .7  6

695 .76
- ! 4 8 2 . 7 L

\442 .7L
- 6 9 5 . 8 6

6 9 5 . 8 5
- r 8 7 2 . 3 r

L A 7  2  . 3 L
- 1 0 8 5 . 4 5

1 0 s 5 . 4 5
- 7 8 6 . 8 8

7 8 6 . 8 8

0 . 0 0
0 . 0 0
0 .  o o
0 . 0 0
0 . 0 0
o . 0 0
o . o o
0 . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0

o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
o .  o o

I,TOM-Y

- 0 . 6 4
0 .  o o

5 5 2 4 4 . 0 8
- 9 4 . 8 1

26394 .L5
- 4 4 . 4 9

56244 . LL
- 9 4 . 4 2

26397 .92
- 4 4  . 4 9

7 I O 2 7 . 7 5
-LLg .73

4t!77 .49
-69 .4L

2 9 8 5 1 . 0 0
-50 .32

- 1 0 . 5 8
o . o o

6 0 8 3 . 5 3
0 . o 0

4 0 9 8 . 3 3
0 . 0 0

6 1 9 9 . 3 6
o .  o o

4214 . L?
o . o 0

6209 .  03
o . o o

4223 .4L
o .  o 0

6 2 7 4 . 3 6
o .  o 0

- 1 0 . 9 9
0 . 0 0

5 4 4 3 . 5 0
0 . 0 0

4454 .29
0 .  o 0

6 5 6 1  . 1 6
0 . 0 0

4575 .96
0 . 0 0

5 3 1 8 . 0 1
0 .  o o

1 3

L 4 1 5  4 3 8 8 . 8 1  - 0 . 0 1  0 . 1 5
1 4  - 4 3 8 8 . 8 1  0 .  0 1  - 0 . 1 6
1 s  4 3 4 2 . 4 5  - 2 2 1 . L 5  - 9 2 . 0 5
1 4  - 4 3 a 2 . 4 5  2 2 L . L 5  9 2 . O 5
1 5  4 3 8 2 . 4 5  - 9 4 . 9 5  - 6 3 . 6 9
1 4  - 4 3 A 2 . 4 5  9 4 . 9 5  6 3 . 6 9
15  4382 .4 r  -22L .08  -93 .?3
1 4  - 4 3 A 2 . 4 7  2 2 L . O e  9 3 . 7 3
1 5  4 3 A 2 . 4 I  - 9 4 . 8 8  - 6 5 . 3 ?
1 4  - 4 3 4 2 . 4 1  9 4 . 8 8  6 5 . 3 7
1 5  4 3 8 6 . 8 4  - 2 9 5 . 2 5  - 9 0 . 2 6
74 1!!392_e-! 2e5.25 -9_q..26
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8OK-LONG CRYOPIJMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

I.{EMBER END FoRCES STRUCTURE TypE : SpACE

-- PAGE NO. L7
ID: Process Systens Internat io

\LL I'NITS ARE -- POUN TNCH

ME},IBER LOAD JT AXIAL

7  t 5  4 3 8 6 . 8 4
1 4  - 4 3 8 6 . 8 4

I  1 5  0 . 0 0
1 4  0 .  O O

1 5  L  7  2 . 7 L
1 3  - 2 . 7 r

2  7  - 8 6 0 . 3 2
1 3  8 6 0 . 3 2

3  7  1 6 8 8 5 . 2 0
1 3  - 1 6 8 8 5 . 2 0

4  7  - 3 8 6 . 3 4
1 3  3 8 6 . 3 4

5  7  L7359 .20
13  -L7359 .20

6  7  - 3 5 0 . 0 7
1 3  3 5 0 . 0 7

7  7  L7395 .39
l - 3  - 1 7 3 9 5 .  3 9

a  7  -124 .93
L 3  L 2 4 . 9 3

1 6  l .  1 0  2 . A 6
1 5  - 2 . 8 6

2  t 0  6 1 6 . 0 3
t  5  - 6 1 6 . 0 3

3  L 0  1 8 3 6 1 . 4 8
1 5  - 1 8 3 6 L . 4 8

4  1 0  1 0 9 7 . 5 1
1 5  - L 0 9 7 . 5 1

5  1 0  1 8 8 4 3 . 0 s
1 5  - 1 8 8 4 3 . 0 5

6  10  L05 .77
15  - J .Os  .77

7  LO 7785 I .29
1 5  - 1 7 8 5 1 . 2 9

8  10  -L24 .93
1 5  L 2 4 . 9 3

SHEAR-Y

- t69 .O4
1 6 9 . 0 4

-126  .2L
L26  .2 I

- 0 . 5 8
0 . 5 8

2 7 . 6 9
- 2 7  . 6 9

- s 5 3 . 5 9
5 5 3 . 5 9

L 2 . L 7
-L2  .  L7

-569 .  L2
569 .  12

L O . 9 8
- 1 0 . 9 8

- 5 7 0 . 3 0
5 7 0 . 3 0

4 . 0 9
- 4 . 0 9

- 0 . 6 0
0 . 6 0

-20  .64
2 0  . 6 8

-60 I .97
6 0 1 . . 9 7
- 3 6  . 4 6

3 6  . 4 6
- 6 \ 7 . ? 4

6L7  .7  4
- 3  . 9 7

3 . 9 7
- 5 8 5 .  2 5

5 8 5 . 2 5
4 .  0 9

- 4 . 0 9

1 5 0 , 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 .  O O

1 5 0 .  O O
- 1 5 0 . 0 0

SHEAR-Z

- 6 1  . 9 0
6 1 . 9 0

- 8 9 . 6 3
8 9 . 5 3

0 . 0 0
0 .  o o

- 6 . 6 3
5 . 5 3

5 0 . 5 9
- 5 0 . 5 9

- 6 . 6 2
6  , 6 2

5 0 . 6 0
- 5 0 . 6 0

2 L . 7 L
- 2 L  . 7  r

7 8 . 9 3
- 7 4 . 9 3
- 5 7 . 2 2

5 7  . 2 2

0 . 0 0
0 . 0 0

1 0 7 . 8 1
- L 0 7 . 8 1

5 0 . 5 9
- 5 0 . 5 9
t o7  .  a2

- L O 7  . 8 2
5 0 . 6 0

- 5 0 . 6 0
1 3 6 . 1 4

- 1 3 5 . 1 4
7 8 . 9 3

- 7 4 , 9 3
5 7 . 2 2

-57  .22

0 .  o 0
o .  o o

-o .02
o . 0 2
0 . 0 1

- o . 0 1
8 . 5 2

- 8 . 5 2

TORSION

0 . 0 0
0 . 0 0
o . o o
0 . 0 0

- 0 . 1 0
0 . 1 0

- 5 1 8 . 1 8
5 1 8 .  1 8

3 9 5 5 . 6 0
- 3 9 5 5 . 5 0

- 5 L 7 . 5 4
5 1 7 . 5 8

3 9 5 5 . 1 6
- 3 9 5 6 . 1 6

1697 .40
- 1 6 9 7  .  4 0

5 r 7 L  . 1 3
- 6 1 7 1 . 1 3
- 4 4 7  3  . 6 2

4473 .62

- 0 . 1 0
0 . L 0

8 4 2 9 . 1 0
- 8 4 2 9 . 1 0

3 9 5 5 . 6 0
- 3 9 5 5 . 6 0

4429  .7  L
-4429.71

3 9 5 5 . 1 6
- 3 9 5 5 . 1 6
1 0 5 4 4 . 6 8

- 1 0 6 4 4 . 6 8
6 1 7 1  . 1 3

- 6 1 7 1 . 1 3
4 4 7 3 . 6 6

-4473 .66

0 . 0 0
o . o o
0 . o o
o .  o 0
o . o o
0 . 0 0
o . o 0
0 . 0 0

UOM-Y

4 3 3 2 . 8 0
0 . 0 0

6274.36
o .  o 0

- o . 0 4
0 . 1 8

- 2 3 4 . 4 9
9 5 3 . 1 8

1 8 2 0 . 5 3
- 7 3 5 2 . 5 4

-234  .22
962 .06

1 8 2 0 . 7 9
-7353 .59

7 8 I . 2 2
- 3 1 5 5 . 0 5

2440  .2L
- r I 4 7  0  . 6 9

- 2 0 5 8 . 9 5
8 3 1 5 . 4 2

- 0 . 0 4
o . 1 8

3 8 7 9  . 4 3
-15667 .7 4

1 8 2 0 . 5 3
-7352 .54

3 8 7 9 . 7 0
- 1 5 5 6 8 . 8 6

1520 ,?9
- 7 3 5 3 . 5 9

4 8 9 9 . 1 3
- 1 9 7 8 5 . 9 8

2440 .21
- L L 4 7 0 . 6 9

2054 .97
- 8 3 1 5 . 5 0

0 . 0 0
0 . o o
o . 3 1
0 . 3 0
o . 0 8

- 0 . 1 6
-243 .L2

- 0 . 2 3

uoM-z
- 1 1 8 3 2 . 8 9

0 . 0 0
- 8 8 3 4 . 5 8

0 . 0 0

- 1  . 0 3
- 6 2 . L L

2096 .  42
931  .85

- 4 1 0 3 1 . 5 2
- 1 9 5 0 1 . 4 3

9 4 4  . 4 8
3 8 6 . 0 8

-42743  .52
-20047 .23

8 5 6 . 3 6
3 4 4 . 1 7

- 4 2 2 7  r  .  4 6
- 2 0 0 8 9 .  0 5

3 0 3 . 6 3
1 4 3 . 8 5

- ! . 2 3
- 6 4 . 1 0

-L49 r  .42
- 7 7 0 . 3 5

-44619 .2 I
- 2 1 2 0 3 . 5 6

- 2 6 6 1 . 6 0
- 1 3 2 4 . 7 6

-45789 .59
-2 r754 .07

- 2 5 t  . 3 4
-LAz  .66

-43379 .26
- 2 0 6 1 5 . 9 4

3 0 3  . 6 3
1 4 3 . 8 6

4 2 8 4 .  0 3
o .  0 3

4283 .99
- 0 . 0 2

4243 .96
- 0 . 0 4

4284 .OO
0 .  o 0

1 7 2  0 . o o
L 6  0 . 0 0

2  - I I 54 .97
16  7A54 .97

2  - 1 1 5 5 .  0 2
1 6  1 1 5 5 . 0 2

2  - 1 1 5 5 .  0 1
1 5  1 1 5 5 . 0 1
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8OK-LONG CRYOPIJMP SUPPORT
*** REV1 REVISED LOADS & !4EMBER RELEASE

MEMBER END FORCES

.. PAGE NO. 18
ID: Process Systeros Internatio

\LL UNITS ARE --

4IE!{BER LOAD iTT

STRUCTURE TYPE = SPACE

POUN INCH

AXIAL

6

7

8

2  - 1 1 5 5 . 0 5
1 6  1 1 5 5 . 0 5

2  - 1 1 5 3 . 3 6
1 6  1 1 6 3 . 3 6

2 -Lr53 .46
L 6  1 1 6 3 . 4 6

2  0 . 0 0
1 5  0 . 0 0

SHEAR-Y

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 .  O O

1 5 0 .  O O
- 1 5 0 . 0 0

0 . 0 0
0 . 0 0

SHEAR-Z

8 . 5 0
- 8 . 5 0
- 0 . 0 4

0 . 0 4
0 . 0 1

- 0 .  0 1
0 . 0 3

- 0 .  0 3

TORSION

0 .  o o
0 . 0 0
o . o o
o . 0 0
o . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

t{oM-Y

- 2 4 2 . A 3
0 . 0 2
o . 5 7
0 . 4 5

- o . 24
- 0 . 1 9
- 0 . 4 6
- 0 . 4 6

uol,t-z

4284 .  02
0 . 0 2

4284 .  0L
0 . 0 0

4284 .  03
0 . 0 2
0 . 0 0
0 .  o 0

************** END OF LATEST ANALYSIS RESULT **************

122. PRINT MEMBER STR,ESSES ALL
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8OK-LONG CRYOPIJMP SUPPORT
*** REvl REVISED LoADS & I.{EI'!BER RELEASE

MEMBER STRESSES

-,L U$ITS ARE POUN/SQ INCH

l'l.eMB LD SECT AXIAL BEND-Y

-- PAGE NO. L9
ID: Process Systerns fnternatio

SHEAR-Y SHEAR-Z

L  . 0 0

1 . 0 0

1 , 0 0

1 . 0 0

L . 0 0
. 0

. 0
1 . 0 0

. 0
1  . 0 0

. 0
1 . 0 0

. 0
i . . 0 0

. 0
L , 0 0

n

1 . 0 0
. 0

1 . 0 0
. 0

r . . 0 0
. 0

1 . 0 0
. o

1 . O O

. 0
1 . 0 0

. 0
L . 0 0

1 . 0 0

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . o
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
2 . 3
o . o
0 . 0

o . o
o . 0
o . o

7 0 . 5
0 . 0

7 0 . 5
0 , 6

7 L . L
0 . 6

7 L . I
2 . 3

8 0 . 7
2 . 3

ao .7

0 , 0

0 . 0
0 . 0

1 3 . 7
o . 2

1 3 . 7
o . 2

1 3 . 7
o . 2

1 3 . 7
o . 2

1 4 . 4
1 0 . 0
L 4 . 4
1 0 . 0

0 . 0
o . 0
0 . 0
o . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
2 . 3
4 . r
2 . 3
4 . L
0 . 0
0 . 0

0 . 0
0 . 0

5 4 . 5
5 4  . 6
5 4  . 6
5 4 . 6
5 4 . 6
5 4 . 5
5 4 . 5
5 4  . 6
5 9 . 1
6 2  . 3
E O  1

6 2 . 3
0 . 0
0 . 0

0 . 0
0 . 0
5 . 1
5 . 1
5 . 1
5 . 1
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
1 . 8
5 . 0
1 . 8

0 . 0  c
0 . 0  c
0 . 0
0 . 0

7 2 0 . 4  C
7 2 0 . 8  C

L . 4  c
2 . 4  C

7 2 2 . !  C
7 2 3 . 2  C

0 . 0  T
0 . 0  T

7 2 0 . 4  C
7 2 0 . 8  C

0 . 0  T
0 . 0  T

0 . 0  T
o . 0  T
0 . 0  c
o . 0  c

7 2 0 . 4  C
7 2 0 . 8  C

2 . 7  C
4 . 6  C

7 2 3 . 4  C
7 2 5 . 4  C

0 . 0  T
0 . 0  T

7 2 0 . 7  C
7 2 O . 7  C

0 . 0  T
0 . 0  T

0 . 0  T
0 . 0  T
2 . 9  C
2 . 9  C
1 . 9  C
1 . 9  C
5 . 5  T
1 . 4  T
6 . 4  T
2 . 3  T
2 . 9  C
2 . 9  C
2 . 0  c
2 . 0  c

BEND.Z

o . o
4 0 . 9
o . o

4 0 . 9
o . o

4 0 . 9
0 . 0

4 0 . 9
o . o

4 0 . 9
0 . 0

4 0 . 9
0 . 0

4 0 . 9
o . o
0 , o

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

4 0 . 9
1 8 0 . 5

0 . 0
0 . 0

5 7 . O
L 7 7  . 4

5 7 . O
L 7 7 . 4

5 7 . O
L 7 7 . 4

5 7 . O
L 7 7  . 4

5 7 . O
L 7 7  . 4

5 7  . O
L 7 7  . 4

5 7 . O
L 7 7  . 4

COMBINED

0 . o
4 0 . 9

0 . 0
4 0 . 9

7 2 0 . a
7 6 L . 7

1 . 4
4 3  . 4

7 2 2 . L
7 6 4 . t

0 . 0
4 1 . 0

7 2 0 . 8
7 5 L . 4

0 . 0
0 . 0

4 0 . 9
1 8 0 , 5

4 0 . 9
1 9 3  . 8
7 6 r . 7
9 1 4 . 5

4 3 . 6
1 9 8 . 6
7 6 4 . 4
9 I9 .4

4 1 .  O
L97  .7
7 6 L . 7
9 1 8 . 4

0 . 0
o . 0

5 7 . O
L 7 ?  . 4

6 1 . 5
1 8 0 . 3

5 0 . 5
L 7 9 . 3

6 4 . 1
1 7 8 . 8

5 5 . 0
L 7 9 . 7

6 1 . 6
r 8 0 . 5

6 0 . 7
I79  .6

4 0 .  3
7 2 . 4
4 0 .  3
7 2 . 4
4 0 . 3
7 2 . 4
4 0 .  3
7 2  . 4
4 0 .  3
7 2  . 4
4 0 . 3
? 2 . 4
4 0 . 3
7 2 . 4

0 , 0
0 . 0

7 9 . 5
L36 .7

7 9 . 5
L36 .7

7 9 . 5
L36 .7

7 9 . 5
L36 .7

7 9 . 5
L36  .7

7 9 . 5
L36  .7

7 9 . 5
L36 .7

0 . 0
0 . o

1 6 . 9
1 0 4 . 8

1 6 . 9
1 0 4 . 8

1 6 . 9
1 0 4 . 8

1 5 . 9
1 0 4 . 8

1 6 . 9
1 0 4 . 8

1 6 . 9
1 0 4 . 8

1 6 . 9
1 0 4 . 8
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8OK-LONG CRYOPT]MP SUPPORT
*** REV1 REVISED LOADS & I{E},IBER RELEASE

MEMBER STRESSES

.,L UNITS ARE POUN,/SQ INCH

-. PAGE NO. 20
ID: Process Systerns Internatio

I4EMB LD SECT

I  . 0
1 . 0 0

4  L  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

5  . O
1 . 0 0

7  . O
1  . 0 0

I  . 0
1 . 0 0

5  1  , O
1 . 0 0

2 . O
1 . 0 0

3  . O
1 .  O 0

4  . 0
1 . O O

5  . 0
1 . 0 0

i f  . u

1  . 0 0
7 . O

1 . 0 0
I  . 0

1 . 0 0

6  1  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  . 0
l - . 0 0

5  . 0
1 . 0 0

6  . O
1 . O O

BEND-Y

0 . 0
0 . 0

0 . 0
0 . o
o . o
0 . 0
0 . 0
o . 0
0 . o
o . o
0 . 0
o . o

3 1 . 6
o . o

3 1 . 6
0 . o
0 . 0
0 . 0

0 . 0  c  o . 2
0 . 0  c  0 . 0
6 . 7  C  1 1 5 0 . 6
6 . 7  C  0 . 0

5 1 . 5  T  2 2 5 ! 3 . 7
5 L . 5  T  0 . 0

6 . 7  C  5 L 8 . 6
6 . 7  C  0 . 0

51  .5  T  23L45 .9
5 1  . 6  T  0 . 0
2 2 . r  T  4 7 0 . 2
2 2 . r  T  0 . 0
80 .4  7  23194 .7
8 0 . 4  T  0 . 0
5 8 . 3  C  1 " 5 5 . 6
5 8 . 3  C  0 . 0

AXIAL

2 . 9  C
2 . 9  C

o . o  T
o . o  T
0 . 0
0 . 0
0 . 0  T
o . o  T
7 . 6  r
1 " . 4  T
7 . 6  I
1 , 4  T
0 . o
0 . 0
0 . 0  T
0 . 0  T
0 . 0  c
0 . 0  c

BEND-Z

o . o
0 . o

5 6 1 . 8
o . o

5 6 1 . 8
0 . 0

5 6 1 . 8
0 . 0

5 6 1 . 8
0 . 0

5 6 1 . 8
0 . 0

5 6 1  . 8
0 . 0

5 6 1 . 8
0 . 0
0 . 0
0 . 0

3226  .4
0 . 0

3 2 1 4 . 5
0 . 0

32L4  .5
o . 0

3 2 1 4 . 5
0 . 0

3 2 L 4 . 5
0 . 0

3222.7
o . 0

3 2 2 2 . 7
o . 0
0 . 0
o . o

8 0 7 0 . 0
0 . 0

8 0 8 1 . 8
0 . o

8 0 8 1 . 8
0 . 0

8 0 8 1 . 9
0 . 0

8 0 8 1 . 9
0 . 0

ao73.7
0 . 0

COI.{BINED

2 . 9
2 . 9

5 6 1  . 8
0 . 0

5 6 1  . 8
0 . 0

5 6 1  . 8
0 . 0

5 6 9 . 4
1 . 4

5 6 9 . 4
t . 4

562 .6
0 . 0

562 .7
o . o
0 . o
0 . 0

3226 .6
0 . 0

4 3 7 L . 9
6 . 7

25779 .8
5 1 . 5

3 7 3 9 . 8
6 . 8

264LL .9
5 1 . 6

3 7 1 5 . 0
22.r

2 6 4 9 7 . 2
8 0 . 4

2 2 4 , 9
5 8 . 3

8 0 7 0 . 3
0 . 0

4246 .A
3 . 4

8 2 0 0 .  B
1 0 . 1

4249 .9
3 . 3

8 2 0 4 . 0
1 0 . 1

8 2 4 3 . 1
4 . 6

SHEAR.Y

0 . 0
o . o

2 2 6 . 7
4 0 .  3

226 .7
4 0 .  3

226 .7
4 0 . 3

226 .7
4 0 . 3

226.7
4 0  . 3

226 .7
4 0 . 3

226.7
4 0  . 3

0 . 0
0 . 0

3 4 7 . L
347 . r
3 4 5 . 8
3 4 5 . 8
3 4 5 . 8
3 4 5 . 8
3 4 5 . 8
3 4 5 . 8
3 4 5 . 8
3 4 5 . 8
3 4 6 . 7
3 4 6 . 7
3 4 6 . 7
3 4 6 . 7

0 . 0
0 . 0

8 6 8 . 1
8 6 8 . 1
8 6 9 . 4
a69 .4
a59 .4
8 6 9 . 4
8 6 9 . 4
869  .4
8 5 9 . 4
8 6 9 . 4
8 6 8 . 5
8 6 8 . 5

SHEAR-Z

0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
o . o
0 . 0
0 . 0
o . o
0 . 0
o . o

L2 .7
2 . 3

! 2 . 7
2 . 3
0 . 0
0 . 0

0 . 0
0 . 0

1 . 2 3 . 8
1 2 3 . 8

2 4 2 L . 9
2 4 2 r . 9

5 5 . 8
5 5 .  8

2489 .9
2489 .9

5 0 . 6
5 0 , 6

2495 . t
2495 .L

1 7 . 9
t 7  . 9

0 . 0
0 . 0

t 7  . 4
L 7 . 4
I l  . 7
t t . 7
t 7  . 7
L 7 . 7
1 2 . 0
1 2 . o
L 7  . 7
r 7  . 7

o . o  T
o . 0  T
3 . 3  C
3 . 3  C

1 0 . 1  T
1 0 . 1  T

3 . 3  C
3 . 3  C

1 0 . 1  T
1 0 . 1  T

4 . 6  T
4 . 6  I

0 . 3
o . o

1 5 1 . 5
o . o

1 0 8 . 8
0 . 0

t64 .6
o . o

1 1 1 . 9
o . o

L 6 4 . 9
o . o
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I,IE}.{BER STRESSES

"L UNITS ARE POUN/SQ INCH

rrEMB LD SECT AXIAL

-- PAGE NO. 2L
ID! Process Systens Internatio

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . O 0

1 . 0 0
. 0

1 . . 0 0
. 0

1  . 0 0

1 . 0 0
. U

t  , 0 0
. o

1 . 0 0

. 0
L .  0 0

1 . 0 0

1 . 0 0
. 0

1 . 0 0
. 0

1 ,  O O
. 0

1 . 0 0
. 0

1  . 0 0
. o

1 . 0 0

. 0
r .  . 00

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

1 8 . 1  T
1 8 . 1  T
1 3 . 5  C
1 3 . 5  C

0 . 0  T
0 . 0  T

1 0 9 . 9  C
1 0 9 . 9  C

5 1 . 6  C
5 1 . 6  C

1 0 9 , 9  C
1 0 9 . 9  C

5 1 . 5  C
5 1  . 5  C

1 3 8 . 7  C
t  3 8 . 7  C

8 0 . 4  C
8 0 . 4  C
5 8 . 3  C
5 8 . 3  C

0 . o  c
o . o  c

2 3 . 6  C
2 3 . 6  C
1 0 . L  c
1 0 . 1  C
2 3 . 6  C
2 3 . 6  C
L 0 .  L  c
1 0 . 1  C
3 L . 6  C
3 1 . 6  C
1 8 .  L  C
1 8 . 1  C
1 3 . 5  C
L 3 . 5  C

2 7 2 . 9  C
2 7 2 . 9  C
2 7 L . 9  C
2 7 I . 9  C
2 7 I . 9  C
2 7 I . 9  C
2 7 I . 9  C
2 7 r . 9  c
27L .9  C
2 7 ! . 9  C

BEND-Y

L L 2 . 2
0 . 0

1 6 6 . 6
0 . 0

0 . 3
0 . 0

8 1 8 . 0
0 . 0

24442  .3
o . o

1 4 6 0 . 1
0 . 0

25L24 .5
0 . 0

r37  .6
0 . 0

2 3 8 0 1 . 9
0 . 0

7 6 6  . 6
0 . 0

0 . 3
o . o

L 7 L . L
o . o

1 1 8 . 4
0 . 0

r 7 4 . 3
0 . 0

1 ,2 !  . 5
0 . 0

767  .8
0 . 0

1 1 5 . 1
0 . 0

1 6 6 . 6
0 . 0

0 . 0
o . o

9 2  . 6
0 . 0

7 0 6 . 2
0 . 0

9 2 . 4
o . o

7 0 6 . 3
0 . 0

BEND-Z

4 o 7 3 . 7
0 . 0
0 . o
0 . 0

3325 .3
0 . 0

3 3 3 7 . 1
0 . 0

3337 . r
0 . 0

3 3 3 7 . 2
0 . 0

3337  .2
0 . o

3 3 2 8 . 9 '
o . o

3 3 2 8 . 9
o . 0
o . o
0 . 0

8 1 5 9 . 6
0 . 0

a L 4 7 . A
0 . 0

8147  .A
0 . 0

4 1 4 7 . 7
o . o

8L47 .7
o . 0

8 1 5 6 .  O
o . 0

8 1 5 5 . 0
0 . 0
0 . 0
0 . 0

o . 2
0 . o

905 .7
0 . 0

t 7 7 2 L . 2
o . o

4 0 8 . 2
0 . 0

LA2L8 .7
0 . o

COMBINED

8 2 0 3  . 9
1 8 . 1

1 8 0 .  1
1 3 . 5

3 3 2 5 . 6
0 . 0

4264 .9
1 0 9 . 9

2787L .O
5 1  . 6

4907 .7
1 0 9 . 9

285L3.2
5 1 . 6

3605 .2
1 3 8 . 7

2 7 2 r r  . 3
8 0 . 5

2 2 4 . 9
5 8 . 3

8 1 5 9 . 9
o . 0

8342 .5
2 3 . 6

8276 .3
1 0 . 1

8 3 4 5 . 5
2 3 . 6

4279  .4
1 0 . 1

8 3 5 5 . 3
3 1 . 6

8 2 8 9 . 1
1 8 . 1

1 8 0 . 1
1 3  . 5

2 7 3 . L
2 7 2  . 9

1 2 7 0 . 2
2 7 L . 9

1 8 6 9 9 . 2
2 7 L . 9
7 7 2  . 4
2 7 L . 9

1 9 1 9 6 . 9
2 7 L . 9

SHEAR-Y

8 5 8 . 5
8 6 8 . 5

0 . 0
0 . 0

357 .7
357 .7
3 5 9 .  O
3 5 9 . 0
3 5 9 .  O
3 5 9 . 0
3 5 9 . O
3 5 9 . 0
3 5 9 . 0
3 5 9 . 0
3 5 8 . 1
3 5 8 .  L
3 5 8 . 1
3 5 8 . 1 -

0 . 0
0 . 0

4 7 7 . 4
8 7 7  . A
4 7 6 . 5
476 .5
8 7 6 . 5
4 7 6 . 5
4 7 6 . 5
8 7 6 . 5
8 7 6 . 5
a 7 6 . 5
a77  .4
a 7 7  . 4
4 7 7  . 4
8 7 7 . 4

0 . 0
o . o

o . o
0 . 0

L 5 4 . 7
L54 .7

3027 .4
3027  .4

69 .7
6 9 . 7

3 1 1 2 . 4
3 1 1 2 . 4

SHEAR-Z

L 2 . I
L 2 . T
L 7 . 9
L 7 . 9

0 . 0
0 . 0

8 8 . 0
8 8 . 0

2633.7
2633.7

I 5 7 . I
1 5 7 . 1

2702.7
2702 .7

1 4 . 8
1 4 . 8

2 5 6 0 . 5
2 5 6 0 . 5

1 7 . 9
L 7  . 9

0 . 0
o . o

1 8 . 4
1 8 . 4
L 2  . 7
1 2  . 7
IA .7
L8 .7
1 3 . 1
r 3 . 1
1 8 .  L
1 8 , 1
1 2  . 4
1 2  . 4
L 7 . 9
L 7  . 9

o . o
0 . 0

1 5 . 8
1 5 . 8

1 2 0 . 5
1 2 0 . 5

1 5 . 8
1 5 . 8

I20 .7
t20 .7
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8OK-LONG CRYOPIJIIIP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEI'{BER STRESSES

.,L UNTTS ARE POUN/SQ INCH

..dMB LD SECT

-- PAGE NO. 22
ID: Process Systerns fnternatio

1 . 0 0
. 0

1 . 0 0
. 0

1 . 0 0

AXIAL

2 7 2 . 5  C
2 7 2 . 5  C
2 7 2 . 5  C
2 7 2 . 5  C

o . 0  T
0 . 0  T

2 7 2 . 5  C
2 7 2 . 5  C
3 5 0 , 9  C
3 5 0 . 9  C

L 2 8 1 , 5  T
1 2 8 1 . 5  T

3 0 7 . 3  C
3 0 7 . 3  C

1 3 2 5 . 1  T
1 3 2 5 . 1  T

3 0 4 . 7  C
3 0 4 . 7  C

L 3 2 7  . 7  T
L327  .7  T

1 1 . 5  C

2 8 r . 2  C
2 8 L . 2  C
242 .2  C
242 .2  C
242 .2  C
242 .2  C
242 .2  C
242 .2  C
242 .2  C
242 .2  C
2 8 1 . 5  C
28r.  .  5 C
2 4 L . 5  C
2 8 1  . 5  C

0 . 0  T
0 . 0  T

2 8 0 . 9  C
2 8 0 . 9  C
225 .5  C
225 .5  C

L 4 0 6 . 9  T
t  4 0 6 . 9  T

1 8 1 . 2  C
1 8 1 . 2  C

BEND-Y

3 0 3 .  O
o . 0

1 1 0 1  . 8
0 . 0

7 9 8 . 7
0 . 0

0 . 1
0 . 0

5 6 2  . 2
0 . 9

4 2 9 r . 7
7 . 2

5 6 1 . 6
1 . O

4292  .3
7 . 2

1 8 4 1  . 6
'l 1

6 6 9 5 . 5
L t  . 3

4 8 5 3 . 8
4 . 2

0 . 0
0 , 0

1 5 0 4 . 7
0 . 0

7 0 6 . L
o . o

1 5 0 5 .  O
o . o

7 0 6 . 3
o . 0

1 9 0 0 . 3
0 . 0

ILOL .7
0 . 0

7 9 8 . 6
0 . 0

0 . 1
0 . 0

9145 .4
1 5 . 4

4 2 9 r . 7
7 . 2

9 1 4 6 .  O
1 5 . 4

BEND-Z

3 7 0 . L
0 . 0

t4256.7
o . o

1 3 1 . 1
0 . 0

L 7 . 8
0 . 0

2 2 5  . 4
5 6 4 . 8

4 7 7 3 . 9
r ro49 .4

9 1 . 8
2 5 4  . 6

4907  .5
'  1 . 1  3 5 9 . 6

8 1 . 6
230 .9

4 9 L 7 . 7
l L 3 8 3 . 3

3 5 . 2
8 1 - . 8

o . 3
0 . 0

6 4 3 . 9
0 . 0

19270 .7
0 . 0

) _ ! 4 9  . 3
0 . 0

1 9 7 7  6 . 2
o . o

1 0 8 . 3
o . o

r a 7  3 5  . 2
o . o

1 3 1 . 1
0 . 0

1 8 . 4
0 . 1

1 9 1  . 2
401  .4

5 1 9 0 . 5
1 2 0 1 5 . 5

3 2 6 . 8
7 L 5  . 5

CO!,IBINED

945 .7
2 7 2 . 5

1 9 6 3 1 . 0
2 7 2 . 5
929 .9

o . o

290 .5
2 7 2 . 6

1 1 3 8 . 5
916 .7

L O 3 4 7 . r
1 2 3 3 8 . 1

960 .7
562 .9

r o 5 2 4 . 9
1269r.9

2 2 2 7 . 9
534 .7

! 2 9 4 0 , 9
1 2 7 2 2 . 3

4 9 0 0 . 5
101- .  4

24L .5
28r .2

2 4 3 0 . 8
282 .2

2 0 2 5 9 .  O
2A2  .2

2936  .4
242 .2

207 64 .7
242 .2

2290 .L
2 8 1 . 5

2 0 1 1 8 . 4
2 8 1 . 5
929  .8

o . o

299.4
2 8 1  . 0

9 5 6 2 . 1
642 .3

1 0 8 8 9 . 1
L3429 .7

9654 . I
9 1 3 . 1

SHEAR-Y

5 3 . 2
6 3 . 2

3 1 1 8 . 9
3 1 1 8 . 9

2 2  . 4
2 2  . 4

0 . 4
0 . 4

1 9 . 9
L9 .9

3 9 8 . 8
3 9 8 . 8

8 . 7
a . 7

4 L 0 .  o
4 1 0 . 0

7 . 9
? . 9

4 1 0 . 9
4 1 0 . 9

2 . 9
2 . 9

0 . 0
o . o

1 1 0 . O
1 1 0 .  O

3292.L
3292 . r

1 9 6 . 3
1 9 6 . 3

3374 .4
3374 .4

1 8 . 5
1 8 . 5

3 2 0 0 . 5
3200 .6

22 .4
2 2  . 4

o . 5
0 . 5

L 4 . 9
1 4 . 9

433 .7
433 .7

2 6 . 3
2 6  , 3

SHEAR-Z

s 1 . 8
5 1 . 8

1 8 8 . 2
L 8 s . 2
1 3 6 . 4
1 3 6 . 4

.  0 . 0
0 . 0

1 4 . 1
1 4 .  t

1 0 8 . 0
1 0 8 . 0

1 4 . 1
1 4 . 1

1 0 8 .  O
1 0 8 . 0

4 6 . 3
4 6 . 3

1 6 8 . 5
1 6 8 . 5
L22 . I
1 .22 .L

0 . 0
0 . 0

2 5 7 . t
2 5 7  . I
120  .6
1 2 0 . 6
2 5 7  . r
2 5 7 . L
L20 .7
L20  .7
3 2 4  . 6
3 2 4 . 6
1 8 8 . 2
1 8 8 . 2
1 3 6 . 4
1 3 6 . 4

0 . 0
o . o

2 3 0 . 1
2 3 0 . 1
1 0 8 .  O
1 0 8 .  O
2 3 0 . 1
2 3 0 . 1

1 0  1  , 0
1 , . 0 0

.  2  . 0
1 ,  O O

J  . U

1 . 0 0
4  . O

1 . 0 0
5  . 0

1 . 0 0
6  . 0

1 . 0 0
7  . O

L . 0 0
8  . 0

t _ . oo

L L  1  . 0
I  . 0 0

2 . O
1  . 0 0

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

6  . 0
1  . 0 0

7 . O
1 . 0 0

8  . 0
1 . 0 0

1 2  1  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  . 0
1 - . O O
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8 OK-LONG CRYOPTJI,IP SUPPORT
*** REV1 REVISED LOADS & I{EMBER RELEASE

MEMBER STRESSES

Y.L UNITS ARE POUN/SQ INCH

--  PAGE NO. 23
ID: Process Systens Internatio

I,IE},IB LD SECT

5  . 0
L . 0 0

6  . 0
1 . 0 0

7  . O
1 . 0 0

8  . 0
1 . O O

1 3  I  . 0
1  . 0 0

2  . O
1 . 0 0

3  . 0
L . 0 0

4  . 0
1 . 0 0

E A

t - . 0 0
6  . 0

r _ , 0 0
7  . O

L . 0 0
I  . 0

1 . 0 0

7 4  1  . 0
1 . . 0 0

2  . O
1 . O 0

3  . 0
1 .  O O

4  . 0
1 . O O

5  . 0
1 .  O 0

6  . 0
l _ . 0 0

7 . O
L . 0 0

8  . O
1 . 0 0

1 5  1  . 0
l - . 0 0

2  . O
1 . 0 0

3  . 0

AXIAL

L45L .2  T
1 4 5 1  . 2  T

2 7 L . 7  C
2 7 ! . 7  C

1 3 6 0 . 7  T
1 3 6 0 . 7  T

1 1 . 5  C
1 1 . 5  C

2 1 4 8 . 8  C
2L4A.A  C
2 t 5 2 . O  C
2 L 5 2 . O  C
2 L 5 2 . O  C
2 L 5 2 . O  C
2 r 5 2 . O  C
2 t 5 2 . O  C
2 L 5 2 . O  C
2 L 5 2 . O  C
2 L 4 9 . 8  C
2 L 4 9 . 8  C
2749 .8  C
2749 .8  C

0 . 0  c
0 . 0  c

2 L 7 2 . 7  C
2 \ 7 2 . 7  C
2769 .5  C
2 1 6 9 . 5  C
2769 .5  C
2 L 6 9 . 5  C
21.69 .5 C
2 1 5 9 . 5  C
2J .69  .5  C
2 1 6 9 . 5  C
21 ,7L .7  C
2 ! ? r . 7  C
2 I 7 L . 7  C
2 t 7 L . 7  C

0 . 0  T
0 . 0  T

0 . 4  c
o . 4  c

1 3 5 . 3  T
1 3 5 . 3  T

2654 .9  C
2654 .9  C

BEND-Y

4292 .3
7 . 2

Lr549.2
1 9 .  s

5 5 9 5 . 5
1 1 . 3

4 8 5 3 . 8
4 . 2

4 . 2
0 . 0

4679 .6
o . o

3 1 5 2 . 6
o . o

4758 .7
o . 0

3 2 4 L . 7
o . 0

4 7 7  6  . 2
0 . 0

3249 .1
0 . 0

4426  .4
0 . 0

8 . 5
0 . 0

4 9 5 6 . 5
0 . 0

3 4 2 9 . 5
0 . 0

5047 .O
0 . 0

3 5 2 0 . 0
0 . 0

4 8 6 0 . 0
0 . 0

3332 .9
0 . o

4426 .4
o . o

0 . 0
o . o

3 8 . 8
1 5 5 . 5
296 .O

1 1 9 5 . 5

BEND-Z

5326 .2
L2330.7

4 7 . 4
5 7 . 4

5046  .7
1 1 6 8 1 . 6

3 5 . 2
8 1 . 8

0 . 4
0 . 0

r r 2 2 . 4
0 . 0

3 4 0 8 . 3
0 . 0

1 1 2 4 . 8 '
0 . 0

3 4 0 5 . 9
0 . o

1 5 3 7 . 5
0 . 0

6 0 6 8 . 1
0 . o

4 5 3 0 . 5
o . o

o . 4
0 . 0

7 9 3 8 . 7
0 . 0

3 4 0 8 . 3
o . 0

7 9 3 6 . 3
o . 0

3 4 0 5 . 9
0 . 0

1 0 5 9 8 . 5
0 . 0

5 0 6 8 . 1
0 . 0

4 5 3 0 . 6
0 . 0

o . 2
1 0 . 1

3 4 0 . 9
1 5 1 . 5

5677  .8
3171- .  O

COI.{BINED

tto69.7
1 3 7 8 9 . 1
1 1 8 6 8 . 4

3 5 8 . 6
1 3 1 0 2 . 9
1 3 0 5 3 . 5

4 9 0 0 . 5
1 0 1 . 4

2 L 5 7 . 5
2748 .8
7954 .O
2 1 5 2 . O
8 7 L 2 . 9
2 1 5 2 . O
8 0 4 5 . 5
2 1 5 2 . O
8 7 9 9 . 5
2152 . O
8 4 6 3  .  s
2 ! 4 9  . 8

17467 .O
2 1 4 9 . 4
9 3 5 6 . 9

0 . 0

2 1 8 1  .  5
2 L 7  2  . 7

1 5 0 6 4 . 8
2 L 6 9 . 5
9 0 0 7 . 3
2L69 .5

L 5 1 5 2 . 9
2L69.5
9 0 9 5 . 4
2 L 6 9 . 5

1 7 6 3 0 . 3
2 L 7 r . 7

! L 5 7 2 . 4
2 L 7 I . 7
9 3 5 7 .  O

o . o

o . 6
1 0 . 6

5 1 4 . 9
4 4 3  . 4

9622 .7
?o2L .4

SHEAR-Y

4 4 5 .  O
4 4 5 . 0

2 . 9
2 . 9

42I.6
42L .6

2 . 9
2 . 9

0 . o
o . o

2 0 . 8
2 0 . 8
6 3 . 3
6 3  . 3
2 0  . 9
2 0 . 9
6 3  . 3
5 3 .  3
2 8 . 6
2 8 . 6

L12  .7
712 .7

8 4  . 1
8 4 . 1

0 . 0
0 , 0

1 4 7 . 4
L47  .4

6 3 . 3
5 3 . 3

! 4 7  . 4
r47  .4

5 3 .  3
5 3 . 3

1 9 6 . 8
1 9 6 . 8
1 r2 .7
TLz.7

8 4 . 1
8 4 . 1

0 . 1
o . 1
6 . 9
5 . 9

1 3 8 . 4
1 3 8 . 4

SHEAR-Z

1 0 8 . 0
1 0 8 . 0
290 .6
290 .6
1 5 8 . 5
1 6 8 . 5
L22  .L
L 2 2 . !

0 . 3
0 . 3

1 7 3  . 8
I 7 3 . 4
I 7 7 . L
1 I 7 . L
I 7 7 . I
I 7 7 . L
L20 .4
r20 .4
L 7 7  . 4
L 7 7 . 4
L20 .7
L20 .7
L 7 9 . 3
L 7 9 . 3

0 . 3
0 . 3

1 8 4  . 1
1 8 4 . 1
t27 .4
L 2 7  . 4
L47 .5
1 8 7 . 5
1 3 0 . 7
1 3 0 . 7
1 " 8 0 . 5
1 8 0 . 5
1 2 3 . 8
1 2 3 . 8
r 7 9 . 3
L 7 9 . 3

o . 0
o . o
L . 7
t . 7

L 2 . 5
1 2  . 6
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8OK-LONG CRYOPI,'MP SUPPORT
*** REV1 REVISED LOADS & UEMBER RELEASE

MEMBER STRESSES

.,L UNTTS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y

-- PAGE NO. 24
fD: Process systens fnternatio

. o  5 0 . 7  T  3 4 . 7
1 . 0 0  5 0 . 7  T  1 5 6 . 4

. 0  2 7 2 9 . 4  C  2 9 6 . L
1 . 0 0  2 7 2 9 . 4  C  1 1 9 5 . 7

. o  5 5 . 0  T  t 2 7 . O
L . 0 0  5 5 . 0  T '  5 1 3 . 0

. o  2 7 3 5 . L  C  4 5 1 . 8
r . . 0 0  2 7 3 5 . L  C  1 8 5 5 . 2

. 0  L 9 , 6  T  3 3 4 . 8
1 . 0 0  1 9 . 5  T  L 3 5 2 . L

0 . 5  c
0 . 5  c

9 6 . 9  C
9 5 . 9  C

2487 .O C
2 8 8 7 . 0  C

I 7 2 . 6  C
L 7 2 . 6  C

2962 .7  C
2962 .7  C

1 6 . 5  C
1 6 . 5  C

2 8 0 6 . 8  C
2 8 0 5 . 8  C

L 9 . 6  T
1 9 . 5  T

0 . 0  T
0 . 0  T

1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
t _ 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 0 . 8  T
1 5 1 . 9  T
1 5 1 . 9  T
1 5 1 . 9  T
1 5 1 . 9  T

o . o  c
o . 0  c

0 . 0
0 . 0

6 3 0 . 8
2 5 4 7  . 6

2 9 5 . 0
1 1 9 5 . 5

6 3 0 . 8
2 5 4 7  . 8

2 9 6 . L
1L95 .7

7 9 6  . 6
3 2 1 7 . 2

4 6 L . 8
LA65  .2

3 3 4 . 8
L 3 5 2 .  t

0 . 0
0 . 0
0 . 0
0 . 0
o . o
0 . 0

1 3 . 4
0 . 0

1 3 . 3
0 . 0
o . o
0 . 0
o . o
0 . 0
o . o
o . 0

BEND-Z

1 5 3 . 5
5 2 , 8

6 8 5 9 . 1
3259 .7

t39 .2
5 6 . 0

6873 .4
3266  .5

4 9  . 4
2 3 . 4

o . 2
1 0 . 4

2 4 2 . 5
1 2 5 . 3

7  255  .2
3 4 4 7  . 7

432 .4
2 r 5 . 4

7  4 4 5  . 5
3 5 3 7 . 9

4 0 . 9
2 9 . 7

7 0 5 3 . 5
3352  .2

4 9  . 4
2 3  . 4

2 3 5  . 2
o . 0

2 3 5  . 2
o . o

235.2
o . o

235  .2
0 , 0

2 3 5  . 2
0 . o

2 3 5  . 2
0 . 0

235 .2
0 . 0
0 . 0
0 . o

COI{BINED

2 5 3  . 1
2 8 0 . 0

9 8 8 4 . 6
71 -84  .9

3 2 1 . 3
624 .O

L o o 7 0 . 4
7866 .A

4 0 3 . 8
1 3 9 5 . 1

o . 7
1 0 . 9

9 7 0  . 2
2769 .7

1 0 4 3 8 . 2
7 5 3 0 . 3
L 2 3 6 . 2
2 9 3 5 . 8

L O 7  0 4  . 3
7696 .3

8 5 4 . 1
3263 .6

LO322.2
8024  .  L

4 0 3 . 8
1 3 9 5 . 1

235 .2
0 . 0

3 8 6 . 1
r .50 .8
3 8 6 . 1
1 5 0 . 8
3 8 6 . 5
1 5 0 . 8
3 8 5 . 5
1 5 0 . 8
3 8 7 . 2
1 5 1 . 9
3 A 7 . 2
1 5 1 . 9

0 . 0
0 . 0

SHEAR.Y

3 . 0
3 . 0

r42 .3
L 4 2 . 3

2 . 7
2 . 7

L42 .6
1 4 2 . 5

1 . 0
1 . 0

0 . 1
o . l -
J . Z

5 . 2
1 5 0 . 5
- t 5 u . 5

9 . 1 -
9 . L

1 5 4  . 4
L54 .4

1 . 0
L . o

t 4 6  . 3
1 4 6 . 3

1 . 0
1 . O

3 2 . 6
3 2 . 6
3 2  . 6
3 2 . 6
3 2  . 6
3 2  . 6
3 2 . 6
3 2 . 6
3 2  . 6
3 2  . 6
3 2 . 6
3 2 . 6
3 2 . 6
32 .6

0 . 0
0 . 0

SHEAR-Z

, . '
L . 7

L 2 . 6
1 2 . 6

5 . 4
5 . 4

1 9 . 7
1 9 . 7
1 4 . 3
1 4 . 3

0 . 0
o . 0

2 7  . O
2 7 . O
! 2  . 6
7 2  . 6
2 ?  . O
2 7 . O
1 2 . 6
1 2 . 6
3 4 . O
3 4 .  O
1 9 . 7
L 9 . 7
1 4 . 3
1 . 4 . 3

o . o
0 . 0
o . 0
0 . 0
0 . 0
0 . 0
1 . 9
1 . 9
1 . 8
1 . 8
o . o
o . o
o . o
o . o
o . 0
o . o

1 5  1  . 0
1 . 0 0

2 . O
r . . 0 0

J  . ( J

1 . 0 0
4  . 0

l - . 0 0
F ' \

1 . 0 0
5  . O

r - . 0 0
' 7 i

1 - . 0 0
I  . 0

1 . 0 0

1 7  1  . 0
1 . 0 0

2  . O
1  . 0 0

3  . 0
r . . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

6  . 0
1 . 0 0

7 . O
r - . 0 0

I  . 0
1 . 0 0

* * * * * * * * * * * * * * * * * * * * * * * * * * * *
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8OK-LONC CRYOPI,JIIIP SUPPORT
*** RDV1 REVISED LOADS & ME}IBER RELEASE

123. PARA},IETER
124. CODE AISC
125 .  FyLD 45999 .969  MEMB 9  TO 16
126. I |STR 21000. t tEuB 9 To 16
127. !9I I { IN 0.188 MEUB 9 To 15
I28. CB 1. l , tEME 9 TO 16
129. Cl. tY 1.  MEMB 9 TO L5
130. II{AIN 0. UEl.tB 9 TO 16
131. RATIO 1 . MET'TB 9 TO 16
132. CHECK CODE MEl,tB 9 TO 16

ID: Process
. -  PAGE NO. 25

Systerrs Internatio
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8OK-LONG CRYOPUMP SUPPORT
*** REV1 REVTSED LOADS & MEI,IBER RELEASE

-- PAGE HO. 26
ID: Process Systems Internatio

^.r.L UNITS ARE - POUN

MEMBER TABLE

STAAD-III CODE CHECKING - (AISC)
* * * * * * * * * * * * * * * * * * * * * * *

rNcH (UNLESS OTHERVTISE NOTED )

RESULT/ CRITICAL COND/ RATIO/
FX l.tY yn

LOADING/
LOCATION

9 ST TUB 40408 PASS
1 7 3 3 . 3 9  C

10 sT TUB 40408 PASS
4 4 4 4 . r 4  T

I] .  ST TUB 40408 PASS
1 7 9 4 . 9 6  C

72 ST rUB 40408 PASS
9229 .55  T

13 ST TUB 40203 PASS
4342 .57  C

14 ST TUB 40203 PASS
4 3 8 6 . 8 4  C

15 ST TUB 40408 PASS
1 7 3 9 5 . 3 9  C

r.6 sT TUB 40408 PASS
1 8 8 4 3 . 0 5  C

J.33. SELECT IVELD MEMB 9 TO 15

AISC- H1-3
6 7 7 5 . 4 7

AISC- H2-1
4 L L 7 7  . 4 9
AISC- HL-3

4 3 4 3 . 5 1
AISC- H2-1

- 4 4  . 4 9
Arsc- H1-3

4223 .4L
Arsc- HL-3

6 3 1 8 . 0 1
Arsc- Hl-3

2840 .2L
Arsc- Hr.-r.

L820 .79

O . 7 L L
172279 .68

0 . 4 5 9
- 3 0 2 4 3 . 9 8

o . 7 5 2
L 2 L 5 2 3 . 4 3

0 . 5 0 0
- 7 s 8 3 3 . 8 3

o  . 4 6 6
- 1 1 8 3 2 . 8 9

0 . 5 8 9
-20667 .28

0 . 4 1 5
- 4 2 2 7 L . 4 6

0 . 4 3 5
- 4 5 7 8 9 . 5 9

7
0 . 0 0

7
0 .  o o

5

0 . 0 0
5

5 1  . 0 0
7

o .  o 0
6

0 . 0 0
7

0 . 0 0
5

o . 0 0
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8OK-LONG CRYOPTJMP SUPPORT
*** REV1 REVISED LOADS & MEI,IBER RELEASE ID: Process

--  PAGE NO. 27
Systens Internatio

STAAD-IIT WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

ALL UNITS ARE - INCH

MEMBER LOCATTON/
LOADING

POUN

WELD TYPE/
HOR STRESS

WELD
VERT

sTzE/
STRESS

co!.{B STRESS/
DIR STRESS

1 0

1 0

1l-

L 1

L 2

L2

1 3

L 3

14

1 4

l -5

1 5

1 6

STA
7

END
7

STA
7

END
7

STA
5

END
5

STA
7

END
5

STA
7

END
5

STA
5

END
6

STA
7

END
7

STA
5

END
7

1

1  5 0 .  5 8

1
250  .96

1
3 6 0 . 3 2

1
3 6 0 . 3 2

1
9 6  . 5 2

I

L60  .87

I
3 6 0 . 3 2

1
r 7 3 . 2 4

L
2 6  . 4 2

_f

2 6 . 7 6

I
4 0 .  L 1

1
4 0 . 1 1

1
7 9 7 . 7 0

I
7 9 7 . 7 0

5 1 1 . 3 9

l.

7 9 7 . 7 0

s/L6
2495 .08

3  /16
4154.47

3 /L6
6 8 3 . 5 0

3/L6
6 8 3  . 5 0

5/1.6
2702 .7  4

3 / .L6
4504 .57

3/16
6 9 7 . 4 6

4 /16
5 1 0 . 2 8

3 / t6
7 5 . L 3

3/L6
4 2 . 1 7

3  /16
L3L .22

3  /16
L3L .22

3 /L6
9 6 7 . 4 9

3 /L6
9 6 L  . 4 9

3 / t6
7 0 0 . 4 3

3/L6
9 6 6 . 4 8

14375 .66
1 8 2 0 4 . 8 5

4 2 0 5 . 9 1
5 7 7  . A O

20644.52
20670 .08

2 0 3 4 8 . 5 5
2 0 3 3 3 . 8 8

1 9 4 4 3 . 0 6
79254 .05

4546 .98
5 9 8 . 3 2

2 0 9 5 3 . 0 1
2 0 9 3 8 . 2 8

1 6 5 4 3 . 3 5
! 6 5 3 4 . 5 7

9 0 7 7 . 1 5
9 0 7 6 . 8 0

L 9 3 2 . 6 5
1 9 3 2 . 0 0

13827 ,59
1 3 8 2 6 . 9 1

1 9 5 4 . 5 3
L949 .7 r

L 7 I 2 2 . O 2
77076 .38

]-37 45 .29
1 3 6 8 8 . 4 0

14204 .29
1 8 1 8 3 . 6 1

L4024.L7
13972.04

Revision No. 0
Doc. No. V049-l{E3
PaPe 70 of 90

L 6



8OK-LONG CRYOPIJI.IP SUPPORT .- PAGE NO. 28
*** REV1 REVISED LOADS & MEMBER RELEASE ID: PTOCESS SYStens Inlernatio

STAAD.III I{ELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

ALL T'NITS ARE - INCH POTJN

uEllBER LOCATToN/ IVELD TypE/ WELD STZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

****************** END OF TABULATED WELD DES]GN ******************

1 3 4 .  F I N I S H

** * * * * * * * * * * * * *  END OF STAAD- I I I  * * * * * * * * * * * * * * *

* * * *  DATE= APR 16 .1996  T IME= 11 :48 :27  * * r t *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* For quest ions on STAAD-II I ,  contact:  *
* Research Engineers, Ine at *
*  Ph: (7L4) 97 4-25OO Fax: (7L4\ 92I-2543 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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COMPRESS 5.5 I C:\COMPRESS\CRYOPMPS\t0KLWGHT.VSL Mar. 13, 1996

Weight Summary

rrr.lgttt (Ib6) contlrbut.d by vca6.l El.D.nt3

*et.I ract.l Tt.yB Fackcd ln6ul Llnlng Plplrg lldd.E llDg. oF! t.Et xor.l.

C  p lA t  a  H l3c  L lqu ld  L lqu ld  a  t tg

t,lt Dn ttr.bc tlg 429 t29

o  l  a 3 2

o 25450

o  t a 3 2

Vcas€l oper^tlng weigbt, corroded: s.276 ll'g

vcsset cdpty lelght. coEoded: 5,2"6 lbs

v.sser .iPtY f.rgbt. neo: 5.276 tl,a

vesse l  tes t  we lgb t .  ner :  33 .59c t  1b6

Vessel center of graviU location (from right weld seam)

Vessel lift weisht. new:
Center of gravity lo seam:

5,278 lbs
70.9 in
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH. MA

ENGINEERING
CALCULATIONS

NO: V049-l-045
PAGE I OF 4

REV. DEO # DATE BY: CHECK TITLE:

ION PUMP
0 o / / / 41 ;4 t ' tJI, P) /)4(-

BY: W- Bily,nslry DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:
Provide ion pump design loads for spools pieces:

B-2, B-3, B-5, B-4, & A-7.
Provide misc dimensional information

METHOD:
Hand calculations using Roark and Young's Formulas for Stress and Strain

ASSUMPTIONS: ( See Attached )

INPUTS: L Vacuum pressure = 14.7 ps
2. Design Temperature = 400 F.

REFERENCES:
l. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria
2. Iloark and Young's Formulas for Stress and Straril fifth edition

CALCTILATIONS:
( See Attached )

CONCLUSIONS:

NOTES:
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L

1.0 OEJECTIVE

The objeclive of this calculatian is lo Ferform lhe structural design 8nd anatysis ofAdapler'A- 1 ' ( 72" x 44 ' ) assembty shown in Dra|ing V0494-Al using the oplional "Sighf Port'
reducing flange concepl.

2.0 rrlETlloD oF AIATY$"IS I COMFUTER PRocRAn4$ &VER$IOX

The Follo*rlng computer progrsms €re used in lhe execution of lhis c6lculation:

1. IMAGES-3D Finite Element Analysis Program, Version 2.0

2. COiIPRES$ Compuler Aided Pressure Vessel Design, Version 4.2

The reducing flange sub-assembly is analyzed as an Axisymmelric finite element model lo
delernljne the minimum thickness (not le$s lhan 1') to maintain a vacuum seal at the "O"-
i?ings under a ful! vacuurrr lo6d 6nd the end load effects ( pressure and spring forcei oflhe
bello\^/s.

The Jackirrg bolt assembly is analgzed as a piate and shell finite element partial model lo
si:e th€ lug and lo determine the shell displacernents al lhe bellows v/eld to ensure the
weld is nol damaged by local bending during equipmenl servicing. No presgure loads are
fippiied in lhis 6nalysis because lhis componenl is operaled during inslallation or
equipmenl setvicing only.

The Jacking lug / shell inleface is qualifi€d by the no=ie shetl analysis (WRC-10?) sutr
routine in COMPRESS. i,

I4Jelds are siaed by lradltional manual calculalions found in stendard engineering lexts.

3.0 GETERSL ASSUMmors

1. Al! belloyos engirreering dala and geometry are assumcd and musl be verilied once
vendor information becomes availablc.

4.0 REFEREXCES

1. ASME Boiler Bnd Pressure Vessel Code, Seclion Vlll, DMsion l, 1995 Edilion

2. Roark & Young, Formulas for Stress and Slrain, Fifth Edition

3. Blodgelt, Design of Welded Shuctures

4. ttl/elding Research Council, Bulletins 107 & 297, Local Stresses in Sphcricat and
Cylindrical Shells due lo Extemal Loadings.

5. LIGO Vacuum Equipmenl Slruclural Design Crllerla - y' t: L/ I

6. AISC Sleel Conslrurtion Manual
+  ! ' ; , =  Y t v j - t -  L j t , /  t -  - . 1  F ' - ) A r

- l - c ( (
Revision No, 0
Doc. No. V0.t9-l-0{6
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2

5.0 qorcLUslots

The separalion oflhe ffange faces from bending under operaling loads i9 2.8 E-04 " at lfie
outer "O''Ring. The 'O'-Ring pre-compression is ftom 0,058" to 0.080" , hence lhe
vacuum seal is malntained.

The maximum stress inlensity in the flange is 845 psi el node 132.

The maxinum stress intensity in the shell ls 2568 psi under operating loads and is 39134
psi < 46900 psi allo$,able during installation adjacenl l0 the Jacking Lug.

The maximum local radial displacement €t the bellows/thell wcld is 0.0144" near the
Jacking Lug during installalion and has no slgnificant etTecl on the bellows altachment
\?eld.
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUCH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-051
PAGE 1 OF ?

REV. DEO # DATE BY: cHECK TITLE:

ADAPTER 4.5
0 o I L// 4,7( .ab \rb 02 \ G A

BY: W. Billnsl,y DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:
Evaluate flanges/plates for extemal pressure loading due to non-standard spool
to flange/plate fitup- Veri$ acceptance of l" plate.

METHOD:
Hand calculations utilizing Roark and Young's Formulas for Stress and Strain

ASSTA4PTIONS ( See Attached )

INPUTS: 1. Vacuum pressure: 14.7 psi
2. Design Temperature : 400 F.

REFERENCES:
l .
)

J .

q .

Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria
ASME Boiler & Pressure Vessel Code, Section \{lII, Div. l, Pressure Vessels.
Roark and Young's Formulasfor Stress and Strain fifth edition
D o e ,  r J o .  t / C ! ? - / - o c . C  -  4 a , c a r o , z -  . + . /

CALCULATIONS:
( See Attached )

CONCLUSIONS:
l" thick adapter plates for transition spool pieces 60" x 30" are acceptable.

NOTES: Spool piece A-5 has been voided . 7t.,' ?zce /! r^''= z!:
/ : ' L  t i - . O : , .  / , ;  , N  / / " 4 d  ( . 4 . t ; 4  7 . t a 1  4 ^ t 4

a 7 4 8 , 2  / ? F a / . . ! . . e r -
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PROCESS SYSTEMS INTERNATIONAL, INC.
. WESTBOROUGH.MA

ENGINEERING
CALCULATIONS

NO: V049-l- Crf Z
PAGE I OF 3.?

REV. DEO # DATE BY: CFIECK T]TLE: ADAPTER A-7
o a  t \ l t Z O  C /

BY: DF-[rI' , ?44

PROIECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: Determine spool/adapter shell thickness, Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
rinss_

METHOD: Thickness requirements per the ASME code, Section MII, Division I,
are derived using the COMPRESS computer prograrq version 5.31.

ASSUMPTIONS:

INPUTS: l ,
1

Vacuum pressure = 14.7 psi
Design Temperature : 400 F.

REFERENCES:L ASME Boiler & Pressure Vessel Code, Section MII, Div. l, Pressure Vessels.
COMPRESS 5.3 t, Computer Aided Pressure Vessel Design, Codeware Computer
Svstems. Inc.

3  V c ' . ' i - , - 7 0 6 ,  l / 6 t 2  i / a r " . r . . ^ ,  l j  - . 1 . . i . , - . . : . . . . , ,  L , a ,  D l s ,  / 2 . . < . t . . ,

CALCULATIONS: (SEE ATTACHED)

GoNCLUSIONS: The requirements of the ASME code are met for adapter A-? ouler shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016, Ol?,018, & 0t9_

Ro'ision No. 0
Doc. No. V0-19- t -052
Pasc I of37
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CoMPRESS 5.53 C :\COMPRESS\PUMPS\A-7. VSL

Pressure Summary

Pressure summarv for pressure chamber t

Apr. 19, 1996

I

l P l t l i r a s r P l x ^ P i Pe I uc-ee J ucs-66 lcoEosrohj

le r te rn l r l  F r t to  I  t | ! ' {1  E  dp t roD or  l ^ t roudrcc l

I  (psr )  |  |  (deq r )  a rE. 'a  Rcduct lon  |  ( rn )  |

I  d e s t q n  l d e s r g h  I

|  (F6 i  )  1  (dee F)  |  (Ps i  )

{  7 r ' .25 !  cvn  PLt

|  60 .5 !  CYLTI IDER

I  s t i r febe!  R ings I

1 4 6 . a  |  1 a 6 . .  I
9 r .  a  |  9 2 , O  I
0 a . 6  |  9 a .  a  I
t e . 2  |  1 e . 2  |
e 7 . 6  |  a 7  - 6  |
r 3 . .  |  1 A .  a  l
r o  - 2  I  r o . 2  |

l

1 9 - ' 7  |  t . O O O  I

I  r . o o o  I

| r{ot .pprtc.brc

I xot .pp11c.Lrl6

I  ro t  .pp l tc .b lc

I  xo t  .ppr rc .b lc

I  ro t  .ppr lc .b le

r|ot lFt'llcdble

I  xo t  apPI l .abre

I
I

l _ l

Vessel MAWP hot & corroded is 10.22 psi @ 0 degrees F.

Vessel MAP new & cold is 10.22 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe

: 1.5*Pe,F1 = 22psi

Vessel hydrotest pressure is 22 psi.

Rer ision No. 0
Doc. No. V049-l{52
Pape 5 of 3?
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CoMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL

Weight Summary

coEPotent  - - - - - - -  r0 . iqh t  ( r r re )  coh t l tbu ted  b ,y  vesse l  E lebents

Apr. 19, 1996

L e t . l  f i e t a l  T t d y s  s l a c r { . d  f r s u l  L t n l n g  P t p t n q  L . d d e r  R l h g s

coli a sup Eeds & Ptat 6 ,ttsc

op. r  tes t  a to r . le

L tqu ld  L lqu td  I  f  lg

v e s s a r  o p e t ! t j n q  r e j g h t ,  c o r r o d e d :  ? , 5 9 , a  t b 6

v € s r . r  e i p t y  ? e i q b t .  c o r r o d e d :  l t s s A  t b s

V e s s e l  e E F t y  ? e i q h t ,  n e u :  " r 5 9 a  l b s

v 4 s . . l  t 4 . L t  a e i g r t t ,  n e r !  r l ? 2 5 o  l b s

Vessel lift weiqht. new:
Center of graviy io seam:

7,595 lbs
81 .7  i n

Revision No. 0
Doc. No. V049-t{i2
Paee 6 of37
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CoMPRESS 5-53 C :\COMPRESS\PUMPS\A-7.VSL

Nozzle Summarv

Apr. 19, 1996

( r n )

o.  r997

10,oo  o .25 t ) ( )

o .375( )  ( } .2 ( } ( )a

o .3750 0 .2009 o .  f ,750

o.oooo too.o

tn - nozzle thickness
Bpq tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickneis
$_eq t - required vessel _wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near oDenlng)
Aa - area available per UG-37. sbverniirs coililition
Ar - area required der UG-37. eivernine"condition
Con - corrosiirn allolwance on noizzle id. 

-

Reyision No. 0
Doc. No. V019-l-052
Pase7 of 17
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7. VSL

Nozzle Schedulc

Apr. 19, 1996

| { 5 t e t I 6 l 6

Noz rle Irpact? xorn? Pad

1 3 . 5 0  I D x o . 2 5

9 . 5 0  I D x o . 2 5

RerisionNo.0
Doc. No. V049-t {52
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CoMPRESS 5.53 C:\COMPRESS\PUMPS\A-7. VSL

Thickness Summary

Apr. t9, 1996

L6rqtb

(  r n t
GovernlnE

Lold status StE.Ba

1 a O . A a  O . 3 " 5 O  O . 2 O O . 7  o . a s  e r t . r n a l

! . 3 ? 5 O  O . O O O O  O - a s  I n t e r r d r

2 ' r .oo  o . la?5 0 ,15a? o .a5  6r t6 rnr t

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E - longitudinal seam joint efliciency

Load:
internal - circ stress due to internal pressure governs
external - external Dressure governs
wind - comhined lone strEss due to STATUS * wind soverns
seismic - combined lonE stress due to STATUS + seismic qovems

Roision No. 0
Doc. No. V049-t{52
Pasc 9 of37

3.21.1996



COMPRESS 5.53 C :\COMPRESS\PUMPS\A-7.VSL

A-7 CYLINDER

ASME Section VIII Division I, 1992 Edition, A94 Addenda

ComDonent:
Mateiial specification:

External design pressure:

Cvlinder
SA 240 3O4L HIGH

Pe-- 14.7 psi @ 400

Apr- 19,1996

Revision No. 0
Doc. No. V049-l{52
Paee l0 of 37

deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW-I1(b) type I
Category B joints - Spot UW-l1(b) type I

Estimated weight:
capacity:

lD :72.25 length Lc: lil0.E8 r : 0.375 in (new)

MAP: (New & at 0 deg F) UG-27(cXl)

P = S*E+V(R + 0.6*t)-Ps
: 16700*0.85*0.3751(36.125 + 0.6*0.375) - 0
: 146.4409 psi

MAWP: (Corroded & at 0 deg F) UG-27(cXl)

P = S + E + i l ( R * g . 6 r . q - P s
= 16700*0.85*0.3751(36.125 + 0.6*0.375) - 0
= 146.4409 psi

External Pressure: (Corroded & at 4fi) deg F) UG-28

Corrosion allowance: lnner C : 0

L/Do : 48173:0.6575
From table G:
From table HA'3:

LlDo = a\l73 =0.6575
From table G:
From table HA-3:

3.21-1996

Outer= 0

new :3495.5 corr = 3495.5
new = 2500.36 corr = 2500.36

Dol t : 73 10.2(j0'18 -- 363.582
A :0.000305

B = a034.1

Dolt -- 73tO.375 : t94.ffi7
A = 0.000?72

B : 5369.9

lb
US ga

Pa= 4*B/(3+Do/t)
- 4+ 4034.'�t | (3*7 3 I 0.2007 8)
: 14.7939 psi

Design thickness for external pressure Pa : 14.7939 psi:

: t t Corrosion
:0 .20078 +  0
- 0.20078 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)



Pa = 4*B/(3*Do/t)
: 4*5369.9 I 6*73 | 0.37 5\
: 36.7801 pii

COMPRESS 5,53 C:\COMPRESS\PUMPS\A-7.VSL

A-7 CYLINDER

Apr. 19, 1996

Re\ision No. 0
Doc. No_ V0.19-t -052
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COMPRESS 5,53 C :\COMPRESS\PUMPS\A-7. VSL

NOZZ.LE #I

ODening nl Reinforcement Calcutations Per UG-37

Located on:
Local vessel tlickness:
Liquid static head included:
Flange description:

Nozzle material specification: SA 240 304L HIGH

Nozzle orientation:
End of nozzle to shell center:

A-7 CYLINDER
.375 in
0 psi
Not installed

0 deerees
38 ii'

Apr. t9,1996

Revision No. o
Doc. No. V049-l-052
Pas.e l2 of 37

Nozzle offset from center [.o: 0 in
Projection outside vessel Lpr: 1 .5  in

tn  -> l  l< -
l - l < -  atrt-r lr l . l  ,-'i 
l- l-1-'

<_ L _>l

- > l - l

l l r
l-lr

0  i n
. 2 5  i n
1 3 . 5  i n
. 2 5  i n
. 2 5  i n

cor ros ion  a l  low =
noz  th ick  new tn=
nozz le  id .  new d=
f i l l e t  w e l d  t w l  =
groove we 1d twZ =

To datum L= 60 in

Reinforcement Calculations For Nozzle MAWp

Limits of reinforcement UG-40

Parallel to the vessel wall d = 13.5 in
Normal to tle vessel wall outside 2.5*(tn-Cn) * te = .625 in
Normal to the vessel wall inside 2.5x(tir-Cn-C) : .625 in

Nozzle required thickness

trn: P+Rn/(Sn*E - 0.6*P)
: 91.8355.6+6.75l(16700*1 - 0.6*91.83556)
= 0.0372 in

Required thickness tr from UG-37(a)

tr: P*R/(S*E _ 0.6*P)
: 9l-83556*36. 125/(16700*l - 0.6*91. 83556): 0.1993 in

Area required

Allowable stresses: Sn = 16700, Sv = 16700, psi

frl = lesser of 1 or Sn/Sv so frl = I
fr2 : lesser of I or Sn/Sv so fr2 : I

3 .2 t .1996



COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996

NOZZLE#I

A : d*,tr*F * 2*1rrx6*p*(l _ frl)
= 13.5*0.1993*l + 2*0.25*0.1993*1*(1 _ l)
: 2.6906 in^2

Area available

Al = farger of the following : 2.372 in^2

= d+(El *t-F*tr) - 2*tn+(El +t-F*tr)*(l -frl )
= 13.5+(l *0.375- 1 *0. 1993) - 2*9.2J*(1*0.375-l *0. 1993)*( l- l)
:2.372 in^2

: 2*(t+tn)*(E I *t-F*h) - 2*tn1.(E1*t-F*tr)*(l -frI)
: 2*(0.375+0.25)*(l *0.375-1*0 .1993) - 2*0.25*(l *0.375-l *0. 1993)*(l-l)
: .22 in^2

A2 = smaller of the followins = O.266 in^Z

: 5x(tn - trn)xf12x1
= 5*(0.25 - 0.0372)*l*0.375
: .399 in^Z

: 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.0372)+l*0.25
= .266 in^2

A4l : l*s.^2*fr?
: 0.25*Z*j : .063 in^2

A r e a : A l + A 2 + A 4 1
: 2 . 3 7 2 + 0 . 2 6 6 + 0 . 0 6 3
: 2.701 in^2

As Area > A the reinforcement is adequate for MAWP : 91.83556 at 0 Deg F

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin : 0.25 in
tl or t2(min) : lesser of 0.25 dr 0.7+tmin, tl(min) = 0.175 in
t l(actual) :  0.7*l*s.:  0.7t0.25 = 0.175 in
t2iactuali : 0.25 in-
t l '+ t2 = 0.425 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a): trl = 0.0372 in (E : l)
Wall thickness per UG-45(bX I ) : t2 : 0. 1993 in
Wall thickness iter UG-16(b): 

- 
tr3 = 0.0625 in

Std DiDe wall per UG-45ftX4): b4 = 0.328125 in
The-eieater of tr2 or tr3:' tr5 : 0.1993 in
The lesser oft4 or tr5: tr6 = 0.1993 in

3.21.1996
Re\ision No 0
Doc. No. VO49-l45?
Paee ll of 3?
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Revision No. 0
Doc. No. V0J9-l{52
Pape l4 of 3?

NOZZLE #l

Req'd per UG-45 is the larger of trl or tr6 : 0.1993 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses ia ioints UG-45(c) and UW-15(c)

Groove weld in tension : 0.74*16700 : 12358 osi
Nozzle wall in shear : 0,7*16700 : | 1690 psi '

Inner fillet weld in shear : 0.49*16700 = 8183 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*14*0.25*8183 : ,14965.59 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*13.75*0.25*11690 = 63089.a7 hf

(4) Groove weld in tension
(Pii2)*Nozzle O.D.*tw*Sg : 1.57*14*0.25*12358 = 67907.21 lbf

Loadins on welds per UG-4l(bXl)

W = (A - (d - 2*rn)*(El *t - F*tr))+Sv
= (2.6906 - (13.5 - 2*0.25)+(l*0.375 - 1*0.1993))*16700
= 6788.55 lbf

Wl-l : (A2 + A5 + A4l + A42)*Sv
= (0.266 + 0 + 0.063 + 0)*16700
= 5a9a.3 lbf

W2-2 = (A2 + A3 + A4l + A43 + 2r'tn:*t*frl)*'Sv
= Q.266 + 0 + 0.063 + 0 + 2"0.25*0.375*l)*16700
= 8625.55 lbf

toad for path 1-1 lesser of W or Wl-l : 5494.3 lbf
Path 1-l rhru (l) & (3) = M965.59 + 63089.47 : 108055.1 lbf
Path 1-1 is stronger than Wl-l so it is acceptable per UG-41(b)(l).

Load for path 2-2lesser of W or W2-2 = 6788.55 lbf
Pati}-2 Thru (l). (4\ : 44965.59 + 679W.21 -- ll2872.8lbf
Parh2-2 is strohgbr'than W so it is acceptable per Uc-41(bX2).

Reinforcement Calculations For Nozzle MAP

Linits of reinforcement UG*4.0

Parallel to the vessel wall d : 13.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tir-Cn-C) = .625 in

3.21 .1996



COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996

NOZ,ZLE #I

Nozzle required thickness

trn : P*Rn/(Sn+E - 0.6*P)
: 9_) :03_197 +6.75l(1 6700* I _ 0.6t92.03197)
= 0.0373 in

Required thickness tr from UG-37(a)

u.: Pl.R/(S*E _ 0.6*P)
: 9].93_L97 *36. 125 I (l 67 N+ 1 - 0.6*92.03 197 )- 0.1997 in

Area required

Allowable stresses: Sn : 16700, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl :l
fr2 = lesser of I or Sn/Sv so fr2 : I

A = al*tr.*F + 2*tn*tr.xF*(l _ frl)
= !3,510.1997*t + 2*0.25*0.i997+1*(t -  l )
= 2.696 in^2

Area available

Al = larger of the following : 2.367 in^Z

= d*(El xt_F*tr) _ 2xtnf(E I *t_ F+tr)*( l -frl )
= 13:t1(l 

*9375- I *0. I 997) - 2x9.25x11 *0.375- 1 *0. I 997)*(1 -l ):2.367 in^2

= 2*(t+tn)*(EI*t-F*tr) - 2*tn+(E I *t-F*tr)*( l -frl ): 2*(0.3.75^+0.25)*(l ''l0.375_ I *0 .1997) _ 2+0.25"i(l *0.375_ I +0. lggT)*(l _ l)
: .219 in^2

.A2 = smaf ler of the following = 0.266 in^2

= 5*(tn - trn)*fr2*1
: 5*(0.25 - 0.0373)*l*0.375
: .399 in^2

: 5*(tn - trn)*fr2*tn
= 5*(0.25 - 0.03?3)*l*0.25
=.266 in^2

A4l = l*s^Z*fr2
: 0.ZS-2*l = .063 in^2

A r e a : A l + A 2 + A 4 l
= 2.367 + 0.266 + 0.063
: 2.696 in^2

As Area > A the reinforcement is adequate for MAp = 92.03197 at 0 Deg F
Revision No. 0

3 .21 .1996 Doc. No. V0.t9-l -052
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Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness per UC-16(b):
Std pipe wall per UG-a5@)G):
The sreater of tr2 or k3:
The lesser of tr4 or tr5:

CoMPRESS 5.53 C:\COMPRESS\PUMPS\A-7. VSL

NOZZLE #l

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) = lesser of 0.25 or o.?+tmin, tl(min) : 0.175 in
tl (actual) : 0.7*[.eg : O.'l*0.25 : 0.175 in'
t2(actual) : 0.25 in
t l  + t2 = 0.425 >= 1.25*trnin

The weld sizes for tl and t2 are satisfactory.

UG45 Nozzle Neck Thickness Check

trl : 0.0373 in (E = l)
t2 :0.1997 in
tr3 = 0.0625 in
tr4 : 0.328125 in
tr5 : 0.1997 in
tt6 -- 0.1997 in

Req'd per UG-45 is the larger of trl or tr6 = 0.1997 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP.

Allowable stresses in joins UG-45(c) and UW-15(c)

Groove weld in tension = 0.74*167M: 12358 psi
Nozzle wall in shear : 0.7*16700 : I1690 nsi 

'

Inner fillet weld in shear = 0.49"16700 : 8183 psi

Strengttr of welded iointu

(l) Inner fillet weld in shear
(Pii2)*Nozzle O.D.+bg*Si : 1.57+14*0.25x8183 : ,f4965.59 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn+Sn = 1.57*13.75*0.25*11690 : 63089.47 lbf

Apr. 19, 1996
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(4) Groove weld in tension
(Pi/2)*Nozzle O. D. *tw*Sg : 1.57 r( 1 4+0.25* I 2358 : 67907 .21 lbf

Loading on welds per UG-4lOXl)

w =_(4-- (d - ?*q)1Gl*r - F*tr))*Sv= (2-996_:(ll:5 - 2*0.25)+(1*0.375 - l*0. 1997))+16?00
:6965.571 lb f

Wl-l = (A2 + A,5 + A4l + A42)*Sv
: (0.266 + 0 + 0.063 + 0){.t6700
: 5494.3 lbf

W2-2: (A2 + A3 + A41 + A43 + 2:tstn*t*frl)*Sv

3.2r .1996
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NOz'z'LE #r
= (0.266 + 0 + 0.063 + 0 + 2*0.25*0.375*l)*16700
: 8625.55 lbf

Load for Dath l-l lesser of W or Wl-l : 5494.3 lbf
Path l-l Thru (l) & (3) : 44965.59 + 63089.47 : 108055.1 lbf
Path l-1 is stronger than Wl-l so it is acceptable per UG-41(b)(1).

l,oad for path2-2lesser of W or W2-2 = 6965.571 lbf
Path2-2 Thru (l), @) = aa965.59 + 67907.21 = 112872.8[bf
Path 2-2 is sbonger than W so it is acceptable per Uc-41(b)(2).

Reinforcement Calculations for External Pressure

: df(El*t-F*tr) - 2*tnr(El *t-Fr!tr)*il-frI)
: ! 3jli(l *.0_. 375- l 'F 0.2008) - 2*9. 25*1 I *d. 375- I *0.2008)*( l-t)
:2.352 in^2

: 2*(t+tn),r(El *t-F+tr) _ 2*tn*(El*t_F*tr)*(l _frl )

3-21.1996

Limits of reinforcement UG-40

Parallel to the vessel wall d : 13.5 in
Normal to the vesset wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Nozzle required thickness

L/Do : 1.5114 : .1071 Do/t = 14t0.02658 : 526.7118
From table G: A : 0.001242
From table HA-3: B : 5832.7

Pa= 4*B/(3*Do/t)
= 4+ 5832.7 | (3+ 1 4 I 0.02658;)
: 14.7651 psi

Nozzle required thickness trn : .02658 in

Required thickness tr from UG-37(dXl) : .2fi)8 in

Area required

Allowable stresses: Sn = 14700, Sv : 14700, psi

frl = lesser of 1 or Sn/Sv so frl :1
fr2 : lesser of I or Sn/Sv so fr2 = 1

A : o.s*(d*tf,fF + 2*vt+tr*F*( t _ frl))
:  0.I :(13,5*0.2008*l + 2*0.25'r0. i008*l*( l  _ l))
: 1.3554 in^2

Area available

Al : larger of the following -- 2.352 in^2



] 
tJI8,rJlr. o 25)*( I *0.375- l *0.2008) - 2*0.25*( I *0.375- I *0. 2008)*(I - I )

A2 = smaller of the following

: 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.02658)*l*0.375
: .419 in^2

= 5*(tn - trn)*fr2*tn
= 5*(0.25 - 0.02658)+1x0.25
= .279 in^2

A4l : l*g'2+fr?
: 0.25^2*l = ,063 in^2

A r e a : A l + A 2 + A 4 l
: 2.352 + 0.279 + 0.063
: 2.694 in^2

As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

CoMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL
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= 0.279 in^2
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Wall thickness per UG-45(a):
Wall thicknes fer UG-a5@)(2):
Wall thickness ner UG-16(b)i
Std pipe wall p6r UG-45(b)(4):
The sreater of b2 or tr3:
The lesser of tr4 or tr5:

trl : 0.02658 in (E : 1)
tr2 = 0.0361 in
tr3 = 0.0625 in
tr4 = 0.328125 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21 .1996
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Applied Loads

Radial load
Circumferential moment
Circumferential shear
Inngitudinal moment
toneitudinal shea.r
Tors'ion moment
Internal pressure

Stresses at tie nozzle OD per WRC bulletin 107 ( psi)

Mean radius Rm = 36.3125 in
Rm/t:96.83334

Stress concentration factor Kn (tension) : I
Stress concentration factor Kb (bending) : 1

Pressure stress intensity factor, Farr equation l l.5

| = .25*(4 + 3+(r/x)^2 + 3*(r/x)^4): .]5: (4 + 3* (6.7s t7 .2st^ 2 +' 3* (6.7 s t7 .25) ^ 4):2 .214

Local circ. pressure stress = I*PxRm/t = 0 psi -

l-ocal long. pressure stress = P*Rm/2t : 0 psi

Maximum combined stress :-9220 osi
Allowable combined stress = +-3*S : +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress :-2445 osi
Allowable primary membrane stess = +-l.J*S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Pr : 2250 lbf
Mc : 378.5 lbf-ft
Vc : 126.5 lbf
ML :378,5 lbf-ft
VL : 126.5 lbf
Mt = Olbf-ft
P = Opsi

3.21.1996
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NOZZ,LE,#2

Opening n2 Reinforcement Calculations Per UG-37

I-ocated on:
User input vessel thickness:
Liquid itatic head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center 1r:
Projection outside vessel Lpr:

C:\COMPRESS\PUMPS\A-7. VSL Apr. 19,r996

Rerision No, 0
Doc. No. V0{9-l-0-j2
Pase2t of .37

A-7 CYLINDER
.375 in
0 psi
Not installed

SA 240 3O4L HIGH

90 desrees
38 in-
0 i n
1 .5  in

tn -> l  l<-
l - l < -  d

t w l - > l . l < l
l / l  I  u-'\ l- l-*z

a- 1 
^r1

' ll; c o r r o s i o n a i l o w = 0 i n
noz  th ick  new tn=  .25  in
nozz le  id .  new d= 9 .5  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove weld tw2 = ,25 in

To da tum L= 143.88t n

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5+(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5'r11i1-Cn-C) : .625 in

Nozzle required thickness

trn : P*Rn/(Sn*E - 0^6*P)
: 9_4,Q181 1*4.75l(16700*1 - 0.6+94.6381 l)
: 0.02't in

Required thickness tr from UG-37(a)

tr= P*Ri (S*E - 0.6*P)
= 94.6381 I *36. 125l(16700*l - 0.6*94.6381 1)
: 0.2054 in

Area required

Allowable stresses: Sn = 16700, Sv = 16700, psi

frl : lesser of I or Sn/Sv so frl :l
fr2 : lesser of 1 or Sn/Sv so fr2 :1

3.2t.1996



A = d*tr*F * 2,r6x6*p*(l _ frl)
= 9.5*0.2054*l + Z*0j5*0.2654*l'r,(1 _ l)
:  1 .9513 in^2

Area available

CoMPRESS 5-53 C:\COMPRESS\PUMPS\A-7.VSL
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Al : larger of the following :  l . 6 l l  i n ^2

= 0.279 in^2

: d*(E1*r-F*tf) - 2r.tn:f(El ft-F*tr)*(1-frl )
:  9.5*( l+0.375-t 10.2054) - 2xg.2J*(1x0.375-l*0.2054)*( l- l)
:  1 .611 in^2

: 2*(t+rn)*(81*t-F*rr) - 2*tn'ts(El *t-F*tr)'F( l -frl )
= 2*(0.375 +0.25)*(l *0.375-l *0 .2054) - 2*0.25'E(l*0.375-l *0.2054)*(l-l )
= .212 in^2

A2 = smaller of the following

: 5t(tn - trn)*fr2*t
: 5*(0.25 - 0.027)*l*0.375
:  .418 in^2

: 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.027\*l*0.25
= .279 in^Z

A4l : Les^2*fr2
: 0.25'2*l : .063 in^2

A r e a : A l + A 2 + A 4 l
: 1 . 61  1  +0 .279  +0 .063
:  1.953 in^2

As Area > A the reinforcement is adequate for MAWP = 94.63811 at 0 Deg F

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) : lesser of 0.25 or o.7+tmin, tl(min) = 0.175 in
t l(actual) = 0.7*Les -- 0.7*0.25 : 0.175 in
t2(actual) : 0.25 in-
t l  + O = 0.425 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness ircr UC-16(b):
Std pipe wall per UG-45(b)(4):
The-gieater of tr2 or tr3:- 

' '

The lesser of tr4 or tr5:

3 -21 .1996

v1 :0.027 in (E = l)
tr2 : 0.2054 in
tr3 : 0.0625 in
tr4 : 0.319375 in
trS = 0.2054 in
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Req'd per UC-45 is the larger of trl or tr6 = 0.2054 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension = 0.74*16700 = 12358 psi
Nozzle wall in shear = 0.7x16700 = 11690 psi 

-

Inner fillet weld in shear = 0.49*16700 : 8183 psi

Strength of welded ioints:

(1) Inner fillet weld in shear
(Pi/2)+Nozzle O.D.*lrg*Si :  1.57+10+0.25*8183 : 32118.28 lbf

(3) Nozzle wall in shear
(Pi/2)xMean nozzle dia.*tn*Sn : 1.57{'9.75*0.25*11690 : 44736.17 lbf

(4) Croove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57'<10+0.25*12358 = 48505.15 lbf

Loading on welds per UG-41OXI)

w: (A - (d - 2*tn)+(El*r - F*tr))xsv
: (1.95r3 - (9.5 - 2*0.25)*(1*0.375 - 1+0.2054))+16700
= 7095.831 lbf

Wl-l : (A2 + A5 + A41 + A42;x5u
= (0.279 + 0 + 0.063 + 0)*16700
: 571 I .4 lbf

W2-2: (A2 + A3 + A4l + A43 + 2*tn*t*frl)*Sv
= (0.2'79 J 0 + 0.063 + 0 + 2f0.25*0.375*1)*16700
= 8842.65 lbf

Load for path l-l lesser ofW or Wl-l = 5711.4lbf
Path l-l Thru (l) & (3) : 321t8.28 + 44736.17 : 76854.a5 lbf
Path 1-l is stronger than Wl-l so it is acceptable per UG-41(b)(l).

toad for path 2-2 lesser of W or W2-2 : 7095.83 I lbf
Path2-2 Thru (l), G) = 32118.28 + 48505.15 = 80623.a3 lbf
Path 2-2 is stronger than W so it is acceptable per UG4l(b)(2).

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 9.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : ,625 in

3.2r.1996



COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL

NOZZ,LE#2

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 24:47 59*4.75(16700* I - 0.6*94.447 59)
: 0,027 in

Required thickness tr from UG-37(a)

tr: P+R/(S*E - 0.6*P)
: 24:1!7 59+36.125 | (167 00* | - 0.6*94.447 59)
: 0.205 in

Area required

Allowable stresses: Sn : 16700, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl : I
fr2 = lesser of 1 or Sn/Sv so fr2 : I

A = dl,tr*F + 2*tn*tr*F*(l _ frl)
= 9.5*0.205*l + 2*0.25*0.205*1+0 _ t)
:  1.9475 in^2

Area available

Al = larger of the following = 1.615 in^2

= 0.279 in^2

Apr. 19, t996
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= d*(El*t_F*tD _ 2*tn"(El +t_F*rr)*(l _fr1)

= ?.lilt l"o.itt- 
I *0.205) - 2*'e.2Jx( i *0. 375- r *0.205)*( l - r )

: 2*(t + tn)*(E1+t-FfU) - 2+tn*(El *t-F*r)*( I -frl )

1 .T[\ ?]!r* 
O 15) *( I *0. 37s- I *0 .20s) - 20.25+ (i *0. 375- I *0. 205)+( l - I )

A2 : smaller of the following

: 5*(tn - trn)*fr2xt
: 5*(0.25 - 0.027)+l*0.3?i
: .418 in^Z

: 5*(tn - trn)+fr2*tn
: 5*(0.25 - 0.027)*t*0.25
= .279 in^2

441 = l*e^2*fr?
: 0.25'2*1 : .063 in^2

Area: Al + A2 + A4l
: 1.615 + 0.279 + 0.063
: |.957 in^2

As Area > A the reinforcement is adequate for MAP = 94.44759 at 0 Deg F

3.21.1996
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Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) = 0. 175 in
tl(actual) = 0.7*t*s - 0.7*0.25 = 0.175 in
t2(actual) = 0.25 in-
t l  + t2 = 0.425 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Ncck Thickness Check

Wall thickness per UC-45(a):
Wall thickness per UG-45@)(l):
Wall thickness per UG-16(b):
Std pipe wall per Uc-45(b)(4):
The sreater of tr2 or tr3:
The lesser of tr4 or tr5:

trl = 0.027 in (E : 1)
tr2 : 0.205 in
tr3 = 0.0625 in
tr4 = 0.319375 in
tr5 = 0.205 in
tr6 = 0.205 in

Apr. 19,1996
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Req'd per UG-45 is the larger of trl or tr6 : 0.205 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension = 0.74*16700 : 12358 psi
Nozzle wall in shear : 0.7+16700 = 11690 psi 

-

Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)+Nozzle O.D.*trg*Si = 1.57*10*0.25*8183 : 32118.28 lhf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*9.75*0.25*11690 = 44736.17 lbf

(4) Croove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57:r10|i0.25*12358 : 48505.15 lbf

I-oadios on welds per UG-41(bXl)

W = (A - (d - 2*tn)*(El*t - F*tr))*Sv
= 11,:2!7-5_ -..(9-. 5 - 2 *0. 25) +( I *0. 375 - I *0. 205D+ I 6700= 6972.25 lbt

Wl-l = (A2 + A5 + A4l + A42)*Sv
= (0.279 + 0 + 0.063 + 0)*t6700
= 5711.4lbf

W2-2: (A2 + A3 + A41 + A43 + 2*tn*t*frl)*Sv

3.21.1996



COMPRESS 5.53 C :\COMPRESS\PUMPS\A-7.VSL

NOZZLE#2

= (0.279 + 0 + 0.063 + 0 + 2*0.25*0.375*t)+16700
: 88a2.65lbf

Load for path l- l  lesser of W or Wl-l : 5?l1.4 lbf
Path l-l Thru (l) & (3) : 32118.28 + 44736.17 = 76854.45 \bf
Path l-l is stronger than Wl-l so it is acceptable per UG-41(b)(l).

Dolt: 1010.02006 = a98.50a5
A : 0.0009

B :  5516.8

Apr. 19,1996
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Load for path 2-2lesser of W or W2-2 = 6972.25 lbf
Path2-2 Thru (l), (4) : 32118.28 + 48505.15 = 80623.a3 lbf
Path 2-2 is stronger than W so it is acceptable per UG-al@)(2).

Reinforcement Calculations for External pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5+(tir-Cn-C) : .625 in

Nozzle required thickness

L l D o : 1 . 5 / 1 0 : . 1 5
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
= 4*5516.8/(3*10/0.02006)
: 14.7556 psi

Nozzle required thickness trn : .02006 in

Required thickness tr from UG-37(dXl) : .2008 in

Area required

Allowable sresses: Sn : 14700, Sv : 14700, psi

fr1 : lesser of I or Sn/Sv so fil : I
fr2 = lesser of I or Sn/Sv so fr2 : I

A = o.s*(d,ktr*F + 2*tnrt {.F+( l _ frl ))= 0-5*(9-5*0.2009+t + 2,,.0.25*0.r,y69*1+1t _ l))= .9538 in"2

Area available

Al : larger of the following : 1.655 in"2
= d*(El*t-F+tr) - 2*tn+(El *t_F*tr)+( I _frl)
:  9.5+(t *0.375-l +0.2008) - t*9.25+jt *0.375_l *0.2008)*( l_l)
:  1.655 in^2

: 2+(t+tn)*(E1*t-F*tr) _ 2,rtn*(El *t_F*tr)*(l_frl )

3 .2 r .1996
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:0.287 in^2

trl : 0.02006 in (E = l)
tr2 : 0.0361 in
tr3 = 0.0625 in
tr4 = 0.319375 in
tr5 = 0.0625 in
tr6 : 0.0625 in
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: 2*(0.375+0.25)*(1*0.375-l*0.2008) - 2*0.25*(l*0.375-l *0.2008)+(l-1)
: .218 in^Z

A2 = smaller of the following

: 5*(tn - trn)*fr2*t
= 5+(0.25 - 0.02006)*1x0.375
: .431 in^2

= 5*(tn - trn)*fr2*tn
= 5*(0.25 - 0.02006;*1*9.25
: .287 in^Z

A4l : l-.es.^ 2*fr2-- 0.25*2*l : .063 in^2

A r e a = A l + A 2 + A 4 1
= 1.655 + 0.287 + 0.063
= 2.005 in^2

As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Tbickness Check

Wall thickness per UC-45(a):
Wall thickness fer UG-45(h)(2):
Wall thickress rrer UG-16(b):
Std nipe wall ner Uc-45ft)(4);
The'sieater of tr2 or tr3:- 

' ' '

The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

3.2r.1996



CoMPRESS 5.53

Anplied Loads

Radial load
Circumferential moment
Circumferential shear
knsitudinal moment
IonEitudinal shear
Tors'ion moment
Internal pressure

Stresses at the nozzle OD per WRC bulletin 107 ( psi)

Mean radius Rm = 36.3125 in
Rm/t : 96.83334

Stress concentration factor Kn (tension) = I
Stress concentration factor Kb (benOing) = t

Pressure stress intensity factor, Farr equation 11.5

l:  .25*(4 + 3*(r lxl^2 * 3*(r/x)^4)
: .25* (4 + 3+ (4.7 5 | 5.25)^ 2 +' 3* (4.7 5 I 5.25)^ 4)
:  2 .117

Local circ. pressure stress : I*P+Rm/t : 0 psi

local long. pressure stress : P*Rm/2t : 0 psi

Maximum comhined stress =-4635 Dsi
Allowable combined stress : + -1.5*S = +- 25050 psi

The maximum combined stress is within allowable limis.

Maximum primary membrane stress =-l192 osi
Allowable frimary membrane srress: +-1.5+S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

C:\COMPRESS\PUMPS\A-7.VSL

NOZZLE#2

Pr = 1155 lbf
Mc = 0lbf-ft
Vc  :  0 lb f
ML :0lbf-f t
vL : 0lbf
Mt = 0lbf-ft
P  =  0ps i

Apr. 19,1996

Revision No. 0
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NOZZ'LE#2

Apr- 19, 1996

f roml  va  tue
F ig .  I  read

-3c--tm.oirtd;Tt
4C*  114 .051  10 .12
l c  1 0 . 0 7 6 8  1 0 . t 2
2 C - r  1 0 . 0 4 4 5  1 0 . 1 2
3A*  13 .8452  10 .12
l A  1 0 . 0 7 7 6  1 0 . 1 2
38*  110 .290  I 0 . 12
1 8 -  I  1 0 . 0 2 8 3  1 0 .  t 2
pressure stress*

Tota l  c i rc  s t rE i i
Primary membrane
ci rc  s t res s*

-Io-iel 
to-ng-sfiess

Primary membrane
long stres s*

torsio; momeni-F-
Circ shear from Vc
Long shear frorn VL

DIDuc lCuB1BuA IAu

-850 -850 -S50 - 65U

3785
-1192 -1192 -1192

-2193 2193 -2t93

- 1 1 9 2
- 3785

2I93
3785 -3785

-338s 1001 -3385 1001 -4635 293s -4635 2935

-1192 -i192 -1192 -1192 -8s0 -850 -850 -850

-1192 - r192 -1192 - t t92
-3701 3701 -3701 3701

-2331 233I  -2331 2331

-4551 28s l  -4551 2851 -3523 1139 -3523 u39

-850 -850 -850 -850 -t192 -t192 -ttg? -1192

l C -  l  l o . 0 7 s 1  1 0 . 1 2
2 C  1 0 . 0 4 7 3  l 0 . l z
4A*  l 6  .  9979  l 0 .  12
2 A  1 0 . 0 3 9 1  1 0 . 1 2
4 8 *  1 3 . 8 0 3 1  1 0 . 1 2
2 8 - 1 t 0 . 0 3 9 1  t 0 . 1 2
pressure s t ress*

Tota l  Shear  s t ress

Combined stre s s -  4551

Rertsion No. 0
Doc. No. V0l9-l{52
Pase 29 of37
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73.25'CVR PLT

ASME Section VIII Division I, 1992 Edition. A94 Addenda

corr = 1680.3 tb

Apr. 19,r996

Roision No. 0
Doc. No. V049-l{52
Pase l0 of 37

Component:
Mateiial specification:

Corrosion allowance: Inner C = 0 Outer= 0

PWHT is not performed

Radiography: Category A joints - Spot UW-l l(b) type I

Estimated weight: new : 1680.3

OD : 73.25 t = 1.375 in (new)

Factor C : .26

Note: Factor C increased per UG-39(d)

Design thickness: (At 0 dee F) UG-34 eq (l)

t = dxSqr(C*P/(S*E)) + Corrosion
= 73.25*Sqr(0.26*0(16700+0.85)) + 0: 0 i n

MAP: (New & at 0 deg F)

P:  (S*E/C)* ( t /d )^2-Ps
: (F?9q10 8J/0.26)*(r.375t73.25)"2 - 0
: 19.2377 osi

P = (S*E/C)*(t/tl)"2 - Ps= (L6ZQ10 8l/0.26)+(1.37 s/73.25)^ 2 - O
= 19.2377 psi

Flat welded head
SA 240 3O4L HIGH

ln

3.2t.1996
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60.5'CYLINDER

ASME Section VIII Division I, 1992 Edition, A94 Addenda

psi@ 400 degF

Outer: 0 in

UG-27(cXl)

Apr. 19,1996

Revision No 0
Doc. No. V049-l'052
Paee 3l of 3?

Component:
Mateiial specifi cation:

External design pressure:

P = SxE*t/(R + 0.6*t) - Ps
: 16700*0.85*0.18751(30.25 + 0.6*0.1875) - 0
= 87.65953 psi

MAWP: (Corroded & at 0 deg F) UG-Z7(cXl)

P : S * E * I / ( R + 0 . 6 * t ) _ P s
: 16700d.0.85*0.1875/(30.25 + 0.6f0.1875) - 0
= 87.65953 psi

External Pressure: (Corroded & at 4fl) deg F) UG-28

L/Do = 34.'12917160.875 =0.5705 Dolt: ffi.87510.15876 = 383.4404

Pa= 4*B/(3*Doit)
: 4*4267.21 6*60. 875/0. 15876)
: 14.8174 pdi

Design thickness for external pressure Pa : 14.8174 psi:

: t * Corrosion
= 0.15876 + 0
: 0.15876 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

L/Do : 34.729171ffi.875 =0.5705 Dott = 60.875t0.1875 = 324.6667

From table G:
From table HA-3:

From table G:
From table HA-3:

3.2r.1996

A = 0.000322
B : 4 2 6 r . 2

A : 0.000417
B = 4818.4

Cvlinder
SA 240 3O4L HIGH

Pe: 14.7

Corrosion allowance: Inner C = 0

MAP: (New & at 0 des F)

PWHT is not performed

Radiography: Category A joins - Spot UW-l l(b) type I
Category B joints - Spot UW-ll(b) type I

Estimated weieht: rcw = 279.9 con = 279.9 lb
capadity: new = 336.01 corr : 336.01 US ga

ID : 60.5 length Lc= 27 t = 0.1875 in (new)



COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr.19, 1996

60.5'CYLINDER

Pa= 4*B/(3*Do/t)
= 4*48 I 8.4/(3*60.875/0. 1 875)
: 19.788t pi i

Revision No. 0
Doc. No. V0.19-l -052
Paec 32 of37
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Stiffener RinP,s

Stiffening Ring Calculations Per UG-29

ASME Section VIII DtyLsion 1, 1992 Edition, A

Stiffener Ring.s
sA 240 304rHrGH
2
40 in
88 in

2x2xl14 Equal Angle
leg in (hard way)

As : 0.938 in^2
Ir : 0.348 in^4

Identifier:
Rine material snecifi cation :
Nufrber of rinds in this sroun:
Distance fust iing to dat'um line:
Ring spacing:

Rine descriotion:
RinE is rollbd:
RinE cross sectional area:
Rin! moment of inertia:

Calculations for ring 40 in from datum

Shell material soecification: SA 240 304L HIGH
Required shetl thickness: t = 0.20078 in
Corroded shell thickness: ts : 0.375 in
Shell outer diameter:
Design temperature:
Extemal desiqn Dressure:
Stiffener supforied length :

B : .75*(P*Do/(t + As/Ls))

D o : 7 3 i n
= 400deg F

P = 14.7 psi
Ls : 30.15625 in

j {ffol\E-r 
t/(0. 20078 + 0. e38/30. I 5625))

From table HA-3 (ring) A = 2.62'78578-04

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
: (73 ̂  2*30. 1 5625 *(0. 20078 + 0. 93 8/30. I 562 5\*2.627 85'�18-04) I 1 0.9
: .8984013 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 5.75$2a

W: l . l  *Sqr(Do*ts)
= l . l*Sqr(73*0.3?5)
: 5.755324 in

W : Ls : 30.15625 in

Shell area Al = W*ts = 2.158247 in^2

Distance to the ring neutral axis

t.zr.1996

Apr. 19, 1996

Re\ision No. 0
Doc. No. V049-l -052
Paee 33 of i?



Y2 : Rins NA + ts/2
: 1.408'+ 0.31512
- 1.5955 in

Neutral axis of combined section

NA: AstY2/(Al + As)
: 0.?!8*1.59551Q.158247 + 0.938)
: .4833527 in

Inertia of the shell about the combined section NA

I l = W * t s ^ 3 / 1 2 + A 1 * N A ^ 2
= 5.7 55324*0.37 5 ̂  3 | 12 + 2. | 58247 +0. 4833527 ^ 2
: .5295227 in^4

Inertia of the ring about the combined section NA

1 2 : . I r + A s + ( N A - Y 2 ) ^ 2
: 0.3a8 + 0.938*(0.483352? - 1.5955)^2
:  1 .508186 in^4

Total available I : ll + 12 : 2.037708 in^4

The 2*x114 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 128 in from datum

CoMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL

Stiffener Ripgs

SA 240 3O4L HIGH
0.20078 in
0.375 in
73 in

Shell material srrecifi cation:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn Dressure:
Stiffener supforied length:

B = .75+(P*Do/(t + As/Ls))
: .75*(l 4.7*73t (0.2W79 +
= 3588.719

From rable HA-3 (ring)

: 4 0 0 d e g F
P : 14.7 psi
Ls = 39.94 in

Apr. 19,1996

Revision No. 0
Doc. No. V049-l-052
Paee 34 of37

t
t s .
Do

0.938t39.94))

A = 2.7162778-04

Required moment of inertia of the combined ring-shell section

Is= (Do^2*Ls*(t + AsiLs)+A)/10.9
= (7 1 :?*.12 ? 4:(0. 20078 + 0. 938/39. 94) * 2.7 | 627 7 E-M) t r0.9-- 1.189497 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 5.755324

W = l.l *Sqr(Dorts)

3.21.1996
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Stiffener Rings

Apr. 19,r996

Revision No. 0
Doc. No. V0{9-l{52
Paee 35of37

= l. l*Sqr(73*0.375)
= 5.755t24 in

W = Ls = 39.94 in

Shell area Al : W*ts :2.158247 in^2

Distance to tle ring neutral axis

Y2 = Rine NA + tsi2
= 1.408-+ 0.37512
: 1.5955 in

Neutral axis of comhined section

N A : A s + Y 2 l ( A l + A s )
: 0.938+1.59551(2.158247 + 0.938)
: .4833527 in

Inertia of the shell about the combined section NA

I l = W * t s ^ 3 / 1 2 + A 1 * N A ^ 2
: 5.'�| 5 5324*0.37 5 ̂  3 / 12 + 2. | 58247 * 0. 4833 527 ̂ 2
= .5295227 in'4

Inertia of the ring about the combined section NA

1 2 = I r + A s * ( N A - Y 2 ) ^ 2
: 0.11! + 0.938,*(0.4833527 - 1.s9ss)^2
:  1 .508186 in^4

Total available I : 11 + 12 :2.037708in^4

The 2x2xl 14 Equal Angle vacuum stiffener is satisfactory.

3.21.1996
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Support Ring

Stiffening Ring Calculations Per UG-29

AS!{! $pction !!II Division l. 1992 Edition, A94 Addenda

Suooort Rins
SA.24O 3O4t HIGH
I
88 in

4x3x1l4 Un Equal Ang
lee in (hard wav)

As = l .-69 id^2
lr = 2.'17 in^4

Calculations for ring 88 in from datum

Identifier:
Ring material specification:
Number of rines in this srouD:
Distance first frng to datim fine:

Ring description:
Rins. is rolled:
Rin[ cross sectional area:
Ring moment of inertia:

Shell material specifi cation:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temDerature:
Extefrral deiign pressure:
Stiffener supported length:

B : .75*(P*Do/(t + As/Ls))
= .75+(14.'t*73(0.20078 + t.69144))
= 336a.806

SA 240 3O4L HIGH
0.20078 in
0.3?5 in
73 in
400 dee F
14.7 ps-i
44 in

Apr. 19, t996
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t :
t s =
D o =

P :
L s :

From table HA-3 (ring) A = 2.548358E-04

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
: (7 3 ̂  2* 44* (0.20078 + 1 .69 / 44)*2. 5 48358E-04)/ 1 0. 9
=  1 .311215  i n ^a

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 5.755324

W: l. 1*Sqr(Do*ts)
:  l . l*Sqr(73*0.375)
= 5.755t24 in

W = L s = 4 4 i n

Shell area Al : W*ts :2.158247 in^Z

Distance to the ring neutral axis

Y2 = Ring NA + ts/2

3.21.1996
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Sunport Ring

:2 .76  +  0 .375/2
: 2.9475 in

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
: 1.69*2.94i5t(2.158247 + 1.69)
-- |.294427 tn

Inertia of the shell about the combined section NA

I l : W * t s ^ 3 / 1 2 + A I * N A ^ 2
- 5.7 55324+0.37 5^ 3 | t2 + 2. 158247 * 1 .294427 

^ 2
= 3.641525 in^4

Inertia of the ring about the combined section NA

t2 : t r  *  AS*(NA_y2)^2
: 2.77 + 1.69x(1.294427 - 2.9475)^2
='1 .3881'17 in^4

Total available I = Il + 12 = 11.0297 in^4

The 4x3xl/4 Un Equal Ang vacuum stiffener is satisfactory.

Revision No. 0
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH, MA

ENGTNEERING
CALCI.JLATIONS

NO:vo49-l- o53
PAGE I OF tn

REV, DEO # DATE BY: CFIECK TITLE: SPOOL B-l (72 in)
0 D I 4 l r,J D fb l( D z--'

BY: trl, t5,\r-^-Ja^" DEPT-: 744

PROJECT: LIGO Vacuum Equipment
t \

PROJECTNO: V59M9

PURPoSE: Determine spoovadapter shell thickness. Additionally when applicable, €valuate
nozzle opening(s), calculate size and spacing of stiffener rings and support
rinss.

METHOD: Thickness requirements per rhe ASME codg Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.31.

ASSTJMPTIONS:

INPUTS: t .
2.

Vacuum pressure = 14,7 psi
Design Temperature = 400 F,

MFERENCES:l .
J

?

ASME Boiler & Pressure Vessel Code, Section VIIL Div. l, Pressure Vessels.
COMPRESS 5.3 l, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
/ b + ' l - ' / - D t ( ,  L  t t , . \  t 1 1 2 , t , , , . t t . r e , ,  /  C 1 r . a ,  b E r ,  " " , t  / .  a , . < . t . . . ;

CALCULATIONS: (SEE ATTACHED)

cONCLUSIONS: The requiremorts of the ASI,G code are met for spool B-r outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s)- For flange design and analysis see calculation numbers v049-l-016,017, olg, & 019

Rer.ision No. 0
Doc. No. V0{9-l{53
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CoMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-l.VSL

Prcssure Summary

Pressure summary for pressure chamber I

Apr. 19, t996

I P€ I oc-ee I

le, tcrDal  l  R. t Io I

i  r .ooo I

I  t ,ooo I

gtr.33 f,cductton |  ( l n )  I

l P l T l x r ! ' r P l r l a l )

I  deslgn I  desls '  I  I

I  o . o  I  o . o  I  L z . i  r ? , 5  |

I  o . o  I  o - o  I  r 7 . s  I  r " - s  I

( p6 r )  l ( d€s  . )  |  ( ps r )  |  (F r )  |  ( p6 r )  i  I
- l - l - l - l

I  o .o  I  o .o  I  e? -a  I  e7 ,E  |  22 .a  I  r . ooo  I

XDIIT

I sD6r B-1 "2. dt.

|  "2 -25 i  .1d  Frang€

|  "2 . t5n  Id  Franq€

I support Rjngg

I trot .PP!.!€bI.

I  Dot  .pp l l c .b l .

I dot appllcablc

II  |  7 4 . ?  |  |

t _ t _ t _ t _ t - l - t - l

Vessel MAWP hot & corroded is 17.53 psi @ 0 degrees F.

Vessel MAP new & cold is 17.53 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.

Hvdrotest Dressure calculation based on MAWP

: 1.S*(MAWP + Operating Liquid Head)*l -- 26.3 psi

Vessel hydrotest pressure is 26.3 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP.

Retision No. 0
Doc. No. V019-1453
Pase .1 of l0
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Weight Summarv

Apr. 19,1996

coiponent ------ selgrrt (lbs) cortllr,urcar by vess6l tt...nt6

xet6l ||etal Trlys packed lh3!l Llhlhg p1ptng r.ddcr tlnge ol'e! r.rt l|ozrte

Nef & 6ut, Deds & p1.r I Elsc Ltqutd Llqular a tlg

Spoo l  b - I  72"  d  l9a2

72.25r  la r  f tang

? 2 . 2 5 '  l d  f l a h g  a a o

22t

vesre t  opeta t lng  !61q l r t ,  co f toded:  3 ,99r  Ibs

Vease l  enpty  He ig l i t ,  cor .o t l€dr  r ,a9 l  tb6

Ve6se l  eHpt !  ! ' c igh t ,  ner r  3 .c91 lbs

Veese l  t€s t  Fe lgb t .  ner :  2 r .654 tbs

Vessel lift weight, new:
Center of gravity to seam:

3,891 lbs
60 in

Jore: Fu,r-".lce L\"*'," ,: @rsvl' o; t 3'ttttc (t''-rt'€

L..�v,i- tL4.,cbe Tf\\LLr.!€55 \^J\s- B€ Lre'1+ '

Revision No. 0
Doc. No. V049-l -053
Pase 5 of l0
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Thickness Summarv

Length NoB t cov6 in IDg

Load st.tus str.Es ( r n )

sPool b-1 ?2'r dtq 12 -25 o , 2 5 0 0  0 .  r s 6 9  0 . s 5

Nom t - vessel wall thickness
Rel t - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency

Load:
internal - circ stress due to internal pressure governs
exlernal - external pressure governs
wind - combineti lons stress due to STATUS + wind soverns
seismic - comhined lon! stress due to STATUS * seismic governs

Re\ision No. 0

Doc, No. V0'19-l-051
Pape 6 of l0
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Spool B-l  72'dia

ASME Section VIII Division l, 1992 Edition, A94 Addenda

Component: Cvlinder
Matdial specificarion: SA 240 304L HIGH

External design pressure: Pe-- 14.7 psi p 449 deg F

Corrosion al lowance: lnnerC:0 Outer:0 in

PWHT is not performed

Radiography: Category A joins - Spot UW-l l(b) type I
Category B joints - Spot UW-I1(b) type I

Estimated weight: new = 1981.6 corr : 1981.6 lb
capacity: new : 2129.779 corr : 2129.7']9 US ga

lD = 72.25 length Lc: 120 t : 0.25 in (new)

MAP: (New & at 0 deg F) UG-27(cXI)

p : S * E + t r f ( R + 0 . 6 * 0 _ p s
: 167-00*0.85*0.251(36.125 + 0.6*0.25) - 0
= 97.82909 osi

MAWP: (Corroded & at 0 deg F) UG-27(cXl)

P :  S* .E* I / (R +  0 .6+t ) -Ps
: 16700*O85*0.251(36.125 + 0.6*0.25) - 0
: 97.82909 psi

. External Pressure: (Corroded & at 4fi) deg F) UG-28

L/Do : 40172.75 =0.5a98 Dott:  i2.75t0.18693 : 389.1831
From table G: A : 0.000325
From table HA-3: B : 4301.3

Pa= 4+B/(3*Do/t)
: 1143-01 j 3(3 *7 2.7 s t 0. 1 8693)
: 14.7362 psi

Design thickness for external Dressure Pa : 14.7362 Dsi:

: t * Corrosion
: 0 . 1 8 6 9 3  +  0
= 0.18693 in

Maximum Allowable External Pressure: (Corroded @ 4(X) dep F)

LlDo = 40172.75 =0.5498 Dolt:72.7510.25 :291
From table G: A = 0.000503
From table HA-3: B = 4980

3.2t.rss6 l;l'ffYJ.r{s3
Pase 7 of lo
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Spool B-l  72'dia

Pa= 4*B/(3*Do/t)
= 4* 4980 I 6*7 2.1 5 I 0.25\
: 22.81'19 psi

Ro'ision No. 0
Doc. No. V0.t9-l -053
Pape 8 of l0
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Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section Vttl nivision t, 199

Suooort Rings
SA 240 3O4t HIGH
2
40 in
40 in

4x3xll4 Un Equal Ang
leg in (hard way)
1.69 in^Z
2.77 in^4

Calculations for ring 40 in from datum

Identifier:
Rinc material snecifi cation :
Nufrber of rins's in this qrouo:
Distance first r-rng to datlm line:
Ring spacing:

Rine description:
RinE is rollbd:
Rini cross sectional area:
Rin[ moment of inertia:

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desicn nressure:
Stiffener supi'orted length :

A s :
I r :

SA 240 3O4L HIGH
0.18693 in
0.25 in
72.75 in
400 deg F
I4.7 psi
40 in-

Apr. 19, r996

Rerision No. 0
Doc. No. V0{9_ t-053
"aee I of lO

t =
t s :
Do --

P :
L s =

B = .75*(P*Do/( + As/Ls))

= {oTnl\Urr.7sl(0. 
I 86e3 + I .6el40))

From table HA-3 (ring) A : 2.6495568-04

Required moment of inertia of the combiled ring-shell section

Is= (Do^2xl-s*(t + As/Ls)+A)/10.9
: (7 2.7 5 ̂  2* 40+(0. 1 8693 +'r .69 I 40)*2. 649556E-04y 1 0. 9
= 1.179368 in^4

Available moment of inertia of the combined ring-shell section

Shell width conributing smaller of : 4.691149

W = I. l+Sqr(Do*ts)
= l . l+Sqr(72.75+0.25)
=  4 .691149 in

W : L s : z t o i n

Shell area Al : W*ts : 1.1'12787 in^Z

Distance to the ring neutral axis

3-2t.1996



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B- I.VSL

SuDport Rings

Y2 = Rine NA + ts/2= 2.76 + O.2st2
= 2.885 in

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
= 1.69*2.885/(1.172787
:  1 .703113 in '

+ 1.69)

Apr. 19, 1996

Revision No. 0
Doc. No. V049-l-053
Pape l0 of l0

Inertia of the shell about the combined section NA

I l : w * t s ^ 3 / 1 2 + A l * N A ^ 2
= 4.69 | 149+0.25^ 3 I 12 + 1. 1727 87 * 1.7 031 13^ 2
= 3.407887 in^4

Inertia of the ring about the combined section NA

12 : tr + {5x(f\lA _ Y2)^2
:  2. '17 + 1.69+(t .z03r t3 -  2.885)^2
: 5.130688 in"4

Total available I : ll + 12 : 8.538576 in^4

The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.

Calcs for ring 80 in from datum identical to ring 40 in from datum.

3.2t . t996



PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH. MA

ENGINEERING
CALCULATIONS

NO: VM9-l- 453
PAGE I OF to

REV. DEO # DATE BY: CHECK TITLE: SPOOL B-t (72 in)
o o t  z l hrDi) l( D z--

FY: tr). \l-lt- --Jh^. DEFI.:744

PROJECT: LIGO Vacuum Equipment
t \

PROJECTNO: V59049

PURPoSE: Determine spooyadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing ofstiffener rings and support
rings.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.3 L

ASSUMPTIONS:

INPUTS: L
2

Vacuum pressure = 14.7 psi
Design Temperature = 400 F.

REFERENCES:I . ASME Boiler & Pressure Vessel Code, Section VIll, Div. l, pressure Vessels.
COMPRESS 5.3 l, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.

/ b u l - / - C t , t .  L  / ! .  ! :  r t r ?  L t e , . t , .  e . '  . , , '  C , e , , r r ,  b a . � , z , 1  f  e , . a . , a . . ;

CALCULATIONS: (SEE ATTACIIED)

GONCLUSIONS: The requirements ofthe ASME code are met for spool B-l outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016, ol?, 0lg, & 019.

Rerision No. o
Doc. No Vojg_l{53
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COMPRESS 5.53 C :\COMPRESS\MANIFOLD\B- I.VSL

Pressure Summary

Pressure summary for Dressure chamber I

Apr. 19, t996

l P l r l H r $ P l

I  dcslqn I  dcsrsn |  |
( p s t )  l ( d e s  a )  I  ( p s r )  |

HAP I P€ I UC-99 I

l6 r t€n6r I  na t to  |  r |Dr , {T Exc .p t lon  or  lAr lo r .Dc . l

a tE . . .  Rcduc t lon  |  ( r . )  I( p € 1 )  |  ( F s t )  | |  (d .9  t )

spoo l  E-1  72r  d ia  I

?2 .25 '  td  F lang€ L

?2.25"  Id  F lanq€ I

suppo l t  F i rs6  I

| llot appucabr€ I o.ooo I

I Not .t)ptlclrrle I o.ooo I

| ftot .pplicabl. J o.ooo I

I Ii

o . o  I  e " - a  I  e 7 . 3  I  : 2 - a  I  r . o o o  I
o . o  |  1 7 . 5  , 7 - 5  |  I  1 . o o o  I
o , o  I  r " . 5  |  1 7 . 5  1  r . o o o  I

I  I  I  r 4 ' 7  |  |

Vessel MAWP hot & corroded is 17.53 psi @ 0 degrees F.

Vessel MAP new & cold is 17.53 psi @ 0 degrees F.

Vessel allowahle external pressure is 14.7 psi @ 400 degrees F.

Hydrotest Dressure calculation based on MAWP

: I.S*(MAWP * Operating Liquid Head)+l = 26.3 psi

Vessel hydrotest pressure is 26.3 psi.

Note: vessel MAP rating trot valid unless hydrotest Dressure based otr MAP.

Rel'ision No. 0
Doc. No. V049-l-053
Pese ,1 of l0

3-21.1996



CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\B- I .VSL Apr. 19, 1996

Weight Summarv

coDpoDar t  - - - - - - -  e re lgb t  ( fbs )  coh t r lbu tod  ty  vess . l  E ! .E6r t3

t etal Heral TrayB P.c*ed rnsu.l Llhlnq Plp1ng L.<!de!

tlcu e auP Dads

sPoof  b - r  72"  d  r9a2

"2 .2s '  td  f1an9

7 2 - 2 5 ' t d  f l a n g

229

ve.6e l  opera t tng  re lqh t r  coEroded:  3 ,491 tbs

V63se1 cEpiy L'6tg}lt. coEodcd:

vcsser  e .p t t  re igh t ,  ne$:  3 .s9r  lbs

vesse l  tes t  *e igh t ,  ne{ r  21 .65a lbs

Vessel center of gravity location (from right weld seam)

Revision No. 0
Doc. No. V0.19-l {53
Pnpe 5 of l0

Vessel lift weight, new:
Center of gravity to seam:

3,891 lbs
60 in

tjore: Fu,r...lt e \^-\.**- ,: ?I6Ll o) r- 3'r*v- Fra*\t"f

A c1e,,.-g 61,,4^31'€. TF\ \.'r4L\tl: \^J\'r- b€ Uatt'

3.2t .1996



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B- I .VSL Apr. 19, 1996

Thickness Summary

L e D q t h

( I n )  E

cover r tDg

lold St.tus StE.EE ( i n )

s p o o l  b - l  7 2 '  d i . 1 : O . O O  O . 2 5 0 0  0 . 1 4 6 9  0 . A s

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency

Load:
internal - circ stress due to jnternal pressure governs
extemal - extemal pressure governs
wind - comhined lons stress due to STATUS + wind qoverns
seismic - combined lon-g stress due to STATUS * seismic governs

Rerision No 0

Doc. No. V0'19-1453
Pape 6 of l0

3.2r.1996



CoMPRESS 5.53

Spool B-l 72" dia

ASME Section VIII Division l, 1992 Edition. A94 Addenda

C :\COMPRESS\MANI FOLD\B- I.VSL Apr- t9 ,  1996

Component:
Mateiial specification:

External design pressure :

UDo: N[12.15:0.5a98
From table G:
From table HA-3:

3.21.1996

Cvlinder
SA 240 3O4L HIGH

Pe-- 14.7 psi 6 46tg deg F

n e w :  1 9 8 1 . 6  c o n :  1 9 8 1 . 6
new -- 2129.779 corr : 2129.779

Dol t :72.7510.25 :291
A :0.000503

B : 4980

Corrosion allowance: Inner C : 0 Outer:O in

PWHT is not performed

Radiography: Category A joins - Spot UW-l l(b) type I
Category B joints - Spol UW-l l(b) type I

Estimated weight:
capacity:

lD :72.25 length Ir:  120 t:  0.25 in (new)

MAP: (New & at 0 deg n UG-27(c)(l)

P : S * E * t / ( R + 0 . 6 + t ) - P s
: 16700*0.85*0.251(36.125 + 0.6*0.25) - 0
= 97.82909 psi

MAWP: (Corroded & at 0 dee F) UG-27(cXl)

p = S * E * r r ( R + 0 . 6 * t ) _ p s
= 16700*0.85"0.251(36.125 + 0.6's0.25) - 0
: 97.82909 psi

External Pressure: (Corroded & at 4fl) deg F) UG-2E

L/Do = 40172.75 :0.5498 Dolt -- 72.7510.18693 = 389.1831
From rable G: A : 0.000325
From table HA-3: B = 4301.3

Pa: 4*B/(3*Do/t)
: 4*4301 .3/(3*72.7 5 lO. 18693)
= A.7362pii

Design thickness for external pressure Pa : 14.7362 Dsi:

: t * Corrosion
= 0.18693 + 0
:0 .18693 in

Maxinum Allowable External Pressure: (Corroded @ 4(X) deg F)

lb
US ga

Relision No. 0
Doc. No. V049-l -053
Pase 7 of l0



COMPR-ESS5.53 C:\COMPRESS\MANIFOLD\B-l.VSL

Spool B-l  72'dia

Pa= 4*B/(3*Do/t)
= 4* 4980 | (3+7 2.7 5 I 0.25J
: 22.81't9 psi

Apr. 19,1996

Revision No. 0
Doc. No. V049-l{53
Peee 8 of l0

3-2r.1996



COMPRESS5.53 C:\COMPRESS\MANIFOLD\B-l.vSL

Support Rings

$tiffening Ring Calculations Per UG-29

ASME Section VIII Division I, 1992 Edition, A

Suooort Rinss
SA 240 3O4t HIGH
2
40 in
40 in

4x3xll4 Un Equal Ans
leg in (hard wa:y)
1.69 in^2
2.77 in^4

Apr. 19, 1996

Rerision No. 0
_Doc, No. V0{9_ I _05 .]rase 9 of fo

Identifier:
Ring material specifi cation:
Number of rines in this srouo:
Distance first ring to dat[m line:
Ring spacing:

Rins descriotion:
RinE is rollbd:
Rin! cross sectional area: As :
Ring moment of inenia: Ir =

Calculations for ring 40 in from datum

Shell material specification:
Required shell thickness:
Conoderl shell thickness:
Shell outer diameter:
Design temperature:
External design oressure:
Stiffener supp'oried length:

B = .75*(P*Do/(t + As/Ls))
: .7 5* (14.'1*72.75(0. I 8693
: 3499.733

From table HA-3 (ring)

t :
t s =
D o =

P :
L s :

SA 240 3O4L HIGH
0.18693 in
0.25 in
72.75 in
400 des F
14.7 ps]
40 in-

+ |.69t40))

A : 2.fl9556E-04

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
: (7 2.7 5 ̂  2* 40*(0. I 8693 + | .69 | 401*2. 649556E-04)i I 0. 9
=  1 .179368 in '4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.691149

W = I . I *Sqr(Do*ts)
= 1.1*Sqri72.75*0.25)
= 4.691149 in

W :  L s : 4 0 i n

Shell area Al : W*ts : 1.172787 in^Z

Distance to the ring neutral axis

3.2r.1996



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-I .VSL Apr. 19, 1996

Support Rings

Y2 : Rinc NA + ts/2
= 2.76 + o.2st2
: 2.885 in

Neutral axis of combined section

NA=As*Y2 l (A l  +As )
= 1.69*2.885/(l .172787 + 1.69)
:  1 .703113 in

Inertia of lhe shell about the combined section NA

I l : w * t s ' 3 / 1 2 + A 1 + N A ^ 2
: 4.691 | 49*0.25 ^ 3 | 12 + 1.1727 87 * | .7 031 13 ̂ 2
:3.407887 in^4

Inertia of the ring about the combined section NA

1 2 : I r + A s * ( N A - Y 2 ) ^ 2
: 2.77 + 1.69+(1.703i l3 - 2.885)^2
: 5.130688 in^4

Total available I = 11 + 12 : 8.538576 in^4

The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.

Calcs for ring E0 in from datum identical to ring 40 in from datum.

Revision No. 0
Doc. No. V0.t9-l{53
Pape lO of l0
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUOH. MA

ENGINEERING
CALCULATIONS

NO: V049-l-054
PAGE I OF 34

REV, DEO # DATE BY: CHECK TITLE:

SPOOL B-2 (30 in)
0 ot-\l u//r,/9,! WDB R O U

BY, / / .  B , r ru  r . , DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: Vs9049

PUMOSE: Determine spool/adapter shell tNckness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing ofstiffener rings and support
rinqs.

METHOD: Thickness requirements per the ASME code, Section VllI, Division I,
are derived using the COMPRESS computer program, version 5.31 .

ASSUMPTIONS: None

INPUTS: L Vacuum Pressure = l4.7 psi
2. Design Temperature : 400 F,
3. Ion Pump Nozzle Loads

Pr = 2250 0lbs
Mc: Ml :  4542.0 inlbs
Vc = Vl : 126.5 lbs

REFERENCES: L ASME Boiler & Pressure Vessel Code, Section VIII, Div. I, Pressure Vessels.
2. COMPRESS 5.3 l, Computer Aided Pressure Vessel Design, Codeware Computer

Systems, lnc_
= . io,t /- t-o/t  -1// .o 

y'Al,  ,?eu... . .  t icu,-.  Dir, ,-- ?z-,, ' . 'a,. t

CALCULATIONS : (SEE ATTACHED)

GONCLUSIONS: The requirements of the ASME code are met for spool B-2 outer shell.

NOTES' Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s)- For flange design and analysis see calculation numbers V049-l-016, Ol7,018, 019.& 051

Revision No. 0
Doc. No. V0{9_t _o5{
Pape I of 3J
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COMPRESS 5.53

Total Pages In This Report

C:\COMPRESS\MODECLNR\B-2.VSL
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Apr. 19, 1996
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2. VSL

Pressure Summarv

Apr. 19, 1996

l p l r x ^ F P l x ^ P

das lsn  I  des lg r  I  i

I p6 | uc-99 |

le r te lDa l l  n . t lo  I  HDf i t l re rp t lo r  o !  l , i t l o ra rca l

stEcss R.duction I (rn) |
|  ( p e l )  l ( d e s  F )  I  ( p B r )  I  ( p s l )  I  ( F s 1 )  |

L  o , o  I  o . o  |  2 3 o . .  I  2 3 o . .  |  5 1 . 5  i  l , o o o  I
I  c F  c f  k / l . n  o d  t u b e l  o . o  I  o . o  I  o . o  I  o . o  I  r . . 7  |  a . o o o  I

l
1 l

r o . 2  |  r o . 2  |
r o . 2  r o  - 2  |

I

I xot appltc.bLc

I  xo t  .pp t lc rb lc

I
I xo! aPFllc.Dr6

I  no t  .Dp l tcab l€

I
I

t _ _ l

{ l
j  s t t f fener  A1n9s I

{  3o-1 l2 ' rd  r lohge i

|  3o- r /2 r  td  F lanqe I

I suPPott nirqs I
s lppot t  R tDg

I  I  L . - ' t  |  |

I  r . ooo  I
r . . "  |  |
r 4 . ' 7  |  |

t_

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 rlegrees F.

Vessel allowable external pressure is 14.? psi @ 400 degrees F.

Hvdrotest pressure calculation based on pe

: 1.5{,Pe*l = 22psi

Vessel hydrotest pressure is 22 psi.

Revision No. 0
Doc. No. V019-l-05+
Paee 5 of 14

3.21.1996



COMPRESS 5,53 C : \COMPRESS\MODECLNR\B-2.VSL

Weight SummarY

c o r p o D e D t  - - - - - - -  $ e l g h t  ( l b s )  c o n l l l b u t e d  b y  v e B R e l  E l e r e . t r

|{er!l l{etar frlys P.cked tnsul Ltnt^g l|lptng L.ald6f

& sup B.d. t Pl.t

Apr. 19, 1996

oPer  Tes t  xor . le

L lgu ld  L ]qu ld  &  f t9

sPool b-2 Joas

3o- l /2 i1d  f l .nq  1539

3o- r l2 r  rd  f r . .n  1539

239 t l5ao

Vesse l  oper . t tnq  t 'e tgh t ,  cor roded.  6 ,aoo Ibs

vesse l  eEpty  re . i sb t?  .o r lodedr

v€sse l  eDpty  !6 igh t ,  FeF:  6 ,400 lbs

v66s6 l  te6 t  ue igh t ,  De( :  r7 .9so  lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weisht. new:
Center of gravity io seam:

6,400 lbs
219.9 in

t t5ao

Revision No. 0
Doc. No. V049-l-05J
Paee (r of343.2r .1996



CoMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL

Nozzle Summary

Apr. t9, 1996

( 1 D )  ( r h )  ^ r ?

o .25OO 0,0625 y Y  O . 2 5 O O  O , 1 t { 5  O . 2 5 O O

tn - nozzle thickness
Req tn - nozzle thickness required per UC45/16
Nom t - vessel wall thickneis
leq t - required vessel_wall thickness due to pressure * con per UG-32
User t - local vessel wall thickness (near ooenins)
Aa - area available per UG-37. ebverniits coiitition
Ar - area required pler UG-37,'iovernins-condition
Corr - corrosibn allowance on noizzle id. 

-

Revision No. 0
Doc. No. V0,19-1451
Pase 7 of343.21.1996



COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996

Nozzle Schedule

ro r  r  le  serv ic€  s lue  xa t€r1 . te

I t r l .  Nozr re  I r t }ac t?  x6r ! "  r r ' ta l  I rp .c i?  xo !n?  F l rhge

u/ . la '  od  tube .13 .50  ID!o .25  sA 2ao 3oa l -  ' l l c l l

Rcvision No. 0
Doc. No. V0.19-145.1
Pasc 8 of34
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996

Thickness Summarv

CoRpaDent L6bgth Nor t Req t Jot.t (;oee!^lng D.flcct

I d 6 h t l f l e !  ( t n )  ( l h l  ( t D )  ( l n t  E  L o . d  s r a c u s  s r ! 6 s  ( l n l

SFoo l  b -2  3O.5O a39.OO O. raaa o-as  er rc rn . l

Nom t - vessel wall thickness
Ieq t 

-.required vessel wall thickness due to governing loading
E - longrtudlnal seam Jotnt ettlclency

Load:
internal - circ stress due to internal pressure governs
external - external Dressure qoverns
wind - combined long strEss due to STATUS * wind soverns
seismic - combined lonE stress due to STATUS + seismic governs

Relision No- 0
Doc. No. V049-l{5.t
Papc 9 of34
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COMPRESS5.53 C:\COMPRESS\MODECLNR\B-2-VSL

Spool B-2

ASME Section VIII Division l, 1992 Edition, A94 Addenda

Component:
Material specification:

External design pressure:

Cylinder
SA 240 3O4L HIGH

Pe: 14.7 psi @ 400

Apr. t9, t996

Revision No. 0
Doc. No. V019-l-05.1
Paee l0 of 14

Outer: 0

deg F

in

PWHT is not performed

Radiography: Category A joins - Spot UW-l l(b) type I
Category B joints - Spot UW- I I (b) type I

Corrosion allowance: Inner C = 0

Estimated weight:
capacity:

new :3074.7 con = 3074.7 lb
new : 1388.487 corr : 1388.487 US ga

ID : 30.5 length Lc= 439 t = 0.25 in (new)

MAP: (New & at 0 des F) UG-27(cXl)

P : S * E + I / ( R + 0 . 6 x 0 - P s
: 16700+0.85*0.25/(15.25 + 0.6'F0.25) - 0
= 230.4383 psi

MAWP: (Corroded & at 0 deg F) UG-27(c)(l)

P : S * E + U ( R + 0 . 6 * t ) - P s
: 16700*0.85x0.251(15.25 + 0.6+0.25) - 0
= 40.a383 psi

External Pressure: (Corroded & at 4fi) deg F) UG-28

Pa= 4*B/(3*Do/t)
= 4"4V. | | (3*3 1 | O. | 4446)
= 14.8008 pii

Design thickness for external pressure Pa : I4.E(X)E psi:

: t * Corrosion
: 0.14446 + 0
= 0.14446 irl

Maximum Allowable External Pressure: (Corroded @ 40O deg F)

L/Do : 71131 :2.2903
From table G:
From table HA-3:

L/Do : 7ll3l =2.2903
From table G:
From table HA-3:

3.2t.t996

Dolt : 31 10.14446 : 214.5923
A = 0.000181

B : 2 3 8 2 . 1

Dolt -- 3l/0.25 : 124
A :0.000404

B : 4't91.6
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SPool B-2

Pa= 4*B/(3*Do/t)
= 4* 479 | .6 | (3*31 /0.25\
= 51.5226 psi

Ro'ision No. 0
Doc. No. V0{9-145d
Paee I I of34
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lrcated on:
User input vessel thickness:
Liquid iutic head included:
Flange description:

COMPRESS5.53 C:\COMPRESS\MODECLNR\B-2.vSL

CF w/14" od tube

Opening CF Reinforcement Calculations Per UG-37

Spool B-2
.25 in

$.Piinrt"'.0
Nozzle material specification: SA 240 304L HIGH

0 degrees
18.125 in

Nozzle offset from center I-o: 0 in
hojection outside vessel Lpr: 2.625 in

t n  -> l
c o r r o s i o n a l l o w = 0 i n
noz  th ick  new tn=  ,25  in
nozz le  id .  new d= 13 .5  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove we ld  tw2 =  .175 in

To datum L= 48 in

Apr. 19,1996

Revision No. 0
Doc. No. V0.19-l-0_5{
Paee 12 of 3t

Nozzle orientation:
End of nozzle to shell center:

twl->

<-  L  -> l

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to tlte vessel wall d = 13.5 in
Normal to the vessel walt outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*1fr-Cn-C) : .625 in

Nozzle required thickness

tm = P*Rn/(Sn*E - 0.6*P)
= 0*6.75l(16700*1 - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

tr: P*R/(S+E - 0.6*P)
: Q*15.251(16700x1 - 0.6*0)
: 0 i n

Area required

Allowable stresses: Sn : 16700, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl = I
fr2 = lesser of I or Sn/Sv so fr2 : I

3.2t.1996

lil
< - d - >

Lw2



COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL

CF w/14' od tube

t r l = O i n ( E : l )
t r 2 : O i n
tr3 : 0.0625 in
tr4 = 0.328125 in
tr5 = 0.0625 in
tr6 = 0.0625 in

Apr. 19, 1996

Revision No. 0
Doc. No. Vo{g-t{S.l
Paee l3 of 34

A: d,r.tr+F + 2*tn*br.F*(l - frl)
: 13.5*0*1 + 2f0.25*0+l*0 _ l)
=  0  in^2

Area available

Al : larger of the following = J.375 in^2

= 0.313 in^2

: d*(E 1*t_Fr.tr) _ 2*tn*(El *t_F*tr)*( I _frl)
= ! 3..5'f (l *0.25- l,<0) - 2+0.25*( I *0.25-l *0)*( l -l )= 3.375 in^Z

= 2*(t+tn)*(EI *t-F*tr) - 2*tn*(El *t-F*tf)*(l-frl ): 2*(0.25 +0.25)*(l *0.25-l *0) - 2*9.)J*(1*0.25-l *0)'t(l-1)
: .25 in^2

A2 : smaller of the following

: 5*(tn - trn)*fr2*t
= 5*(0.25 - 0)*1*g.tt
= .313 in^Z

: 5*(tn - trn)*fr2*1n
: 5*(0.25 - 0;*1+g.tt
=  .313 in^2

441 : l*s.^2*fr2
: 0.25'2*1 : .063 in^2

A r e a = A l + A 2 + A 4 l
: 3.375 + 0.313 + 0.063
:3 .751 in^2

As Area > A the reinforcement is adequate for MAWP : 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) : 0.175 in
tl(actual) : 0.7*[.es. = 0.7+0.25 : 0.175 in
t2(actual) = 0.175 it
{  +  a  :0 .35  >  =  1 .25* tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickress per UG-45(a):
Wall thickness per UG-a5@)(l):
Wall thickness ler UG-16(b):
Std pipe wall per UG-45(b)(4):
The-sieater of tr2 or r3:' 

-'

The lesser of tr4 or tr5:

3.21.1996
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CF w/14- od tube

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension = 0.'14+167M = 12358 psi
Nozzle wall in shear = 0.7+16700 : 11690 psi 

-

Inner fillet weld in shear : 0.49*16700 : 8i83 psi

Strength of welded joints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*I*g+Si = 1.57!"14*0.25*8183 = 44965.59 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn : 1.57*13.75+0.25't11690 : 63089.47 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57*14*0.175*12358 : 47535.05 lbf

Loading on welds per UG-4lOXl)

W = (A - (d - 2*tn)*(El*t - F*r))*Sv
: (0 - (13.5 - 2*0.25)*(1*0.25 - 1*6;;*16766
:-54275 lbf

Wl-l : (A2 + A5 + A41 + A42;x5u
: (0.313 + 0 + 0.063 + 0)*16700
= 6279.2tbf

W2-2 = (A2 + A3 + A41 + A43 + 2rtn*t+frl)*Sv
: (Q j l1+ 0 + 0.063 + 0 + 2*0.25'.0.25*l)"16700
: 8366.7 lbf

Load for path 1-l lesser of W or Wl-l = -54275 lbf
Path l-l Thru (1) & (3) = 44965.59 + 63089.47 : 108055.1 lbf
Path l-l is stronger than W so it is acceptable per UG'41@)(2).

Ioad for DatJ|l2-2lesser of W or W2-2 =-54275 lbf
Path2-2 i'lru (l), @) = 4a965.59 + 47535.05 = 92500.6a lbf
Path 2-2 is stronger than W so it is acceptable per Uc4l(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG40

Parallel to the vessel wall d : 13.5 in
Normal to the vessel wall ouside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

3.21.1996
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CF w/14" od tube

Nozzle required thickness

LlDo : 2.625114 = .1875 Dolt = t4t0.02904 : 4t2.O937

Apr. 19, 1996

From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
= g* 5337 :6 t (?* 1 4 I 0.02904)
= 14.7623 osi

Norrle requirl thickness trn : .02904 in

Required thickness tr from UG-37(dXl) : .1445 in

Area required

Allowable slresses: Sn : 14700, Sv : 14?00, psi

frl : lesser of 1 or Sn/Sv so frl = I
fr2 : lesser of I or Sn/Sv so fr2 :1

A :^0.5*(d*tr*F * 2*tntr*F*(l - frl)
:  0-51(13.510.1445*t + 2*0.25*0. i , i45*l*( l  -  l )): .9754 in^2

A : 0.000746
B : 5337.6

Area available

Al : larger of the following

: d"(El *t_F*tr) _ 2*tn#(E I *t_F+tr)x( | _frl)

= lt ;lll,i9;tt- 
I *0. I 445) - 2*0. 25 +( I *0. 25- r x0. 1 445) *( r - I )

: 2*(t+ tn)+(E I *t-F*tr) _ 2*tn+(El *t-F*tr)x( I _frl )
= 2-+^(g ?5-t 0 25)x( r "0.25- 1 *0. t44SJ - 2i0.>5+( I i0. 25- I *0. 1445)*( 1 - I )= .105 in^2

A2 : smaller of the following

= 5*(tn - trn)*ffl*1
: 5*(0.25 - 0.02904)*1*0.25
: .2?6 in^2

: 5*(tn - trn)*f12*6
: 5*(0.25 - 0.02904)*1*0.25
= .276 in'2

A4l : l-e.g^2*fr2
: O.25^2*1 : .063 in^2

Area: Al + .A2 + A4l
: 1.424 + 0.276 + 0.063
: l.'163 in^2

3.21.1996

= |.424 in^2

:  O.276in^Z

Revision No. 0
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CF w/14' od tube

As Area > A the reinforcement is adequate for Pe : 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness irer UC+S(U)(Z):
Wall thickness ber UG-16fti:
Std pipe wall per Uc-45(b)(4):
The-gieater of tr2 or tr3:' 

' ' '

The lesser of tr4 or tr5:

t r l : 0 . 029Oa in@= 1 )
tr2 : 0.0153 in
tr3 : 0.0625 in
rr4 = 0.328125 in
tr5 :0.0625 in
F6 : 0.0625 in

Apr. 19,1996

Revision No. 0
Doc. No. V0,t9-t-054
Paee l6 of34

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

3.2r.1996
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Applied Loads

Radial load
Circumferential moment
Circumferential shear
L.ongitudinal moment
Longitudinal shear
Torsion moment
Internal pressure

Stresses at the nozzle OD per WRC bulletin 107 ( psi)

Mean radius Rm = 15.375 in
R m / t : 6 1 . 5

Stress concenfation factor Kn (tension) : I
Stress concentration factor Kb (bending) = |

Pressure stress intensity factor, Farr equation I 1.5

| : .25*(4 + 3*(r/x)^2 + 3*(r/x)^4): ?1:g + 3*(6.75t7.25)^2 +'3*(6:15t7.25)'4)
-  1  1 l  A

Local circ. pressure stress : ltP*Rm/t = 0 psi

Local long. pressure stress = P*Rm/2t = 0 psi

Maximum combined stress :-19254 nsi
Allowable combined sfess = r-3+S': +- 50100 psi

The maximum combined stress is within allowable limis.

Maximum primary memhrane stress :-3663 osi
Allowahle primary membrane stress : +-l.J*S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

CF w/14' od tube

Pr : 2250 lbf
Mc = 378.5 lbf-ft
Vc = 126.5 lbf
ML :378.5 lbf-ft
VL = 126.5 lbf
Mt = 0lbf-ft
P = 0ps i

Revision No. 0
Doc. No. V(X9-l {5-l
Paee l7 of .3:l
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Froml  Va lue
F ig .  I  read

3c .  l l . 555 i  l o .3gg
4 C *  l 4 . 3 9 l l  I 0 . 3 9 8
l c  t 0 . 0648  t 0 . 398
2 C - 1 1 0 . 0 0 6 5  1 0 . 3 9 8
3 A *  1 1 . 3 8 3 0  1 0 . 3 9 8
l A  10 .0s73  10 .398
38*  12 .50 t8  10 .398
t B - l 1 0 . 0 0 7 9  1 0 . 3 9 8
pressure stres s*

Tota l  c i rc  s t ress
Primary membrane
ci rc  s t ress*

pressure stres s*

Tota l  long  s t ress
Prinary membrane
long s t ress*

torsiof iorf int Mt
Circ shear from Vc
Long shear from VL

-EtaTJh-etr-mss

TfiEfiEA-lTress

C:\COMPRESS\MODECLNR\B-2.VSL

CF w/14' od tube

Apr. 19, 1996

c tCuA I

-2570 -2570

- r404 1404

-483 -483
-562 562

-2570 -2570
- 13997

-1404 1404
-267

-4079
483 483
562 -s62

- 9 1 1  - 9 l l

13997

-267
4079

- 9 l t  - 9 l l

-13997 13997

267 267
4079 -4079

-5019 -1087 -2929 -1245 -19254 16898 -10562 92t4

-3053 -3053 -?087 -?087 -1178 -1178 -644 -644

-911  -911  -9 I l  - 911

-3456 3456 -3456 3456

-279 -279 279 279
- 1 r 2 s  i l 2 5  1 1 2 5  - 1 1 2 5

-2570 -2570

-6480 6480
-  1093 -  1093
-  1616  1616

-2570 -2570

-6480 6480
1093 1093
i 6 l 6  -  1 6 1 6

-I i90 -1r90 -63? -632 -3663 -3663 -1477 -t477

-23 -23

-5772 4478 -2975 2944 -19254 16898 -10562 9274

- 2 5- t 5?323

23-23-23-23- 2 5a 5I J

*  1 I . 5 5 5 7  1 0 .
4 C *  I 4 . 3 9 l t  1 0 . 3 9 8
r c - r 1 0 . 0 1 6 0  1 0 . 3 9 8
2C  10 .0300  10 .398
4A*  15 .6652  10 .398
2A  10 .0227  10 .398
4 8 *  I 1 . 4 4 8 7  1 0 . 3 9 8
2 B - l l 0 . 0 r s 8  1 0 . 3 9 8

Rer.ision No. 0
Doc. No. V049-l -05.1
Pnse l8 of34
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Stiffener Rings

Stiffening Ring Calculations Per UG-29

ASI\{E Section VIII Division 1. 1992 Edition, A9

Stiffener Rines
SA 240 3O4fHIGH
4
60 in
119 in

2x2xl 14 Eoual Anele
leg in (hard way) 

-

As = 0.938 in^2
Ir = 0.348 in^4

Calculations for ring 60 in from datum

Identifier:
Ring material specification:
Nufrber of rins:s in this sroun:
Distance first frne to dat-um fine:
Ring qracing:

Rine descriotion:
Rin[ is rollbd:
Ring cross sectional area:
Ring moment of inertia:

Shell material specification :
Reouired shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desisn nressure:
Stiffener supi'oried length :

SA 240 3O4L HIGH
0.1if446 in
0.25 in
31 in
400 deg F
14.7 osi
54 in'

Apr. 19,r996
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t :
t s =
Do --

P =
L s :

B = .75*(P*Do/(t + As/Ls))

= lf;{.t\I.t 
t t (0. | 4446 + 0.e38/54))

From table HA-3 (ring) A = 1.606581E-04

Required moment of iaertia of the combined ring-shell section

Is= (Do^2+Ls*(t + As/Ls)*A)/10.9
= (3 I " 2*54*(0. 14446 + 0.938154)+ I .60658 lE-04)/ I 0.9-- .12378O8 ir^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

W = L I +Sqr(Do+ts)
= l . l*Sqr(31*0.25)
:3.06227 in

W = L s : 5 4 i n

Shell area Al : W*ts = 01655676 in'2

Distance to the ring neutral axis

3.21.1996
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Stiffener Rings

Y2 : Rine NA + ts/2
= 1.408-+ O.2512
: 1.533 in

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
: 0:?1q:l j.33/(0.76ss676 + 0.e38): .8,140839 in

Inertia of the shell about the combined section NA

I l : W * s ^ 3 / 1 2 + A l * N A ^ 2
: 3.M227 *0.25 ̂  3 | 12 + O ;1 65567 6*0.8440839^ 2
= .5494371 in^4

Inertia of the ring about the combined section NA

12:  l r  +  AS*(NA - \2 \^2
: 0:3^19_t 0..9?8*(0.8440839 - 1.533)^2
: .7931799 in^4

Total available I = Il + t2 = 1.i42617 in"4

The 2x2xl 14 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 179 in from datum

Shell material srrecifi cation :
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn oressure:
Stiffener supp'orted length :

B : .75*(P*Dol(r + Asils))

SA 240 3O4L HIGH
0.14446 in
0.25 in
3l in
400 deg F
14.7 psi
68 in-

= lrt;ltlt,t(0.r4446 + 0.e38/68))

From table HA-3 (ring) A = 1.6425388-M

Required moment of inertia of the combined ring-shell section

Is= (Qq-21!s*(t + As/Ls)*A)/10.9
: (1 I :? 1q8..(O 1 4446 + 0.938 t68)* I . 64253 8E-04y I 0.9= .155839 in'4

Available momcnt of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

W: I . I *Sqr(Do*ts)

3.2r.1996

t :
t s =
D o =

P =
L s :

Apr. 19, t996
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Stiffener Rings

= l . l  *Sqr(31+0.25)
= 3.O6227 in

W : L s = 6 8 i n

Shell area Al : W*ts :0.7655676in^Z

Distance to the ring neutral axis

Y2 = Rins NA + ts/2
- 1.408-+ 0.25t2
: 1.533 in

Neutral axis of combined section

NA:As*Y2 l (A l  +As)
= q938*1.533/(0.7655676 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

I l = W * t s ^ 3 / 1 2 + A l * N A ^ 2
: 3.M227 *0.25 ̂ 3 I 12 + 0.7655676*0.8440839 ^2
: .5494371 in^4

Inertia of the ring about the combined section NA

12 = Ir + As*(NA _yz)^z
= 0r8q_t q 938*(0.8440839 - 1.533)"2
: .7931799 in^4

Total available I : Il + 12: 1.342617 in^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 298 in from datum

sA 240 304L HICH
0.14446 irl
0.25 in
31 in
400 des F
14.7 psl
52 in-

Apr. 19,1996
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Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Desiqn temDerature:
Exteinal deiisn oressure :
Stiffener supflorted length :

B = .75x(P*Do/(t + As/Ls))

= lf;r(.!r\:l. 
t t | (0. | 4446' + 0. e3 8/s 2) )

t :
t s :
D o =

P =
L s :

From table HA-3 (ring) A: 1.600038E-0a

Required moment of inertia of the combined ring-shell section

3.2r-1996
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ls= (Do^2xl-si'(t + As/Ls)*A)i 10.9
= (3 I ̂  2*52+(0. 14446 + 0.938/52)* I .6000388-04)/ I 0.9
:  . l l 920 l  in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of -- 3.06227

W: I . I *Sqr(Do*ts)
: l . l*Sqr(3i*0.25)
= 3.M221 in

W : L s : 5 2 i n

Shell area Al : W*ts = 0.7655676 in^2

Distance to the ring neutral axis

Y2 : Rine NA + ts/z
= 1.408-+ 0.2512
= 1 .533 in

Neutral axis of combined section

N A : A s + Y 2 l ( A l  + A s )
: 0.938*1.533/(0.7655676 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

I1 = W+ts^3/12 + Al+NA^2
= 3.06227 *0.25" 3 I 12 + 0.7655676*0. 8440839^ 2
: .5494371in^4

Inertia of the ring about the combined section NA

12 = tr + As*(NA -y2)^2
: 0.348 + 0.938x(0.8440839 - 1.533)^2
: .7931799 in^4

Total available I : Il + 12 = 1.342617 in^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 417 in fron datum

Shell material specification :
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Desiqn temperature:
Exteiral de-sign pressure :
Stiffener supported length :

3.21.1996

SA 240 3O4L HIGH
0.14446 in
0.25 in
31 in
400 dee F
14.7 psi
45.5 in

C:\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996

Stiffener Rings

t =
t s :
D o :

P :
L s =

Rerision No. 0
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Stiffener Rings

B =,75*(P*Do/( + As/Ls))
=,7 5*(t 4.7 *31 | (0.14446 + 0.938/45.5)
= 2070.418

From table HA-3 (ring) A : 1.575296E-04

Required moment of inertia of the combined ring-shell section

Is= (Do^2'tl-s*(t + As/Ls)+A)/10.9
= (3 I ̂  2'+45. 5,i( 0. 1 4446 + 0.93 8/45. 5)* I .57 5296E44) I 10.9
- .1043164 in^4

Available moment of inertia of the combioed ring-shell section

Shell width contributing smaller of : 3.06227

W = 1.1+Sqr(Do*ts)
=  l .  t  *Sor (31*0 .25)
= 3.06221-in

W : L s = 4 5 . 5 i n

Shell area Al = W*ts = 0.7655676 in^2

Distance to the ring neutral axis

Y2 : Rinq NA + ts/2
: 1.408"+ 0.2512
:  1 .533 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
= 0.938*1.533/(0.765s676 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

I l = W + t s ^ 3 / 1 2 + A 1 * N A ^ 2
: 3.06.227 *0.25' 3 I t2 + 0.7655676+0.8440839^ 2
-- .5494371 in^4

Inertia of the ring about the combined section NA

12 __ tt + AS*(NA _ y2)^2
: 0.348 + 0-938*(0.8440839 - 1.533)^2
= .7931799 in^4

Total available I = Il + 12 : 1.342617 in^4

T\e 2t2xll4 Equal Angle vacuum stiffener is satisfactory.

3.21 .1996
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Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l, 1992 Edition, A94 Addenda

Identifier:
Ring material specifi cation :

Suooort Rings
SA 240 3O4T HIGH
2
108 in
136 in

3x3xll4 Equal Angle
leg in (hard way)

As : 1.44 in^2
Ir : 1.24 in^4

Apr. 19,1996

Revision No. 0
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Ring spacing:

Rins. description:
RinE is rolli:d:
Rini cross sectional area:
Rin! moment of inertia:

Calculations for ring 108 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14446 in
Corroded shell thickness: ts : 0.25 in

D o : 3 l i n
: 400 deg F

P : 14.7 psi
Ls : 59.5 in

Number of rinss in this srouo:
Distance first ring to datlm fine:

Shell outer diameter:
Design temperature:
External desisn nressure:
Stiffener supi'oried length :

B = .75*(P*Do/(t + As/Ls))

1 lfful\Tl.tt 
| (0' t4446 + 1 .44t se.s))

From table HA-3 (ring) A: l .542l l5E-04

Required moment of inertia of the combined ring-shell section

Is= (Do^l+l5x(t + As/Ls)xA)/10.9
: (3 1 ̂  2*59. 5 *(0. 1 4446 + 1 .44 | 59.5\* 1.5421 1 5E-A4J / 10.9
-- .1364417 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.0622'l

W = 1 . l*Sqr(Do+ts)
= l. l*Sqr(31*0.25)-- 3.6227 in

W = L s : 5 9 . 5 i n

Shell area Al = W*ts : 0.7655676 in^2

Distance to the ring neutral axis

3.21.1996
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SupDort Rings

Y2 : Rinq NA + ts/2
:2.158"+ 0.2512
- 2.283 in

Neutral axis of combined section

NA:As*Y2 l (A l  +As)
: 1.44*2.283/(0.7655676 + 1.44)
: 1.490555 in

Inertia of the shell about the combined section NA

I l : W * t s ^ 3 / 1 2 + A I * N A ^ 2
: 3.06227 *0.25 ̂ 3 I t2 + 0.7655676* 1.490555 ^ 2
: 1.70489 in^4

Inertia of the ring about the combined section NA

t2=t t  +  AS*(NA_y2)^2
:1 .24  +  1 .44x(1 .490555 -2 .283)^2
: 2.144275 in^4

Total available I : I1 + 12 : 3.849166 in^4

The 3x3xl/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 244 in from datum

SA 240 3O4L HIGH
0.14M6 in
0.25 in
3 l  in
400 deg F
14.7 psi
59.5 in

Apr. 19,1996

Revision No. 0
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Shell material sDecification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn nressure:
Stiffener supi'orted length :

t :
t s :
oo :

P =
L s :

B : .75*(P*Do/(t + Asil-s))

i {fful\Tl.t 
t t (o. | 4446 + | . 44 t se . s)')

From table HA-3 (ring) A = 1.542115E-04

Required momeot of inertia of the combined ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)i 10.9
= (1 I _2if g.f -(0.1 4446 + 1.44i59.5)* 1. 5421 rsE-Aq | rc.g
: -1364417 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

W: l . l  *Sqr(Do+ts)

3.2r.1996



COMPRESS 5.53 C : \COMPRESS\MODECLNR\B-2.VSL

Supoort Rings

= l. l  *Sor(31*0.25)
= 3.062?l'in

W : L s = 5 9 . 5 i n

Shell area Al = W*ts = 0.7655676 in^Z

Distance to the ring neutral axis

Y2 = Rins NA + ts/2
:2.158-+ O.25t2
:2.283 in

Neutral axis of combined section

NA :As *Y2 l (A l  +As )
= ).11:?2$t(0.'16ss676 + 1.M)
= 1.490555 in

lne(ia of the shell about the combined section NA

Il = W+ts"3/12 + Al ' tNA^2
: 3.06227 *0.25^ 3 | 12 + O.7 65 567 6* r.490555 ^ 2
= 1.70489 in^4

Inertia of the ring about the combined section NA

1 2 = I r + A s * ( N A - Y 2 ) ^ 2
: ! .?4 ! 1.44x(1.490555 _2.283)^2
= 2.1442'15 in^4

Total availabfe I : I1 + 12 :3.849166in^4

The 3x3xl 14 Equal Angle vacuum stiffener is satisfactory.

Apr. 19, 1996
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Identifier:
Ring material specification:
Number of rines in this sroun:
Distance first ring to dat-um l'ine:

Ring description:
Rine is rolled:
Rin! cross sectional area:
Ring moment of inertia:

COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL

Support Ring

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l. 1992 Edition, A94 Addenda

Supoort Rine
SA 240 3O4t HIGH
I
348 in

3x3xll4 Equal Angle
les in (hard way)

As =  l .44 in^2
Ir = l.24in^4

Calculations for ring 348 in from datum

Shell material specifi cation :
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
Extefrral deiiqn oressure:
Stiffener supi-oried length :

B = .75*(P*Do/(t + As/Ls))

= 
.l;;{.\u.tt | (0.1 4446 + 1.44 | 5e.s))

Apr. 19, 1996

Revision No. 0
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t =
t s =
D o =

P :
L s =

SA 240 3O4L HIGH
0.14446 in
0.25 in
3 l  in
400 dee F
14.7 pii
fy , f  rn

From table HA-3 (ring) A = 1.5421158-04

Required moment of inertia of the combined ring-shell section

Is= (Do^2*Ls*(r + As/Ls)*A)/10.9
= (i 1 _?i'g t-(o. | 4446 + 1 .44t 59.5)+ | .5421 158-04) | 10.9
: .1364417 tut^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.06227

W = l . | *Sqr(Do*rs)
: I .1+Sqr(31*0.25)
= 3.M217'in

W : L s : 5 9 . 5 i n

Shell area Al : W*ts : 0.7655676 in^2

Distance to the ring neutral axis

Y2 : Ring NA + ts/2

3.2r.1996



COMPRESS5.53 C:\COMPRESS\MODECLNR\B-2-vSL

SuDPort Ring

: 2.158 + 0.2512
:2.283 in

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
: 1.44*2.2831(0.7655676 + 1.44)
: 1.490555 in

Inertia of the shell about the combined section NA

I l : W * t s ^ 3 / 1 2 + A 1 * N A ^ 2
: 3.M227 *0.25 ̂ 1 I 12 + 0.7 65567 6* 1.490555^ 2
: 1.70489 in^4

Inertia of the ring about the combined section NA

1 2 : I r + A S * ( N A - Y 2 ) ^ 2
: 1.24 + 1.44*(1.490555 -2.283)^2
= 2.144275 in^4

Total available I : Il + 12 :3.8r'9166 in^4

The 3x3xl/4 Equal Angle vacuum stiffener is satisfactory.

Apr. 19, 1996
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Luq material soecification
Lu! allowable stress
Top plate width
BaSe-plate width
Top dlate thickness
Baie ptate thickness
Lus lensth circ. direction
Gu-sset h'eieht
Gusset thiC-kness
Number of lugs
Anqular Dosition. first lue
Fillet weld size
Force bearing widtft
Distance to load

Bellows Lugs

= SA 240 304L High
= 24000 osi

w o = 2 i n
w b : 6 i n
t : 0.375 in

tb = 0.375 in
L = 6 i n
h = 6 i n

tg = 0.375 in
: 4
= 90 deerees

tw : 0.25 i;
F b : 3 i n
d : 4 . 5 i n

/?,,. ., n

V  r  r g  -
1 7  t t . r t i  1

B 6 t t l , , t s

Apr. 19, t996

l - C 2 + * /  t '  c ' L

. > . ;  t .  . v  a :

l " t G s ,

Lug top plate required thickness. Bednar Dg 153

ta = 0.75*(VL*d*L)/(Sa*wD^2*h)
: 0. 75*( I 604*4.5*6)/(24000*2^ 2*6)
: 0,25 in

Lug gusset required thickness

Sc : 18000/( l  + ( l /18000)*ft /(0.289+ts))^2 )
: 18000/(i + (i/18000)*(6/(0.289*0.3i5))^2 ):  15380.89 psi

ts: VL*(3*d - wb)/(Sc*wb^2*SIN(Alnha) ^2)
- : l 604*(3x4.5 - 6)7( 15380.89*6-2+SrN(56: 3 I ) 

^2)
: 0.0314 in

Lug base plate required thickness

From Escoe table 4-8

fc :  VL/(Fb*L) :  89.l l1l l  psi

Mx : Cx*fc*Gs^2
: 0.1085*89. I I lll*5.25"2 : 266.a896

My : gyxL**6't
= -. 124+89. | | 1 I l*6^ 2 = -397.792

tb = Sqr(6*Mmax / Sa)
= Sqr(6*397.792 l2400o\
: 0,3154 in

Check lug attachment stresses

Radial load
Circumferential moment
Circumferential shear

3.2r.t996

Pr : 0lbf
Mc : 0lbf-ft
Vc : 0lbf

Rerrision No. 0
Doc. No. V0.19-t 454
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Bellows Lugs

Longitudinal moment ML :0 lbf-ft
Loneitudinal shear VL: 1604 lbf
Inteinal pressure P:0psi

Stresses at tie lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 15.375 in
Rm/t = 61.5

Cl : 3, C2 : 3.375 in

Slress concentration factor Kn (tension) = I
Stress concentration factor Kb (bending) : I

Local circ. pressure stress : P*Rm/t = 0 psi

Local long. pressure stress = P*Rm/2t : 0 psi

Maximum comhined stress : 950 psi
Allowable combined stress = +-1.5*S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primarv membrane stress = 0 psi
Allowable irrimary membrane stress = a'- 1 .5r'5 : + - 25050 psi

The maximum primary membrane stress is within allowable limits.

3.2r.1996
Retision No. 0
Doc. No. V0.19-l -054
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Bellows Lugs

I rom
F  i g '

V a l u e
read

5eF-l3l9d8t lo rzz
4 C *  l 7 . 5 5 4 4  1 0 . 2 1 3
l c  t 0 . 0648  t 0 . 203
2 C - l 1 0 . 0 2 5 7  1 0 . 2 0 3
3A*  12 .3818  I 0 . 203
]A  10 .0649  10 .223
38*  I 5 . 3623  10 .21 t
l B - l  l 0 . 0 t 9 t  1 0 . 2 0 8
pressure stress*

Tota l  c i rc  s t ress
Primary membrane
ci rc  s t re  s  s*

-ToET-fdg-sTress

Primary nembrane
long stres s*

tors ion monent Mt
Circ shear from Vc
Long shear from VL

-ToGTS6ear:TreC

-eombin-A 
sTAss

-475 -475 475 475

-475 -475 475 475

950 950 950

Rwision No. 0
Doc. No, V049_l-05.r
Paee 3l of .34

4C*  t 7 . 3854  t 0 . 222
l C - 1 1 0 . 0 5 0 0  l 0 . 2 l s
2C  10 .0334  l 0 . 2 t s
4A*  15 .3293  10 .203
2A 10.0274 10.237
4 8 *  1 2 . 3 9 3 6  l 0 . 2 l l
2 B - l 1 0 . 0 2 6 8  1 0 . 2 2 6
pressure stres s*

3.2r.1996
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Bellows Lugs

Lus material sDecification : SA 240 3ML High
Lug allowahletuess = 24000 psi
Tob plate width wo = 2 in
Base'olate width wb = 6 in
Too rilate thickness t = 0.375 in
Baie'plate thickness tb = 0.375 in
Lue l-eneth circ. direction L = 6 in
Culsetf i 'eisht h:6in
Gusset thlc"kness tB = 0.375 in
Number of lus.s = 4
Ansula-r oosit-ion. first luq = 90 deqrees
Fillet weld size 

- 
tw = 0.25 in

Force bearins width Fb = 3 in
Distance to l5ad d = 4.5 in

Lug too plate required thickness, Bednar pg 153

ta : 0.75*(VL*d+LY(Sa*wD^2*h)
= 0.75*(t 604+4.5+6)/(24000*2 

^ 2*6)
: 0.25 in

Lug gusset required thickness

Sc : 18000/(l + (1/18000)*(h/(0.289*te))^2 )
= 18000/(i + (l/18000);k(6(0.289+0.375))^2 )
:  15380.89 psi

Ei  " ' r , , , ; ,  { " , t  /  | - , . ,

/ -  2 t ' /  /  , : : . : "y ' c v E  -
l! tat.t t t2.i t , t, .,) d/=

/ ? € t  c  a , - s s  L 0 b J

Revision No 0
Doc. No. V049-l{54
Psse 32 of 34

tq = vl*(3i'd - wb)/(Sc*wb-2*SIN(Alpha)^2)- = 1604'*(3*4.5 - 6)7(t5380.89*6^2"SrN(56.31)"2)
= 0.0314 in

Lug base plate required thickness

From Escoe table 4-8

fc :  VL/(Fb*L) :  89.11111 psi

Mx: Cxr<fc'Fcs^2
= 0. 1085*89. I I 111*5.25^2 : 266.a896

Mv : Cv+fc*wb^2
= -.1!4*89.11 1 |  1*6^ 2 = -397 .792

tb = Sqr(6*Mmax / Sa)
= sqi6*397.792 I 240nol
= 0.31s+ in

Check lug attachment stresses

Pr : olbf
Mc : 0lbf-ft
Vc : 0lbf

Radial load
Circumferential moment
Circumferential shear

3-21.1996
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Longitudinal moment
Lonsiludinal shear
Inteiral pressure

Apr. 19, t996

Ro'ision No 0

Doc. No VO{9-145{

Paee 33 of 34

C : \COMPRESS\MODECLNR\B-2. VSL

Bellows Lugs

ML =0lbf-f t
VL = 1604 lbf
P :  0 p s i

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 15.375 in
R m / t : 6 1 . 5

Cl  :  3 ,  C2 :3 .375 in

Sfiess concentration factor Kn (tension) : t
Stress concentration factor Kb (bending) : 1

Local circ. pressure stress = P*Rm/t : 0 psi

Local long. pressure stress : P*Rm/2t = 0 psi

Maximum combined stress = 950 psi
Allowable combined stress = + -l :5"'S : +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum Drimary membrane stress : 0 psi
Allowable irrimary membrane stess : +:1.5*'S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

3.2r.1996
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Bellows Lugs

t rom
F i g .

3C*
4C*
1C
2C-1
3A*
1A
3B*
lB - r

a  l u e
read

3 .9083  10 .222
7 .5s44  I 0 . 213
0 . 0 6 4 8  I 0 . 2 0 3
0 .0257  I 0 . 203
2 .38 t8  10 .203
0 .0649  10 .223
5 . 3 6 2 3  t 0 . 2 l I
0 . 0191  I 0 . 208

pressure stres s*

TofiTErc-lTress
Primary membrane
c i rc  s t res  s*

0 .?2?
0 . 2 I 5
0 . 2 1 5
0.  203
0.237
0 . 2 t 1
0.226
ss*

-Total 
to-ng-aTress

Primary membrane
long stres s*

torsion moment l4t
Circ shear from Vc
Long shear from VL

TotaTTEear stress
-eomFfiATress

-475 -475 475 47s

950 950 950 950

4C*  I 7 . 3854
t c - l 1 0 . 0 5 0 0
2 C  1 0 . 0 3 3 4
4A*  15 .3293
2A 10.0274
4B*  12 .3936
2B- I  |  0 .0268
pressure st

Revision No. 0
Doc- No. V049-1.05.,
Pasc 34 of 3,1
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PROCESS SYSTEI\'S INTERNATIONAL. INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-055
PAGE I OF4I

REV. DEO # DATE BY: CFIECK TITLE:

SPOOL B-3 (30 in)
0 o t 7 , , t r'//t,/)4 WDB /"o c--

BY, l^,,14.L*,1_ DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: VJSOCS

PURPOSE: Determine spooyadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing ofstiffener rings and support
rines.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.3 l.

ASSUMPTIONS: None

INPUTS: l, Vacuum Pressure = 14,7 psi
2. Design Temperature = 400 F.
3. Ion Pump Nozzle Loads

Pr : 2250.0 lbs
Mc = Ml = 4542.0 in-lbs
Vc = \4 = 126.5 lbs

REFERENCES:l .
2

ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels.
COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Svstems. Inc.
y ' a u 2 - ) - o a  s ,  I  / d - o  y ' a . a , r . , i q , t . . t  J r e - . t r :  A . : t t c t  1 o , - r . r , n?

CALCULATIONS: (SEE ATTACFIED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-3 outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016,017,018,019.& 051

Revision No. 0
Doc. No. V049-l{55
Paec I of4l



R
e

visio
n

 No
. 0

D
o

c. N
o

. V
0

,1
9

-1
4

5
5

P
a

e
e

 2 o
f 4

l

\\
"{\N

TIIa=tiTIII:;I

--{-
IIII=3dtIIT
-

\--\$\

'.!5t'Ds-
l

i
\

\

n
\

\
.

a
;

\

-'-:t 
\

-\

LL\J;;
t>

Q

,
A

'---k-+
n

\\5

!- i,! t

liiiiiiii:



om

Ie+
iEE+

IJIEF
l I 

ll 
s

z
'=

"
H

 lE
ll'- "'s q; -

E

-r-_

u
l"ll--

0
l

1__
u1tltt4EF

r
-t-,
()((J

-+

f
?

-+

-!V
}

,'. 
il+

Jr /-\

(ll 
7

*u$
?

:/r )
rl 

l!

$
t

v
,tr

4
lt

H
,<

'vlii

----+?

-o.{)

iIt

R
evision N

o. 0
D

o
c, N

o
. V

0
4

9
-l-0

5
5

P
a

se
 3 o

f4
l



COMPRESS 5.53 C : \COMPR"ESS\MODECLNR\B-3. VSL

TABLE OF CONTENTS

Apr. 19, 1996

Revision No. 0
Doc. No. V0,19-1455
Pnpe 4 of,ll

Pressure Summary
Weicht Summarv-
No#le Summarv

lo
I

a
q

I D

r q

Lb
4 \
e 4
)La
? o

Nozzle Scheduld
Thickness Summary
Spool B-3
l 6 - 1 l 2 " o d c F . . .
16-112"od CF
Stiffner Rinss
Support Rin-gs
Support Ring
Bellows Lugs
Bellows lugs

T o t a l  P a g e s  I n  T h i s  R e p o r t  . . . . . . .  q l

3.2r.1996



C0MPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Pressure Summary

Pressure summary for pressure chamber I

t  P  t  r  n u P  t  x a P

d e a i g h  I  d € s t g D  I

I  o . o  I  o . o  I  t o . 2  |  r o . 2  |

1  o . o  I  1 o . 2  |  r o . ?  |

I D6 I uc-ee I

le l te rnar  I  na t lo  I  D t r r

o.ooo I
o,ooo I
o.ooo I

I
I
I

Erc.t}tlon o! |

stE.ee nod@Elon I( p d ! )  l ( d e q  F )  J  ( p s t )  |  ( F l )  |  ( p E r )  |

I  O . O  I  O . O  J  2 3 O . a  |  2 3 O . .  |  5 1 , 5  I  1 . O O O  I

|  3 0 . 5 o i l d  f L N c

|  3 0 . 5 0 r  i d  I  L N < ]

I  h r  16- r l : "od  c r

I  n2  r6 -a l2"od  cF

I  s t t r fneE F In93

j supPdrt R-j.nqs

I  no t  .Pp l t@bl .

I Dot appllc6bl.

I  xo t  .pp l l cab lc

I Dot applicabr.

I  xo t  app l l cab le

I
I
I

I  o . o  I  o . o  I  o . o  |  1 . - 7  I  r . o o o  I
j  o . o  I  o . o  I  o - o  I  o . o  I  r 4 , "  I  1 . o o o  I

I  I  I  |  1 ' ' 7  I  I

t r l
l l l

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe

= 1 .5+Pe* .1  =22ps i

Vessel hydrotest pressue is 22 psi.

Revision No. 0
Doc. No V0{9-1455
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Weight Summarv

c o b p o h c n t  - _ _ _ _ _ _  l { e l . ' h t  ( u , 6 )  c o D t r l b u t o d  t } v  v c s s e l  E l e D c ' t a

H ^ t a I  H e t 6 1  l t . y s  P . . : k e d  I h s u l  t - l n l n g  F l P l n g  L t d d e i  R i n g B  O t r e Y  T e s t  o c r l €

lrad 5. sup Bods & p tar  (  x lsc  L lqu ld  L lgu td  !  l l q

v B s e l  o l l € r a t l h g  b e l g h t ,  c o ! ! o . l e d :  6 , a o s  l t r 3

V e s 3 e l  e r p t y  w e . l g b t /  c o r t o d e d :  6 . a o 9  l b s

! - . s s c l  e ^ p t y  a e i g h t ,  n e ! :  6 , a o q  l t i s

! e i ! l b r .  n e u  r  1 7 . 9 4 9  r D s

6,410 tbs
219.5 in

Vessel center of gravitv location (from right weld seam)

Vessel lift weight, new:
Center of gravity to seam:

Revision No. o
Doc. No. V049-l'055
Paee 6  o f4 l3.21.1996



CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-3. VSL

Nozzle Summarv

Apr. 19, 1996

( i n )

o , 2 5 0 0  0 .  0 6 2 5

1{ .  OO O.  ?5( )0  0 .0625

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickneis
Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near onenins)
Aa - area availahle per UG-37. sbverni;ls coiaition
Ar - area required rier UG-37, clvernins"condition
Corr - corrosiirn alloiwance on noizzle id, 

"

Revisiol No. 0
Doc. No. V049-l-055
Pape 7 of 4l
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Nozzle Schedule

, to2 .Le  r rpac t?  Nor r? r .p .c t?  xorh?  F l tnge

13.50  rDxo.2s  5A 2aO 30a l  t t IGX

13.5( )  rDxo.25  SA 2aO 30aL l r lC t r

Revision No. 0
Doc, No. V0{9-l-055
Paee 8 ofrll3.2r.1996
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Thickness Summary

Lohgtt! N6b t covernbq

Load statuE

o . 2 5 0 0  0 , 1 a  a 9  0 .  s 5

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency

Load:
internal - circ stress due to internal pressure governs
external - external pressure governs
wind - combined lons stress due to STATUS * wind governs
seismic - combined lon! stress due to STATUS * seismic governs

Revision No. 0
Doc. No. V019-l{55
Paee 9 of 4l3.21.1996



CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-3. VSL

Spool B-3

ASME Section VllI Division l. 1992 Edition, A94 Addenda

Comrronent:
Mateiial specification:

Cvlinder
SA 240 3O4L HIGH

Apr. 19, 1996

Revision No. 0
Doc. No. V0,19-l-055
Pase l0 of 4 l

External design pressure: Pe= 14.7

Corrosion allowance: Inner C : 0

psi @ 400

Outer= 0

deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW-l I (b) type I
Category B joints - Spot UW- l | (b) type I

Estimated weight:
capacity:

new :3074.7 con :3074.7 lb
new : 1388.487 corr : 1388.487 US ga

ID = 30.5 length Lc: 439 t = 0.25 in (new)

MAP: (New & at 0 deg F) UG-27(cXl)

P : S'.Ext/(R + 0.6*t) - Ps
: 16700*0.85*0.251(15.25 + 0.6*0.25) - 0
: 230.4383 psi

MAWP: (Corroded & at 0 deg F) UG-2?(cXl)

P : S * E * t / ( R + 0 . 6 * 0 _ P s
: 16700r.0.85+0.251(15.25 + 0.6*0.25) - 0
: 80.a383 psi

External Pressure: (Corroded & at 4(X) deg F) UG-Zt

Pa:4*B/(3*Do/t)
= 4*239 5.3 I (3* 3 1 / 0. | 4496)
= 14.9343 psi

Design thickness for external pressure Pa : 14.9343 Dsi:

= t * Corrosion
: 0.14496 + 0
: 0.14496 in

Maximum Allowablc External Pressure: (Corroded @ 4fi) deg F)

L/Do = 7ll3l :2.2903
From table C:
From table HA-3:

L/Do : 7r/31 =2.2903
From table G:
From table HA-3:

3.2t.t996

Dolt -- 3110.14496 -- 213.8521
A : 0.000182

B = 2395.3

Do/t:3110.25 = 124
A :0.000404

B:  4791.6
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Spool B-3

Pa:4*B/(3*Do/t)
: 4,' 47 9 | .6 I (3*3 1 I 0.25)
: 51.5226 psi

Rwision No. o
Doc. No. V049-l{55
Paee ll of 'll3.21_1996
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16-l/2'od CF

Ooening nl Reinforcement Calculations Per UG-37

Located on:
User input vessel thickness:
Liquid i'tatic head included:
Ftange description:

Nozzlc material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center [o:
Projection outside vessel Lpr:

Spool B-3
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 deerees
18.25 in
0 i n
2.75 in

cor ros  ion  a l low =
noz thick new tn=
nozz le  id .  new d=
f i l l e t  w e l d  t w l  =
groove weld t lr2 =

To datum L= 48 in

Apr. r9, 1996

Revision No. 0
Doc. No. V0.19-l{55
Pase 12 of4 |

tn -> l  l<-

l - l < -  d
tw l -> l  . l < l

l / l  I  v-'\ 
l- l-.-z

<-  L > l

" l l
| :
l - l /

0  i n
. 2 5  i n
1 3 . 5  i n' . 2 5  i n
. 1 8 7 5  i n

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 13.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5t(tn-Cn-C) = .625 in

Nozzle required thickness

trn : P*Rn/(Sn"E - 0.6*P)
: 0*6.75(16700*l - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= O*15.251(16700*1 - 0.6*0)
=  0 i n

Area required
t Allowable stresses: Sn - 16700, Sv = 16700, psi

frl = Iesser of I or Sn/Sv so frl : I
fr2 = lesser of I or Sn/Sv so fr2 = I

3-21.1996
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16-1/2'od CF

t r l = 0 i n ( E : l )
t 2 : 0 i n
tr3 = 0.0625 in
tr4 : 0.328125 in
tr5 = 0.0625 in
tr6 : 0.0625 in

Apr. 19, 1996

Revision No. 0
Doc. No. V049-t-05i
Paee | 3 of4l

A : d*tr*F + 2*tn*tr,r,F#(l _ frl)
= 13.5*0*l + 2*.0.25{.0+l*(l - l)
=  0  in^2

Area available

Al = larger of the following : 3.3'15 in^2

A2 = smaller of the following = 0.313 in^2

= d*(El *t_F*tr) _ 2*rn*(E | ,kt-F+tr)+( | _frl )
= I 3_5*(l +0.25- I !*0) - 2*0.25:F(l "0.25- I +0)*(t -l )= 3.375 in^2

: 2*(t+tn)*(El *t-F*tr) - 2*[l*(El *t_F*tr)*(l_frl ): 2* (0.25 + 0.25) *( I *0. 25_ 1 *0) _ 240.25* (1 *O.25- 1,r.0)*( I _ I ): .25 in^2

: 5*(tn - trn)+fr2*t
:  5*(0.25 _ 0)*1*0.25
: .313 in^Z

: 5*(tn - trn)*fr2*tn
= 5*(0.25 _ 0)*1*0.25
= .313 in^2

441 = l*,E^2*fr2
: O.25*2xl -- .063 in^2

Area: Al + A2 + A41
: 3.375 + 0.313 + 0.063
: 3.151 in^2

As Area > A the reinforcement is adequate for MAWP : 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t. tmin : 0.25 in
t1 or t2(min) : lesser of 0.25 <jr O.7*tmin, tl(min) = 0.175 in
t l(actual) = 0.7*tpe: 0.7*0.25 = 0.175 in
O(actual) = 0.1875in
tl + t2 : 0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness fer UG-45(b)(l):
Wall thickness per UG-16ft);
Itd pipe wall p{UG-a5(b)(a):
The gieater of tr2 or tr3: 

''

The lesser of tr4 or t5:

3.2r. t996
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l6-l/2'od CF

Req'd per UG45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Groove weld in tension : 0.74*16700 = 12358 nsi
Nozzle wall in shear : 0.7*16700 : I1690 psi '

Inner fillet weld in shear : 0.49*16700 = 8i83 psi

Strengti of wetded ioints:

(l) Inner fillet weld in shear
(Pi/2)+Nozzle O.D.*[rg*Si : 1.57*14*0.25*8183 : ,14965.59 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*13.75*0.25*l1690 = 63089.47 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.+tw*Sg = 1.57*14*0.1875*12358 : 50930.41 lbf

Loadins on welds per UC-4lOXl)

W = (A - (d - 2xtn)*(El*t - F*u))*Sv
: (0 - (13.5 - 2'80.25)+(l+0.25 - l#0))*16700
:-54275lbf

Wl-l : (A2 + A5 + A41 + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
= 6279.2 tbf

W2-2 : (A2 + A3 + A41 + A43 + 2*tr*t*frl)*Sv
= (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*1)*16700
= 8366.7 lbf

Load for path l-l lesser of W or Wl-l =-54275 lbf
Path l-l rhru (l) & (3) = 44965.59 + 63089.47 : 108055.1 lbf
Path l-l is stronger than W so it is acceptable per Uc-41(h)(2).

Load for path 2-2 lesser of W or W2-2 : -5427 5 lbt
Path2-2 Thru (l), (4) : ,f4965.59 + 50930.41 : 95896 lbf
Path 2-2 is stronger than W so it is acceptable per UG4l(b)(2).

Reinforcement Calculations for Externat pressurc

Limits of reinforcement UG-40

Parallel to the vessel wall d = 13.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal ro the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Apr- 19.�1996

Revision No, O
Doc. No. V0.19-t -055
Paee t rl nf 4l
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Nozzle required thickness

L / D o - 2 . 7 5 1 1 4 = . 1 9 6 4
From table G:
From table HA-3:

Pa: 4:1.8/(3*Doit)
= 4+ 52941 (3* | 4/0.029 I 5)
= 14.6972 psi

Nozzle required thickness trn : .02915 in

Required thickness tr from UG-37(dXl) : .145 in

Area required

Allowable sLresses: Sn : 14700, Sv = 14700, psi

frl : lesser of I or Sn/Sv so frl :1
fr2 : lesser of I or Sn/Sv so fr2 : I

A : 0.5,*(d+U.*F + 2!itn*tl.*F*(l _ frl))
:0 -5* ( t3 .5+0.145* l  +  2*0 .25+0.  145* l * ( l  _  l ) )
= .9787 in^2

Area available

Al : larger of the following :  1 .418 in^2

: 0.276 ir^2

16-ll2'od CF

Dolt = l4lo.o29l5 -- 480.2744
A = 0.ffi712

B : 5294

= d+(El +t_F*tr) _ 2*tn*(E | +t_F+tr)*( I _fr I )

= I l;ii(,t l9tt- 
I *0. 1 45) - 2*s.2i* 1i+0.25- r x0. r45)*(r - r )

= 2*(+tn)"(El *t-F+rr) - 2*tn*(El *t-F*u)*( I -frI)

: 1il3 fit^j 
o r5)+( I +0.2s-l *0. i 45) - 2*0.25*( r x0.25-l *0. r45)*( l - I )

A2 : smaller of the following

: 5+(tn - trn)*fr2*t
:  5*(0.25 - 0.02915)*l*0.25
= .276 inl2

= 5*(tn - trn)*fi2*tn
= 5*(0.25 - 0.02915)*l*0.25
: .276 in^2

441 : l*p.^2*fr?
:0.25=2+l :  .063 in.2

A r e a : A l + 4 2 + A 4 l
= 1.418 + 0.276 + 0.063
= 1.757 in^2

3.21.1996
Revision No. 0
Doc. No. V049-l{55
Paee l5 of .ll
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16-l/2'od CF

As Area ) A the reinforcement is adequate for Pe : 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Apr. 19, 1996

Revision No. 0
Doc, No. V049-l-055
Paee l6 of 4l

Wall thickness oer UC-45(a):
Wall thickness ier uC+5(b)(2):
Wall thickness per UG-16(b):
Std pine wall rrer UG-450X4):
The'gieater of tr2 or tr3:' 

" '

The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or

trl : 0.02915 in (E = l)
tr2 : 0.0153 in
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0625 in
tr6 = 0.0625 in

tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996



COMPRESS 5.53

Applied Loads

Radial load
Circumferential moment
Circumferential shear
lrnsitudinal moment
LonEitudinal shear
Torsion moment
Internal pressure

Stresses at the nozzle OD per WRC bulletin 107 ( psi)

Mean radius Rm : 15.375 in
Rm/ t :  61 .5

Stress concentration factor Kn (tension) = I
Stress concenfation factor Kb (bending) : I

Pressure stress intensity factor, Farr equation I 1.5

| = .25*(4 + 3*(r/x)^2 * 3+(r/x)^4)
: .25* (4 + 3*(6.7 5 t7 .25)^ 2 +' 3'"(6.7 5 t7 .25)^ 4)
= 2,214

Local circ. pressure shess = I*P*Rm/t = 0 psi

Local long. pressure stress : P+Rm/2t = 0 psi

Maximum combined stress =-19254 psi
Allowahle combined stress = r-3*S'= + - 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3663 osi
Allowable irrimary membrane sFess = +-1.5*S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

C:\COMPRESS\MODECLNR\B-3.VSL

l6-l /2'od CF

Apr. 19, 1996

Ro.ision No. 0
Doc. No. V0.19-l{55
Paee l? of4l

Pr = 2250 lbf
Mc = 378.5 lbf-ft
Vc : 126.5 lbf
ML :378.5 tbf-ft
VL : 126.5 lbf
Mt : 0lbf-ft
P  =  0ps i

3.21.1996
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l6-l l2'od CF

Apr. 19, 1996

rroml  va lue
Fig.  I  read

TF-lI-EEIl0-:308
4 C *  l 4 . 3 9 l l  1 0 . 3 9 8
l c  10 .0648  10 .398
2 C - l | 0 . 0 0 6 5  | 0 . 3 9 8
3A*  11 .3830  10 .398
lA  10 .0573  10 .398
38*  12 .5018  I 0 . 398
t B - l 1 0 . 0 0 7 9  I 0 . 3 9 8

-2570 -2570

-1404 1404

-483 -483
-562 562

-911  -911  -911  -9 l l
-2570 -2570

-13997 13997 -13997 13997
-1404 1404

-267 -267 267 267
-4079 4079 4079 -4079

483 483
562 -56?.

pressure stress*

TotaT circ-lTress
Prinary nembrane
ci rc  s t re  s  s*

4C*  t 4 . 39 i l  t 0 . 398
1 C - l 1 0 . 0 1 6 0  1 0 . 3 9 8
?c  10 .0300  10 .398
4 A *  1 5 . 6 6 5 2  1 0 . 3 9 8
2A  10 .0227  I 0 . 398
4 8 *  I I . 4 4 8 7  I 0 . 3 9 8
2 8 - 1 1 0 . 0 1 s 8  1 0 . 3 9 8
pressure s tres s*

Tota l  long stress
Primary membrane
long stres s*

- 9 r l  - 911  -91 r  - 911

-3456 3456 -3456 3456

-30s3 -30s3 -2087 -2087 -1178 -1I78 -644 -644

-2570 -2570

-6480 6480
- 1093 - 1093
-1616  l 6 l 6

-2570 -2570

-6480 6480
1093 1093
16 t6  - 1616

-279 -279 279 279- 1 1 2 5  r r 2 s  l I 2 5  - 1 1 2 5

-1190 -1190 -632 -632 -3663 -3663 -1477 -t477

torsion moment Mt
Circ shear from Vc
Long shear from VL

-Ttdl-SFetF 
sTress

-com6ftaliress

-23-2323
-23-23

-23-23-23- 7 7?3

-5772 4478 -2975 2944 -t9?54 15898 -10562 9274

Revision No. 0
Doc. No, V049-l-055
Ptse | 8 of 4l
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16-l/2'od CF

Opcning n2 Reinforcement Calculations Per UG-37

l.ocated on:
User innut vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center I.o:
Projection outside vessel Lpr:

Spool B-3
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

Apr. 19,1996

Revision No. 0
Doc. No. V049-1455
Paee 19 of 4l

0 deerees
18.25 in
0 i n
2.75 in

tn  -> |  l<-

l - l < -  d
tw l ->  |  l < l

l / l  |  '-'il 
ll''z

<-  L -> l

'll; 0  i n
. 2 5  i n
1 3 . 5  i n
. 2 5  i n
. 1875  i n

cor ros ion  a l low =
noz th ick nevl tn=
nozz le  id .  new d=
f i  I  le t  we ld  tw l  =
groove we)d tw2 =

To datum L= 96 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 13.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5x(tn-Cn-C) = .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6#P)
= 0+6.75l(16700x1 - 0.6*0)
= 0 i n

Required thickness A from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: 0* 15.25 / (16700*l - 0.6*0)
=  0 i n

Area required

Allowable stresses: Sn = 16700, Sv : 16700, psi

frl = lesser of I or Sn/Sv so frl : I
fr2 = lesser of I or Sn/Sv so fr2 = I

3.21.1996
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t6-l/2'od CF

A = d*t*F * 2,}*x1r*p*11 - frl)
= 13.5*.0,k1 + 2rt0.25x0*1,!( l  _ 1)
= 0 in^2

Area available

A1 : larger of the following = 3.375 in^Z

= d*(El*r-F*tr) - 2xttr+(El r't-F*tr)*(l -frl)

= lllil(,t 19*- 
1 *0) - 2*0.2s*( l *0.25-1 *0)*( l - | )

:2*(t+tn)*(E1*t-F*tr) - 2*tn*(E I *r-F*tr)+( l-frl ): 2 (0.25 + 0.25)*(1 *0.25- l,',0) - 2+6. 2J+( I +0. 25- t *0)*( I - I ): .25 in^2

A2 : smaller of the following = 0.313 in^2

= 5+(tn - trn)*fr2xt
= 5*(0.25 - 0)*l*0.25
: .313 in'2

: 58(tn - trn)"|i2*tn
: 5*(0.25 - 0)*l+0.25
:  .313 in^2

441 = Les.^ 2*fr2
= 0.25*2',7 = .063 in^2

A r e a : A l + A 2 + A 4 1
: 3.375 + 0.313 + 0.063
: 3.751 in^2

As Area > A the reinforcement is adequate for MAWP = 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or O.7*tmin, tl(min) = 0.175 in
t l(actual) :  0.7*[*e = 0.7+0.25 = 0.175 in
t2(actual) = 0.1875in
t l  + A =  0 . 3 6 2 5  > : 1 . 2 5 * t m i n

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness ber UG-166i:
lld pipe wall pir Uc-45(b)(4):
The sieater of tr2 or tr3: 

'

The lesser of tr4 or tr5:

3.21.1996

h l : O i n ( E = l )
t r 2 : 0 i n
tr3 = 0.0625 in
t r4 :0 .328125 in
h5 = 0.0625 in
tr6 : 0.0625 in

Revision No 0
Doc. No. V049-l'055
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16-l12'od CF

Req'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and UW-15(c)

Croove weld in tension : 0.74*167ffi = 12358 psi
Nozzle wall in shear = 0.7+16700 = | 1690 psi -

Inner fillet weld in shear = 0.49*16700 = 8i83 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si : 1.57*14*0.25+8183 : 44965.59 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn+sn : 1.57*13.?5*0.25,r,11690 = 63089.47 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O. D. +tw#Sg = 1.57* 1 4*0. I 87 5* 12358 : 50930.41 lbf

Loading on welds per UG-4lOXl)

w = (A - (d - 2*rn)*(El*r - F*u.;1+5u
: (0 - (13.5 - 2*0.25)+(t+0.25 - l*0))+16700
:-54275 tbf

Wl-l = (A2 + A5 + A4l + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
:6279.2lbf

tN2-2 = (A2 + A3 + A4l + A43 + 2*.tn*.t*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2+0.25+0.25*1)*16700
: 8366.7lbf

l,oad for path l-l lesser ofW or Wl-l :-54275Lbf
Path l-l Thru (l) & (3) = 44965.59 + 63089.47 = 108055.1 lbf
Path 1-l is stronger than W so it is acceptable per Uc-41(b)(2).

Lnad for path 2-2 lesser of W or W2-2 =-54275 lbf
PatJt2-Z Thru (l), (4\ -- 44965.59 + 50930.41 : 95896 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcemcnt Calculations for External Pressure

Limits of reinforcement UG40

Parallel to the vessel wall d = 13.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(hi-Cn-C) : .625 in

3.21.t996
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16-112'od CF

Nozzle required thickness

L/Do : 2.15114 : .196a Dolr: 1410.02915 = 480.27M

Apr.19, 1996

Ro'ision No. o
Doc. No. V049-1455
Pase 22 of 4l

From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4* 5294 I (3* 1 4/0. 029 I 5)
= 14.6972psi

Nozzle required thickness trn = .02915 in

Required thickness tr from UG-37(dXl) : .145 in

Area required

Allowable suesses: Sn = 14700, Sv = 14700, psi

frl : lesser of I or Sn/Sv so frl : I
fr2 : lesser of 1 or Sn/Sv so fr2 = I

A :-0.5+(d+tr*F + 2*tn*trnF*(l - frl))
:0:I1(l l  l l0 t45*1 + 2*0.25*0.145+l*( l  -  1))
: .9787 in^2

Area available

A I : larger of the following :  1 .418 in^2

A2 : smaller of the following : 0.276 in^2

: 5*(tn - trn)*fr2*t
= 5*(0.25 - 0.02915)*1*0.25
: .276 in^2

: 5*(tn - trn)*fr2*tn
= 5*(0.25 - 0.02915)'r'l*0.25
= .276 in^2

A4l : l*g^Z*fr2
:0.25^2*7 : .063 in^2

tuea: Al + A2 + A4l
: 1.418 + 0.276 + 0.063
: 1.757 in^2

3.21-1996

A : 0.000712
B : 5294

= dr(El +t-F*rr) - 2#tn*(E I *t-F*u)+( I _frl )
= I 3.51(t *0.25- I'r0. I 45) _ 2""9.25+11 *0. 25_ I *0. 1 45)+(l _ I ): 1.418 in^2

= 2+(t+rn)x(El *t-F#h) - 2*tn+(E1*t-F*E )*( l -frl )
= 2:\0_.?5 t0.25)+( I +0.25_l x0. i45) _ 2*0.25*( I *0.25_ r *0. t45)*(l - l ):  -105 in^2
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l6-l /2"od CF

As Area > A the reinforcement is adequate for Pe : 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness ber Uc-45(bx2):
Wall thickness ber Uc-16fti:
qld pipe wall per UGaS@Xa):
The-gieater of tr2 or u3:- 

'

The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or

Available nozzle wall thickness new, tn

The nozzle neck thickness is adequate for Pe.

trl : 0.02915 in (E : l)
tr2 = 0.0153 in
tr3 :0.0625 in
tr4 : 0.32E125 in
15 = 0.0625 in
ffi = 0.0625 in

tr6 = 0.0625 in

= 0.25 in

Apr. 19, 1996
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Applied l,oads

Radial load
Circumferential moment
Circumferential shear
lonsitudinal moment
LonEitudinal shear
Torsion moment
Internal pressure

16-l/2"od CF

Pr = 2250 lbf
Mc = 378.5 lbf-ft
vc = 126.5 lbf
ML :378.5 lbf-ft
VL = 126.5 lbf
Mt : 0lbf-ft
P :  0 p s i

Stresses at the nozzle OD per WRC bulletin 107 ( psi)

Mean radius Rn = 15.375 in
R m / t : 6 1 . 5

Stress concentration factor Kn (tension) : I
Stress concentration factor Kb (bending) : I

Pressure stress intensity factor, Farr equation 11.5

| : .25*@ + 3x(rix)^2 + 3*(r/x)^4)
= .25*(4 + 3*i6.75t7.25\'2 + 3*(6.75/7.25)'4)
= 2.214

Local circ. pressure stress = I*P*Rm/t : 0 psi

Local long. pressure shess : P*Rm/2t : 0 psi

Maximum combined stress =-19254 psi
Allowable combined stress : +-3+S': +- 50100 psi

The maximum combined stress is within allowable limis.

Maximum nrimarv membrane stress :-3663 nsi
Allowable frimarj, membrane stress : +-1.5+S = +- 25050 psi

The maximum primary membrane sress is within allowable limits.

Revision No. 0
Doc, No. V0.19-t 455
Paee 24 of 4l3-2t.1996
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16-l12'od CF

Apr. 19, 1996

- 9 1 1  - 9 l l  - 9 l I

13997 -13997 13997

-267 267 267
4079 4079 -4079

-483 -483
-562 562

-5019 -1087 -2929 -1245 -19254 16898 -10562 9?74

-3053 -3053 -2087 -?087 -1t78 -1178 -644 -644

i roml  va  lue
F i g .  I  r e a d

-gc- 
lI:E5sz lojes-

4 C *  t 4 . 3 9 l l  t 0 . 3 9 8
t c  t 0 . 0648  t 0 . 398
2 C - l | 0 . 0 0 6 5  | 0 . 3 9 8
3A*  11 .3830  10 .398
l A  1 0 . 0 5 7 3  1 0 . 3 9 8
3 8 *  1 2 . 5 0 1 8  1 0 . 3 9 8
1B- l  t 0 . 0079  t 0 . 398
Dressure stres s*

Tota l  c i rc  s t ress
Primary membrane
c i rc  s t res  s*

Total long stress
Primary membrane
long s t re  s  s*

-2570 -2570 -?570

-1404 1404 -1404

- 9 1 I
-2570

-  13997
1404

-?67
-4079

DIc lCuB IA l

483 483
562 -562

-?570 -2570

-6480 6480
1093 1093
1616  -1616

-279 -279 279 ?79
-1125  t r25  r r25  -1125

-1190 - i l90 -632 -632 -3663 -3663 -1477 -1477

- 9 1 1  - 9 1 1  - 9 1 1  - 9 1 1

-3456 3456 -3456 3456
-2570 -?570

-6480 6480
-1093 -1093
- 1 6 r 6  1 6 1 6

r c -  t  t 0 . 0 1 6 0  t 0 . 3 9 8
2C  t0 .0300  I 0 . 398
4A*  I5 .6652 10 .398
2A  10 .0227  10 .398
4 8 *  1 1 . 4 4 8 7  1 0 . 3 9 8
2 8 - 1 1 0 . 0 1 5 8  1 0 . 3 9 8
pressure s tres s*

tors i  on noment Mt
Circ shear from Vc
Long shear from VL

Total-Slear stress

-23-2323z 5
23?3-23-23

23-23-23-23-23z 5

Combined s t ress -577 2 4478 -2975 ?944 -t9254 16898 -10562 9274

3.2r.1996
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Stiffner Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l, 1992 Edition. A94 Addenda

SA 240 3O4L HIGH
0.1,{496 in
0.25 in
3l in

Apr. 19,r996

Revision No. 0
Doc. No. V049-l{55
Pase 26 af 4l

Identifier:
Ring material specifi cation:
Number of rines in this prouo:
Distance first frng to datim line:
Ring spacing:

Rins descrintion:
Rin! is rolli:d:
Ring cross sectional area:
Ring moment of inertia:

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn oressure:
Stiffener supi'oried length :

Stiffuer Rines
SA 240 3O4L HIGH
4
60 in
l 19 i n

2x2xl 14 Eoual Anele
les in (hard wav) 

-

0.038 in^2
0.348 in^4

Calculations for ring 60 in from datum

A s :
I r :

t :
t s :
D o :

: 4 0 0 d e g F
P : 14.7 nsi
Ls: 56.27083 in

B : .75*(P*Do/(t + As/Ls))

- .lfr.{l2t.t t t (0. I Me6 + 0. e3 8i 56. 27083))

From table HA-3 (ring) A: 1.60856E-04

Required moment of inertia of the combined ring-shell section

Is= (Do^2+15*(r + As/Ls)*A)i 10.9
: (3 | ̂  2* 56.27 O83 * (0. I 4496 + 0.938 | 56.27 083)* I . 60856E-04y I 0.9
: .1289846 in^4

Available monent of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.06227

W: l. l  *Sqr(Do*ts)
= l. l*Sqr(31*0.25)
= 3.M227 in

W: Ls = 56.27083 in

Shell area Al = W*ts : 0.7655676 in^2

Distance to the ring neutral axis

3-21.1996
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Stiffner Rings

Y2 = Rins NA + ts/2
: l.4OB-+ 0.25/2
: 1.533 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: q93!ilJ33/(0.76ss676 + 0.e38)
= .8440839 in

Inertia of the shell about the combined section NA

I l : w * t s ^ 3 / 1 2 + A l * N A ^ 2
: 3.M227 *0.25 ̂ 3 I 12 + 0.7 65567 6*0.84r';0839^ 2
: .54943'11 in^A

Inertia of the ring about the combined section NA

1 2 = l r + A s * ( N A - Y 2 ) ' 2
: 0.148 t 0.938*(0.8440839 - 1.533)^2
= .7931799 in^4

Total available I : Il + 12 -- 1.342617 in^4

The 2x2xIl4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 179 in from datum

sA 240 304L HIGH
0.14496 in
0.25 in
3 l  in
400 deg F
14.7 osi
68 in-

Apr. 19, 1996

Revision No. 0
Doc. No- V0.t9-1455
PAse 27 of 4l

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External design oressure:
Sti ffener supflorted length :

B = .75*(P*Do/(t + As/Ls))

t :
t s :
D o :

P :
L s =

= lrt;wrl. 
r t | (0. | 44e6 + o. e38/68))

From rable HA-3 (ring) A = 1.6374148-M

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
: (9 ! -?iqq".(o-. | 4496 + 0. e3 8/68)+ l. 637 41 4E-04) | rO.e: .1558437 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.0622i

W: l . l*Sqr(Do+ts)

3.21.t996
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Stiffner Rings

= l . l*Sqr(31+0.25)
= 3.O6227 in

W = L s = 6 8 i n

Shell area Al : W*ts = 01655676 in^2

Distance to the ring neubal axis

Y2 : Rine NA + ts/2
: 1.408-+ 0.2512
: 1.533 in

Neutral axis of combined section

NA:As*Y2 l (A l  +As)
= 0,93Q!!.-sJ3 / (0.765s676 + 0.938)= .8440839 in

Inertia of the shell about the combined section NA

I l : W + t s ^ 3 / 1 2 + A 1 * N A ^ 2
: 3.06227*0.25^ 3 | 12 + 0.7 65567 6*0.84/;0839^ 2- .5494371 in^4

Inertia of the ring about the combined section NA

t2 : t r  +  As* (NA-Y2)^2
: 0.1nq_t q 9.38*(0.8440839 _ t.s31)^2: .7931799 in^4

Total available I : Il + 12: 1.142617 in^4

The 2x2xl 14 Equal Angle vacuum stiffener is satisfactory.

Shell material specification:
Required shell ihickness:
Corroded shell thickness :
Shell outer diameter:
Desiqn temDerature:
Exteiral delign pressure:
Stiffener supfloried length :

t :
t s =
D o :

D -

L s =

SA 240 3O4L HIGH
0.1,f496 in
0.25 in
31 in
400 des F
14.7 psi
52 in-

Apr. t9, 1996

Ro'ision No. 0
Doc. No. V0t9-l{55
Peee 28 of 4l

B : .75+(P*Do/(t + As/Ls))

= {#[.\od]-t, 
/ (0. 144e6' + 0.e38t 52))

From table HA-3 (ring) A: 1.5951768-04

Re{uired noment of inertia of the combined ring-shell section

3.21.1996

Calculations for ring 298 in from datum
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Stiffner Rings

15= (trs^f*15*(t + As/Ls)*A)/10.9
= (9 ! . ?i5?*(0. | 4496 + 0.938/52)* 1.595 17 6E-M) | to.g
:  .1192045 in^4

Available moment of inertia of the combined ring-sbell section

Shell width contributing smaller of : 3.M227

W = l.l*Sqr(Do*ts)
: I  . l  *Sqr(31*0.25)
= 3.06227 in

W : L s = 5 2 i n

Shell area Al : W+ts = 01655676in^2

Dislance to the ring neutral axis

Y2 : Rins NA + tsi2
:1 .408-+  0 .25 t2
: 1.533 in

Neutral axis of combined section

N A : A s * Y 2 l ( A l + A s )
: 0.938*1.533/(0.7 6556't 6 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

I l  = W + t s " 3 / 1 2 + A I * N A ^ 2
: 3.06227 *0.25 ̂  3 I 12 + 0.7 65567 6*0.8440839 " 2
: .5494371 in^4

Inertia of the ring about the combined section NA

t 2 : t r + A s * ( N A _ Y 2 ) ^ 2
: 0.148 t 0.938*(0.8440839 - 1.533)^2
= .7931799 in^4

Total available I : Il + 12 -- 1.342617 in^4

The 2r2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 417 in from datum

Apr. 19, 1996

Shell material specifi cation :
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Desiqn temoerature:
ExteFral deiisn oressure:
Stiffener supfioried length :

3-2t.1996

t =
t s :
D o :

P :
L s :

SA 240 3O4L HIGH
0.14496 in
0.25 in
3l in
400 des F
14.7 psi
45.5 in

Revision No. 0
Doc. No. V049-1455
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Stiffner Rings

B : .?s+(P+Do(t + As/Ls))
= .75*(14.7*3t | (0.t4496 + 0.938/45.5))
:206a.166

From table HA-3 (ring) A: 1.570584E-O4

Required moment of inertia of the combined ring-shell section

Is: (Do'2*Ls'*(t + As/Ls)*A)/10.9
= (3 I ̂ 2+4J. J+(0. 1,f496 + 0.936/45.5)* 1.570584E-04y 10.9
: . l(X3195 in^4

Available moment of ioertia of the combined ring-shell section

Shell width contributing smaller of - 3.06227

Yrr = 1.1+$qr(Do*ts)
= l. 1*Sara3l *0.25)
:3.06227'in

W = L s = 4 5 . 5 i n

Shell area A1 = W*s = 0.7655676 in^2

Distance to the ring neutral axis

Y2 = Rine NA + ts/2
= 1.a08-+ 0.2512
= 1.533 in

Neutral axis of combined section

NA :As *Y2 l (A1  +As )
= 0.938*1.533/(0.7655676 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

11 :W*a^3/12 +A1*NA^2
: 3.06'227 *O.25^ 3 I t2 + 0.7655676*0.8440839^2
: .5494371in^4

Inertia of the ring about the combined section NA

12 = Ir + As*(NA _yZ\^2
: 0.348 + 0.938*(0.8440839 - 1.533)^2-- .7931799 in'4

Total available I = Il + 12: 1.342617 in^4

The 2x2x7l4 Equal Angle vacuum stiffener is satisfactory.

3.2r.t996
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Support Rings

Stiffenisg Ring Calculations Per UC-29

ASME Section VIII Division I, 1992 Edition, A94 Addenda

Suooort Rinss
sA 240 304t HrcH
2
108 in
136 in

3x3x I /4 Eoual Anele
Ieg in (hard way) 

-

1.44 in^2
1.24 in^4

Calculations for ring 108 in from datum

Identifier:
Ring material specifi cation :
Number of rinss in this srouo:
Distance first rins to datim line:
Ring spacing:

Rins descriotion:
Rin[ is rollid:
Ring cross sectional area:
Ring moment of inertia:

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diarneter:
Design temperature:
External desisn oressure:
Stiffener supi'oried length:

B = .75*(P+Do/(t + As/Ls))

= l;;;\tl-t't(o 
|44e6 + | '44I5e's))

A s :
I r :

SA 240 3O4L HIGH
0.14496 in
0.25 in
3 l  in
400 deg F
14.7 osi
59.5 in

Apr. 19,r996

Revision No. 0
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t =
t s =
D o :

P =
L s =

From table HA-3 (ring) A = 1.5376E-M

Reguired moment of inertia of tte combined ring-shell section

15: (-trs^ l*L5*(t + As/Ls)xA)/10.9
= (3 I ̂ 2*59. 5*(0. 1 4496 + 1'.441 59.5)* 1 .5376E-04y 1 0.9
: .1364455 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227

Shell area Al : W*ts : O.7655676 in'Z

Distance to the ring neutral axis

3.2r .1996

W: I . I *Sor(Do*ts)
: I.t*Sqrl3l*0.25
:3.O62h in

W : L s : 5 9 . 5 i n
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Support Rings

Y2 = Rine NA + ts/2
:2.158-+ 0.2512
:2.283 in

Neutral axis of combined section

NA:As*Y2l (A l  +As)
: \.+12.2!?t(0.76ss676 + 1.44)
: 1.490555 in

Inertia of the shell about the combined section NA

I l =W* t s^3 /12+A l *NA^2-- 3.M227 *0.25^ 3 | t2 + 0.7 65567 6+ t.490555' 2
= 1.70489 in"4

Inertia of the ring about the combined section NA

t2: tr + As*(NA _y2)^2
:1.24 + 1.44*(1.490555 -2.283)^2
:2.144275 in'4

Total available I : I1 + 12 :3.849166in^4

The 3x3xl/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 244 in from datum

Shell material specification:
Required shell thickness:
Corroded shell thickness :
Shell outer diameter:
Design temperature:
External design oressure:
Stiffener supi'oried length :

SA 240 3O4L HIGH
0.14496 in
0.25 in
3 l  in
400 deg F
14.7 psi
59.5 in

t :
t s :
D o =

P :
L s =

Apr. 19,r996
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B = .75*(PtDo/(t + As/Ls))
: .7^5*(1.4.7*3t t(0.14496 + 1.44159.5))
:2m0.4o4

From table HA-3 (ring) A: 1.5376E-O4

Required moment of inertia of the combined ring-shell section

Is= (Do^2*Ls*(t + As/Ls)+A)/10.9
= (ll _?1:2.I.I0. 14496 + I .,{4/se.5)* 1.53768-@)/10.9
: .1364455 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

W = l.l *Sqr(Do*ts)

3.2r.1996



COMPRESS5.53 C:\COMPRESS\MODECLNR\B-3.VSL

Support Rings

= Ll*Sqr(31t0.25)
= 3.M227 in

W = L s = 5 9 . 5 i n

Shell area Al : W*ts : 0.7655676 in^2

Distance to the ring neutral axis

Y2 = Rins NA + ts/2
:2.158-+ 0.2512
= 2.283 in

Neutral axis of combined section

N A : A s t Y 2 / ( A l  + A s )
: 1.44*2.2831 (0.7655676 + 1.44)
= 1.490555 in

Inertia of the shell about the combined section NA

11 = W*ts^3/12 + Al*NA^2
: 3.06227*0.25^ 3 | 12 + O.'1 65567 6* r.490555" 2
: 1.70489 in^4

Inertia of the ring about the combined section NA

12: Ir + As*(NA -Y2)^2
: ! .24 ! 1.,14*(1.490555 -2.283)^2
: 2.1442'15 in^4

Total available I : Il + 12 : 3.849166 in^4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.

Apr. 19, 1996
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SupDort Ring

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division I, 1992 Edition. A94 Addenda

Identifier:

Ring description:
Rins is rollEd:
Rini cross sectional area:
Rin[ moment of inertia:

Shell material soecification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temoerature:
Exteiral detien oressure:
Sti ffener supfloried length :

B : .75*(P*Do/(t + As/Ls))
: .75*(14.7*31 | (0.14496 +
:2020.404

From table HA-3 (ring)

3x3xll4 Equal Angle
les in (hard wav)

As = l.-++ iri^2
Ir = 1.24 in^4

Apr. 19,r996
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Ring material specifi cation:
Number of rines in this srouo:
Distance first ring to datim fine:

Supoort Rins
sA 2,ro 3o4f HrcH
I
348 in

Calculations for ring 34E in from datum

SA 240 3O4L HIGH
t : 0.14496 in
ts = 0.25 in
D o : 3 l i n

: 400 dec F
P = 14.? ps-i
Ls : 59.5 in

1.44159.5))

A: 1.5376E-@

Required moment of inertia of the combioed ring-shell section

Is= (Do^2*Lsx(t + As/Ls)+A)/10.9
: (il -?it9 f .(0. 14496 + I .44l59.s)* 1.5376E-04y I 0.9
: .1364455in^4

Available moment of inertia of the combined ring-sbell section

Shell width contributing smaller of : 3 .06227

W - 1.I*Sqr(Do*ts)
: l . l  *Sqr(31*0.25)
:3.M22t' in

W = L s : 5 9 . 5 i n

Shell area Al : W+ts : 0.7655616 in^Z

Distance to the ring neutral axis

Y2 : Ring NA + ts/2

3-21 .1996
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Support Ring

: 2.158 + 0.25/2
:2.283 in

Neuhal axis of combined section

N A = A s + Y 2 l ( A l + A s )
: 1.44*2.28J/ (0.7 655676 + 1.44)
: 1.490555 in

Inertia of the shell about the combined section NA

I l = W * t s ^ 3 i 1 2 + A I * N A ^ 2
= 3.M227*0.25^ 3l 12 + 0.7 655676* 1.490555^ 2
: 1.70489 in^4

Inertia of the ring about the combined section NA

1 2 : b + A s * ( N A _ y ? ) ^ z
: !.?4 t_r_ 44:(t.4e0555 _ 2.283)^2
:2-144275 in^4

Total available I : Il + 12 = 3.849166 in^4

The 3x3xl/4 Equal Angle vacuum stiffener is satisfaclory.

Rnision No. 0
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Bellows Lugs

Apr. 19, 1996

lil:ffiY;-'""
Pase 36 of 4l

Lus rnaterial snecification
Lu[ atlowahle ttress
Torr plate width
BaSe'plate width
ToD Dlate thickness
Baie'olate thickness
Lue Gnfih circ. direction
GrlIset h-eight
Gusset thickness
Number of lugs
Ansular position. first lus
Fillet weld size
Force bearine width
Distance to l6ad

= SA 204340L H igh  7 , t , ,u  n  r .  ( i t , , . ' , ,4 t  . " ' r
= 24fiX) nsi

w p = 2 i n  r '  a ' . r 9 -  t -  a P ' /  r . ' . i  e ' t " i \
wb:^6^ in - .  ;> .2 ! ,ua)  op  ,7 t t  t t . ,  t  I  t t , tt  :  0.375 in
tb : 0.375 in
L : 6 i n
h = 6 i n

tg = 0.375 in
_ A

= 90 deerees
tw : 0.25 ii
F b : 3 i n
d = 4 . 5 i n

Lug top plate required thickness, Bednar pg 153

ta : 0.75*(Vl*6*1-;715x*1yp^ 2*h)
: 0.75*(1 604*4.5*6)i(24000*2 ^2*6)
: 0.25 in

Lug gusset required thickness

Sc = 18000/(l + (l/18000)*(h/(0.289+ts))'2 )
= 18000/(i + (i/rE000)*(6/(0.289*0.5?5))^2 ): 15380.89 psi

te : VL*(3*d - wb)/(Sc*wh^2*SIN(Alnha)'2)- = r604' i(3*4.5 - 6)/(15380.89+6^2+srN(56:31)^2)
: 0.0314 in

Lug base plate required thickness

From Escoe table 4-8

fc :  VL/(Fb*L) :  89.11111 psi

Mx = Cx*fc:tcs'2
: 0.1085*89. 1 I lll*5.25^ 2 = 266.4896

Mv : Cv*fc*wb^2"-- -. l/4* 89. | | | | l*6^ 2 : -397 .7 92

tb :Sqr (6*Mmax/Sa)
: Sqr(6*397.792 l240[o\
= 0.3154 in

Check lug attachment stresses

Radial load
Circumferential moment
Circumferential shear

3.2r-1996

Pr = Olbf
Mc : 0lbf-ft
Vc : Olbf



COMPRESS5.53 C:\COMPRESS\MODECLNR\B-3-vSL Apr. 19,r996

Longifudinal moment
Loneitudinal shear
Inteiral pressure

Bellows LuEs

ML :0lbf-ft
VL = 1604 lbf
P = Opsi

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm : 15.375 in
Rm/t = 61.5

Cl :  3, C2 : 3.375 in

Stress concentration factor Kn (tension) = I
Stress concentration factor Kb (bending) = t

Local circ. pressure stress = P*Rm/t = 0 psi

Local long. pressure stress : P*Rm/2t : 0 psi

Maximum combined stress : 950 psi
Allowable combined sbess = +-l:5*S : +- 25050 psi

The maximum cornbined s8ess is within allowable limits.

Maximum frrimary membrane stress : 0 osi
Allowable ilrimary membrane stress : +:l.5+S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Revision No. 0
Doc. No. V049-1455
Paee 37 of4l3.21-t996



CoMPRESS 5.53 C: \COMPRESS\MODECLNR\B-3. VSL

Bellows Lugs

ron a  t u e
F i g . read

le. l3ltdE ld:nZ
4C*  17 .5544  10 .213
l c  10 .0648  10 .203
2C-110.0257 10.203
3A*  12 .3818  I 0 . 203
lA  10 .0649  10 .223
38*  15 .3623  I 0 . 211
1B- i l 0 . 0191  10 .208
pressure stress*

T;iti-clrc stress
Primary membrane
cr rc  s t res  s ;

ToE l 
-Io;g-slress

Prinary membrane
long stres s*

-tois 
i o-n rnoment-Mt

Ci rc  shear  f rom Vc
Long shear from VL

-ToGI-SFaar 
sTress

-eomb-ftd 
stress

Apr. 19,1996

-475 -475 475 475

-475 -475 475 475

950 950

4C* 17.3854 10.222
1C-  r  10 .0500  10 .215
2C  10 .0334  l 0 . 2 i s
4A*  I 5 . 3293  10 .203
2A 10.0274 10.237
4 8 *  1 2 . 3 9 3 6  I 0 . 2 1 1
2B- l 10 .0268  10 .226
pressure stre s s*

Revision No. 0
Doc. No. V049-l-055
Paee 38 of4l
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Lug material specification
Lui allowable stress
Toi plate width
Baie'plate width
Too plate thickness
BaSe'plate thickness
Lus lensth circ. direction
GuIset hleieht
Gusset thic-kness
Number of luss
Angular nosition. first lus
Fillet weld size
Force bearing width
Distance to load

Bellows lugs

: SA 204 340L Hieh
= 24000 psi

w p : 2 i n
w b = 6 i n
t : 0.375 in

tb : 0.375 in
L : 6 i n
h : 6 i n

tg : 0.375 in

: 90 deerees
m = 0.25 i-n
F b : 3 i n
d = 4 . 5 i n

Lug top plate required thickness, Bednar pg 153

ta : 0.75*(VL+d+L)/(Sa*wp^2*h)
: q. ?!*( I 604*4 .5+ 6) | (240ff*2' 2*6)
: 0.25 in

Lug gusset required thickness

Sc = 18000/(l + (l/18000)x(h/(0.289*tc))^2 ): I qgq0/(r- + { I /l 8000)*(6/(0.289*0.Ji5))^2 ): 15380.89 psi

tg = VL+(3*d - wb)/(Sc*wb" 2*SIN(AIoha) ^2)

= l%T;111* 
t - 6v( I 5380.8e*6^2*srN(56: 3 I ) ̂  2)

Lug base plate required thickness

From Escoe table 4-8

fc :  VLl(Fb*L) = 89.111 11 psi

Mx : Cx*fc*Gs^2
: 0. 1085*E9. I I lll+5.25^2 : 266.4896

Mv : Qy*L**6-2
: - -114+89.1 t l  1 t*6^ 2 : -397 .792

tb: Sqr(6+Mmax / Sa)
: sqi(6*397.792 tz4cf,f�\
= 0.3154 in

Cbeck lug attachment stresses

Radial load pr : 0lbf
Circumferential moment Mc = 0 lbf-ft
Circumferential shear Vc = 0 lbf

3.21.t996
Revision No. 0
Doc. No. V0.19-1455
Paee 39 of ,11

i? ; r i r l  ro  ( '7rot " : ' '  cu)

y '  c1  , { t ) .

r - t p l  L

/ *  I  i r " /

D , F 3

F o 4

/ . - . !  o E  L J L t



COMPRESS5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Bellows lugs

ML :0lbf-ft
VL = 1604 lbf
P :  O p s i

lnngitudinal moment
Longitudinal shear
Internal pressure

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm : 15.375 in
Rm/t = 61.5

Cl :  3, C2 : 3.375 in

Stress concentration factor Kn (tension) : I
Shess concentration factor Kb (bending) : I

Local circ. pressure shess = P*Rrn/t : 0 psi

Local long. pressure stress : P+Rm/2t : 0 psi

Maximum combined stress = 950 Dsi
Allowable combined stress = +-l:5+S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = 0 psi
Allowable irimary membrane stess = 1'-1.5i.9 : +- 25050 psi

The maximum primary membrane stress is within allowable timis.

Ro'ision No. 0
Doc. No. V049-t{55
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CoMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Bellows lugs

rom a  l u e
F i g . rea0

3c- |  3 .908s lo J22
4C*  17 .5544  10 .213
l c  10 .0648  10 .203
2 C - 1 1 0 . 0 2 s 7  1 0 . 2 0 3
3 A *  1 2 . 3 8 I 8  { 0 . 2 0 3
l A  10 .0649  10 .223
38*  15 .3623  l 0 . 2 l l
1 8 -  I  l 0 . 0 1 9 1  1 0 . 2 0 8
pressure stress*

Tota l  c i rc  s t ress
Prinary nembrane
ci rc  s t ress*

4C* 17.3854 10.22?
l C - l 1 0 . 0 5 0 0  1 0 . 2 1 5
2 C  1 0 . 0 3 3 4  1 0 . 2 1 5
4 A *  I 5 . 3 2 9 3  1 0 . 2 0 3
?A 10.0?74 10.237
4 8 *  1 2 . 3 9 3 5  1 0 . 2 1 1
2 8 - l 1 0 . 0 2 6 8  1 0 . 2 2 6
pressure stress*

Tota l  long  s t re  s  s
Prinary nembrane
long s tress*

tors i  on moment t l t
Circ shear from Vc
Long shear from VL

-Tofi 
sh-ear stress

-eombined 
stress

-475 -475 475 475

950 950 950 950

Revision No. 0
Doc. No. V0{9-l-055
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PROCESS SYSTEMS INTERNATIONAL, INC.

WESTBOROUGH, MA
ENGINEERING
CALCULATIONS

NO: V049-l-056
PAGE I OF 18

REV. DEO # DATE BY: C}IECK TITLE:

SPOOL B-4 (48 in)
o o/36 4/zt/9 t I,DB 2?C--

BY: W. Bilyns$ DEYI.:744

PROJECT: LIGO Vacuum EquiPment PROJECTNO: V59049

PTJRPOSE: Determine spooVadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
rings.

METHOD:
Thickness requirements per the ASME codg Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.53.

ASSUIT4PTIONS:

INPUTS: I . Vacuum pressure : 14.7 psi
Design Temperature = 400 F.
Nozzle Loads per Calc No, V049-l-045

2.

- i ler&PressureVesselCode,SectionVIII ,Div. l ,PressureVessels'
2. COMPRESS 5.53, Computer Aided Pressure Vessel Design, Codeware Computer

Systems, Inc.
3. Doc. No. V049-l -066 LIGO Equipment Structural Design Criteria

CALCULATIONS: ( See Attached )

CONCLUSIONS:
The requirements of the ASME Code are met for spool B-4 outer shell'

-dedintheCoMPRESSmodelsimulatingradialstiffenersatthecylinders
open end(s). For flange design and analysis see calculation numbers V049-1-016, 017,018, & 019.



PROCESS SYSTEIUS INTERNATIONAL. INC.
WESTBOROUGH. MA

ENCINEERINC NO: V0{9-l-056
CALCULATIONS PAGE 2 OF Tt

PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V590{9

TABLE OF CONTENTS

B-4 (48 in dia)

Spool 84 - 48 in lConceptual Drarring)

Spool B-4 (48 in dia) COMPRESS Plot

COMPRESS Output For Shcll Design

Prcssurc Summary

Weight Sumnury

Nozzlc Srrmmary

Nozzle Schedulc

Thickness Sunrmary

Spool 84 l0
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COMPRESS 5,53

Pressure Summarv

Pressure summary for pressure chamber I

C :\COMPRESS\MA NIFOLD\B-4. VSL Apr.23,1996

1 P T ] r | ^ $ P X A P

I des.rsh I dedtsn | |

|  ( p e l )  l ( d 6 q  F )  |  ( F s t )  |  ( p s I )

Fe I oc-ee I ucs-66 lcolroslonl

je r t€ rn l r  r r t to  I  D{ r  E t .DPt lon  o t  lA t lok .hc€ l

(p61)  |  I  (deg F)  t t l csg  t  duc t lon  |  ( r t r )  |

slbor B-. I

n l  1 6 - r / 2 ' c r  r r n t u l

as,2s '  ld r tanq€ I
ae.25i  ld r t .Dqe l

o . o  I  r . 6 . r  I 3 2 . 6  |  1 . O O O  I

1 . . ?  l r , o o o  I

| {ot .Fpllc.trl.

I Dot appllc.ble

I  xo t  .pp l t€b lc

I lrot .pPrlclb1e

I  o.ooo I

r a 6 - r  I

Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.

Vessel MAP new & cold is 0 psi @ 0 degrees F.

Vessel allowahle external pressure is 14.7 psi @ 400 degrees F.

Hvdrotest Dressure calculation hased on Pe

: 1.5*Pe*l = 22 psi

Vessel hydrotest pressure is 22 psi.

Revision No. 0
Doc. No. V049-l{56
Pasc 5 of l8
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CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-4.VSL Apr.2l, 1996

Weight Summary

CoEponent ------ $elqht (Itrs) contrlbut6al lly ve33el El4D.nts

||etal tretll Tr.ys plcked rnsul l-1h1n9 PlPlng L.<ldcr nlnq6 OP.r TcBt t{o..fe

Corr I 6up B6ds & p l . i  !  ' | l gc  L lqu l . l  L lqu ld  r  f lg

a9 .25"  Id  f lang

a4,25 .  ld  f . I .Dg

v e s g e l  o p e r a t t n g  f e l g h t ,  c o r r o d e d :  ! , 6 4 4  l b s

v e s s e f  e r p t y  b - e t q b t "  c o r r o d e d :  I , 5 e 4  t b s

V € s s e l  e E p t y  u e i q h t ,  n e r :  1 , 6 s 4  t ! ' s

v e s s e l  t e s t  u e i r J h t ,  n e u :  5 , 6 4 5  l b s

Vessel lift weight, new:
Center of gravity to seam:

Revision No, 0
Doc. No. V049-l{56
Pase 6 of l8

1,684 lbs
30 in

3.21.1996



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-4.VSL

Nozzle Summary

Apr.23, 1996

( I n )  ( r h )  a l ?

o . 2 5 O O  O . 0 6 2 5  y y  o . 2 5 O O  0 - 1 7 5 "

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickness
Req t - required vessel wall thickness due to pressure + corr per UG-37
Ustir t - loc'al vessel wall thickness (near opening)
Aa - area availahle Der UG-37. qovernins condition
Ar - area required per UG-37,'fovernin;icondition
Corr - corrosion allowance on nozzle id.

Roision No. 0
Doc. No. V049-l{56
P a s e T o f l S3.2r.1996



CoMPRESS 5.53 C :\COMPRESS\MANI FOLD\B-4. VSL

Nozzle Schedule

Apr.23, t996

xaterl!lg

N o 2 2 l e  I r P r c t ?  o r r ?  P . d  I n p r c t ?  t t o l D ?

16-1 l2 r  c f  r . ' rube 13.5{ )  rDxO.25 S l '  240  30a!  l l l c l l

Revision No. 0
Doc. No. V0'19-l-056
Paee I of l8
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C0MPRESS 5.53 C :\COMPRESS\MANIFOLD\B-4.vSL Apr.23, 1996

Thickness Summary

( t h )  ( I n )

I D t  Jo th t  coverbr rg

E Load StltuE stre3E

o . 1 5 0 ( 1  0 - l ? s €  o . a 5

Nom t - vessel wall thickness
Req t - requiretl vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency

load:
internal - circ stress due to internal pressure governs
external - external pressure governs
wind - combined lons stress due to STATUS * wind soverns
seismic - combined lon-g stress due to STATUS + seismic governs

Rerision No. 0
Doc. No. V049-1456
Pa€e 9 of l8

3.2r.1996



CoMPRESS 5.53

Spool B-4

ASME Section VIII Drvision l, 1992

C :\COMPRESS\MANIFOLD\B-4. VSL Apt.23, 1996

Corrosion allowance: Inner C : 0

Comnonent:
Mateiial specifi cation :

External design pressure :

Cvlinder
SA 240 3&L HIGH

Pe-- 14.7 psi @ 400 deg F

inouter:0

new:662.8 con = 662.8 lb
new : 474.923 con = 474.923 US ga

PWHT is not performed

Radiography: Category A joins - Spot UW-l l(b) type I
Category B joints - Spot UW-l1(b) type I

Estimated weight:
capaclty:

ID = 48.25 length Lc= 60 t = 0.25 in (new)

MAP: (New & at 0 des F) UG-27(cXl)

P :S *E* I / (R+0 .6 * t ) -Ps
: 16700,'.0.85*0.25t(24.125 + 0.6*0.25) - 0
: 146.1895 psi

MAWP: (Corroded & at 0 deg F) UG-27(cXl)

P :S *E* r / (R+0 .6 * t ) _Ps
: 16700*0.85*0.251(24.125 + 0.6*0.25) - 0
= 146.1895 psi

External Pressure: (Corroded & at 400 deg F) UG-28

L/Do = 60148.75 = 1.2308 Do/t : 48.7510.17569 : 277.4774
From table G: A : 0.000234
From table HA-3: B : 3087.2

Pa= 4*B/(3*Do/t)
: 4*39F7 .21 (3" 48.7 5 | 0. l7 569)
-- 1a.83a6 psi

Design thickness for external pressure Pa : 14.E346 Dsi:
: t i Conosion
: 0.17569 + 0
: 0.17569 in

Maximum Allowable External Pressure: (Corroded @ 4(X) deg F)

L/Do : 60148.75 =1.2308
From table G:
From table HA-3:

3_2r.1996

Do/ t :48.7510.25:195
A = 0.000398

B = 4779

Revision No. 0

Doc. No. V0{9'1456
Paee l0 af lE



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-4.VSL Apr- 23, 1996

SPool B-4

Pa: 4+B/(3+Do/t)
: 4* 47 7 9 / (3* 48.7 5 | 0.25)
= 32.6769 psi

Rcvision No. 0
Doc. No. V0{9-l-056
Pase l l  o f lS3.21.t996



CoMPRESS 5.53

16- l /2 'CF l4 ' tube

Opening nl Reinforcement Calculations Per UG-37

C:\COMPRESS\MANIFOLD\B-4.VSL A9r-23, 1996

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification :

Nozzle orientation:
End of nozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

Spool B-4
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 deqrees
27.315 in
0 i n
3 i n

tn

twl->t,
d

w2

>l
\

L

c o r r o s i o n a l l o w = 0 i n
noz thick nel ' ,  tn= .25 in
nozz le  id .  new d= 13 ,5  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove we ld  tw2 =  ,1875 in

To datum L= 36 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 13.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tir-Cn-C) : .625 in

Nozzle required thickness

trn : P*Rn/(Sn*E - 0.6*P)
: 0*6.75(16700*1 - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

r= P+R/(S+E - 0.6+P)
= 0+2a.1251(16700t1 - 0.6*0)
: 0 i n

Area required

Allowable stresses: Sn = 16700, Sv : 16700, psi

frl : lesser of I or Sn/Sv so frl = I
fr2 : lesser of I or Sn/Sv so fr2 = I

3 .2 t .1996
Revision No. 0

Doc. No V0'19-1456
Pape l2 of lS



COMPRESS5.53 C:\COMPRESS\MANIFOLD\B-4.VSL

l6- l /2 'CF l4 ' tube

A _ d*tr*F + 2l.tn*tf*F*(l _frl)
= 13.5*0*l + 2*0.25*0+l 'r .( l  _ l)
:  0 in^2

Area available

Al : larger of the following : 3.375 in'2

: 0 . 3 1 3  i n ^ 2

t r l = O i n ( E : l )
t r 2 : O i n
t3 = 0.0625 in
tr4 = 0.328125 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Apt.23, 1996

Revision No. 0
Doc. No, v049-1456
Paee l3 of l8

: d*(El*t-F*r) - 2*tn*(El *t-F*tr)*(l-frl)
: 13.5*(1*0.25-1*0) - 2*0.25*(l *0.25-I *0)*(l- l)
:3.375 in^2

: 2*(t+tn)*(El *t-F+tr) - 2,ktn*(El *t-F*rr)*(l -fr1)
: 2*(0.25 +0.25)*(l *0.25-l *0) - 2'k0.25*(1 *0.25-l *0)*(l-1)
: .25 in^2

A2 = smaller of the following

: 5*(tn - trnl+;.t*t
: 5*(0.25 _ 0;,*1*9.r'
: .313 in^2
: 5*(x1 - trn)*fr2*tn
= 5r(0.25 - 0)*1*g.tt
=  .313 in^2

A47 - lxs.^2*fr2-- o.25*?*l : .063 in"2

A r e a : A l  + A 2 + A 4 l
:3 .375 + 0.313 + 0.063-- 3.751 in^2

As Area > A the reinforcement is adequate for MAWP : 0 at 0 Deg F

Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t, tmin : 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) : 0.175 in
t l(actual) :  0.1*I.es. = 0.7*0.25 = 0.175 in
O(actuali : 0.18751n
tl  + t2 :  0.3625 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness per UG-16(b):
Std pipe wall per UG-45OX4):
The-gieater of tr2 or tr3:' 

'-

The lesser of tr4 or tr5:

3-2r.1996



CoMPRESS 5.53

16- l /2 'CF l4 ' tube

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

C:\COMPRESS\MANIFOLD\B-4. vSL Apr.23, 1996

Groove weld in tension = O.'14*1670o: 12358 osi
Nozzle wall in shear = 0.7't16700 = 11690 psi '

Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded ioints:

(l) Inner fillet weld in shear

(3) Nozzle wall in shear
(Pi/2)+Mean nozzle dia.*tn*Sn = 1.57+13.75*0.25*1 1690 : 63089.47 lbf

(4) Groove weld in tension
(Pi/Z)*Nozde O.D.*tw*Sg : 1.57*14*0.1875*12358 = 50930.41 |bf

Loading on welds per UG-4lO)(l)

W = (A - (d - 2{'tn)*(El *t - F+tr))+Sv
= (0 - (13.5 - 2x0.25)*( l+0.25 - l*0))*16700
:-54275lbf

Wl-l = (A2 + A5 + A41 + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
: 6279.2 tbf

W2-2: (A2 + A3 + A4l + A43 + 2*tn*t+fr1)*Sv
: Q.1-11 +-0 + 0.063 + 0 + 2*0.25*0.25*t)*16200
- 8366.7 tbf

I-oad for path l-l lesser of W or Wl-l :-54275lbf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 lbf
Path l-l is stronger than W so it is acceptable per UG-al@)(2).

load for path 2-2 lesser of W or W2-2 :-54275 lbf
Parhz-z Thru (l). (4\ : 44965.59 + 50930.41 = 95896 tbf
Path 2-2 is stronger than W so it is acceptable per UG-alQ)(2).

(Pi/2)*Nozzle o.D.*l,eg*si = 1.57*14*0.25*8183 : 44965.59 lbf

Reinforcement Calculations for External Pressure

Limits of reinforcemcnt UG-40

Parallel to the vessel wall d = 13.5 in
Normal to the vessel wall outside 2.s+(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*11ir-Cn-C) : .625 in

3-21 .1996
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COMPRESS 5.53

Nozzle required thickness

L/Do : 3ll4 = .2143 Doft - 1410.02962 : 472.6536
From table C: A = 0.000667
From table HA-3: B = 5233.5

Pa: 4*B/(3*Do/t)
: 4* 5233.5 I (3* 1 4 I 0.A2962)
= 14.7635 psi

Nozzle required thickness trn = .02962 in

Required thickness tr from UG-37(dX1) : .1757 in

Area required

Allowable stresses: Sn : 14700, Sv = 14700, psi

frl = lesser of 1 or Sn/Sv so frl = I
fr2 : lesser of I or Sn/Sv so fr2 :l

A : O.s*(d*tr*F + 2*tn*U"*F+(l - frl))
:  0.5i(13.510.1757*1 + 2+0.?5+0.1751+l*( l  -  l ))
:  I - 1 8 6  i n ^ 2

C : \COMPR-ESS\MANIFOLD\B-4. VSL Apr.23, 1996

16-112'CF l4'tube

Area available

A l = larger of the following

: d*(El *t_F*tr) _ 2*tn+(El *t_F*tr)*(l _frI)
: 13,5*(1 *0.25_l *0. 1757) _ 2*6.2Jx( I *0.25_l *0. 1757)*(l_l)
: 1.003 in^2

: 2*(t+tn)*(El *t-F*tr) - 2xtn*(El 'kt_F*tr)*( l_frl)
= 2:\0.?5t0.25)+(l +0.25_ I ",0. 175.1) - 2{0.25*(l:F0.25_t *0. t757)+(t_r)
= .0?4 in^2

A2 : smaller of the following

: 5*(tn - 1rn)*fr2*1
: 5*(0.25 - 0.02962)*1*0.25
: .275 in^2

: 5*(tn - tm)*fr2*6
: 5*(0.25 - 0.02962;*1*6.25
= .275 in^2

A4l : Le,g^Z*fr2
= 0.25^2*1 = ,063 in^2

Area: Al + A2 + A4l
= 1.003 + 0.215 + 0.063
: 1.341 in^2

3.2r.1996

= 1.003 in^2

:0.275 in^2
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