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REV. | DEO# | DATE |BY: CHECK | TITLE:
0 IEYi ;é’/?;/% WDR VA>T

80K-SHORT Cryopump

BY ¢/, TSyt vmsm o | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

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

ASSUMPTIONS:

See Calculation

INPUTS: 1. Vacuum pressure = 14.7 psi

2. “Bakeout” Temperature = 400 deg F.
3. Valve weight = 150.0 Ibs
4

. Unbalanced Vacuum Load = 1155.01bs @ 10” Nozzle

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

3 1/0‘/5'—/~(r((‘ LIrLo Vacour 7605, - ,-(:-,Qupf', z:):;‘,-,,_,./ PP

CALCULATIONS:

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 see calculation numbers V049-1-016, 017, 018, & 019.
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996

Pressure Summary

Pressure summary for pressure chamber 1

| | | ] | T ! MAWP | MAP | Pe i va-99 | ucs—66 [Corrosion |
| Identifier | design | desigm | t |external| Ratlo | MDMT Exenption or | Allowance|
| | (p=iy |(deg F) | ¢psiy | (psi) | (psiy | | (aeg F) Stress Reduction i (in}
| | | | | | I | I I
} BOK LFT F&D HD | 0.0 | G.0 | 75.1 | 75.1 | 23.8 | 1.000 | | Mot applicable | 0.000 |
| BOKSJIACKET | 0.0 i 0.0 | 88.9 | BE.9 | 20.9 | 1.o000 | | Net applicable | o.000 |
| 80K RT F&D HD | 0.0 | o.0 |  75.1 | 75.1 | 23.8 | 1.000 | | Wot applicable | ©.000 |
{ ni1 BEAM TUBE LFT | 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Mot applicable |  o.000 |
| BM BEAK TUBE RT 1 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Not applicable | 0.000 |
| m2 Clean Alr Vent | 0.0 | .0 | 8.0 | 6.0 | 14.7 | 1.000 | | Not applicable | 0.000 |
| GN2 GN2 Vent | 0.0 | 0.0 | 0.0 | 0.0 | 14,7 | 1.000 | | Mot applicable | o.000 |
{ GN2 GHZ Feed | 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | { Not applicable ! o.000 |
| n3 Burst Disc | 0.0 | 0.0 | 0.0 | 0.0 | 16.7 | 1.000 | | Hot applicable | 0.000 |
| n4 Plec Instrmntion! 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Not applicable | o.000 |
i NS Vacuum Gauge | 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Mot applicable | 0.000 |
| LM2 LN2 Lvl Cntrl | 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Mot applicable | 0.000
| LNZ LM2 Feed | 0.0 | o.o | 0.0 | 0.0 | 14.7 | 1,000 | | Hot applicable | o.co0 |
| Support Ring | - | | | { 14.7 | ! | | |
| LFT BHM TURFE FLG b 0.0 | 0.0 | 5.1 | 5.1 | | o.as0 | | ot applicable | 0.000 |
| LFT BMTB CVR PLT | 0.0 | c.o | 22.7 | 19.9 | | o.880 | | mot applicable | g.000 |
| RT B# TUBE FLG | 0.0 | 0.0 | 5.1 | 5.1 | | o.aso | | Hot applicable | 0,000 |
| RT BMTB CVR PLT | 0.0 | c.o | 22.7 | 19.9 | | o.880 | | Wot applicable | o.000 |
i i

I I [ | ! - I |

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

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

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.
Hydrotest pressure calculation based on Pe

= 1.5*Pe*(.88 = 19.4 psi

Vessel hydrotest pressure is 19.4 psi.

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\30KSCRYO.VSL Apr. 18, 1996

Weight Summary
CONPONERAt ——--ce e e s c e e Welght (1lbs) Contributed by Vessel Elements ====--r-—-—--——c—-—-ccooo—o-—-
Metal Metal Trays Packed Insul Lining Piping Ladder Rrings Opor Test Noztle
Hew Corr & sup Beads & plat & Misc Liguid Liguida & flg
BOk 1ft f&d hd 667 667 o o [+] (2] o ] o o 1432 136
80ke jacket 872 872 o o a o [} (4] 251 o 8503 [
B0k rt f£&d hd £67 567 o o o o o V] [4] o 1432 218
Lft bn tube flg 426 426 4] o o [ +] o (1] [+] Q o] o
Lft bmtb cvr pl 616 [ 381 0 [a] o s ] o (4] a (1] o 1]
Rt bn tube flg 426 426 [¢] [+ 2] [+] i+) [+] [+] o o o
Rt brth cvr plt 616 616 o O [+] o 0 [+ [+] o L1} o
4290 4250 o o o ] o o 251 o 11467 360
Vessel operating weight, corroded: 4,501 lbs
Vessel enmpty weight, corroded: 4,901 1lbs
Vessel enpty weight, new: 4,901 lbs
Vessel test wejght, now: 16,362 lb=s
Vessel center of gravity location (from right weld seam)
Vessel lift weight, new: 4,902 lbs
Center of gravity to seam: 16 in
. Revision No. 0
3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996
Nozzle Summary

Hozzle ok tn Reqg tn Nom t Reg t User t Corr AajAr
nark (iny (im) (iny A1?  A27 (in)y (in) (im) (imy %)

ni 45.12 0.2500 Q.1001 Y Y 0.3750 0.2492 0.0000 105.5

BM 45,12 0., 2500 0.1092 Y Y 0.3750 0.2492 0. 0000 105.3

n2 1.7% 0.1250 0.062% ¥ ' 0.2500 0.1913 0. 0000 exenpt
GNZ 3.25 0.1250 0.0625 Y Y 0.2500 0.1913 0.0000 exenpt
CN2 3.25 0.1250 0.062% ¥ ¥ O.2500 0.1913 0.0000 exenpt
na 2.75 ©0.1250 0.0625 y Yy a.2500 C.1313 0. 0000 exempt
n4 2.75 0.1250 0.0625% Yy ¥ 0.2500 0.1913 0.0000 exenpt
ns 1.75 0,.1250 0. 0625 ¥ Y 0. 2500 ©.1913 0. 0000 aXxenpt
LN2 2.2% 0.125%0 0.0625 b ¥ 0.2500 0.1913 0.0000 exenpt
Lnz 2.62 0.1250 0.0625 ¥ ¥ 0.3750 0.2492 0.0Dono axenpt

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
User t - local vessel wall thickness (near opentng)

Aa - area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion atlowance on nozzle id.

Revision No. 0
3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53

C:A\COMPRESS\CRYOPMPS\BOKSCRYO.VSL
Nozzle Schedule

Apr. 18, 1996

GNH2

bean tube 1ft
bean tube rt¢
clean air vent
vent

fond

burst disc

elec instrmntion
vaACuUn gauge

1vl cntrl

feed

3.21.1996

44.62 IDxD._25
44.62 TDx0.2S

1.50

00
00
.50
. 50O
-50

[2a)

.37

IDx0.
I1Dx0.
IDxO.
IDxO.
1Dx0,
IDxQ.
IDNO.
IDxO.

12
12

Materials
Hozzle Inpact? Horm? Paad Inpact? Morm? Flange
240 304L HIGH n n
240 304L HIGH n n
240 304L HIGH n n
Z40 304L HIGH n n
240 304L HIGH n n
240 304L HIGH n n
240 304L HIGH n n
240 304L HIGH n n
240 304L HIGH n n
240 304L HIGH n n
,
Revision No. €
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996

Thickness Summary

Component ip Length Non t Req t Joint Governing Deflect
Identifier (inm) (in) (in) ¢iny E Load Status Stress {in)
80k 1ft r&d hd 79.25 0.3750 0.2482 0.85 external

B0ksjacket 79.50 48.00 0. 2500 0.1913 ©.85 external

80k rt £&4 hd 7%.25 0.3750 0.2492 0O.85 external

Lft bntb cvr plt 1.0000 0.0000 O.85 internal

Rt bntb cvr plt 1.0000 0.0000 O0.85 internal

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 governs
seismic - combined long stress due to STATUS + seismic governs

_ Revision No. 0
3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996
80K LFT F&D HD

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

S‘I%Itne?tgrll?geaﬁcamn gf g4%e§g41, HIGH

External design pressure: Pe= 147 psi@ 400 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Head to shell seam - Spot UW-11(b) type 1

Estimated weight: new = 666.6 corr = 666.6 Ib
capacity: new = 171,72 corr = 171.72 US ga

OD = 80 crown L = 80 knuckler = 4.8 = 375 in (min)
Straight flange = 0 forming allowance = 0 in
MAP: (New & at 0 deg F) Appendix 1-4(d) Eq 4
P = 2*S*E*t/(M*Lo - t*SM -0.2)) - Ps

= 2*16700%0.85%0.375/(1.7706%80.375 - 0. 375*(1 7706-0.2)) - 0

= 75.12013 psi
MAWP: (Corroded & at 0 deg F) Appendix 1-4(d) Eq 4

= 2*S*E*t/(M*Lo - t*(M-0.2)) - Ps
= 2*16700*0.85*0.375/(1.7706*80.375 - 0.375%(1.7706-0.2)) - 0
= 75.12013 psi

External Pressure: {Cortroded & at 400 deg F}  UG-33(e)

A = .125/(Ro/t)
. 125/(380.375/0.2492)
0.000388

From table HA-3: B = 4757.7

Pa= B/(Ro/t)
= 4757. 7!(80 375/0.2492)
= 14.7511 psi

Check the external pressure per UG-33(a)(1)
67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))

1.
1.67*14. 7511*8 375%1.7706/(2*14700%1 + 1.67*14.7511%(1.7706-0.2))
0.119087 in

Design thickness for external pressure Pa = 14.7511 psi:

Revision No, 0
3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996
80K LFT F&D HD

=t + Corrosion + fa
=02492 +0+ 0
= 0.2492 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)
A = . 125/(Ro/t)
125/(80 375/0.375)

= 0 000583

From table HA-3: B = 5111
Pa= B/(Ro/t)

= 5111/(80.375/0.375)

= 23.846 psi
Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pe= 2*S*E*t/((M*Lo - t*(M-0. 28*1 .67)

= 2¥14700*1*0.375/((1.7706*80.375 - 0.375*(1.7706-0.2))*1.67)
= 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

Revision No. 0

3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996
BOKsJIACKET

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

g&%?é%%?esrgéciﬁcation: g lg:?(%ML HIGH

External design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = Outer= 0 in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 871.9 corr = 8719 Ib
capacity: new = 1031.462 corr = 1031.462 USga

OD = 80 length Lc= 48 t=0.25 in (new)

MAP: (New & at 0 deg F) Appendix 1-1(a)

P = S*E*t/(Ro - 0.4*t) - Ps
= 16700*0.85*0.25/(40 - 0.4*0.25) - @
= 88.94111 psi

MAWP: (Corroded & at 0 deg F) Appendix 1-1(a)

P = S*E*t/(Ro - 0.4*t) - Ps
= 16700%0.85+0.25/(40 - 0.4*0.25) - 0

= 88.94111 psi

External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 37/80 =0,4625 Do/t = 80/0.19131 = 418.1695
From table G: A = 0.000349
From table HA-3; B = 4622.1

Pa= 4*B/(3*Do/t)
= 4*4622.1/(3%80/0.19131)

= 14.7376 psi
Design thickness for external pressure Pa = 14.7376 ‘psi:

=t 4+ Corrosion

=0.19131 + 0

= 0.19131 in
Maximum Allowable External Pressure: (Corroded @ 400 deg F)

L/Do = 37/80 =0.4625 Do/t = 80/0.25 = 320

From table G: A = 0.00053

From table HA-3: B = 5026

Revision No. 0

3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996

80KsSJACKET
Pa= 4*B/(3*Do/t)
= 4*5026/(3*80/0.25)
= 20.9417 psi
Revision No. 0
3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996
80K RT F&D HD

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

I(*:A%rtlgr)l(::llesrgeclf cation: gff g4l(1)e§g4L HIGH

External design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Head to shell seam -  Spot UW-11(b) type 1

Estimated weight: new = 666.6 corr = 666.6 Ib
capacity: new = 171.72  corr = 171.72 US ga
OD = 80 crown L = 80 knuckler = 4.8 t= 375 in (min)
Straight flange = 0 forming allowance = 0 in
MAP: (New & at O deg F) Appendix 1-4(d) Eq 4
= 2*S*E*t/(M*Lo - t*gM -0.2)) - Ps

= 2*16700%0.85*0.375/(1.7706*80.375 - 0. 375*(1 .7706-0.2)) - 0

= 75.12013 psi
MAWP: (Corroded & at 0 deg F) Appendix 1-4(d) Eq 4

= 2*S*EX*t/(M*Lo - t*(M-0.2)) - Ps
= 2*16700*0.85*%0.375/(1.7706*80.375 - 0.375*%(1.7706-0. 2)) 0
= 75.12013 psi

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

A = .125/(Ro/t)
125/ (380.375/0.2492)
.000388

From table HA-3: B = 4757.7

Pa= B/(Ro/t)
= 4757.7/(80.375/0.2492)
= 14.7511 psi

Check the external pressure per UG-33(a)(1)

1.67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))

i =
= 1.67*14.7511*80.375%1.7706/(2*14700*1 + 1.67*14.7511%(1.7706-0.2))

= (.119087 in
Design thickness for external pressure Pa = 14.7511 psi:
Revision No. ¢
3.21.1996 Doc. No. V049-1.08)
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996
80K RT F&D HD

t + Corrosion + fa
02492 + 0+ 0
0.2492 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

A = 125/(Ro/t)
.125/(80.375/0.375)
.000583

From table HA-3: B = 5111

Pa= B/(Ro/t)
= 5111/(80.375/0.375)
= 23.846 psi

Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pe= 2*S*E*t/((M*Lo - t*(M-0.2))*1.67)
= 2*14700*1*0.375/((1.7706%*80.375 - 0.375%(1.7706-0.2))*1.67)
= 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

_ Revision No. 0
3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL Apr. 18, 1996
BEAM TUBE LFT

Opening nl Reinforcement Calculations Per UG-37

Located on: 80K LFT F&D HD
Local vessel thickness: .375 in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 0 degrees
End of nozzle to datum line: 75 in
Nozzle calculated as hillside: no
Projection outside vessel Lpr: 13.275 in
tn —>| |«
_ - corrosion allow = 0 in
<~d - noz thick new tn= .25 in
twl->| [< nozzle id. new d= 44.625 in
/ v \ fillet weld twl = .25 in
—_—| [— - — groove weld tw2 = ,1875 in
N _|_tw2 A
A
<—— R ——>| To head center R= 0 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .625 in
Normat to the vessel wall inside 2.5%(tn-Cn-C) = .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0*22.3125/(16700*1 - 0.6*0)
= n

Required thickness tr from UG-37(a)
tr= P*L*M/(2*S*E - 0.2*P)

= 8*_80*1.7706/(2*16700*1 -0.2*%0)
= 0in

Area required

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

frl = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

Revision No. 0
3.21.1996 Doc. No. V049-1-081
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL
BEAM TUBE LFT

A = d*r*F + 2*tn*r*F*(1 - frl)
= 34 6225*0*1 + 2%0.25%0*1*%(1 - 1)
=Vm

Area available

Al = larger of the following = 16.734 in"2
= d*E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr})
= 44.625%(1*0.375-1%0) - 2*0.25*(1*0.375-1*0)*(1-1)
= 16.734 in"2

2¥(t+ m)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

2:6(0 .375+0.25)*(1*0.375-1*0) - 2%0.25*(1*0.375-1*0)*(1-1)
9in"2

[J®)

A2 = smaller of the following = 0.313in"2
5*(tn - tro)*fr2*t
5%(0.25 - 0)*1*0.375
469 in"2
5*(tn - trn)*fr2*tn
5*(0 25 - 0)*1*0.25
313 "2

A4l = Leg 2*fr2
= 0.25°2*1 = .063 in"2

Area = Al + A2 + A4l

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):

fl 1l

tmin = lesser of 0.75 ortnor t, tmin = 0.25 in

tl or 2(min) = lesser of 0.25 or 0. 7*tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7%0.25 = 0. 175 in

t2(actual) = 0.1875 1n

tl + t2 = 0.3625 > = 1.25*%tmin

The weld sizes for t1 and t2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E=1)
Wall thickness per UG-45(b)(1): tr2 = 0Qin

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4) tr4 = (0.328125 in
The greater of &2 or tr3; tr5 = 0.0625 in
The lesser of tr4 or tr5: tré = 0.0625 in

3.21.1996

Apr. 18, 1996

Revision No. 0
Doc. No. V049-1-08]
Page 18 of 73




COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSCRYO.VSL
BEAM TUBE LFT

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, th = 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 = 11690 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*%45.125%0.25*8183 = 144933.7 Ibf

(3) Nozzle wall in shear
(P1/2)*Mean nozzle dia.*tn*Sn = 1.57%44.875*%0.25*%11690 = 205901.1 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*45.125%0.1875*12358 = 164159.6 1bf

Loading on welds per UG-41(b){1)
W = (A - (d - 2*tn)*(E1*t - F*tr))*Sv

(0 - (44.625 - 2%0.25)*%(1*0.375 - 1*0))*16700
-276332.8 Ibf

Wi1-1 = (A2 + A5 + A4l + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
= 6279.2 Ibf
W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*frl)*Sv
= 30.313 + 0 + 0.063 + 0 + 2%0.25%0.375*%1)*16700
= 0410.45 Ibf
Load for path 1-1 lesser of W or W1-1 =-276332.8 Ibf
Path 1-1 Thru (1) & (3} = 144933.7 + 205901.1 = 350834.8 Ibf

1
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).
Load for path 2-2 lesser of W or W2-2 =-276332.8 Ibf
Path 2-2 Thru (1), (42.; 144933.7 + 164159.6 = 309093.3 Ibf
Path 2-2 is stronger W 50 it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parailel to the vessel wall d = 44.625 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

3.21.1996
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BEAM TUBE LFT

Nozzle required thickness
L/Do = 13.275/45.125 = .2942 Do/t = 45.125/0.10015 = 450.5742
From table G: A = 0.000511
From table HA-3: B =49939

Pa= 4*B/(3*Dolt)
= 4*4993.9/(3*%45.125/0.10015)
= 14.7779 psi
Nozzle required thickness trn = 10015 in .

Required thickness tr from UG-37(d)(1) = .2492 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

frl1 = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = 0.5%d*tr*F + 2*tn*r*F*(1 - frl))
= 0.5%(44.625%0.2492*1 + 2%0.25%0.2492*1*(1 - 1))
= 5.5603 in"2

Area available

Al = larger of the following = 5.614 in"2

= P*E1*t-F*tr) - 2%n*(E1*t-F*r)*(1-fr1)
== 446?25*(12*0.375-1*0.2492) - 2%0.25*%(1*0.375-1%0.2492)*(1-1)
= §5.614in"

= 2Xt+tn)*(E1*t-F*ir) - 2*m*(E1*t-F*ry*(1-frl)
2;‘5((7].'3152+0.25)*(1*0.375-1*0.2492) - 2%0.25%(1*0.375-1*0.2492)*(1-1)
. mn

A2 = smaller of the following = (.187 in"2

5*{tn - trn)*fr2%t
5%(0.25 - 0.10015)*1*0.375
281 in"2

fn

5%(tn - trn)*fr2*tn
5+(0.25 - 0.10015)*1*0.25
.187 in"2

A41 = Leg"2*fr2
= 0.25"2*1 = .063 in"2

Area = Al + A2 + A4l
= 5.614 + 0.187 + 0.063
= 5.864 in"2

3.21.1996
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BEAM TUBE LFT

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 UG-45(b)(2):
Wall thickness per UG-16(b):
Std pipe wall UG-45(b)(4):
The greater of tr2 or tr3:

The lesser of tr4 or tr3:

trl = 0.10015in (E = 1)
tr2 = 0.0708 in

r3 = 0.0625 in

trd = 0.328125 in

tr5 = 0.0708 in

tr6 = 0.0708 in

Req’d per UG-45 is the larger of tr]l or tr6 = 0.10015 in

Available nozzle wall thickness new, tn = (.25 in

The nozzle neck thickness is adequate for Pe,

3.21.1996
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BEAM TUBE RT

Opening BM Reinforcement Calculations Per UG-37

Located on:

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

Nozzle material jspeciﬁcation:

Nozzle orientation:

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

tn —>| |«
THe=d >
twl—>| |«
AR \
I I 2 I VA
A
<— R —>|

80K RT F&D HD
375in

0 psi

Not installed

SA 240 304L HIGH

0 degrees
3508

no
21.275 in

corrosion allow = 0 in

noz thick new tn= .25 in
nozzle id. new d= 44,625 in
fillet weld twl .25 in
groove weld tw2 = .1875 in

tn

To head center R= 0 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 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)

= (0*22.3125/(16700*1 - 0.6*0)
= 0in

Required thickness tr from UG-37(a)

tr= P*L*M/(2*S*E - 0.2*P)

= 0*80*1.7706/(2*16700*1 - 0.2*Q)

= 0in

Area required

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

fr1 = lesser of 1 or Sn/Sv so fr1 =1
fr2 = Iesser of 1 or Sn/Sv so f12 =1

3.21.1996
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A = d*o*F + 2*mn*a*F*(1 - frl)

= 44.625*0*1 + 2*¥0.25%0*1*(1 - 1)

= 0in"2
Area available
Al = larger of the following = 16.734 in"2
d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-frl)
44.625*(1*0.375-1*0) - 2*0.25*(1*0.375-1*0)*(1-1)
16.734 in"2
2%(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr])

2%(0.375+0.25)*(1%0.375-1%0) - 2%0.25%(1*0.375-1*0)*(1-1)
469 'in"2

o

b

A2 = smaller of the following = (0.313in"2
5%(tn - trn)*fr2*t

5%(0.25 - 0*1%0.375

.469 in"2

5*(tn - trn)*fr2*tn

5*%(0.25 - 0)*1*0.25

313in"2

A41 = Leg"2*fr2
= 0.25°2*1 = .063 in"2

Area = Al + A2 + A4l
= 16.734 + 0.313 + 0.063
= 17.11in"2
As Area > A the reinforcement is adequate for MAWP = 0 at 0 Deg F

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

ol

mhnn

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in

t1 or t2(min) = lesser of 0.25 or 0.7*tmin, t1{min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actval) = 0.1875 in

tl + €2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E=1)
Wall thickness per UG-45(b)(1): tr2 =0in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe watl tper UG-45(b)(4): tr4 = 0.328125 in
The greater of tr2 or t3: tr3 = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in
. Revision No. 0
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BEAM TUBE RT

Req’d per UG-45 is the larger of tr]l or tr6 = 0.0625 in
Available nozzle wall thickness new, th = 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 = (.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 joints:

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

(3) Nozzle wall in shear
(P1/2)*Mean nozzle dia.*m*Sn = 1.57*44.875*0.25*%11690 = 205901.1 1bf

(4} Groove weld in tension
(Pi/2)*Nozzle O.D . *tw*Sg = 1.57*45.125%0.1875%12358 = 164159.6 Ibf

Loading on welds per UG-41(b)(1)

W = (A -({d-2*n)*(E1*t - F*tr))*Sv

= (0 - (44.625 - 2*0.25)*(1*0.375 - 1%0))*16700
-276332.8 Ibf

(A2 + A5 + Adl + A42)*Sy
+ 0 + 0.063 + 0)*16700

A3 + A4l + A43 + 2*tn*t*fr1)*Sv
+ 0.063 + 0 + 2%0.25*%0.375*1)*16700

Load for path 1-1 lesser of W or W1-1 =-276332.8 Ibf
Path 1-1 Thru (1) & (3) = 144933.7 + 205901.1 = 350834.8 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-276332.8 Ibf
Path 2-2 Thru (1), (2;— 144933.7 + 164159.6 = 309093.3 Ibf
Path 2-2 is stronger W s0 it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 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

3.21.1996
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Nozzle required thickness
L/Do = 21.275/45.125 = 4715 Do/t = 45.125/0.10929 = 412.8923
From table G: A = 0.000347
From table HA-3: B = 4595.3

Pa= 4*B/(3*Do/t)
= 4*4595.3/(3*45.125/0.10929)
= 14.8394 psi
Nozzle required thickness trm = .10929 in

Required thickness tr from UG-37(d)}(1) = .2492 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

frl = lesser of 1 or Sn/Sv so fr] =1
fr2 = Jesser of 1 or Sn/Sv so fi2 =1

A = 0.5%d*u*F + 2*tn*tr*F*(1 - fr1))
g.g* 4:;4_.6225*0.2492*1 + 2%0.25%0.2492*1*(1 - 1))
. mn

Hoil

Area available

Al = larger of the following = 5.614 in"2

= d*(E1*t-F*tr) - 2*n*(E1*t-F*tr)*(1-frl)

= 44.625%(1*0.375-1%0.2492) - 2%0.25*(1*0.375-1%0.2492)*(1-1)

= 5.614 in"2

= 2%+t *(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

2:5((7). 3752 +0.25)*(1*0.375-1%0.2492) - 2%0.25%(1*%0.375-1*0.2492)*(1-1)
. m"

= smaller of the following =0.176 in"2

A

[ o]

5*(tn - trn)*fr2*%t
5%(0.25 - 0.10929)*1*0.375
264 in"2

ol

5*(tn - trn)*fi2%n
5%(0.25 - 0.10929)*1*0.25
176 in"2

A41 = Leg"2*fr2
= 0.25"2*] = .063 in"2

Area = Al + A2 + A4l
=5.614 + 0.176 + 0.063
= 5.853in"2

I
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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): trl =0.10929in (E = 1)
Wall thickness per UG-45 ;(2): 2 = 0.0708in -

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.328125 in

The greater of tr2 or tr3: tr5 = 0.0708 in

The lesser of tr4 or tr5: tr6 = 0.0708 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.10929 in
Available nozzle wall thickness new, tn = 0.25 in

~ The nozzle neck thickness is adequate for Pe.
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Clean Air Vent

Opening 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 shel! center:
Nozzle offset from center Lo:

Projection outside vessel Lpr:

tn > |«

Tlk=d =
twl->| |«
/v \
_.\ _ftw A/
A

< L s |

80KSJACKET
.25 in

0 psi _
Not installed

SA 240 304L HIGH

180 degrees
43.251n
0in

3.25in

corresion allow = 0 in

noz thick new tn= .125 in
nozzle id. new d= 1.5 in
fillet weld twl .125 in
groove weld tw2 = .125 in

[

To datum L= 24 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 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)
= 8"‘_0.75/(16700*1 - 0.6%0)
= Qin

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 0%39,75/(16700*1 - 0.6*0)
n

=01

Opening does not require reinforcement per UG-36(c)(3)(a)

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

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
tl or 2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in

3.21.1996
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2(actual) = 0.125 in
tl + 2 = 0.2125 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45€ ): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0in

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.126875 in
The greater of tr2 or tr3: trS = 0.0625 in
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 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 walld = 1.5 in
Normal to the vessel wall outside 2.5*%(tn-Cn) + te = .31251in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125in

Nozzle required thickness
L/Do = 3.25/1.75 = 1.8571 Do/t = 1.75/0.00746 = 234.5845
From table G: A = 0.000197
From table HA-3: B = 2594.7

Pa= 4*B/(3*Do/t)
= 4*2594.7/(3*1.75/0.00746)
= 14.7478 psi
Nozzle required thickness trn = .00746 in

Required thickness tr from UG-37(d)(1) = .1913 in

Opening does not require reinforcement per UG-36{c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45$a§: tr]l = 0.00722 in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall g)er UG-45(b)(4): tr4 = 0.126875 in
The greater of tr2 or tr3: trS = 0.0625 in
Revision No. 0
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The lesser of tr4 or tr5: tr6 = 0.0625 in
Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, m = 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(b)(2)
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GN2 Vent

Opening GN2 Reinforcement Calculations Per UG-37

Located on: 80KSJACKET
Local vessel thickness: .25 in

Liquid static head included: 0 psi

Flange description: Not instalied
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 0 degrees

End of nozzle to shell center: 43.25 in

Nozzle offset from center Lo: 0in

Projection outside vessel Lpr: 3.25in

Apr. 18, 1996

tn —>| |<-
0 in
.125 in

corrosion allow
noz thick new tn
nozzle id. new d= 3 in

fillet weld twl =-.125 in
groove weld tw2 = .125 in

Tle=d 1"
twl->| [«
v \

BN B " 2 ) VA

<—— L —>] To datum L= 36 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

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

Nozzle required thickness

trn = P*Rn/(Sn*E - (.6*P)
= 8*_1.5/(16700*1 - 0.6%0)
= 0in

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 0%39.75/(16700%1 - 0.6*0)
= 0 in

Opening does not require reinforcement per UG-36(c)(3)(a)
Check the welds - From UW-16(d):
tmin = lesser of 0.75 or tn or ¢, tmin = 0.125 in

t1 or 2(min) = lesser of 0.235 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7*0.125 = 0.0875 in
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2(actual) = 0.125 in
tl + 2 = 0.2125 > = 1.25%min

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2=0in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.189 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of trl or r6 = 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*%(tn-Cn-C) = .3125 in

Nozzle required thickness

L/Do = 3.25/3.25 = 1 Do/t = 3.25/0.01078 = 301.4842
From table G: A = 0.000253
From table HA-3: B =133403
= 4*B{(3*Do/t)
= 4*3340 3/(3*3.25/0.01078)
= 14.7727 psi

Nozzle required thickness trn = .01078 in
Required thickness tr from UG-37(d)(1) = .1913 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.01032in(E=1)
Wall thickness per UG-45(b)(2) tr2 = (.0398 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall 1pf:r UG -45(b)(4): tr4 = 0.189 in
The greater of tr2 or tr3: 5 = 0.0625 in
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The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-43 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)
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GN2 Feed

Opening GN2 Reinforcement Calculations Per UG-37

Located on;

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

Nozzle material specification:

Nozzle ortentation:

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

th -] |-
= d |
twl—=>| f<
/|| v \
NRET NN VA
A
— L —>|

80KsSJIACKET
251in

0 psi

Not installed

SA 240 304L HIGH

0 degrees
4325 1in
0in
3.25in

corrosion allow = 0 in
noz thick new tn= .125 in
nozzle id. new d= 3 in
fillet weld twl .125 1in
groove weld tw2 = .125 in

To datum L= 29 in

Reinforcement Calculations For Nozzle MAWP

Apr. 18, 1996

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
trn = P*Rn/(Sn*E - 0.6*P)
= 0*1.5/(16700*1 - 0.6*0)
= 0in
Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
- g*j39.75/(16700*1 - 0.6*0)
= m

Opening does not require reinforcement per UG-36(c)(3)(a)
Check the welds - From UW-16(d):
tmin = lesser of 0.75 or tn or t, tmin = 0.125 in

t1 or 2(min) = lesser of 0.25 or 0.7*tmin, tl(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in
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2(actual) = 0.125 in ,
tl + 2 =0.2125 > = 1.25%tmin

The weld sizes for t1 and t2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =Qin(E = 1)

Wall thickness per UG-45(b)(1): tr2 = Qin

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pxpe wall UG-45(b)(4): tr4 = 0.189 in
eater of tr2 or t13: tr5 = 0.0625 in

The esser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] 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%(tn-Cn-C) = .3125 in

Nozzle required thickness
L/Do = 3.25/3.25 =1 Do/t = 3.25/0.01078 = 301.4842
From table G: A = 0.000253
From table HA-3: B = 3340.3

Pa= 4*B/(3*Dolt)
= 4*3340.3/(3*3.25/0.01078)
= 14.7727 psi
Nozzle required thickness trn = .01078 in

Required thickness tr from UG-37(d)(1) = .1913 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45%b trl = 0.01032in (E = 1)
Wall thickness per UG-45 )(2) tr2 = (0.0398 in
Wall thickness per UG-16(b tr3 = 0.0625 in
Std pipe wall }')er UG-4S(b)(4) tr4 = 0.189 in
The greater of tr2 or tr3: tr5 = 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 tr] 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)

3.21.1996
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Burst Disc

Opening 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 =>| |<-
Cle=d =]
twl->] |«
AN \
NRE RN
A
<—— L —>|

80KSJACKET
.25 in

0 psi

Not installed

SA 240 304L HIGH

0 degrees
43.25 in
0in
325in

corrosion allow = 0 in

noz thick new tn= .125% in
nozzle id. new d= 2.5 in

fillet weld twl =-.125 in
groove weld tw2 = .125 in

To datum L= 22 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 2.5 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .3125 in
Normatl to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

Nozzle required thickness

tm = P*Rn/(Sn*E = OG*P)
= 0*1.25/16700°1 - 0.6°0)
= uUin

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 0*_39.75/(16700*1 - 0.6*0)
=uimn

Opening does not require reinforcement per UG-36(c)(3)(a)

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

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
t1 or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7*0.125 = 0.0875 in

3.21.1996
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Burst Disc

t2(actual) = 0.125 in
tl + 2 = 0.2125 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E =1)
Wall thickness per UG-45(b)(1): tr2 =0in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): trd = 0.177625 in
The ter of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or ur5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] 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 = 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 = 3.25/2.75 = 1,1818 Do/t = 2.75/0.00975 = 282.0513
From table G: A = 0.000238
From table HA-3: B = 3140.5
Pa= 4*B/(3*Do/t)
= 4*3140.5/(3*2.75/0.00975)
= 14.846 psi
Nozzle required thickness trn = 00975 in

Required thickness tr from UG-37(d)(1) = .1913 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG~45%a): tr] = 0.00938 in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): trd = 0.177625 in
The greater of tr2 or tr3: tr5 = 0.0625 in
Revision No. 0
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The lesser of tr4 or tr5: r6 = 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)
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Elec Instrmntion

Opening n4 Reinforcement Calculations Per UG-37

Located on:

Local vesse! 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 =>| |«
Tle-d =>|
twl->| |«
/ v \
I I KT 2 N VA
A
— L —>

80KSJACKET
251n

0 psi

Not installed

SA 240 304L HIGH

15 degrees
43.25in
0in
325

corrosion allow = 0 in
noz thick new tn= .125 in
nozzle id. new d= 2.5 in
fillet weld twl = .125 in
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*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C)} = .3125 in

Nozzle required thickness

tm = P*Rn/(Sn*E - 0.6*P)
= g"jl.ZSI(lG?OO*l - 0.6%0)
= imn .

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= g*_39.75/(16700*1 - 0.6*0)
=01in

Opening does not require reinforcement per UG-36{c){(3)(a)

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

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
t1 or 2(min) = lesser of 0.25 or 0.7*tmin, t1(min} = 0.0875 in
tl(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in
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Elec Instrmation

t2(actual) = 0.125 in
tl + 2 = 0.2125 > = 1.25*tmin

The weld sizes for t1 and €2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): ri =0in(E=1)

Wall thickness per UG-45(b)(1): tr2 =0in

Wall thickness per UG-16(b): tr3 = 0. 0625 in

Std plpe wall Fer UG—45(b 4): trd = 0.177625 in
eater of tr2 or tr3: tr5 = 0.0625 in

The esser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] 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 walld = 2.5 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .3125in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Nozzle required thickness
L/Do = 3.25/2.75 = 1.1818 Do/t = 2.75/0.00975 = 282.0513
From table G: A = 0.000238
From table HA-3: B = 3140.5

Pa= 4*B/(3*Do/t)
= 4%*3140.5/(3*2.75/0.00975)
= 14.846 psi
Nozzle required thickness trn = .00975 in

Required thickness tr from UG-37(d)(1) = .1913 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45 Eb): trl = 0.00938in (E = 1)
Wall thickness per UG-45(b)(2): 2 = 0.0398 in

Wall thickness per UG-16(b): 3 = 0.0625 in

Std pipe wall per UG-45(b 4): tr4 = 0.177625 in

The greater of tr2 or tr3: tr5 = 0.0625 in

3.21.1996
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Elec Instrmntion

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)
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Vacuum Gauge

Opening n5 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 =] |<-

e d |
twl->| <
A \
S N 5" 2 8 V2
A

¢— L —>]

S0KSJIACKET
.25 in

0 psi

Not installed

SA 240 304L HIGH

0 degrees
43.25in
Oin
3.25in

corrosion allow = 0 in

noz thick new tn= .125 in
nozzle id. new d= 1.5 in
fillet weld twl =-.125 in
groove weld twZz = .125 in

To datum L= 15 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 1.5in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .3125in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 8='j0.75/(16700*1 - 0.6%0)
= uUin

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 8"f39.75/(16700*1 - 0.6*0)
=Jm

Opening does not require reinforcement per UG-36(c)(3)(a)

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

tmin = lesser of 0.75 or tm or t, tmin = 0.125 in
tl or 2(min) = lesser of 0.25 or (0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7*0.125 = 0.0875 in

3.21.1996
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Vacuum Gauge

t2(actual) = 0.125 in
tl + 2 = 0.2125 > = 1.25*tmin

The weld sizes for t1 and 2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-458;): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0in

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.126875 in
The greater of tr2 or tr3: tr5 = 0.0625 in
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 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 walld = 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 = 3.25/1.75 = 1.8571 Do/t = 1.75/0.00746 = 234.5845
From table G: A = 0.000197
From table HA-3: B = 2594.7

Pa= 4*B/(3*Do/t)
= 4*2594.7/(3*%1.75/0.00746)
= 14.7478 psi
Nozzle required thickness trn = .00746 in

Required thickness tr from UG-37(d)}(1) = .1913 in

Opening does not require reinforcement per UG-36(c){(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.00722in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.126875 in

The greater of tr2 or tr3: tr5 = 0.0625 in
3.21.1996
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Vacuum Gauge

The lesser of tr4 or tr5: r6 = 0.0625 in
Req’d per UG-435 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)
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LN2 Lvl Cntrl

Opening LN2 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:

th =] |<-

Tl d |
twl->] |«
/v \
N Ll
A

¢— L —>|

80KsJACKET
25in

0 psi

Not installed

SA 240 304L HIGH

345 degrees
43.25 i%:r
01in

3.25in

corrosion allow = 0 in
noz thick new tn= .125 in
nozzle id. new d= 2 in
fillet weld twl .125 in
groove weld tw2 = .125 in

To datum L= 36 in

Reinforcement Calculations For Nozzle MAWP

Apr. 18, 1996

Limits of reinforcement UG-40Q

Parallel to the vessel walld = 2 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/(16700*1 - 0.6%0)
=01in
Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 8’f39.75!(16700*1 - 0.6*0)
=L

Opening does not require reinforcement per UG-36(c)(3)(a)
Check the welds - From UW-16(d):
tmin = lesser of 0.75 or tn or t, tmin = 0.125 in

t1 or 2(min) = lesser of 0.25 or 0.7*tmin, t1{(min) = 0.0875 in
ti(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 n
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2(actual} = 0.125 in
tl + 2 = 0.2125 > = 1.25*%tmin

The weld sizes for t1 and 2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0in(E = 1)
Wall thickness per UG-45(b)(1): 12 =0in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): 4 = 0.13475 in
The greater of tr2 or tr3: trJ = 0.0625 in
The lesser of tr4 or trS; 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 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 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 = 3.25/2.25 = 1.4444 Do/t = 2.25/0.00869 = 258.9183
From table G; A = 0.000219
From table HA-3: B = 2887.4

Pa= 4*B/(3*Dof/t)
= 4*2887.4/(3*2.25/0.00869)
= 14.869 psi
Nozzle required thickness trn = .00869 in

Required thickness tr from UG-37(d)(1) = .1913 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45§a): tr] = 0.00869in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in

Wall thickness per UG-lGSt?: tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): r4d = (.13475 in

The greater of tr2 or tr3: tr5 = 0.0625 in
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The lesser of tr4 or tr5: tré = 0.0625 in
Req’d per UG-435 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)
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Opening LN2 Reinforcement Calculations Per UG-37

Located on: 80K LFT F&D HD
Local vessel thickness: 375 in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 90 degrees
End of nozzle to datum line: 55.91607 in
Nozzle calculated as hillside: no
Projection outside vessel Lpr: 0.001 in
tn —>| |«
- - corrasion allow = 0 in
<~ d - noz thick new tn= .125 in
twl—>| |[< nozzle id. new d= 2.375 in
v \ fillet weld twl =-.125 in
— | [— —— groove weld tw2z = .125 in
\i_f_tw2 A/
A
<—— R ——>| To head center R= 30 in

Reinforcement Calculations For Nozzle MAWP

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 = .3125in
Norma! to the vessel wall inside 2.5%{tn-Cn-C) = .3125 in

Nozzle required thickness
trn = P*Rn/(Sn*E - 0.6*P)
= 0*1.1875/(16700*1 - 0.6*0)
=0in
Required thickness tr from UG-37(a)(1)
tr= P*L*M/(2*S*E - 0.2%P)

= 0*80*1/(2*16700*1 - 0.2*0)
=0in

Opening does not require reinforcement per UG-36{c)(3)(a)
Check the welds - From UW-16(d):
tmin = lesser of 0.75 ortnor t, tmin = 0.125 in

tl or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7*0.125 = 0.0875 in

3.21.1996

Apr. 18, 1996

Revision No. 0

Doc. No. V049-1-081

Pace 48 of 73



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

t2(actual) = 0.125 in

tl + t2 = 0.2125 > = 1.25*tumin

LN2 Feed

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):

trl = 0in (E = 1)

" Wall thickness per UG-45(b)(1): tr2 =0in
Wall thickness per UG-16(b): tr3 = 0.0625 in _
Std pipe wall per UG-45(b)(4): tr4 = 0.177625 in
The greater of tr2 or tr3: trS = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

Apr. 18, 1996

Req’d per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickness new, th = 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 = 2.375 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 = .001/2.625 = .0004 Do/t = 2.625/0.00437 = 600.6865
From table G: A = 0.002696
From table HA-3: B = 6661.5

Pa= 4*B/(3*Do/t)
= 4*6661.5/(3*2.625/0.00437)
= 14.7864 psi
Nozzle required thickness trn = .00437 in

Required thickness tr from UG-37(d)(1) = .2492 in

Opening does not require reinforcement per UG-36(c){(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): tr]l = 0.00301 in(E = 1)
Wall thickness per UG-45(b)(2): 2 = 0.04 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.177625 in

The greater of tr2 or tr3:; tr5 = 0.0625 in
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LLN2 Feed

The lesser of tr4 or tr5: tr6 = 0.0625 in
Req’d per UG-435 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickness new, thn = 0.125 in

The nozzle neck thickness is adequate for Pe.

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

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1,

1992 Edition, A94 Addenda

Identifier:

Support Ring

Ring material specification: SA 240 3041 HIGH
Number of rings in this group: 2

Distance first ring to datum line: 4 in

Ring spacing: 37 in

Ring description: 4x3x1/4 Un Equal Ang
Ring is rolled: leg in (hard way)

Ring cross sectional area: As = 1.691n"2

Ring moment of inertia: Ir= 277in"4

Calculations for ring 4 in from datum

Shell material specification: SA 240 304L HIGH
Required sheli thickness: t = 0.19131in
Corroded shell thickness: ts = (.25in

Shell outer diameter: Do = 80 in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 22.72495 in

B = .75%(P*Do/(t + As/Ls))

= .75%(14.7*80/(0.19131 + 1.69/22.72495))

= 3319.813
From table HA-3 (ring)

A = 2.514604E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A}/10.9
= (8072%22.72495%(0.19131 + 1.69/22.72495)*2 514604E-04)/10.9
= .891417 in"4

Available moment of inertia of the combined ring-shell section

= 4.91935

Shell width contributing smaller of
W = 1.1*Sqr(Do*ts
= 1.1*8qr(80*0.25)
= 491935 in
W = Ls = 22.72495 in
Shell area A1 = W¥ts = 1,229837 in"2

Distance to the ring neutral axis

3.21.1996
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Support Ring
Y2 = Ring NA + ts/2
= 2.76 + 0.25/2
= 2.885 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
- = 1.69*2 885/(1.229837 + 1.69)
= 1.669836 in
Inertia of the shell about the combined section NA
Il = W¥5"3/12 + AI*NA"2
= 4,91935%0.25°3/12 + 1.229837*1.669836"2
= 3.435626 in"4
Inertia of the ring about the combined section NA
2=I+ As*éNA -Y2)"2
= 2.77 + 1.69*(1.669836 - 2.885)"2
= 5.265493 in"4
Total availablel = I1 + I2 = 8.701118 in"4
The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.

Calculations for ring 41 in from datum

Shell material s&gciﬁcaﬁon: SA 240 304L HIGH
Required shel! thickness: t = 0.19131in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 80 in

Design temperature: = 400 deg F

External design pressure: P = 147 psi

Stiffener supported length: Ls = 24.22495 in

B = .75*(P*Do/(t + As/Ls))
= .75%(14.7*80/(0.19131 + 1.69/24.22495))
= 3378.368
From table HA-3 (ring) A = 2.558532E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (8072%24.22495%(0.19131 + 1.69/24.22495)*2.558532E-04)/10.9
= 9500989 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.91935
W = 1.1*Sqr(Do*ts)
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Support Ring

1.1*8qr(80*0.25)
4.91935 in

W = Ls = 24.22495 in
Shell area A1 = W*ts = 1.220837 in"2

Distance to the ring neutral axis
Y2 = Ring NA + ts/2

=276 + 0.25/2
= 2.885in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.69%2.885/(1.229837 + 1.69)
= 1.669836 in
Inertia of the shell about the combined section NA
I1 = W*s"3/12 + AI1*NA*2
= 4.91935%0.25°3/12 + 1.229837*1.669836"2
= 3.435626 in"4
Inertia of the ring about the combined section NA
12 = Ir + As*(NA - Y2)"2
= 2.77 + 1.69%(1.669836 - 2.885)"2
= 5.265493 in"4
Total available ] = 11 + 12 = 8.701118 in"4

The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.
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Pressure Summary

Pressure summary for pressure chamber 1

| | Nozzle | T | MAWE | MAP | Pe | uG—99 | UCS—66 |corrosion|
| Tdentifier | Status | design | | |external| Ratio | MDMT Exemption or [Al1lowance|
| | (vG—as)|(aeg F) | (psi) | (psi) | (psi) | | (Aeg F) Stress Reduction | fin) |
| | i | f | | { | |
| HD 80Ks | | 0.0 | 75.1 | 75.1 | 3.8 | 1.000 | | Het applicable | 0.000 |
| Beam Tube RT | | c.o0 | 157.9 | 157.9 | &6.2 | 1.000 | | Mot applicable | ©.co0 |
| nl Pumpout Port | ok | 0.0 | 105.7 | 105.7 | 38.4 | 1.000 | | Hot applicable | 0.000 |
| PLG RT BMTUBE | | 0.0 | .0 | 0.0 | | o.a8o | | Not applicable I 0.000 |
t I ! | ! 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*Pe*0.88 = 31.5 psi

Vessel hydrotest pressure is 31.5 psi.
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Weight Summary
Comp t —-——— Welght (1lbs) Ceontributed by Vessel Elenerts ====----ceeccer——-—-—o————o—oo-
Meotal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Test Mozzle
Haw Corr & sup Beds & plat & Miac Ligula Liquia i flg
Bd BOks 667 667 o o o O (] o o o 1432 (]
Bean tube rt 3s8 ans ¢] L] o o o [+] s o 1976 14
Flg rt bmtube 223 223 o [} [} L] [+ o o o © o)
1248 1248 4] [+] +] o o o ] o 3408 14
Vessel oparating welight, corroded: 1,262 1lbs
Vessel enpty weight, corroded; 1,262 1bs=
vessel sanpty welight, new: 1,262 lbs
Vessel test weight, new: 4,670 1bs
Vessel center of gravity location (from right weld seam)
Vessel lift weight, new: 1,262 lbs
Center of gravity to seam: 19.4 in
Revision No. 0
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Nozzle Summary

Norzie oD tn Reqg tn Nom t Req t User t Corr AaSAx
nark (in) (in) (in) A1?  A27 (im) (im) (in) (iny {1
nl 10.80 0.2500 0.la18 y ¥ 0.2500 0.1867 0. 0000 100.0

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
User t - local vessel wall thickness (near opening)

Aa-  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.
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Nozzle Schedule
vorsie  semvice e weeertaze
mark Nozzle Inpact? Noermn? Pad Impact? Noxrm? Flange
mi pumpout port  10.00 10x0.23 8 240 SouL WIoR m
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Thickness Summary

Apr. 18, 1996

Langth Nonm t Joint Governlng

(in)y

Req t
(in) E

Component ID

Identifier (in}) Status

(iny

Daflact
Stress (in)

Hd &0ks 79.25 0.3750 G.3750 0.45

Bean tube rt 0.2500 O0.8S5

44.62 35.00 0. 2500

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 gressure governs

wind - combined long stress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs

3.21.1996
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HD 80Ks

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: F&D head

Material specification: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 Outer= () in
PWHT is not performed

Radiography: ~ Category A joints -  Spot UW-11(b) type 1
Head to shell seam -  Spot UW-11(b) type 1

Estimated weight: new = 666.6 corr = 666.6 b
capacity: new = 171.72  corr = 171.72 US ga
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 1-4(d) Eq 4

‘P = 2*S§*E*t/(M*Lo - t*SM-O.ZZ)) - Ps
= 2*16700*0.85%0.375/(1.7706*80.375 - 0.375%(1.7706-0.2)) - 0
= 75.12013 psi

MAWP: (Corroded & at 0 deg F) Appendix 1-4(d) Eq 4
P = 2*S*E*t/(M*Lo - t*sM-0.2)) -Ps

= 2*16700*0.85%0.375/(1.7706*80.375 - 0.375%(1.7706-0.2)) - 0 '
= 75.12013 psi

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

A = .125/(Ro/t)
.125/(80.375/0.373)
0.000583

From table HA-3: B = 5111

Pa= B/(Ro/t)
= 5111/(80.375/0.375)
= 23.846 psi

Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pe= 2*S*E*t/((M*Lo - t*(M-0.2))*1.67)

= 2*14700*1*0.375/((1.7706*80.375 - 0.375%(1.7706-0.2))*1.67)
= 46.58239 psi

The maximum allowable external pressure is 23.846 psi.
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Beam Tube RT

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

Corrosion allowance: Inner C = Outer= () in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 357.7 corr = 357.7 Ib
capacity: new = 236.975 comr = 236.975 USga

ID = 44.625 length Lc= 35 t=0.25 in(new)

MAP: (New & at O deg F) UG-27(c)(1)

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

MAWP: (Corroded & at 0 deg F) UG-27(cX1)
P = S*E*t/(R + 0.6%t) - Ps

= 16700*0.85%0.25/(22.3125 + 0.6*0.25) - 0
= 157.9855 psi

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

L/Do = 5.71875/45.125 =0.1267 Do/t = 45.125/0.25 = 180.5
From table G: A = (3.005954
From table HA-3: B = 7630.7

| Pa= 4*B/(3*Do/t)
= 4*7630.7/(3*45.125/0.25)
= 56.3671 psi
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Pumpout Port

Opening nl1 Reinforcement Calculations Per UG-37

Located on: Beam Tube RT
Local vessel thickness: .25 in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 3041 HIGH
Nozzle orientation: 90 degrees
End of nozzle to shell center: 28.5625 in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 6in
th =] }J<-
_ - corrosion allow = 0 in
<—d = noz thick new tn= .25 in
twl—>| |« nozzle id. new d= 10 in
AN \ fillet weld twl = .25 in
—_—| | - groove weld tw2 = .1875 in
N _f_tw2 N A
A
e L —>| To datum L= 21.5 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Paralle] to the vessel wall d = 10 in ]
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .625 in
Normal to the vesse] wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - (.6*P)
= 105.729*5/(16700*1 - 0.6*105.729)
= 0.0318 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 105.729*22 3125/(16700*1 - 0.6*105.729)
= 0.1418 in

Area reguired

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

fr1 = lesser of 1 or Sn/Sv so0 frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1
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Pumpout Port

A = d*I*F + 2*tn*ur*F*(1 - frl)
= 10%0,1418*1 + 2+0.25*0.14i8*1*(1 - 1)
= 1.418in"2

Area available

Al = larger of the following = 1.082in"2
d*(EI*t-F*tr) - 2*t*(E1*t-F*tr)*(1-frl)
10*(1*0.25-1¥0.1418) - 2*0.25*(1*0.25-1*0.1418)*(1-1)
1.082 in"2

22X+ ) *(EIM-F*r) - 2%n*(E1*t-F*tr)*(1-frl)

21"‘63.;25;0.25)*(1*0.25-1*0.1418) - 2%0.25%(1%0.25-1%0.1418)*(1-1)
] m"

[N

o

A

[ o%

= smaller of the following = {(.273in"2

S*(tn - trn)*fr2%t

5*(0.25 - 0.0318)*1%0.25
273in"2

5*(tn - trn)*fr2*mn
5%(0.25 - 0.0318)*1%0.25
273 in"2

A4l = Leg"2*fr2
= 0.2572*1 = .063 in"2

Area = Al + A2 + A4l
= 1.082 + 0.273 + 0.063
= 1.418in"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 ortn or t, tmin = 0.25 in

t! or 2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tl(actualy = 0.7*Leg = 0.7%0.25 = 0.175 in

2(actual) = 0.1875 1n

tl1 + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0318in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.1418 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): trd = 0.319375 in
The greater of tr2 or tr3: tr5 = 0.1418 in
The lesser of trd or trS: tr6 = (0.1418 in
Revision No. 0
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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 = (.7*16700 = 11690 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*10.5*0.25*8183 = 33724.19 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*10.25%0.25%11690 = 47030.33 Ibf

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

Loading on welds per UG-41(b)(1)

W = (A - (d - 2*tn)*(E1*%t - FXr))*Sy
= (1.418 - (10 - 2*0.25)%(1*0.25 » 1*0.1418))*16700
= 6514.67 Ibf

Wi-1 = (A2 + AS + Adl + A42)*Sv
(0.273 + 0 + 0.063 + 0)*16700
5611.2 Ibf
-2 = (A2
(0.273 +
7698.7 Ib
Load for path 1-1 lesser of W or W1-1 = 5611.2 Ibf

Path 1-1 Thru (1) & (3) = 33724.19 + 47030.33 = 80754.52 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 6514.67 Ibf
Path 2-2 Thru (1), (2 = 3372419 + 38197.81 = 71922 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations For Nozzle MAP

o=

i l!g

+ A3 + A4l + A43 + 2*tn*t*frl)*Sy
f0 +0.063 + 0 + 240.25%0.25%1)*16700

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
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Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 105.7486*5/(16700*1 - 0.6*105.7486)
= 0.0318 in

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 105.7486%*22.3125/(16700*1 - 0.6*105.7486)
= 0.1418 in

Area required

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

fr1 = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Svso fr2 =1

A = d%*F + 2%n*e*F(l - frl)
= 10%0.1418*]1 + 2*0.25*0.1418*1*(1 - 1)
= 1.418 in"2

Area available

Al = larger of the following = 1.082 in"2

= @*EI*t-F*tr) - 2*m*(E1*t-F*tr)*(1-frl)
10%1+0.25-1%0.1418) - 2#0.25%(10.25-1°0.1418)*(1-1)
. mn

= 2*%(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
21"‘6{8)._25‘\;0.25)*(1*0.25-1*0,]418) - 2*%0.25%(1%0.25-1%0.1418)*(1-1)
108 in

i

i

("]

A2 = smaller of the following =0.273 in"2
5*(tn - tro)*fr2*¢

5%(0.25 - 0.0318)*1*0.25

273 in"2

5%(tn - trn)*fr2%tn
5+(0.25 - 0.0318)*1*0.25
273'in"2

A41 = Leg"2%r2
= 0.2572%1 = .063 in"2

Area = Al + A2 + A4l
= 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
Revision No. ©
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Pumpout Port

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

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in

tl or tZSmin) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tl{actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actual) = 0.1875 in

tl + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0318in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.1418 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b){4): tr4 = 0.319375 in

The greater of tr2 or tr3: tr5 = 0.1418 in

The lesser of tr4 or tr5; tr6 = 0.1418 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.1418 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 = (.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 joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*10.5*0.25*8183 = 33724.19 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia. *tn*Sn = 1.57*10.25%0.25*11690 = 47030.33 Ibf

(4) Groove weld in tension
(P1/2)*Nozzle O.D.*tw*Sg = 1.57*10.5%0.1875*%12358 = 38197.81 Ibf

Loading on welds per UG-41(b)(1)
W = (A - (d - 2*m)*(E1*t - F*tr))*Sv

= 81.418 - (10 - 2*0.25)*(1*0.25 - 1*0.1418))*16700
= 06514.67 Ibf

WI-1 = (A2 + AS + A4l + Ad42)*Sy
= (0.273 + 0 + 0.063 + 0)*16700
= 5611.2 Ibf

5
W2-2 = (A2 + A3 + A4l + A43 + 2*m*t*fr1)*Sv

1l
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(0.273 + 0 + 0.063 + 0 + 2*0.25*%0.25*1)*16700
7698.7 Ibf

Load for path 1-1 lesser of W or W1-1 = 5611.2 Ibf
Path 1-1 'Fln'u (1) & (3) = 33724.19 + 47030.33 = 80754.52 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 6514.67 Ibf
Path 2-2 'Fahru (1), (4) = 33724.19 + 38197.81 = 71922 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel walt 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

L/Do = 6/10.5 = .5714 Do/t = 10.5/0.05481 = 191.5709
From table G: A = 0.000926
From table HA-3: B = 55445

Pa= 4*B/(3*Do/t)
= 4*5544.5/(3%10.5/0.05481)
= 38.5897 psi
Nozzle required thickness trn = 05481 in

Required thickness tr from UG-37(d)(1) = .1867 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

fr1 = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fi2 =1

A = 0.5%(d*0*F + 2*t*r*F*(1 - fr1))
= 0.5*210*0.1867*1 + 2%0,25+0.1867*1%(1 - 1))
= 9335 in"2

Area available
Al = larger of the following = .633in"2

= d*E1*t-F*tr) - 2*m*(E1*t-F*tr)*(1—fr1$)
13;‘35[*9.2254*0.1867) - 2%0.25%(1*0.25-1*%0.1867)*(1-1)
.633 in

= 2¥(t+tn)*ET*-F*r) - 2%t (E1*t-F*tr)*(1-fr1)
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KSRTBM.VSL

Pumpout Port
= 2%(0.25+0.25)*(1*0.25-1*0.1867) - 2*0.25*(1*0.25-1*0.1867)*(1-1)
= .063 in"2
A2 = smaller of the following = 0.244in"2

= 5%(tn - trn)*fr2*t
= 5%(0.25 - 0.05481)*1%0.25
= 244in"2

5*(tn - trn)*{r2*tn
5*%(0.25 - 0.05481)*1*0.25
244 1n"2

Adl = Leg"2*fr2
= (0.25°2%1 = .063 in"2

Area = Al + A2 + A4l

= 0.633 + 0.244 + 0.063

= .94in"2
As Area > A the reinforcement is adequate for Pe = 38.44917 at 400 Deg F
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-~45(a): trl = 0.05481in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0585 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.319375 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr3: 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 = 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996
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Pumpout Port

Applied Loads

Radial load Pr = 1155 Ibf
Circumferential moment Mc = 75 Ibf-ft
Circumferential shear Ve = 150 Ibf
Longitudinal moment ML =23.8 Ibf-ft
Longitudinal shear VL = 10 Ibf
Torsion moment Mt = O Ibf-ft
Internal pressure P = Opsi

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

Mean radius Rm = 22.4375 in
Rm/t = 89.75

Stress concentration factor Kn (tension) = 1
Stress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5
I = 25*%4 + 3*(/x)"2 + 3*(r/x)"4)
.22?;54 + 3*%(5/5.9)"2 + 3*(5/5.5)"4)

Local circ. pressure stress = I*P*Rm/t = ( psi

ol

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

Maximum combined stress =-9257 psi
Allowable combined stress = +-1.5*§ = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-2349 psi )
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

3.21.1996
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From| Value | beta
Fig.| read Au Al Bu B1 Cu 1~ Du D1
3C* 14.8569 [0.205 -1000 -1000 -1000 -1000
4C* [10.044 |0.205| -2068 -2068 -2068 -2068
1C |0.0633 |0.205 -701¢ 7019 -7019 7019
2C-1/0.0189 |0.205| -2096 2096 -2096 2086 .
3A% [3.0844 |0.205 -108 -108 108 108
1A 10.0601 {0.205 -1130 1130 1130 -1130
3B* |6.8590 |0.205 ~-76 -76 76 76
1B-1|0.0148 |0.205 -88 88 88 -88

pressure stress*

Total circ stress -4328 40 -4000 16 -9257 7041 -6781 4997
Primary membrane

circ stress* -2144 -2144 -1992 -1992 -1108 -1108 -892 -892
3C* 14,8569 10.205| -1000 -1000 -1000 -1000 -

4C* [10.044 |0.205 -2068 -2068 -2068 -2068
1C-1]0.0427 10.205] -4735 4735 -4735 4735

2C 10.0338 |0.205 -3748 3748 -3748 3748
4A* |8.0408 10.205 -281 -281 281 281
ZA |0.0265 |0.205 -498 408 498 -498
4B* (3.2169 |0.205 -36 -36 36 36

28-110.0207 |0.205 -124 124 124 -124

pressure stress*

Total Tong stress -5895 3823 -5575 3647 -6595 1897 -5037 1463
Primary membrane

long stress* -1036 -1036 -964 -964 -2349 -2349 -1787 -1787
torsion moment Mt

Circ shear from Vc 36 36 -36 -36

Long shear from VL -2 -2 2 2
Total Shear stress 36 36 -36 -36 -2 -2 2 2
Combined stress -5886 3823 -5576 3647 -9257 7041 -6781 4997
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PROCESS SYSTEMS INTERNATIONAL. WESTBORO, MASS. 01581

V59049
LICGORNG.BAS 03=-12-1996
Single 4.00 x 3.00 x 0.250 Angle in 80.00 OD x .2500 Thk Shell
Metal Density = ,2836 Lbs./Cu.In.
Eff, Shl Wdth, One Ring, based on SQR(R*T) = 5.169 In.
Radius Of Rlng Centroid, Inches, = 38.239

8.884 In."4

I, for Ring plus Eff. Shell,
2.980 In."2

A, for Ring plus Eff. Shell,

CFl, Extreme Inner Fiber (ring) from Centroid, = 2.489 In.
C2, Extreme Outer Fiber (shell) from Centrozd, = 1.761 In.
Welght of Ring only, = 113 Lbs.
Weight of full or empty inner vessel at one ring 2168 pounds
Strap ctrline from tank vertical ctrline 32 inches
Strap angle (from bottom) 123.21 degrees
Weight of jacket at 1 ring, may incl. saddle 2320 pounds
Angle from dead bottom ctrline to saddle or lifting lug 90 degrees
Horizontal Force at 1 ring 1084 pounds
Offset of Horiz. force above centerline ¢ inches
Side force angle above centerline at 1 ring 0 degrees
Seismic vertical factor used on ring weight 0
External Pressure or Vacuum 14.7 Psi

Maximum Stresses

0 psi at 0.00 degrees.
-4,384 psi at 99.00 degrees.
0 psi at 0.00 degrees.
-1,619 psi at 123.21 degrees.

Inner Fiber Max. Tension
Inner Fiber Max. Compression
Outer Fiber Max. Tension
Outer Fiber Max. Compression

W
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PROCESS SYSTEMS INTERNATIONAL. WESTBORO, MASS. 01581

V59049
LIGORNG.BAS 03-12-1996

aAngle Inner Outer

from fiber fiber
bottom stress stress
0.00 -2,784 -1,151
5.00 -2,779 -1,152
10.00 -2,767 -1,155
15.00 -2,746 -1,161
20.00 =-2,720 =1,168
25.00 -2,689 -1,174
30.00 -2,656 -1,180
35.00 -~2,623 -1,182
40.00 -2,594 -1,179
45,00 -2,573 -1,168
50.00 -2,563 -1,149
55.00 -2,568 -1,117
60.00 -2,592 ~-1,071
61.00 -2,600 -1,060
63.00 -2,618 -1,035
65.00 -2,640 -1,007
70.00 -2,717 ~924
75.00 -2,826 -818
80.00 -2,973 -687
85.00 -3,160 -529
90.00 -3,393 ~340
90.00 -3,393 =340
90.00 -4,170 -1,078
90.00 -4,147 -1,094
90.00 -4,147 -1,094
95.00 -4,333 -936
100.00 -4,383 -867
105.00 -4,302 -885
110.00 -4,096 ~986
115.00 -3,772 -1,166
119.00 -3,432 -1,363
120.00 -3,337 -1,419
122.00 -3,133 -1,540
123.21 =-3,002 -1,619
123.21 -2,698 -1,215
126.00 -2,707 -1,293
130.00 -~2,709 -1,268
135.00 -2,699 -1,249
140.00 -2,677 -1,239
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PROCESS SYSTEMS INTERNATIONAL. ' WESTBORO, MASS. 01581

V59049
LIGORNG.BAS 03-12-1996
Angle Inner Outer
from fiber fiber
bottom stress stress
145.00 -2,648 -1,236
150.00 -2,616 ~1,238
155.00 -2,583 -1,243
160.00 -2,552 -1,250
165.00 -2,525 -1,2587
170.00 -2,505 -1,262
175.00 -2,492 -1,266
180.00 -2,488 -1,267
0.00 0 0
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-082

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 7%
REV. |DEO# | DATE |BY: CHECK | TITLE:
qQ T v /9/7C] WDR eP L

80K-LONG Cryopump

BY. W m‘w‘m\ [ DEPT. 744

PROJECT: LIGO Vacuum Equipment PROJECT NO. V59049

PURPGSE:
Determine required shell thickness for the 80K long cryopump. Additionally, evaluate
nozzle opening(s), calculate size and spacing of stiffener 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.

ASSUMPTIONS:

See Calculation

INPUTS: Vacuum pressure = 14.7 psi
. “Bakeout” Temperature = 400 deg F.
. Valve weight = 150.01bs

. Unbalanced Vacuum Load = 1155.0 lbs @ 10" Nozzle

T

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section V111, Div. 1, Pressure Vessels.
2. COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.

3 VOYTF ~/-264, 4 180 Vae Faoo a, Srover Pri o Groms s s
CALCULATIONS:
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 V049-1-016, 017, 018, & 019,
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-082
WESTBOROUGH, MA CALCULATIONS PAGE 2 OF 73
BY: WDB CHKD: fKgpe

PROJECT: LIGO VACUUM EQUIPMENT

PROJECT NO: V5949

TABLE OF CONTENTS

80K- Cryopump LONG

80k Cryopump Long Detail Drawing

(¥

80k Cryopump Long COMPRESS Plot 4

COMPRESS Qutput For Shell Design
Pressure Summary 5
Weight Summary 6
Nozzle Summary 7
Nozzle Schedule 8
Thickness Summary 9
80K LFT F&D HD 10
BOKLJacket 12
80K RT F&D HD 14
BEAM TUBE LFT 16
BEAM TUBE RT 21
Clean Air Vent 26
GN2 Vent 29
GN2 Feed 32
Burst Disc 35
Elee Instrumentation 38
Vacuum Gauge 41
LN2 Lvl Cnirl 44
LN2 Feed 47
Support Rings 50
Stiffcner Rings 53

80K-LONG Cryopump Pumpout Port

80k Cryopump Long Pumpout Port COMPRESS Model Plot 56

COMPRESS Ouiput For Pumpout Port Evaluation/Design
Pressure Summary 57
Wceight Summary 58
Nozzle Summary 59
Nozzle Schedule 60
Thickness Summary 61
HD 80KL 62
Beam Tube RT 63
Pumpout Port 64

Nozzle Loads 73
Unbalanced Vacuum Force at 10” Nozzle

Revision No. 0

Doc. No. V049-1-082
Paec 2 of 73




23 i

e 2700 (684 ) =]

p— G000 (1524 )
= 5200 (1345 1

[ 4600 (1148 )

[ 350 (*: )
10 (178 T -

400 (102 ) =
STIFFCRER RING =

NESCRIPTION TG MO DESCRIM

TN

REFERLMCE DRAVINGS

1
|
|
1
+ H
BEAM TUBE [4
'
423ty !
SXTVLD !
NES [T )
=e ;]
CRYDPUWP }
o 3200 (113 ) =] 3200 tHY ) — 450 (14 1
#3950 11311 1 L DO BRI MK BB f
G2 1TI8 (e52
#3120 "3&“.\ 1623 141
NN .
AN
NN ¥ Tt (¥
\ —_ — STIFFCNER RING 3200 [ )
= / TIA7 [182% )
=00 0132t ] q441 £112% ) 1
A oY ] 1230 (s 1 300 4250 007S )
e 1 l_ \& a-.alr.m )
) BI7
. — 150 (8 :I
XN T L
) 1
wm s ’_.__44(": 1 ’ k4 L
4100 (00t } / f
1
*NA0 (#N) / | =
ob
| \ | 7208 (1M )
i |
000 1778 ) [ R, |
I 1
Y SIDE_VIEW :
END VIEW AR VIEY
LT aNs O cali LT OTICRIST SAPCE NP
I;'”- D Selmin M v OMDY
" St E, Bt o 1

PO MOT SCALE THIS DRAVING |

USEY O

e[ [ ]]

NEXT ASSW




yo.vsl |-

)

|

e

-

\\\\ +
o

————a

*

1 )
W2z O ]

n%

|

o] [n3 |
B

GN2

I

I

C :\COMPRESS~\CRYOPHPS<\80k lcr

b/, =2pgx 2,27

brxexp O

W
m M 2> Revision No. 0
Doc. No. V049-1-082
Jy > m __m Pase 4 of 73

- ——




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

Pressure Summary

Pressure summary for pressure chamber 1

Apr. 18, 1996

I
|
|
|
|
!
|
§
I
1
{
|
|
|
|
I
i
|
\

!
|

) -] | T | HAWE | HAP | Pe | uG-99 | UcsS—66 |Corrosien|
| Identifier | design [ design | | {external| Ratio | MDMT Exemption or |Allowance]
| {psi) |(deg F} | {psiy | (psi} | (psi) | | (aeg F) Stress Reduction | <in)
| | | | | I i |
80K LFT F&D HD | 0.0 | 0.0 | 7%.1 | 75.1 | 23.8 | 1.000 | | ot applicable ! 0.000
BOXLJACKET | 0.0 | 0.0 | 88.9 | es.5 | 20.1 | 2.000 | | Not applicable | o. o000
BOK RT F&D HD f 0.0 | 0.0 | 75.1 | 75.1 | 23.8 | 1.000 | | Wot applicable | 0.000
nl BEAM TUBE LFT | 0.0 | 0.0 | 0.0 | .0 | 14.7 | 1.000 | | Not applicable H 0.000
BM BEAM TUBE RT | 0.0 | 0.0 | 0.0 | 0.0 | 14.7 ! 1.000 | | Not applicable | 0.000
n2 Clean Alx Vent | 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Kot applicable | 0.000
GH2 GHN2 Vent | 0.0 | 0.0 | 0.0 | 0,0 | 14.7 | 1.000 | | Not applicable | 0.000
GH2 CN2 Feed i ©.0 | 0.0 | 0.0 | o.o0 | 14.7 | 1.000 | | Hot applicable | o 000
n3 Burst Disc ] 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Mot applicable ] 0.000
n4 Elec Instranticon .0 | .0 | 0.0 | o.0 | 14.7 | 1.000 | | Net applicable | 0.000
nS Vacuunm Gauge | 0.0 | o.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Hot applicable | 0. 000
LN2 LN2 Lv) Cntrl | 0.0 | 0.0 | o.o | o.0 | 14.7 | 1.000 | | Mot applicable | 0.000
LN2Z LN2 Feed | 0.0 | 0.0 | o.o | 0.0 | 14.7 | 1.000 | | Mot applicable | ©.000
Support Rings | | | | | 14.7 | | |
LFT BM TUBE FLG | 0.0 0.0 | 31.9 | 31.9 | | 1.000 | | Net applicable | 0.000
| LFT BMTB CVR PLT | 0.0 | 0.0 | 22.7 | 22,7 | b 1.000 | | Mot applicable | 0.000
| RT BM TUBE FLG | .0 | 0.0 | 31.% | 31.9 | | 1.000 | ! Mot applicable | ©.o00
RT BMTB CVR PLT | 0.0 | 0.0 | 22.7 | 22.7 | { 1.000 | | Not applicable ] 0.000
Stiffner Rings | | | | | 14.7 | ! ! i
f

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

Vessel MAP new & cold is O psi @ Q degrees F.
Vessel allowable external pressure is 14.7 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe

= 1.5%Pe*1 = 22 psi

Vessel hydrotest pressure is 22 psi.

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996
Weight Summary
Conponent ——————r—r——————-—————s—o— Weight (1bs) Contributed by Vessel Elements —--sss-s=s-==---—ssosscosooooo
Hetal Metal Trays Packed Insul Lining Filping Ladder Rings oper Tast HNozzle
New Corr & sup Beds & plat & Misc Liguid Liquig & flg
80k 1ft F&d hd 667 667 o o [ o o [} [+] o 2432 218
80kl jacket 2579 2573 [+ 0 o [+] o [} 27 a 25450 -]
8ok rt f&d hd 667 667 [+] o [2] ] o o ] o 21432 136
Lft ba tube flg 426 426 [+] 0 [ ] o a o o o [+] Q
LIt bmtb cvr pl 616 616 a ] Q a o (2] a o [+] L]
Rt bo tube T1g 426 426 [+] o s ] 2] v o ] o ] 0
Rt bntb cvr plt 616 616 o [+] [+] 2] o o [+] 4] o o
5997 5997 o o o o o o a27 o 28314 360
‘ Vessel operating weight, correded: 6,784 lbs
} Vessel enpty weilght, corroded: 6,784 lbs
| Vessel enpty welight, new: 6,784 lbs
Vessel test welght, new: 35,098 lbs
Vessel center of gravity location (from right weld seam)
Vessel lift weight, new: 6,786 Ibs
Center of gravity to seam: 60 in
i
|
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996

Nozzle Summary
Nozzle oD tn Reg tn oo t Req t User t corx Aafhr
nark finy (iny (in) AL?  A27 (in} (in) (in) {in) 3)
nl 45.12 0.2500 ©.1092 vy Yy D.3750 0.2492 0.0000  105.3
BM 45.12 0.2500 0.1001 y Yy 0.3750 0.2492 0.0000 105.5
n2 1.7% 0.1250 0.0625  y Yy 0.2500 0.2094 0.0000 exenpt
GNZ 3.25 ©.1250 ©.0625 y y ©0.2500 0©.2094 0.0000 exwmpt
GH2 3.25 0.1250 0.0625 b'J ¥ O, 2500 Q.2094 0 .0000 exenpt
n3 2.75 0.1250 0.0625 Y b4 0. 2500 0.2094 O. 000G examnpt
n4 2.75 0.1250 ©0.0625% ¥y ¥ ©.2500 0.2093 0.0000  exenpt
ns 1.75% 0.1250 ©.0625 y ¥ 0.2500 0.2024 0.0000  exempt
LH2 2.25 0.1250 0.0625 vy ¥ 0.2500 0.2094 0.0000  exenpt
LN2 2.62 a.1250 0.0625 Y ¥ D.3750 0.2492 0.0000 exanpt

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
User t - local vessel wall thickness (near opening)

Aa-  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.

Revision No. 0
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COMPRESS 5.53

C:\COMPRESS\CRYOPMPS\BOKLCRYO.VSL Apr. 18, 1996

Nozzle Schedule

Sire Materials

Nozzle Inpact? Norm? Pad' Inpact? Horm? Flange

----------------------------------------------------------------------- i ————————— e

GN2

bean tube 1ft
baam tube rt
clean air vent
vent

feed

burst disc

elec instrantion
vacuum gauge

vl entrl

fond

3.21.1996

44.62 IDN0.25 A 240 304L

=
)
2]
]
H
=

44.62 IDx0.25 SA 240 2041 HIGH n n
1.50 IDx0.12 SA 240 3041 HIGH n n
3.00 IDxD.12 SA 240 304L HIGH n n
3.00 IDxO.12 SA 240 304L HIGH n n
2.80 IDxO.12 24 240 304L HIGH n n
2.50 IDx0D.12 SA 240 304dL RIGH n n
1.50 IDxO.12 5A 240 304L HIGH n n
2.00 IDx0.12 SA 240 304L RIGEH n n
2.37 IDbx0.12 SA 240 304L HIGH n n

Revision No. 0
Doc. No. V049-1-082
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996

Thickness Summary
Conponent 1D Length Nom ¢ Req t Joint Governing Daflect
Identifier (im) (in) (inm) (in}y E Load Btatus Btrens (in)
80k 1ft £&d ha 79.25 0.3750 00,2492 0.85 axtarnal
A0k] jacket 79,50 142,00 0. 2500 0.2093 O0.85 external
80k rt f£&d hd 79.25 0.3750 O.2492 0.8% external
LEit bmtbh cvr plt 1.0000 0.0000 0,85 internal
Rt bntb cvr plt 1.0000 0.0000 0.85 internal
Nom t - vessel wall thickness
Reqt - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency
Load: ) )
internal - circ stress due to internal pressure governs
external - external gressure governs '
wind - combined long stress due to STATUS + wind gove
seismic - combined long stress due to STATUS + seismic governs

Revision No, ¢

Doc. No. voye.
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996
80K LFT F&D HD

ASME Section VIII Division 1, 1992 Edition, A94 Addenda
Component: F&D head

Material specification: SA 240 304L HIGH
External design pressure: Pe= 14.7 psi@ 400 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Head tors%ell seam -  Spot UW-11(b) type 1

Estimated weight: new = 666.6 corr = 666.6 1b
capacity: new = 171.72  corr = 171,72 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 1-4(d) Eq 4

P = 2*S*E*t/(M*Lo - t*SM—0.2)) - Ps
= 2*16700%0.85%0.375/(1.7706*80.375 - 0.375%(1.7706-0.2)) - 0
= 75.12013 psi

MAWP: (Corroded & at 0 deg F) Appendix 1-4(d) Eq 4
P = 2*S*E*t/(M*Lo - t*(M-0.2)) - Ps
= 2*16700*0.85%0.375/(1.7706*80.375 - 0.375%(1.7706-0.2)) - 0
= 75.12013 psi
External Pressure: (Corroded & at 400 deg F) UG-33(e)

A = .125/(Roft)
= .125/(580.375/0.2492)
= 0.000388

From table HA-3: B = 4757.7
Pa= B/(Ro/t)
= 4757.7/(80.375/0.2492)
= 14.7511 psi
Check the external pressure per UG-33(a)(1)
t = 1.67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))
= {1}.?};{1}%.77_511*8 .375*1.7706/(2*14700*1 + 1.67*14.7511*(1.7706-0.2))
= 0. in

Design thickness for external pressure Pa = 14.7511 psi:

Revision No. 0
3.21.1996 Doc. No. V049-1082
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL

80K LFT F&D HD

t + Corrosion + fa
0.2492 + 0+ 0
0.2492 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

A = .125/(Ro/t)
= .125/(580.375/0.375)
= 0.000583

From table HA-3: B = 5111
Pa= B/(Ro/t)
= 5111/(80.375/0.375)
= 23.846 psi
Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pe= 2*S*E*t/(M*Lo - t*(M-0.2))*1.67)
= 2*14700*1*0.375/((1.7706*80.375 - 0.375%(1.7706-0.2))*1.67)
= 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

3.21.1996

Apr. 18, 1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996
S8O0KLJACKET

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

External design pressure: Pe= 14.7 psi@ 400 deg F
Corrosion allowance: Inner C = 0 | Outer= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 2579.3  corr = 2579.3 b
capacity: new = 3051.407 comrr = 3051.407 US ga

OD = 80 length Le= 142 t=10.25 in(new)

MAP: (New & at 0 deg F) Appendix 1-1(a)

P = S*E*t/(Ro - 0.4*1) - Ps
= 16700%0.85*0.25/(40 - 0.4*0.25) - 0
= 88.94111 psi

MAWP: (Corroded & at 0 deg F) Appendix 1-1(a)
P = S*E*t/(Ro - 0.4*t) - Ps

= 16700*%0.85*0.25/(40 - 0.4*%0.25) - 0
= 88.94111 psi

External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 46/80 =0.575 Do/t = 80/0.20938 = 382.0804
From table G: A = (0.000322
From table HA-3: B = 4261.2

Pa= 4*B/(3*Do/t)
— 4*4261.2/(3*80/0.20938)

= 14.8702 psi
Design thickness for external pressure Pa = 14.8702 psi:
= t + Corrosion
=0.20938 + 0
= (0.20938 in
Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 46/80 =0.575 Do/t = 80/0.25 = 320
From table G: A = 0.000421
From table HA-3: B = 4826.5

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996

SOKLJACKET
Pa= 4*B/(3*Do/t)
= 4*4826.5/(3*80/0.25)
= 20.1104 psi
Revision No, 0
3.21.1996 Doc. No. V049-1-082
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL

80K RT F&D HD

t + Corrosion + fa
02492 +0+ 0
0.2492 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

A = .125/(Ro/t)
125!(80 375/0.375)
= 0.000583
From table HA-3: B = 5111
Pa= B/(Ro/t)
= 5111/(80.375/0.375)
= 23.846 psi
Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pe= 2*S*E*t/(M*Lo - ¢*(M-0. 8)3*1 .67)
= 2*14700*1*0.375/((1.7706*80.375 - 0.375%(1.7706-0.2))*1.67)
= 46.58239 psi

The maximum allowable external pressure is 23.846 psi.

3.21.1996

Apr. 18, 1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL
BEAM TUBE LFT

Opening nl Reinforcement Calculations Per UG-37

Located on:

Local vessel thickness: 375 in
Liquid static head included: 0 psi
Flange description: Not instatled
Nozzle material specification: SA 240 304L. HIGH
Nozzle orientation: 0 degrees
End of nozzle to datum line: 177 1n
Nozzle calculated as hiliside: no
Projection outside vessel Lpr: 21.275 in
tn —>| |«
_ - corrosion allow = 0 in
<~ d = noz thick new tn= .25 in
twl—>] |« nozzle id, new d= 44.625 in
VAR \ fillet weld twl =-.25 in
— ] f— -— groove weld tw2 = .1875 in
N [ftw2 )/
A
& R —>| To head center R= 0 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 in

80K LFT F&D HD

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

tm = P*Ru/(Sn*E - 0.6*P)
= 8*j22.3125/(16700*1 - 0.6%0)
=uvin

Required thickness tr from UG-37(a)
tr= P*L*M/(2*S*E - (.2*P)

= 8*_80*1.7706/(2*16700*1 - 0.2%0)
=0in

Area required

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

fr]l = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

3.21.1996

Apr. 18, 1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL
BEAM TUBE LFT

A = d*r*F + 2¥tn*trF*(1 - frl)
3{.@225*0*1 + 2%0.25%0*1*%(1 - 1)
1n

Area available

Al = larger of the following = 16.734 in"2

© = d¥E1*-Fr) - 2*tn*(E1*-F*r)*(1-fr1)
= 44.625%(1*0.375-1%0) - 2%0.25%(1*0.375-1*0)*(1-1)
= 16.734 in"2

= 2*(t+tn)*(El*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 2%(0.375+0.25)*(1*0.375-1*0) - 2*0.25*%(1*0.375-1*0)*(1-1)
= .469 in"2
A2 = smaller of the following = 0.313in"2
S5*(tn - trn)*fr2*t
5%(0.25 - 0)*1*0.375
469 in"2

i

5%(tn - trn)*fr2*tn
5*(0.25 - 0)*1*0.25
313in°2

Adl = Leg“2*fr2
= 0.2572%1 = 063 in"2

Area = Al + A2 + A4l
= 16.734 + 0.313 + 0.063
=17.11in"2

mHn

As Area > A the reinforcement is adequate for MAWP = Q0 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 2{min) = lesser of 0.25 or 0.7*tmin, tI(min) = 0.175 in
tl(actual; = 0.7*Leg = 0.7%0.25 = 0.175 in

t2(actuat) = 0.1875 1n

tl + 2 = 0.3625 > = 1.25%tmin

The weld sizes for t1 and t2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E=1)
Wall thickness per UG-45(b){1): tr2 = Qin

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall fper UG-45(b)(4): tr4 = 0.328125 in
The greater of tr2 or tr3: trS = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

3.21.19%6

Apr. 18, 1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL
BEAM TUBE LFT

Req’d per UG-45 is the larger of trl or tré6 = 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 = 0.74*16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690 {)

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

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle 0.D.*Leg*Si = 1.57%45.125%0.25*8183 = 144933.7 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*44.875%0.25*11690 = 205901.1 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle 0.D.*tw*Sg = 1.57*45.125%0.1875%12358 = 164159.6 Ibf

Loading on welds per UG-41(b)(1)

= (A - (d - 2*tn)*(E1*t - F*tr)’

(0 (44.625 - 2*%0.25y*(1*0.375 - 1*0))*16700
-276332.8 Ibf

1= (A2 + AS + A4l + A42)*Sy
g 313 + 0 + 0.063 + 0)*16700
2 =

Il II»-

279.2 Ibf
(A2
0.313 +

410.45 Ibf
1.0ad for path 1-1 lesser of W or W1-1 =-276332.8 Ibf

Path 1-1 Thru (1) & (3) = 144933.7 + 205901.1 = 350834.8 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-276332.8 Ibf
Path 2-2 Thru (1), (42’ = 144933.7 + 16415%9.6 = 309093.3 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

+ A3 + A4l + A43 + 2*tn*t*fr1)*Sv
0 + 0.063 + 0 + 2%0.25*0.375*1)*16700

] HM

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 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

3.21.1996

Apr. 18, 1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL
BEAM TUBE LFT

Nozzle required thickness

L/Do = 21.275/45.125 = 4715 Do/t = 45.125/0.10929 = 412.8923
From table G: A = 0.000347
From table HA-3: B = 4595.3

Pa= 4*B/(3*Dolt)
= 4*4595.3/(3*45.125/0.10929)
= 14.8394 psi
Nozzle required thickness tm = .10929 in

Required thickness tr from UG-37(d)(1) = .2492 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

frl1 = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = 0.5%dMr*F + 2*m*tr*FX(1 - fr1))
0.5;644_.625*0.2492*1 + 2%0.25%0.2492%1%(1 - 1))
5.5603 in"2

Area available
Al = larger of the following = 5.614in"2

= d*E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= ?6?%5'*(“12*0'375-1*0.2492) - 2%0.25%(1*0.375-1*0.2492)*(1-1)
= 5.614in

= 2%t + ) *(ET¥-F*) - 2*tm*(E1*t-F*tr)*(1-fr1)
2;‘5(9].3152+0.25)*(1*0.375-1*0.2492) - 2*%0.25%(1*%0.375-1*0.2492)*(1-1)
. n

A2 = smaller of the following =0.176 in"2

5%(tn - trn())*fr2*t
5%(0.25 - 0.10929)*1*0.375
.264 in"2

= S*Etn - trn)*fr2*m
5%(0.25 - 0.10929)*1*0.25
= .176 in"2

A4l = Leg"2*fr2
= 0.25"2*%1 = .063 in"2

Area = Al + A2 + A4l
= 5.614 + 0.176 + 0.063
= 5.853in"2

o

i

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\B80KLCRYO.VSL Apr. 18, 1996
BEAM TUBE LFT

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): trl =0.10929in (E = 1)
Wall thickness per UG-45(b}(2): tr2 = 0.0708 in

Wall thickness per UG-16(b). tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4) tr4 = 0.328125in

The greater of tr2 or tr3: tr5 = 0.0708 in

The lesser of tr4 or tr5: tr6 = 0.0708 in

Req’d per UG-45 is the larger of trl or tr6 = 0.10929 in
Available nozzle wall thickness new, m = 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996 Revision No. €
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL Apr. 18, 1996
80K RT F&D HD

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

I(*:A()artne!;l%[llesnptéciﬁcation: lssz 24%e§g4L HIGH

External design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = 0 Outer= in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Head to shell seam -  Spot UW-11(b) type 1

Estimated weight: new = 666.6 corr = 666.6 ib
capacity: new = 171.72  corr = 171.72 US ga
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 1-4(d) Eq 4

P = 2*S*E*t/(M*Lo - t*5M—0.2)) - Ps
= 2*16700*0.85%0.375/(1.7706*80.375 - 0.375%(1.7706-0.2)) - ©
= 75.12013 psi

MAWP: (Corroded & at O deg F) Appendix 1-4(d) Eq 4
P = 2*S*E*t/(M*Lo - t*(M-0.2)) - Ps
= 2%16700%0.85*0.375/(1.7706*80.375 - 0.375%(1.7706-0.2)) - 0
= 75.12013 psi
External Pressure: (Corroded & at 400 deg F) UG-33(e)
A = .125/(Ro/t)
= .125/(380.375!0.2492)
= 0.000388
From table HA-3: B = 4757.7
Pa= B/(Ro/t)
= 4757.7/(80.375/0.2492)
= 14.7511 psi
Check the external pressure per UG-33(a)(1)

t = 1.67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))
= 1.67*14.7511*80.375*1.7706/(2*14700*1 + 1.67*14.7511*(1.7706-0.2))

= 0.119087 in
Design thickness for external pressure Pa = 14.7511 psi:
Revision No. 0
3.21.1996 Doc. No. V049-1-082
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO. VSL Apr. 18, 1996
BEAM TUBE RT

Opening BM Reinforcement Calculations Per UG-37

Located on: 80K RT F&D HD
Local vessel thickness: J375in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 0 degrees
End of nozzle to datum line: -27 1in
Nozzle calculated as hillside: no
Projection outside vessel Lpr: 13.275 in
tn —>| |«
- - corrosion allow = 0 in
<~ d - noz thick new tn= .25 in
twl->| |< nozzle id. new d= 44.625 in
IRVARI \ fillet weld twl = .25 in
s = | — groove weld tw2 = .1875 in
N\l ftw2
A
<—— R —>| To head center R= 0 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 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

= P*Rua/(Sn*E - 0.6*P)
= 8*22 .3125/(16700*1 - 0.6*0)
in

Required thickness tr from UG-37(a)
= P*L*M/(2*S*E - 0.2*P)

= 8*80*1 T706/(2*¥16700*1 - 0.2*0)
= 0in

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

frl = lesser of 1 or Sn/Sv so fr] =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

3.21.1996 Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL
BEAM TUBE RT

A = d*tr*F + 2*tn*tr*F*(1 - frl)
= 34"6‘225*0*1 + 2*%0.25%0*%1*(1 - 1)
=0Um

Area available

Al = larger of the following = 16.734 in"2

= d*E1*t-F*Hr) - 2¢n*(E14-FHr)*(1-fr])
= 44.625%(1%0.375-1%0) - 2%0.25%(1*0.375-1*0)*(1-1)
= 16.734 in"2

2*(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
2:é8.;57§z+0.25)*(1*0.375-1*0) - 2%0.25%(1*0.375-1*0)*(1-1)
469 in

([

S

= smaller of the foliowing =0.313in"2
5*(tn - trn)*f12*t

5%(0.25 - 0)*1*0.375

469 in"2

S*Etn - trn)*fr2*m
3%(0.25 - 0)*1%0.25
313 in"2

A41 = Leg 2*fr2
= 0.2572%] = .063 in"2

Area = Al + A2 + A4l
= 16.734 + 0.313 + 0.063
= 17.11in"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 tnor t, tmin = 0.25 in

tl or t2(min) = lesser of 0.23 or 0.7*tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*%0.25 = 0.175 in

t2(actual) = 0.1875 in

ti + 12 = 0.3625 > = 1.25%tmin

g

||

The weld sizes for t1 and 2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl=0in(E=1)
Wall thickness per UG-43(b)(1): tr2 = 0in

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.328125 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in
3.21.1996
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COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KLCRYO.VSL
BEAM TUBE RT

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 tenston = 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 joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1,57%45.125%0.25*8183 = 144933.7 Ibf

(3) Nozzle wall in shear
(P1/2y*Mean nozzle dia.*tn*Sn = 1,57*44.875*0.25*11690 = 205901.1 Ibf

(4) Groove weld in tension
(P1/2)*Nozzle O.D.*tw*Sg = 1.57*45.125*%0.1875*12358 = 164159.6 Ibf

Loading on welds per UG-41(b)(1)

W = (A - (d - 2%tn)*(E1*t - F*tr))*Sv
= (0 - (44.625 - 7*0.25)*(1*0.375 - 1%0))*16700
=-276332.8 Ibf

W1-1 = (A2 + AS + Adl + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
= 62792 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr1)*Sv
= 3%1301345-1-1& + 0.063 + 0 + 2%0.25%0.375*1)*16700

Load for path 1-1 lesser of W or W1-1 =-276332.8 Ibf
Path 1-1 Thru (1) & (3) = 144933.7 + 205901.1 = 350834.8 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-276332.8 Ibf
Path 2-2 Thru (1), (2; 144933.7 + 164159.6 = 309093.3 Ibf
Path 2-2 is stronger W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d = 44.625 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5%(n-Cn-C) = .625 in
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Nozzle required thickness
L/Do = 13.275/45.125 = .2942 Do/t = 45.125/0.10015 = 450.5742
From table G: A = 0.000511
From table HA-3: B = 4993.9

Pa= 4*B/(3*Do/t)
= 4*4993.9/(3*45.125/0.10015)
= 14.7779 psi
Nozzle required thickness trn = 10015 in

Required thickness tr from UG-37(d)(1) = .2492 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

fr1 = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = 0.5%(d*tr*F + 2*tin*ur*F*(1 - frl))
0.5%(44.625%0.2492*%1 + 2*0.25*%0.2492*1%(1 - 1))
5.5603 in"2

Area available
Al = larger of the following = 5.614in"2

= A*E1*t-F*tr) - 2*m*(E1*t-F*r)*(1-frl)
= 3146.?35_*(}2*0.375-1*0.2492) - 2*%0.25*(1*0.375-140.2492)*(1-1)
= 5.614in

= 2¥(t+tn)*(E1*t-F*tr) - 2*m*(E1*t-F*tr)*(1-fr1)
= 2;5(9._3'{5;0.25)*(1*0.375-1*0.2492) - 2%0.25%(1%0.375-1%0.2492)%(1-1)
= . m

A2 = smaller of the following = 0.187 in"2

5*(tn - trn)*fr2*¢
5%(0.25 - 0.10015)*1*0.375
.281in"2

5*(tn - trn)*fr2*m
5%(0.25 - 0.10015)*1*0.25
187 in"2

A4l = Leg™2*fr2
= (0.25"2*1 = .063 in"2

Area = Al + A2 + A4l
5.614 + 0.187 + 0.063
5.864in"2

mnw
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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 UG-45(b)(2):
'\Rt(gll thickmlalss per %94’51 ggl :)

Std pipe wall per U 4):
Th'f:p p:ater oPte:er or tr3: (
The lesser of tr4 or tr5:

trl = 0.10015in (E = 1)
tr2 = 0.0708 in

tr3 = 0.0625 in

tr4 = 0.328125 in

tr5 = 0.0708 in

tr6 = 0.0708 in

Req’d per UG-45 is the larger of trl or tr6 = 0.10015 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.
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Clean Air Vent

Opening n2 Reinforcement Calculations Per UG-37

Located on: SOKLJACKET
Local vessel thickness: .25 in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 180 degrees
End of nozzle to shell center:; 43.25 n
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 325in
th =] |<-
_ _ corrosion allow = 0 in
<= d - noz thick new tn= .125 in
twl—>| |< nozzle id. new d= 1.5 in
/ v \ fillet weld twl =-.125 in
——] |— —— groove weld tw2 = .0875 in
N _tw2 N VA
A
<—— L —>| To datum £= 24 in

Reinforcement Calculations For Nozzle MAWP

" 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)
= 8"‘_0.75!(16700*1 - 0.6*0)
= 0 in

Required thickness tr from UG-37(a)

ir= P*R/(S*E - 0-6*P)
= 0°39.75/(16700*1 - 0.6*0)
= uin

Opening does not require reinforcement per UG-36(c)(3)(a)

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

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
t1 or £2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7*0.125 = 0.0875 in
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2(actual) = 0.0875 in
tl + 2 =0.175 > = 1.25*tmin

The weld sizes for t1 and 2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a ; trl =0In{E =1)

Wall thickness per UG-45(b)(1): tr2 = Qin

Wall thickness per UG-16(b); tr3 = 0.0625 in

Std plpe wall ‘Per UG-45(b (4): tr4 = 0.126875 in
eater of tr2 or tr3: tr5 = 0.0625 in

The esser of tr4 or 1r5: 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 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 walld = 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 = 3.25/1.75 = 1.8571 Do/t = 1.75/0.00745 = 234.8993
From table G: A = 0.000197
From table HA-3: B = 2594.7

Pa= 4*B/(3*Do/t)
= 4*2594.7/(3*1.75/0.00745)
= 14.728 psi
Nozzle required thickness trn = 00745 in

Required thickness tr from UG-37(d)(1) = .2094 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a 3 = 0.00745in (E = 1)

Wall thickness per UG-45(b)(2): tr2 0.0398 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall 1i)er UG -45(b)(4): tr4 = 0.126875 in

The greater of tr2 or tr3: tr5 = 0.0625 in

3.21.1996 Revision No. O
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The lesser of tr4 or tr5: tr6 = 0.0625 in
Reg’d per UG-45 is the larger of tr]l 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)
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Opening GN2 Reinforcement Calculations Per UG-37

Located on: S80K1JACKET
Local vessel thickness: .25 1in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 0 degrees
End of nozzle to shell center: 4325 in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 325in
tn | |«
_ _ corrosion allow = @ in
<= d => noz thick new tn= .125 in
twl->| |< nozzle id. new d= 3 in
/ v \ fillet weld twl =-.125 in
—_—] - groove weld tw2 = .0875 in
N\ |tw2 ||/
A
<—— L —>| To datum L= 36 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

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

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 041.5/(16700%1 - 0.6*0)
=uvm

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 0*39.75/(16700*1 - 0.6*0)
0in

Opening does not require reinforcement per UG-36(c)(3)(a)
Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
tl or 2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
ti(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in
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t2(actual) = 0.0875 in
tl + 2 = 0.175 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0in

Wall thickness per UG-16(b): tr3 = 0. 0625 in
Std pipe wall lPer UG-45(b (4): tr4 = 0.189 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of trd 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)

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel walld = 3 in ]
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2,5%(ta-Cn-C) = .3125 in

Nozzle required thickness
L/Do =3.25/325 =1 Do/t = 3.25/0.0108 = 300.9259
From table G: A = 0.000253
From table HA-3; B = 33403

Pa= 4*B/(3*Do/t)
= 4*3340.3/(3*3.25/0.0108)
= 14,8001 psi
Nozzle required thickness trn = .0108 in

Required thickness tr from UG-37(d)(1) = .2094 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG~452 ): trl = 0.0108 in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall 'pe r UG-45(b)(4): tr4 = 0.189 in

The greater of tr2 or tr3; tr3 = 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 new, m = 0.125 in

The nozzle neck thickness is adequate for Pe.

Exempt from weld strength calculations per UW-15(b)(2)
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GN2 Feed

Opening GN2 Reinforcement Calculations Per UG-37

Apr. 18, 1996

Located on: S80KLJACKET
Local vessel thickness: 25 in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 0 degrees
End of nozzle to shell center: 43.25 in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 3.251n
tn —=>| |-
_ _ corrosion allow = Q0 in
<~ d - noz thick new tn= .125 in
twl->) |« nozzle id. new d= 3 in
/ v \ fillet weld twl =-.125 in
—_— —— groove weld tw2 = .0875 in
N[ _tw2 /
A
¢—— L ——>| To datum L= 29 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Paraliel to the vessel walld = 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*Rn/(Sn*E - 0.6*P)
= 8*_1.5/(16700*1 2 0.6%0)
= n

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 0*39.75/(16700*1 - 0.6*0)
= 0in

Opening does not require reinforcement per UG-36(c)(3)(a)
Check the welds - From UW-16(d):
tmin = lesser of 0.75 or tn or t, tmin = 0.125 in

t! or t2(min) = lesser of (.25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7%0.125 = 0.0875

Re\'iSjOn No. ¢
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GN2 Feed

t2(actual) = 0.0875 in
tl + 2 =0.175 > = 1.25*tmin

The weld sizes for t1 and (2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 =0in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.189 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG4S is the larger of tr] 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

Paraliel to the vessel walld = 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
L/Do = 3.25/3.25 =1 Do/t = 3.25/0.0108 = 300.9259
From table G: A = 0.000253
From table HA-3; B = 3340.3

Pa= 4*B/(3*Do/t)
= 4*3340.3/(3*3.25/0.0108)
= 14.8001 psi
Nozzie required thickness trn = .0108 in

Required thickness tr from UG-37(d)(1) = .2094 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45£a): trl = 0.0108 in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4d = (.189 in

The greater of tr2 or tr3: trS = 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 new, tn = 0,125 in

The nozzle neck thickness is adequate for Pe.

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

Opening n3 Reinforcement Calculations Per UG-37

Located on: S80KLJACKET
Loca) vessel thickness: .25 in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 0 degrees
End of nozzle to shell center: 43.25 in
Nozzle offset from center Lo: Qin
Projection outside vessel Lpr: 3.251n
tn —>| |«
Lo - corrosion allow = 0 in
<-=d - noz thick new tn= .125 in
twl->| [« nozzle id. new d= 2.5 in
v \ fillet weld twl = .125 in
—_—] = —— groove weld tw2 = .0875 in
N _tw2 /
A
— L —>| 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*%(tn-Cn) + te = .3125in
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*1.25/(16700*1 - 0.6°0)
=dJm

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 0*39.75/(16700*1 - 0.6*0)
=0in

Opening does not require reinforcement per UG-36{c)(3)(a)
Check the welds - From UW-16(d):
tmin = lesser of 0.75 or tn or t, tmin = 0.125 in

tl or £2(min} = lesser of .25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in
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Burst Disc

t2(actual) = 0.0875 in
tl1 + 2 = 0.175 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 =0 in

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): trd = 0.177625 in
The greater of tr2 or tr3: tr5 = 0.0625 in
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 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 = 2.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

Nozzle required thickness
L/Do = 3.25/2.75 = 1.1818 Do/t = 2,75/0.00976 = 281.7623
From table G: A = 0.000238
From table HA-3: B = 3140.5
Pa= 4*B/(3*Do/t)
= 4*3140.5/(3*2.75/0.00976)
= 14,8612 psi
Nozzle required thickness trn = .00976 in

Required thickness tr from UG-37(d){(1) = .2094 in

Opening does not require reinforcement per UG-36(c)(3)(a)
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45g;): trl = 0.00976in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in

Wall thickness per UG-16(b): 3 = 0.0625 in

Std pipe wall per UG-45(b)(4): trd = 0.177625 in

The greater of tr2 or tr3: trS = 0.0625 in
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Burst Disc

The lesser of tr4 or tr5: 6 = 0.0625 in

Req’d per UG-45 is the larger of tr] 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)
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Elec Instrmntion

Opening n4 Reinforcement Calculations Per UG-37

Located on: S0KLJACKET
Local vessel thickness: .25 in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 15 degrees
End of nozzle to shell center: 43.251in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 3.25in
tn =] |«
_ - corrosion allow = 0 in
<~ d = noz thick new tn= .125 in
twl->| i< nozzle id. new d= 2.5 in
/ v \ fillet weld twl =.125 in
—_| = - groove weld tw2 = .0875 in
N[ _tw2 i/
A
<— L —>| To datum L= 22 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 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*1.25/(16700*1 - 0.6*0)
=0in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 0*39.75/(16700*1 - 0.6*0)

= 0in

Opeaning does not require reinforcement per UG-36(c)(3)(a)

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

tmin = lesser of 0.75 or t or ¢, tmin = 0.125 in -
t1 or 2(min) = lesser of 0.25 or 0.7*tmin, tl(min) = 0.0875 in
tl{actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in
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Elec Instrmntion

t2(actual) = 0.0875 in
tl + 2 =0.175 > = 1.25%tmin

The weld sizes for t1 and 2 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 =0in

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.177625 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr3: tré6 = 0.0625 in

Req’d per UG-45 is the larger of tr]1 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 walid = 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
L/Do = 3.25/2.75 = 1.1818 Do/t = 2.75/0.00976 = 281.7623
From table G: A = 0.000238
From table HA-3: B = 3140.5

Pa= 4*B/(3*Do/t)
= 4*3140.5/(3*2.75/0.00976)
= 14.8612 psi
Nozzle required thickness trn = ,00976 in

Required thickness tr from UG-37(d)(1) = .2094 in

Opening does not require reinforcement per UG-36(c)(3)(a)
1}£:-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.00976in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0398 in

Wall thickness per UG-IGSbez tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.177625 in

The greater of tr2 or tr3: tr5 = 0.0625 in
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Elec Instrmntion

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)
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Vacuum Gauge

Opening n5 Reinforcement Calculations Per UG-37

Located on: 80KLJACKET
Local vessel thickness: 25 in

Liquid static head included: 0 psi

Flange description: Not installed

Nozzle material specification: SA 240 304L HIGH

Nozzle orientation: 0 degrees
ind of nozzle to shell center: 43.25 in
Nozzle offset from center Lo: 0 in
Projection outside vessel Lpr: 3.25in
tn =>| |«-
_ _ corrosion allow = 0 in
<~ d - noz thick new tn= .125 in
twl->] [« nozzle id. new d= 1.5 in
/ v \ fillet weld twl = .125 in
—_—— |— - groove weld tw2 = 0875 in
S Y I -2 W A
<—— L —>| To datum L= 15 in

Reinforcement Calculations For Nozzle MAW

Limits of reinforcement UG-40

Parallel to the vessel walld = 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)
= {in

Required thickness tr from UG-37(a)

tr= P*R/S*E - 0.6*P)
- 8f39.75/(16700*1 - 0.6*0)
=49im

SAERCEFERE

la fw

ast require reinforcement per UG-36(c){(3)(a)

lart

e

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

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
t] or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
t1{actual) = 0.7¥Leg = 0.7%0.125 = 0.0875 in

Revision No. 0
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Vacuum Gauge

t2(actual) = 0.0875 in
tl + 2 = 0.175 > = 1.25%min

The weld sizes for t1 and (2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 =0in

Wall thickness per UG-16(b): tr3 = 0. 0625 in
Std pipe wall per UG-45(b)(4) tr4 = 0.126875 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or trS: 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 adequaic i0: MAWT,
Exempt from weld strength calculations per UW-15(b)(2)

Reinforcement Calculations for External Pressure

Limits of reinforcemeni UG-40

Parallel to the vessel walld = 1.5 in )
Normal to the vessel wall outside 2.5*(tm-Cn) + te = 3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = 3125 in

Nozzle required thickness

L/Do = 3.25/1.75 = 1.8571 Do/t = 1.75/0.00745 = 234.8993
From table G: A = 0.000197
From table HA-3: B = 25947
Pa= 4*B/(3*Do/t)
= 4*2594.7/(3*1.75/0.00743;
= 14.728 psi
Nozzle required thickness trn = 00745 iu
Required thickness tr from UG-37(d){1) = .2094 in
xpening does not require reinforcement per UG-36(c)(3)(a)

i 45 Wozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.00745in (E = 1)
Wail ibickness per UG-45 )(2) tr2 = 0.0398 in

Wall tthkneSS per UG-1563G5. a3 = 6.0625 i

Std pipe wall per UG-45(b)(4): trd = (0.126875 in

The greater of tr2 or tr3: tr5 = 0.0625 in
3.21.1996
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Vacuum Gauge

The lesser of tr4 or tr5: tré6 = 0.0625 in

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

Available nozzle wall thickness new, tn = .125 in

The nozzle neck thickness iy adeiiaic for Pe.

Exempt from weld strength calculations per UW-15(b)(2)
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Opening LN2 Reinforcement Calculations Per UG-37

Located on: S8OKLJACKET
Local vessel thickness: .23 in
Liquid static head included. 3 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGE
iisizle orientation: 345 degrees
End of nozzle to shel! cenicr . 43.25 m
MNuezic Gitset from center Lo: Oin
Projection outside: vessel §.pi: 325
th = |«
- _ corrosion allow = 0 in
<~ d - noz thick new tn= .125 in
twl—>| |« nozzle id. new d= 2 in
/ v \ fitlet weld twl =.125 in
— - groove weld tw2 = .0875 in
\_|_tw2 A/
A
<—— L —>| To datum L= 36 in

A X,

Reinforcement Calculatio:s Fui Noznie M A

Limits of reinforcement UG-40

Parallel to the vessel walld = 2 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 thicknczz
trn = P*Rn/(Sn*E - 0.6*P)

= (*1/(16700*] - 0.6*0)
=0in

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 0*39.75/(16700%1 - 0.6*(};
=0in

Cheot shie welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
t1 or 2(min) = lesser of 0.25 or 0.7*tmin, tl(min} = 0.0875 in
PHaviualy = 3.77Leg = 0.7%0.125 = 0.0875 in

3.21.1996
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t2(actual) = 0.0875 in
tl + 12 = 0.175 > = 1.25%*tmin

The weld sizes for t1 and 12 are satisfactory.

LIG-45 Nozzle Neck Thickness Check

Wall thickness per UG—45§ a): trl =Qin(E = 1)
Wati thickness per UG-45(b)(1): tr2 = 0in
Wal! thickness pey UG-1400 3 50625 in
Sid pipe wall per UG-45(b)(4) tr4 = 0.13475 in
The greater of tr2 or tr3: try = 0.0625 m

fzsser of trd or tr5: trd = 0.0625 in

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

&vuitable nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickiess o adepeais i MW
Exempt from weld strength calculations per UW-15(b)(2)

Zoinivercement Calculations for Externa! Preszove

I.imits of reinforcemen: UG-4

Parallel to the vessel wall d = 2 in _
Normal to the vessel wall outside 2.5*(tn-Cn} + te = .3125in

Normal to the vessel wall inside 2.5%(t0-Cn-C) = 3125 1in

Nozzle required thickrcss

L/Do = 3.25/2.25 = 1.4444 Do/t = 2.25/0.00866 = 259 8152
From table G: A = 0.000218
From table HA-3- B = 2874.1

Pa= 4*B/(3*Doft)
= 4%2874.1/(3%2.25/0 133
= 14.7495 psi

Nozzle required thickness tre - GOROGA 0
Required thickness tr from UG-37¢d:::: = 2382 ia
Twrenins gaes noi require reinforcement per UG-36(c)(3)(a)

A

1ii:-473 Horrle Neck Thickness Check

Wall thlckness per UG -45(a): trl = 0.00866 in (E = 1)
Wai tudkaess per UG-45(b)(2): tr2 = 0.0398 in
Wall thu:kne» s ?_"_“ ALY 3 Q0625
Si: r!s* t wnH ?":5"= e 45(b)(4) 4 = O 13475 in
The grcater of tr2 e 3; trS = 0.0625 in

3.21.1996
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L

ILLN2 Lvl Cntrl

The lesser of tr4 or tr5: 6 = 0.0625 in
Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Avzilable nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickaoit o scdvsaats for ™o

Exempt from weld strength calculations per UW-15(b)(2)
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LN2 Feed

Opening LN2 Reinforcement Calculatiors Per 11£:-37

Located on:

1.ocal vessel thlckness
Liquid static head inciudid
Flange description:

Nozzle material spectficaiics:
Magzzle orientation:

End of nozzle to dai:: "
M sis calen *.ated as h11151de

80K LFT F&D HD
375 in

| Il‘ll

Not instailed

A A Y AT O TTTSOTY
i

IO L b e TEEET

90 degrees
TAM TRVTEAT I
e DR R A ¥ )

£RERSEe

no
Projection outsic vexsel T 0m
th =>| |-
_ _ corrosion allow = 0 in
= d -> noz thick new tn= .125 in
twl->] (< nozzle id. new d= 2.375 in
/ v \ fillet weld twl = .125 in
— = - groove weld tw2 = .0875 in
S B - N VA

<— R —>| To head center R= 30 in

- T AL A Ad

2oinforcement Calculats s Foe M- 3o BIAYD

Limits of reinforcement UG-40

Parallel to the vessef wall d = 2.375 in
Norma! to the vessel wall outside 2.5%(tn- Cn) + te = .3125 in

Normal to the vessel wall incide 2 S¥in-On-0h = 225 n
Mozzle required thicks 27
trn = P*Rn/(Sn*E - 0.6*P)
= {*1.1875/(16700*1 - 0.6*0)
= Qin
=-2uired thickness tr from UG-37(a)(1)
= P*L*M/(2*S*E - 0 2*P)

= 0*BO*1/(2*16700 1 - .27
=0in
Qnoning dogs uo? oouire reinforcement per UG-361-)1(3)(a;

Thect (bl welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
t1 or t2(min) = lesser of 0.25 or 0.7*tmin, tifmin} — G073
i{aciualy = 0 7%eg = H.7%0.125 = 0.0875 in

3.21.1996 Revision No. 0
Doc. No. V049-1-082

Page 47 of 73




n (1 1"_ I;-l:r_:i "“"1‘(\“1 l“ﬂl hﬂ'rr'r ﬂntvﬂ 'fﬂ' :.-" ‘2 ' 7
- -...--_ rETERLLM Bt R T TRt tRe -2

t2(actual) = 0.0875 in
tl + 2 = 0.175 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0 in

Wall thickness per UG-16(b). a3 = 0.0625 in
Std pipe wall per UG-45(b)(4): trd = 0.177625 in
The oreater of tr2 or tr3: trS = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozrle wall thickness new, tn = 0.125 in

The nozzle neck thicknzse 1¢ adequate for MAWP,
Exempt from weld strength calculations per UW-15(b)(2)

r+inforcement Calculations for Externa! Pressure

Limits of reinforcement UG-40

Parallel to the vessel walld = 2.375 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = 3125 in
Normal to the vessel wall inside 2. 5*%(ta-Cn-CY = 3125 in

Nozzle required thickness

L/Do =0/2.625 =0 Do/t = 2.625/0.00436 — 602.0642
From table G: A = 0.002689
From table HA-3: B = 6658.6

Pa= 4*B/(3*Do/t)
= 4*6658.6/(3%2.625/4.004343
= 14.7462 psi
Nozzle required thickness trn = 10436 in

Required thickness tr from UG-37(4::: = 2212 =

"

Opcaning docs not require reinforcement per UG-36(c)(3)(a) =—

1162 4% Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0.00436in (E = 1)

Wiail thicknece per 1G-45(b)(2): tr2 = 0.04 in

Wall thickness per UG-16¢h}: 3 — (0, L\ﬁ"q in

§td nins wall per. UG- 45(b)(4) trd = (.177625 in

‘The greater of tr2 or tr3; tr5 = 0.0625 i
3.21.1996 Revision No. 0
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LN2 Feed
The lesser of tr4 or tr3: tr6 = 0.0625 in
Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
A variahie nozziz oo thickness new, tn = 0.125 in
The nozzle neck thivk nosy iv zdoeer: for Do

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

vtiffening Ring Calculations Por UG-8

ALME Rectinn Vil Phvigion 1, 1992 Edition, A94 Addenda

Identifier: Support Rings

Ring materia) spe: SA 240 3040 HiGH
Numher of rings in thlS group 2

Distance first nng o Jutum oo 42 in

Ring spacing: 92 in

ng description: 4x3x1/4 Un Equzl 2=z
Ring is rolled: leg in (hard way)
ng Cross sectional zroz: Ag — 1.60in"2

Rine woanent of inertia: Ir= 2.77in"4

otz erations for ring 42 in from dats=

Shell material spec:lﬁcatmn: SA 240 304L HIGH
Requlred shell thi h noes: o — .20938 in
(Corroded chei] rhlckness s = (0.25in

Shell outer diarzt= Do = & in

Design temperature: = 400 deg F

Extemal deszgn PrEs s, - 137 pai

< : ~orted length Ls = 42in

B = .75%(P*Do/(t + As/Ls)
= .75*(14.7%*80/(0. 20938 + 1. 69/42))
= 3533.398

From table HA-3 (ring) A = 2.674799E-04

| 3 JET e ]

Requirad mmoment of inertia of the comb-ed ri == <*ell secti=

Is= (Do"2*Ls*(t + As/Ls)*A)/lO 9
= (80" 2*42*( 20038 -+ 1.6/ ST 1y
= 1.646531 in"4

Agidabls meineal & inertia of the combined rins-shell sect:on
Shelt widm comchuting smaller of = 491935

W = 1.1*Sqr(Do*ts)
= 1.1%8qr(80*0.25)
= 4.91935 in
=Ls=42in
Shell area Al = W*ts = 1.226837 (. 7

fncrance o the ring neutral axis

3.21.1996
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COMPRESS 5.53 C\QOpe 7700 TRV ITRsmimn sty SRV ¥Et Apr 1Y,
Support Rings

Y2 = Ring NA + ts/2
= 2.76 + 0.25/2
= 2.885 in

Neutral axis of combines! <=2tion
NA = As*Y2/(Al + As)

1.69%2.885/(1.22¢2>~  ° %,
1.669836 in

Inertia of the shell abroed e coundioed weciion NA

11 = W*ts"3/12 + A1*NA"2
4.91935%0.25"3/12 + 1 2204377 Ln02n07
3.435626 in"4

[

Inertia of the ring abost ive conbined vertinn K4

12 =.Ir + As*(NA - Y2)"2
= 2.77 + 1.69%(1.669%:¢ - 7 5333
= §.265493 in"4

Totat available I = I1 + 2 = 8. 701 11% 174
The 4x3x1/4 1in Equal Ang vacuum stiffener is satisfactory.
£’z +!ations for ring 134 ip from 2o

Shell material spe(:lﬁcanon SA 240 304L HIGH
Requzred shell thict = - 0.20938m
Cosectad siel thickness: ts = 0.251in

0 in
00 ) deg F

14, 7 {*3i

29. 22495 in

DQ

Shell outer diayt=e:
Dr+sion temperature:
External deSlg FHCSsiic, H
Stiiens: - sried If’ngth Ls

n
i

—

oy on n
- b

B = 75¥(P*Do/(t + As/ls)

= .75*(14.7%80/(0.20938 + 1.69/29. 22495))

= 3300.808

From table HA-3 (ring) A = 2.500345E-G4
Repuired masont of inertia of the combined ring-shell sectics
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

580 2*29 22495:4((} “‘f‘ F L R B s ¥ia Ta ] r_\zfnrlvj_:f_\f:? P-4 ﬂ‘\'f-ir\‘n
146451 in"4

tvasishle momont oY inertia of the combined rinz-shell section

*
L

Shelt wekib ecichuting smaller of = 4.91935
W = 1.1*Sqr(Do*ts)
Revision No. 0
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Support Rings

= 1.1*Sqr(80*0.25)
= 491935 in

W = Ls = 29.22495 in
Shell area A1 = W*ts = 1.229837 i~

LB

Dvstznce 1o the ring neutral axis
Y2 = Ring NA + ts/2

= 2.76 + 0.25/2
= 2.885 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.69%2.885/(1.225% -7 ~ 7 i
= 1.669836 in
Inertia of the shel} st il cosninned socbnn MA
IT = W¥*573/12 + A1*NA"2
= 4.91935%0.25°3/12 + 1 220871 L4BRNL T
= 3.435626 in"4
Inertia Of the rinﬂ 3]):1!:5 _it:' :11_:;:'@_',2:1-.—.;2 LT P -,
12 =1Ir + As*(NA - Y2)"2
=277 + 1.69%(1.669%:: - > =nayw
= 5.265493 in"4
Total available ! = 11 + 12 = 27018 "5

The 4x3x1/2 s Tanal Ang vacuum stiffener is satisfactory.

3.21.1996
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Stiffner Rings

e II8Y MR
e e

4 IR ETT ORR e

= Vit Tiivision 1, 1992 Edition, AS< ~.’denda

Identifier:

ng matcnal Sy e dien]
Numbe: Of Tings m thlS group
Distance first ring - fa
Ring spacing:

ng descriptive:.
®ing is rolled:
ng CTOSS SECHUiiar &ils.

t...fztsons for ring 4 in from date:.

20t of inertia:

hell material specxﬁcatlon
Reqmred shell T

21 ‘mckness

Shell outer dl‘
on e mperature

Extemal desn,

i iength

B = .75*%(P*Do/(t + As/is);
= .75%(14.7°80/(0.20938 + 1.19/23.22495))
= 3384.263

From table HA-3 (ring}

Fuoohnaii iy O RE

Stiffner Rings
SA 240 2048 HEH
2

84 in

5x2.5x1/4 Egpez
leg m (hard way)

~

L.
?

1
L

0.

o
N

[TH J_

703 in"4

SA 240 304L HIGH
10.20933 ini

0.25in

SCin

400 deg F

1"-!._

23. 22495 in

A = 2562953t O

men: of inertia of the comtized rins shell sectica

Is= (Do"2*Ls*(t + As/Ls)*A)llO 9o

= (8072%23.22495%(0). 75
= 9108638 in"4

crment

Js.1
|
I
A
v
\".
I
[}
¢
Fo

51 inertia of the combined #in<e-shell sects

—ll*S

ating smaller of

riDo*s)

*5qr(80%0.25)
= 4 91935 in

W=Ls=
u blaIlLL‘ !

3.21.1996

23.22495 in

Shell area Al = W*ts = 1 220817 1772

+ the ring neutral axis

= 4.91935
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2tiffner Rings

Y2 = Ring NA + ts/2
= 1.783 + 0.25/2
= 1.908 in

Neutral axis of combiied ieciim
NA = As*Y2/(Al + As)

1.19%1.908/(1.226537 — 1.1
9382945 in

Inertia of the shel! ab:ust the Comnbined soviion NA
1] = W*ts™3/12 + AI*NA"2
= 4,91935%0,25°3/:2 + 1 2208070 o702
= 1.08915 in"4
Inertia of the ring abes s sobonsd womtion H
12 = Ir + As*(NA - Y2)"2

0.703 + 1.19%(0.95% =22
1.821991 in"4

Total available ] = 11 + 12 = 20113841 ;57 4

(%

The 25225502 Tquat A vocuum stiffener is satisfactory.

“zt:ons for ring 88 in from dur--

Thi seaierial specnﬁcatlon SA 240 304L HIGH
Requlred shel! & : o= (.20938 0
A= shelt 'hlckness ts .25 in

Shel! outer diz Do
Tpesign ,mperature
Extemal desn. DIl P
Siilizas. Tregeoet ied lCﬂg[h Ls
B = 75*(P*D0f(t + A/l

= 73%12 7o80G/(0. 20938 + 1.19/46))

= 374921

From table HA-3 (ring) A = 2.836571EF 42

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
580 2*46%(0.2007°0 + 1 19/0a,7F RESITIN-0E 108
802328 in"4
Svailabic aigaacal ! inertia of the comb:ned rine-shell section

it ihuting smaller of = 4.91935

= 1.1*Sqr(Do*ts)
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=tiffner Rings

= 1, ]*Sqr(BO*O.ZS)
= 491935 in

W =1s=46i1n
Shell area Al = W¥ts = 1,22087 ... ©

Triziancos oo the ring neutral axis
Ring NA + ts/2

Y2 =
= 1.783 + 0.25/2

= 1.908 in

Neutral axis of combined sectian
NA = As*Y2/(Al + As)

= 1.19¥1.908/(1.22057 — & is;
= .9382945 in

Inertia of the shell abioi the combiasd soomign M4
It = W*s"3/12 + AI*NA 2

4.91935%0.25°3/17 + § 2263374 818721202
1.08915 in"4

Hol

Inertia of the ring ahoo he Comdinsd 20 o 304

12 =Ir + As*(NA - Y2)"2
0.703 + 1.19%(0.95z2n 1 wus s
1.821991 in"4

Total available T = 11 + 12 = 2.91:1:si in 2

The 7 X2 3xi/4 Taual A waoaum Qiffener is satisfactory.
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Pressure Summary

Pressure summary for pressure chamber 1

Apr. 18, 1996

| | Hozzle | T | HARD | MAP | Pe | 06-99% | UCs—66 {corrosion|
| Identifier | status | design | { {external| Ratio | MDMT Exenption or | Allowance|
| | (UG—-45)|{deqg F) | (psi) | (psi) | (psiy | | {deg F) Stress Reduction | (in) |
t i | d| | | | | | |
| HD BOKL | 1 0.0 | 75.1 | 75.1 | 23.8 | 1.000 | | Not applicable | 0.000 |
{ Beanm Tube RT | | oc.c | 157.9 | 157.9 | 56.3 | 1.000 | i Het applicable | 0.000 |
| n1 Pumpout Port | ok | 0.0 | ws5.7 | 1105.7 | 38.3 | 1.000 | | Kot applicable | 0.000 |
| FLG RT BMTUBE H | 0.0 | 0.0 | 0.0 | | 1.000 | | Not applicable | 0.000 |
| | | | f | | i | | |
Vessel MAWP hot & corroded is 0 psi @ 0 degrees F.
Vessel MAP new & cold is O psi @ 0 degrees F.
Vessel allowable external pressure is 23.85 psi @ 400 degrees F.
Hydrotest pressure calculation based on Pe
= 1.5*%Pe*] = 35.8 psi
Vessel hydrotest pressure is 35.8 psi.

Revision No, 0
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Weight Summary

Copponent -—=----c-rmcmrer e ——— Weight {1bs) Contributed by Vessel Elements =~---sssss=-—o--—csco——essosoo-
Mctal Metal Trays Packed Insul ULining Piping FLadder Rings Opey Test WNoz:zle
Hew Cory & sup Deds & plat & Hisc Liguid Liguid & flg

ud 80kl 667 &67 o [+] a [} o o ] o 1432 o

Bean tube rt 358 353 4] 0 2] o [+] 1976 14

Flg rt brtube 223 223 [+] o] o [+] o] o [+3 a [ o
1242 1248 [+] 0 ] (23 [+] o [+] [+] 2408 14

Vvessel operating weight, corroded: 1,262 lbs

Vessel enpty weight, coxroded: 1,262 lbs

Vessel enpty welght, new: 1,262 1lbs

Vessel test welght, new: 4,670 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 1,262 Ibs
Center of gravity to seam: 19.4 in

.21.1996 Revision No, 0
: ’ Doc. No. V049-1-082
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Nozzle Summary

Nozzle oD tn Req tn Hom t Reg t VUsar t Corr As/hr
mark {iny (iny {in} A1lT  A27? {in) (in) (in) (in) [E 3]
ni 10.50 ©0.2500 0.1418 ¥y ¥y 0.2500 0,1864 0.0000  100.0

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
User t - local vessel wall thickness {near opening)

Aa -  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.

Revision No. 0
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Nozzle Schedule

¥Nozzle Service Size Materials
mark Nozzle Inpact? Herm? Pad Inpact? Morm? Flange
nl punpout port 10.00 IDx0.25 SA 240 204L HIGH n n
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3.21.1996 Doc. No. V049-1-082

Page 60 of 73



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

Thickness Summary

Apr. 18, 1996

(in}

Conponent in Length Hom t Req t Joint Governing .
Identifier {in) (in} (in) (in) E Load Status

HA 80kl 79.25 0,3750 0.3750 0O.85

Bean tube rt 44.62 35.00 0.2500 0.2500 O0.85

Nomt - vessel wall thickness
Reqt - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency

Load:
internal - circ stress due to internal pressure governs

external - external tsyressure governs )
wind - combined long stress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs

3.21.1996
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HD 80KL

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: F&D head
Material specification: SA 240 304L HIGH
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Head to shell seam -  Spot UW-11(b) type 1

Estimated weight: new = 666.6 corr = 666.6 Ib
capacity: new = 171.72  corr = 171.72 US ga
OD = &0 crown L = 80 kouckler = 4.8 = 375 in (min)
Straight flange = 0 forming allowance = 0 in
MAP: (New & at () deg F) Appendix 1-4(d). Eq 4

P = 2*S*E*t/(M*Lo - t*SM-O.Z)) - Ps
= 2*16700%0.85%0.375)(1.7706*80.375 - 0.375%(1.7706-0.2)) - 0
= 75.12013 psi

MAWP: (Corroded & at 0 deg F) Appendix 1-4(d) Eq 4
P = 2*S*E*t/(M*Lo - t*SM-O.Z) -Ps
= 2*16700%0.85*0.375/(1.7706%80.375 - 0.375*(1.7706-0.2)) - O
= 75.12013 pst
Maximum Allowable External Pressure: (Corroded @ 400 deg F)
A = .125/(Roft)
= ,125/(80.375/0.375)
= 0.000583
From table HA-3: B = 5111
Pa= B/(Roft)
= 5111/(80.375/0.375)
= 23.846 psi
Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pe= 2*S*E*t/((M*Lo - t*(M-0.2))*1.67)

= 2¥14700%1*%0.375/((1.7706*80.375 - 0.375%(1.7706-0.2))*1.67)
= 46.58239 psi

The maximum allowable external pressure is 23.846 psi.
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Beam Tube RT

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 QOuter= 0 in
PWHT is not performed

Radiography:  Category A joints - Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) type !

Estimated weight: new = 357.7 corr = 357.7 b
capacity: new = 236,975 corr = 236975 USga

ID = 44.625 length Lc= 35 t=10.25 in (new)

MAP: {(New & at 0 deg F) UG-27(c)(1)

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

MAWP: (Corroded & at 0 deg F) UG-27(c)(1)

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

Maximum Allowable External Pressure: (Corroded @ 400 deg F)

L/Do = 5.71875/45.125 =0.1267 Do/t = 45.125/0.25 = 180.5
From table G: A = 0.005954
From table HA-3: B = 7630.7

Pa= 4*B/(3*Do/t)
= 4*7630.7/(3%¥45.125/0.25)
= 56.3671 psi
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Pumpout Port

Opening nl1 Reinforcement Calculations Per UG-37

Located on: Beam Tube RT
Local vessel thickness: 25in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 90 degrees
End of nozzle to shell center: 28.5625 in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 6in
tn —>| |«
- _ corrosion allow = 0 in
<—d - noz thick new tn= .25 in
twl—>| |< nozzle id. new d= 10 in
/ v \ fillet weld twl = .25 in
e =} [ - groove weld tw2 = .1875 in
N\ _tw2 A/
A
<— L —>| To datum L= 21.5 in

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*1 - 0.6*105.729)
= 0.0318in

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 105.729*22.3125/(16700*1 - 0.6*105.729)
=0.1418 in

Area required

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

fr1 = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of I or Sn/Sv 50 fr2 =1
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Pumpout Port

A = d*r*F + 2*tn*tr*F*(1 - frl)
10%0.1418*1 + 2*%0.25*0.1418*1*(1 - 1)
1.418 in"2

Area available
Al = larger of the following = 1.082 in"2

= @XE1*-F*r) - 2%t (E1*-F*tr)*(1-frl)
= {ogééfo.g;-l*o.lus) - 2%0.25%(1*0.25-1%0.1418)*(1-1)
= 1. n

= 2%+ tm)*E1*t-F#tr) - 24n*(E14-Fxr)*(1-fr1)
= 2%(0.25+0.25)*(1%0.25-1*0.1418) - 2¥0.25%(1*0.25-1*0.1418)*(1-1)
.108 in"2

A

o

= smaller of the following =0.273 in"2

S*(tn - trn)*fr2*t
5%(0.25 - 0.0318)*1%0.25
273'in"2

= 5*(tn - trn)*fr2%tn

= 5%(0.25 - 0.0318)*1*0.25
= 273in"2

A4l = Leg 2*fr2
= 0.25°2*1 = .063 in"2

Area = Al + A2 + A4l
= 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

t] or t2(min) = lesser of 0.25 or 0.7*tmin, t!(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

2(actual} = 0,18751n

tl1 + t2 = 0.3625 > = 1.25%tmin

The weld sizes for t1 and (2 are satisfactory,
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0.0318in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.1418 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall tper UG-45(b)(4): tr4 = 0.319375 in

The greater of tr2 or tr3:; tr5 = 0.1418 in

The lesser of tr4 or trS: tr6 = 0.1418 in
3.21.1996
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Pumpout Port

Req’d per UG-45 is the larger of tr] 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 = 11690 })

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*10.5%0.25*8183 = 33724.19 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*%10.25%0.25*11690 = 47030.33 Ibf

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

Loading on welds per UG-41(b)(1)

W = (A - (d - 2%tn)*(E1*t - F*tr))*Sv
= (1.418 - (10 - 2%0.25)*(1*0.25 - 1*0.1418))*16700
514.67 Ibf

6
WI-1 = (A2 + AS + A4l + A42)*Sy
= (0.273 + 0 + 0.063 + 0)*16700
= 5611.2 Ibf

2
W2-2 = (A2 + A3 + A4l + Ad3 + 2¥n*t*fr1)*Sv
= %27?% + 0 + 0.063 + 0 + 2%0.25*%0.25*1)*16700

Load for path 1-1 lesser of W or W1-1 = 5611.2 Ibf
Path 1-1 Thru (1) & (3) = 33724.19 + 47030.33 = 80754.52 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 [esser of W or W2-2 = 6514.67 Ibf
Path 2-2 Thru (1), (2 = 33724.19 + 38197.81 = 71922 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Parallel to the vessel walld = 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

3.21.1996
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Pumpout Port

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 105.7486*5/(16700*1 - 0.6*105.7486)
= 0.0318 in

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 105.7486*22.3125/(16700*1 - 0.6*105.7486)
= 0.1418 in

Area required

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

frl1 = lesser of 1 or Sn/Sv so fr] =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = dHr*F + 2%t r*F*(l - frl)
= 10%0.1418*1 + 2%0.25%0.1418*1%(1 - 1)
= 1.418 in"2

Area available

Al = larger of the following = 1.082 in"2

= GX(E1*-FHr) - 25 (ED*LFrn)*(1-frl)
}0;&%*0225-1*01418) ~ 2%0.25%(1%0,25-1*0.1418)*(1-1)
. n

= 2¥(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

= 2%(0.25%0.25)%(1%0.25-1%0.1418) - 2%0.25%(1%0.25-1*0.1418)*(1-1)

= 108 in"2
A2 = smaller of the following =0.273in"2

F*(tn - trn)*fr2*t
5*(0.25 - 0.0318)*1*0.25
273 in"2

5%(tn - trn)*fr2*tn
5%(0.25 - 0.0318)*1*0.25
273 in"2

A4 = Leg"2*r2
= 0.2572%1 = .063 in"2

Area = Al + A2 + A4l
= 1.082 + 0.273 + 0.063
= 1.418in"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 UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in _
t1 or 2(min) = lesser of 0.25 or 0.7*tmin, t1{min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actual) = 0.1875 in

tl + €2 = 0.3625 > = 1.25%tmin

The weld sizes for t1 and 12 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0.0318in(E=1)
Wall thickness per UG-45(b)(1): tr2 = (0.1418 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): trd = 0.319375 in

The greater of tr2 or tr3: tr5 = 0.1418 in

The lesser of tr4 or tr5: tré = 0.1418 in

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 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 joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*10.5*0.25*8183 = 33724.19 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*%10.25%0.25%11690 = 47030.33 Ibf

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

Loading on welds per UG-41(b)(1)
W = (A - (d - 2*tn)*(E1*t - F*r))*Sv

= gl.418 - (10 - 2%0.25)*(1*%0.25 - 1*0.1418))*16700
= 6514.67 Ibf

Wi-1 A2 + A5 + A4l + A4D)*Sv
= (0.273 + 0 + 0.063 + 0)*16700
= 5611.2 Ibf

-2

W2-2 = (A2 + A3 + A4l + A43 + 2¥n*t*fr1)*Sv

3.21.1996
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Pumpout Port

(0.273 + 0 + 0.063 + 0 + 2%0.25%0.25*1)*16700
7698.7 Ibf

jlgath 1-1 lesser of W or W1-1 = 5611.2 Ibf

for
P th 1-1 Thru (1) & (3) = 33724.19 + 47030.33 = 80754.52 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 6514.67 Ibf
Path 2-2 Thru (1), (4) = 33724.19 + 38197.8]1 = 71922 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vesse]l 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

L/Do = 6/10.5 = .5714 Do/t = 10.5/0.05468 = 192.0263
From table G: A = 0.000922
From table HA-3: B = 5540.3

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(d)(1) = .1864 in

Area required

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

fr] = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = 0.5*(d*r*F + 2%n*tr*F*(1 - fr1))
= 0935(1020 1864*1 + 2%0.25*0.1864*1*(1 - 1))
n

Area available

= larger of the following = .636in"2

= d*( T*-F*tr) - 2*tn*(E1*t-F*tr )2*(1 -fr1)
g;G(l*()ZzS 1*0.1864) - 2+0.25*(1*0. 25 1*0.1864)*(1-1)
in

= 2%(t-+Htn)*(E1*-F*tr) - 2*tn*(E1*-F*r)*(1-frl)

Revision No. U
3.21.1996 Doc. No. V049-1-082
Pace 69 of 73




COMPRESS 5.53 C:\COMPRESS\CRYOPMPS\80KL.RTBM.VSL
Pumpout Port

26‘6(2..25;0.25)*(1*0.25-1*0. 1864) - 2*%0.25*(1*0.25-1*0.1864)*(1-1)
. in"

]

A2 = smaller of the following = 0.244 in"2

= 5%(tn - trn)*fr2*t -
5%(0.25 - 0.05468)*1%0.25
244 'in"2

5*(tn - trn)*fr2*tn

5+(0.25 - 0.05468)*1*0.25
244 'in"2

A4l = Leg 2*fr2
= 0.2572*1 = .063 in"2

Area = Al + A2 + A4l
= 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 per UG-45(a): trl = 0.05468 in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0583 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): trd = (.319375 in

The greater of tr2 or tr3: tr3 = 0.0625 in

The lesser of tr4 or tr3; 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 = .25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996
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Pumpout Port

Applied Loads

Radial load Pr = 1155 1bf
Circumferential moment Mc = 75 Ibf-ft
Circumferential shear Ve = 150 Ibf
Longitudinal moment ML =23.8 Ibf-ft
Longitudinal shear VL = 10 Ibf
Torsion moment Mt = 0O Ibf-ft
Internal pressure P = 0psi

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

Mean radius Rm = 22.4375 in
Rm/t = 89.75

Stress concentration factor Kn (tension) = 1
Stress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5
I =.25%4 + 3*(1/x}"2 + 3*gr/x "4)

25%(4 + 3%(5/5.5)*2 + 3*(5/5.5)°4)
2.132

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

Maximum combined stress =-9257 psi
Allowable combined stress = +-1.5*S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-2349 psi i
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

3.21.1996

Apr. 18, 1996
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Pumpout Port
From| Value | beta
Fig.| read Au Al Bu B1 Cu c1 Du D1
3C* |4.8569 |0.205 -1000 -1000 -1000 -1000
4C* 110.044 |0.205| -2068 -2068 -2068 -2068
1C {0.0633 {0.205 -7019 7019 -7019 7019
2C-110.0189 |0.205| -2096 2096 -2096 2096
3A* (3.0844 (0.205 -108 -108 108 108
1A |0.0601 |0.205 -1130 1130 1130 -1130
3B* [6.8590 (0.205 -76 -76 76 76
1B-1|0.0148 |0.205 -88 88 B8 -88

pressure stress*

Total circ stress -4328 40 -4000 16 -9257 7041 -6781 4997
Primary membrane

circ stress* -2144 -2144 -1992 -1992 -1108 -1108 -892 -892
3C* 14,8569 [0.205] -1000 -1000 -1000 -100C0
4C* 110.044 10.205 -2068 -2068 -2068 -2068
1C-1]0.0427 |0.205( -4735 4735 -4735 4735
2C 10.0338 [0.205 -3748 3748 -3748 3748
4A* (8.0408 |0.205 -281  -281 281 281
2A  10.0265 |0.205 -498 498 498 -498
4B* (3.2169 |0.205 -36 -36 36 36
2B-1{0.0207 [0.205 -124 124 124 -124

pressure stress*

Total long stress -5895 3823 -5575 3647 -6595 1897 -5037 1463
Primary membrane

long stress* -1036 -1036 -964 -964 -2349 -2349 -1787 -1787
torsion moment Mt

Circ shear from Vc 36 36 -36 -36

Long shear from VL -2 -2 2 V4
Totat Shear stress 36 36 -36 -36 -2 -2 2 2
Combined stress -5896 3823 -5576 3647 -9257 7041 -6781 4997
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PROCESS SYSTEMS INTERNATIONAL, INC. { ENGINEERING NO: V049-1-067

WESTBOROUGH, MA CALCULATIONS PAGE 1 0OF 25

REV. [|DEO# | DATE | BY: CHECK | TITLE: 80K Cryopump -Design of Pump Reservoir

0 Ciz? |97 PF R | NG

BY: R.D. Ciatto | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:. Design aluminum reservoir of 80k cryopump to meet the requirements
of ASME Section VIII, Div. 1.

METHOD: COMPRESS was used for evaluation of shells for internal and external pressure..
A finite element analysis of the discontinuity at the end of the pump reservoir shell was
performed using the IMAGES program.

ASSUMPTIONS:

INPUTS: See attachment to this calculation.
Cgo dess Dol Mo Youg. s o g, /60 R
Er A sererd A D tomd O YR

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, 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
SB209, 6061, T651 (aluminum)

NOTES: IMAGES computer file: 80KPMPSH.*
COMPRESS files: SHORTPMP.VSL and LONGPMP.VSL
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COMPRESS 5.53 A:\SHORTPMP.VSL Apr. 16, 1996

Inner Alum Cyl

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T651 WELDED

Internal design pressure: P =147 psi@ 70 deg F
External 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 UW-11(b) type !
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 4953 corr = 495.3 b
capacity: new = 458427 corr = 458427 US ga

ID =33 length Lc= 48 t = 0625 in(new)

Design thickness: UG-27(c{1) Circ. stress

t = P*R/(S*E - 0.6*P) + Corrosion
= 14.7%26.5/(6000*%0.85 - 0.6%14.7) + 0
= (.0765 in

MAP: (New & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6*t) - Ps
= 6000*0.85%0.625/(26.5 + 0.6%0.625)- 0
= 118.6047 psi

MAWP:  (Corroded & at 70 deg F) UG-27(c)1)

P = S*E*/(R + 0.6%t) - Ps
= 6000*0.85*0.625/(26.5 + 0.6%0.625) - 0
= 118.6047 psi

External Pressure: {(Corroded & at -320 deg F)  UG-28
L/Do = 60.83334/54.25 =1.1214 Do/t = 54.25/0.40613 = 133.5779
From table G: A = 0.000777
From tabie NFA-13: B = 4017.5

Pa= 4*B/(3*Do/t)
= 4*4017.5/(3%54.25/0.40613)
= 40.1014 psi

Design thickness for external pressure Pa = 40.1014 psi:

t + Corrosion
040613 + 0
0.40613 in

Revision No. 0

Doc. No. V049-1-067
3.12.19%6 Page 5 of 25



COMPRESS 5.53 A:\SHORTPMP.VSL

Inner Alum Cyl
Maximum Allowable External Pressure: (Corroded @ -320 deg F)

L/Do = 60.83334/54.25 =1.1214 Do/t = 54.25/0.625 = §6.8
From table G: A = 0.001501
From table NFA-13: B = 6231.1

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

= 4*6231.1/(3*54.25/0.615)
= 95.7158 psi

3.12.1996

Apr. 16, 1996

Revision No. 0
Doc. No. V049-1-067
Paee 6 of 25




COMPRESS 5.53 A\SHORTPMP.VSL Apr. 16, 1996

Inner Alum Cyl

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T651 WELDED

Internal design pressure: P=147 psi@ 70 deg F
External design pressure: Pe= 25 psi@ 400 deg F
Corrosion allowance: Inner C = 0 Quter= 0 in

PWHT is not performed

Radiography:  Category A joints - Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 4953 corr = 495.3 ib
capacity: new = 458427 corr = 458.427 USga

ID = 353 length Lc= 48 t = 0.625 in (new)

Design thickness: UG-27(c){(1) Circ. stress

t = P*R/AS*E - 0.6*P) + Corrosion
= 14.7%26.5/(6000%0.85 - 0.6*14.7) + 0
= {.0765 in

MAP: _ (New & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6*t) - Ps
= 6000*0.85*0.625/(26.5 + 0.6%0.625) - 0
= 118.6047 psi

MAWP: (Corroded & at 70 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6*) - Ps
= 6000*0.85*0.625/(26.5 + 0.6*0.625)- O

= 118.6047 psi
External Pressure: {Corroded & at 400 deg F) _ UG-28
L/Do = 60.83334/54.25 =1.1214 Do/t = 54.25/0.36191 = 149.8992
From table G: A = 0.000644
From table NFA-13: B = 2835.4

Pa= 4*B/(3*D0/t)
= 4*2835.4/(3*54.25/0.36191)
= 25.2205 psi

Design thickness for external pressure Pa = 25,2205 psi:

t + Corrosion
0.36191 + 0
0.36191 in

oo
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Doc. No. V049-1-067
3.12.1996 Page 7 of 25




COMPRESS 5.53 A:\SHORTPMP.VSL

Inner Alum Cvyl
Maximum Allowable External Pressure: (Corroded @ 400 deg F)

L/Do = 60.83334/54.25 =1.1214 Do/t = 54.25/0.625 = 86.8
From table G: A = 0.001501
From table NFA-13: B = 4310.7

Pa= 4*B/(3*Do/t)
= 4%4310.7/(3*54.25/0.625)
= 66.2166 psi

3.12.1996

Apr. 16, 1996




COMPRESS 5.53 A:\SHORTPMP.VSL © Apr. 16, 1996

Outer Alum Cyl

ASME Section VIII Division 1, 1992 Edition A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T651 WELDED

Internal design pressure: P=25 psi@ 400 deg F
External design pressure: Pe= 14.7 psi@ 70 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints - Spot UW-11(b} type 1

Estimated weight: new = 327.7 corr = 327.7 b
capacity: new = 563.293 corr = 563.293 US ga

OD = 59.5 length Lc= 48 t = 0.375 in (new)

Design thickness: (At 400 deg F) Appendix 1-1(a}

t = P*Ro/(S*E + 0.4*P) + Corrosion
= 25*29.75/(3500*0.85 + 0.4*25) + @
= (0.2492 in

MAP: (New & at ( deg F) Appendix 1-1(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 400 deg F) Appendix 1-1(a)

P = S*E*t/(Ro - 0.4*t) - Ps
= 3500+(.85*0.375/(29.75 - 0.4%0.375) - 0

= 37.69003 psi
External Pressure: (Corroded & at 70 deg F) UG-28
L/Do = 61.79166/5%.5 =1.0385 Do/t = 59.5/0.29505 = 201.6607
From table G: A = 0.000447
From table NFA-13: B = 2247.6

Pa= 4*B/(3*Do/t)
= 4%2247.6/(3*59.5/0.29505)
= 14.8606 psi

Design thickness for external pressure Pa = 14.8606 psi:

+ Corrosion
20505 + 0
29505 in

t
0.
0.
Revision No. 0
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COMPRESS 5.53 A:\SHORTPMP.VSL Apr. 16, 1996
Outer Alum Cyi

Maximum Allowable External Pressure: (Corroded @ 70 deg F)

L/Do = 61.79166/59.5 =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*B/(3*Do/t)
= 4*3357.6/(3*59.5/0.375)
= 28.2151 psi

Revision No. 0
Doc. No. V049-1-067
3.12.199¢6 Paee 10 of 25




COMPRESS 5.53 A:\SHORTPMP.VSL Apr. 16, 1996

Outer Alum Cyl

ASME Section VHI Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T65! WELDED

Internal design pressure: P =40 psi @ -320 deg F
External design pressure: Pe= 14.7 psi@ 710 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 327.7 corr = 327.7 b
capacity: new = 563.293 corr = 563.293 US ga

OD =585 length Lc= 48 t = 0.375 in (new)

thickness: (At -320 deg F) Appendix 1-1(a)

t = P*Ro/(S*E + 0.4*P) + Corrosion
= 40*29.75/(6000*0.85 + 0.4%40) + 0
= 0.2326 in

MAP:  (New & at 0 deg F) Appendix 1-1(a)

P = S*E*t/(Ro- 0.4*) - Ps
= 6000%0.85*0.375/(29.75 - 0.4*0.375) - O
= 64.61149 psi

MAWP: (Corroded & at -320 deg F) Appendix 1-1(a)

P = S*E*t/(Ro - 0.4*1) - Ps
= 6000%0.85*0.375/(29.75 - 0.4*0.375) - 0

= 64.61149 psi
External Pressure: {Corroded & at 70 deg F) UG-28
L/Do = 61.79166/59.5 =1.0385 Do/t = 59.5/0.29505 = 201.6607
From table G: A = 0.000447
From table NFA-13: B = 2247.6

Pa= 4*B/(3*Do/t)
= 4%2247.6/(3*59.5/0.29505)
= 14.8606 psi

Design thickness for external pressure Pa = 14.8606 psi:

t + Corrosion
0.29505 + 0
0.29505 in

nnn
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COMPRESS 5.53 A:\SHORTPMP.VSL Apr. 16, 1996

Outer Alum Cyl

Maximum Allowable External Pressure; (Corroded @ 70 deg F)

L/Do = 61.79166/59.5 =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*B/(3*Do/t)
‘= 4*3357.6/(3*59.5/0.375)
= 28.2151 psi

Revision No. @
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COMPRESS 5.53 A:\LONGPMP.VSL Apr. 16, 1996

Inner Alim Cvl

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T651 WELDED

Internal design pressure: P=14.7 psi@ 70 deg F
External 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 UW-11(b) type 1
Category B joints - Spot UW-11(b} type 1

1506.5 corr = 1506.5 b
1394 383 corr = 1394.383 .US ga

Estimated weight: new
capacity: new

ID = 53 length Lc= 146 t = 0.625 in (new)

Design thickness: UG-27(c)(1) Circ. stress

t = P*R/(S*E - 0.6*P) + Corrosion
14.7%26.5/(6000%0.85 - 0.6*14.7y + O
0.0765 in

N

MAP: (New & at0degF) UG-27(cH1)
P = S*E*t/(R + 0.6*t) - Ps

= 6000*0.85*0.625/(26.5 + 0.6*0.625)- 0

= 118.6047 psi

MAWP: (Corroded & at 70 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6*1) - Ps
= 6000%0.85%0.625/(26.5 + 0.6*0.625) - 0

= 118.6047 psi
External Pressure: {Corroded & at -320 deg F) _ 1G-28
L/Do = 158.8333/54.25 =2.9278 Do/t = 54.25/0.61646 = 88.0025
From table G: A = 0.000527
From table NFA-13: B = 26719

Pa= 4*B/(3*Do/t)
= 4%2671.9/(3*54.25/0.61646)
= 40.4822 psi

Design thickness for external pressure Pa = 40.4822 psi:

t + Corrosion
0.61646 + O
0.61646 in

mno

Revision No. 0
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COMPRESS 5.53 ANLONGPMP.VSL

Inner Alum Cyl

Maximum Allowable External Pressure: (Corroded @ -320 deg F)

L/Do = 158.8333/54.25 =2.9278 Do/t = 54.25/0.625 = 86.8
From table G: A = 0.000537
From table NFA-13: B = 2725.2

Pa= 4*B/(3*Do/t)
= 4*2725.2/(3*54.25/0.625)
= 41.8618 psi

3.12.1996

Apr. 16, 1996

Revision No. 0
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COMPRESS 5.53 ANLONGPMP.VSL

Inner Alum Cyl

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T651 WELDED

Internal design pressure: P=147 psi@ 70 deg F
External design pressure: Pe= 25 psi@ 400 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography:  Category A joints - Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) type 1

Estimated weight: new = 1506.5 corr = 1506.5 Ib
capacity: new = 1394.383 corr = 1394.383 USga

ID = 53 length Le= 146 t = 0.625 in (new)

Design thickness: UG-27(c)(1) Circ. stress

t = P*R/S*E - 0.6*P) + Corrosion
= 14.7*26.5/(6000%0.85 - 0.6*14.7) + 0
= (.(765 in

MAP: (New & at 0 deg F) UG-27{c}(1)

P = S*E*t/(R + 0.6*t) - Ps
= 6000*0.85*0.625/(26.5 + 0.6*0.625) - 0
= 118.6047 psi

MAWP: (Corroded & at 70 deg F) UG-27{c)(1)

P = S*E*t/(R + 0.6%t) - Ps
= 6000*0.85%0.625/(26.5 + 0.6*0.625)- 0

= 118.6047 psi
External Pressure: {Corroded & at 400 deg F)  UG-28
L/Do = 158.8333/54.25 =2.9278 Do/t = 54.25/0.53843 = 100.7559
From table G: A = 0.000422
From table NFA-13; B = 19055

Pa= 4*B/(3*Do/t)
= 4*1905.5/(3*54.25/0.53843)
= 25.2161 psi

Design thickness for external pressure Pa = 25.2161 psi:

+ Corrosion
53843 + 0
53843 in

1
0
0

3.12.1996

Apr. 16, 1996
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COMPRESS 5.53 ANLONGPMP.VSL Apr. 16, 1996
Inner Alum Cyl
Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 158.8333/54.25 =2.9278 Do/t = 54.25/0.625 = 86.8
From table G: A = (0.000537
From table NFA-13: B =2427.1
Pa= 4*B/(3*Do/t)
= 4*2427.1/(3*54.25/0.625)
= 37.2826 psi
v O , .
- -
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COMPRESS 5.53 A:\LONGPMP.VSL Apr. 16, 1996

QOuter Alum Cyl

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T651 WELDED

Internal design pressure: P = 40 psi @ -320 deg F
External design pressure: Pe= 14.7 psi@ 70 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 1326 corr = 1326 lb
capacity: new = 1698.799 corr = 1698.799 US ga

OD =59.5 length Le= 146 t=05 in(new)
Design thickness: (At -320 deg F) Appendix 1-1{(a)
t = P*Ro/(S*E + 0.4*¥P) + Corrosion

= 40*29.75/(6000*0.85 + 0.4*40) + 0
= 0.2326 in

MAP: ew & at 0 de Appendix 1-1(a
P = S*E*/(Ro - 0.4%t) - Ps

= 6000*0.85*(0.5/(29.75 - 0.4*0.5)- 0

= 86.29442 psi

MAWP: (Corroded & at -320 deg F) Appendix 1-1(a)

P = S*E*t/(Ro - 0.4*t) - Ps
= 6000*0.85%0.5/(29.75 - 0.4*0.5)- 0

= 86.29442 psi

External Pressure; {Corroded & at 70 deg F) UG-28
L/Do = 159.75/59.5 =2.6849 Do/t = 59.5/0.43951 ="135.378
From table G: A = 0.000303
From table NFA-13: B = 1515

Pa= 4*B/(3*Dolt)
= 4*1515/(3*59.5/0.43951)
= 14.9212 psi

Design thickness for external pressure Pa = 14.9212 psi:

=t + Corrosion
= (0.43951 + 0
= (3.43951 in
Revision No. 0
- 5)
3.12.1996 Doc. No. V(49-1-06
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COMPRESS 5.53

Maximum Allowable External Pressure: (Corroded @ 70 deg F)

L/Do = 159.75/59.5 =2.6849
From table G:
From table NFA-13:

Pa= 4*B/(3*Do/)

= 4*1835/(3*59.5/0.5)
= 20.5602 psi

3.12.1996

A\LONGPMP.VSL

Outer Alum Cyl

Do/t = 59.5/0.5 = 119

A = 0.000367

B = 1833

Apr. 16, 1996

Revision No. 0
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Page 18 of 25




COMPRESS 5.53 A:\LONGPMP.VSL Apr. 16, 1996

Outer Alum Cyl

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SB 209 6061 T651 WELDED

Internal design pressure: P=25 psi@ 400 deg F
External design pressure: Pe= 14.7 psi@ 70 deg F
Corrosion allowance: Inner C = 0 Quter= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) type 1

Estimated weight: new = 1326 corr = 1326 Ib
capacity: new = 1698.799 corr = 1698.799 US ga

OD =59.5 lengthLc=146 t=05 in{(new)

Design thickness: (At 400 deg F) Appendix 1-1(a)

t = P*Ro/(S*E + 0.4*P) + Corrosion
= 25%29.75/(3500%0.85 + 0.4*25) + 0
= 0.2492 in

MAP: {New & at 0 deg F) Appendix 1-1{a)

P = S*E*t/(Ro - 0.4*1) - Ps
= 6000*0.85*%0.5/(29.75 - 0.4*0.5)- 0
= 86.29442 psi

MAWP: (Corroded & at 400 deg F) Appendix 1-1{a)

P = S*E*t/(Ro - 0.4*t) - Ps
= 3500*0.85%0.5/(29.75 - 0.4*0.5) - 0
= 50.33841 psi

External Pressure: (Corroded & at 70 deg F) UG-28
L/Do = 159.75/59.5 =2.6849 Do/t = 59.5/0.43951 = 135.378
From table G: A = 0.000303
From table NFA-13: B = 1515

Pa= 4*B/(3*Do/t)
= 4*1515/(3*59.5/0.43951)
= 14.9212 psi

Design thickness for external pressure Pa = 14.9212 _psi:

t + Corrosion
0.43951 + 0
0.43951 in

Revision No. 0
Poc. No. V049-1-067
3.12.1996 Page 19 of 25




COMPRESS 5.53 AJ\LONGPMP.VSL Apr. 16, 1996

Outer Alum Cyl

Maximum Allowable External Pressure: (Corroded @ 70 deg F)

L/Do = 159.75/59.5 =2.6849 Dot = 59.5/0.5 = 119
From table G: A = 0.000367
From table NFA-13: B = 1835

Pa= 4*Bf(3*D0/t)
= 4*1835/(3*59.5/0.5)
= 20.5602 psi

Revision No. 0
Doc. No. V049-1-067
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MEMORANDUM
LIGO PROJECT

Doc. No. V049-1-056

To: Dave Moore

From: sRayCiatto 72 OC/

Subject: Design Pressure for 80K Pump Reservoir

Reference:  Doc. No. V049-1-55, Memorandum re: Desién Pressures, March 29, 1996

Date: April 2, 1996

Our structural design calculation V049-1-067, Analysis of Pump Reservoir, will be updated to
include the following design conditions based on the results of your pressure drop calculation
which you summarized in the referenced memorandum:

Design Condition =>  Normal Operation Regeneration Leak Check
Absolute Pressure 40 psia 25 psia 14.7 psia
Temperature -320°F 400°F 70°F

Inner Cyl. Pressure 40 psid (external) 25 psid (external)  14.7 psid (internal)
Outer Cyl. Pressure 40 psid (internal) 25 psid (internal)  14.7 psid (ext€rnal)
End Plate 40 psid (internal) 25 psid (Intemnal)  14.7 psidfexternal)

Please let me know if you disagree with any of the pressures and/or temperatures in the above
table.

cc:  Rich Bagley Dave McWilliams Tom Starr Dick Curtis
Paul Hendry Stu Motew Walt Bilynsky
Art Roussopoulos  Roberto Than Steve Toth
Lynne Long/Project File
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PROCESS

SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-083

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 90

REV. 1DEO# | DATE |BY: CHECK | TITLE:

0 C3e /237 Wo8 | Roc

80K Cryopump External Shell Support Design

BY. W, Bilspsky | DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NQ: V59049
PURPOSE:

Design an external shell support frame for the 80k short and long cryopump including,

baseplates, anchor bolts and bolted connections. 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-IIT computer program release 21.
ASSUMPTIONS:
See calculation
INPUTS: 1. Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F.
3. Unbalanced Vacuum Load = 1155. Ibs
4. Full vacyum valve load = 25 4 kips
5. Seismic acceleration = 0.05625 G
REFERENCES:

[y

. STAAD-IITI, Research Engineers, Release 21
2. AISC - ASD 4th edition
3. Doc. No. V049-1-066  LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: V049-1-081 80k-Short Pump - Outer Shell Analysis

V049-1-082 80k-Long Pump - Outer Shell Analysis
V049-1-032 Component Interface Loads

CONCLUSIONS:

- The requirements of AISC Codes and Standards and the Ligo Vacuum
Equipment Structural Design Criteria are met.

NOTES:

STAAD-UI Computer File:  80kshort.* & 80klong. *




PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-083
WESTBOROUGH, MA CALCULATIONS PAGE 2 OF 90
BY: W.Bilynsky CHKD: 6 L
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049
TABLE OF CONTENTS

30K-SHORT Cryopump

STAAD Model . 3
Design Loads 4
Deadweight
Thermal
Vacuum
Seismic
STAAD Computer Generated Plot 6
STAAD Qutput File 7
Anchorage Design 35
Anchor Bolts
Baseplate
Bascplate Design Detail
Bolted Conneclions 39
Lifiing Lugs 40

80K-LONG Crvopump

Design Loads 41
Deadweight
Thermal
Vacuum
Scismic
STAAD Computer Generated Plot 43
STAAD Outpul File +4
Anchorage Design 72
Anchor Bolts
Baseplale
Bolted Connections 75
Lifling Lugs 76
Stresses in Outer Shell due to internal/external loading 77
Preliminary Design of 80klong including 79

Detail for Support Reinforcing Pads on Shell &5
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PAGE NO. 1
ID: Process Systems Internatioc

Rk AR AR RA ARk kTR AR TR Rk khkhEhkd kb hh bk b hkdk

* *
* STAAD -~ III *
% Revision 21.0 *
* Proprietary Program of *
* Research Engineers, Inc. *
* Date= APR 11, 1996 *
* Time= 15:18:32 *
* *
* *
* *

USER ID: Process Systems International
hkhhkhkhkkkkddhkhkhkhkhkhkhkhkthhhhkdhhkhhkhhkdthttthbhkkdhhdhdd

1. STAAD SPACE 80K-SHORT CRYOPUMP SUPPORT
2. *** REV1 REVISED LOADS & MEMBER RELEASE
3. INPUT WIDTH 72
4. UNIT INCHES POUND
5. JOINT COORDINATES
6. 10, 0. 0.; 2 13.5 0. 0.7 3 37.5 0. 0.; 4 80.5 0. 0.; 5 110. 0. 0.
7. 6 37.5 0. -42.25; 7 37.5 -9, -42.25; 8 37.5 -70. -42.25; 9 37.5 0. 42.25
8. 10 37.5 ~9. 42.25; 11 37.5 -70. 42.25; 12 80.5 0. -42.25
9. 13 80.5 ~70. =-42.25; 14 80.5 0. 42.25; 15 80.5 -70. 42.25
10. 16 13.5 0. 28.56
11. MEMBER INCIDENCES
12. 11 27 2 2 37 3 3 4; 4 45; 53 6; 6412; 7 3 9; 8 4 14; 97 6; 10 8 7
13. 11 10 9; 12 11 10; 13 13 12; 14 15 14; 15 7 13; 16 10 15; 17 2 16
14. MEMBER PROPERTY AMER
15. 9 TG 12 15 16 TABLE ST TUB40408
16. 13 14 TABLE ST TUB40203
17. 5 TO 8 TABLE ST TUB80805
18. 1 2 4 TABLE ST PIPE OD 45.12 ID 44.62
19. 3 TABLE ST PIPE OD 80. ID 79.5
20. 17 TABLE ST PIPE CD 10. ID 9.5
21. MEMBER RELEASE
22. 9 11 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 14
28. ALPHA 0.00000919 MEMB 1 TO 8
29. SUPPORTS
30. 8 11 13 15 FIXED
31. LOAD 1 DEADWEIGHT
32. JOINT LOAD
33. 1 5 FY -852,
34. * FLANGE WEIGHT = 2 € 426 LBS.
35. 16 FY -150.
36. * VALVE WEIGHT
37. MEMBER LOAD
38. 1 TO 4 UNI Y -42.,73
39. * UNIFORM 4700.#/110" = 53+3%8 411Y
40, % UNIFORM = INTERNAL+EXTERNAL
41. LOAD 2 DW+TH

Revision No. 0
Doc. No. V049-1-083
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80K~-SHORT CRYOPUMP SUPPORT

& % &

42.
43.
44,
45.
46.
47.
48,
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65,
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

REV]1 REVISED LOADS & MEMBER RELEASE
JOINT LOAD

1 5 FY -852,

lé FY -150,

l6é FZ 1155,

* UNBALANCED VACUUM LOAD € TURBO PMP
MEMBER LOAD

1 TO 4 UNI Y -42.73

TEMPERATURE LOAD

1 TO &8 17 TEMP 330.

LOAD 3 DW+VACUUM

JOINT LOAD

1 FX 25400.

* FULL VACUUM LOAD @ GATE VALVE

1l 5 FY -852.

leé FY -150.

16 FZ2 1155.

* UNBALANCED VACUUM LOAD @ TURBO PMP
MEMBER LOAD

1 TO 4 UNI Y -42.73

LOAD 4 DW+TH+SEIS-AXIAL

JOINT LOAD
1l 5 FY -852.
16 FY =-150.

1 5 FX 47.925

* FLANGE WEIGHT X 0.05625
16 FX 8.5

* VALVE WEIGHT X 0.05625

16 FZ 1155.

* UNBALANCED VACUUM LOAD € TURBO PMP
MEMEER LOAD

1 TO 4 UNI Y -42.73

1 TO 4 UNT X 2.4

* UNIFORM WEIGHT X 0.05625
TEMPERATURE LOAD

1 TO 8 17 TEMP 330.

LOAD 5 DW+VACUUM+SEIS-AXIAL
JOINT LOAD

1 FX 25400.

15 Fy -852,

16 FY -150.

1 5 FX 47.925

16 FX 8.5

16 FZ 1155.

* UNBALANCED VACUUM LOAD @ TURBO PMP
MEMBER LOAD

1 TO 4 UNI ¥ ~42.73

1 TO 4 UNI X 2.4

LOAD €6 DW+TH+SEIS-LAT
JOINT LOAD

1 5 Fy =-852.

16 FY -150.

1l 5 FZ 47.925

16 FZ 8.5

16 FZ2 1155.

* UNBALANCED VACUUM LOAD @ TURBO PMP
MEMBER LOAD

-= PAGE NO. 2
ID: Process Systems Internatio
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80K-SHORT CRYOPUMP SUPPORT -=- PAGE NO. 3
**% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio
98. 1 T0 4 UNI Y -42.73
99, 1 TO 4 UNI 7 2.4

100. TEMPERATURE LOAD

101. 1 To 8 17 TEMP 330,

102. LOAD 7 DWH+VACUUM+SEIS-LAT
103. JOINT LOAD

104, 1 FX 25400.

105. 1 5 FY =-852.

106, 16 FY -150.

167. 1 5 FZ2 47.925

108. 16 FZ 8.5

109. 16 FZ 1155.

110. MEMBER LOAD

111. 1 TO 4 UNI Y -42.73

112. 1 TO 4 UNI 2 2.4

113. LOAD 8 THERMAL "“BAKEOUT"
114, TEMPERATURE LOAD

115. 1 TO 8 17 TEMP 330.

116. PERFORM ANALYSIS

PROBLEM STATISTICS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 16/ 17/ 4

CRIGINAL/FINAL BAND-WIDTH = 14/ 5
TOTAL PRIMARY LOAD CASES = 8, TOTAL DEGREES OF FREEDOM = 72
SIZE OF STIFFNESS MATRIX = 2592 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.05/ 480.8 MB, EXMEM = 1.02 MB

++ PROCESSING ELEMENT STIFFNESS MATRIX. 15:18:33

- PROCESSING GLOBAL STIFFNESS MATRIX. 15:18:33

+ PROCESSING TRIANGULAR FACTORIZATION. 15:18:33

++ CALCULATING JOINT DISPLACEMENTS. 15:18:33

++ CALCULATING MEMBER FORCES. 15:18:33

117. PRINT MATERIAL PROPERTIES ALL

Revision No. 0
Doc. No. V049-1-083
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80K-SHORT CRYOPUMP SUPPORT

*%% REV1 REVISED LOADS & MEMBER RELEASE

MATERIAL PROPERTIES.

- —————

ALL UNITS ARE - POUN INCH

MEMBER

VRN

E

29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0

G

11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0

DEN

0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999

-- PAGE NO.

ALPHA

0.00000919
0.00000919
0.00000919
0.00000919
0.00000919
0.00000919
0.00000919
0.00000919
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.0000000C
0.00000000

¥kkkkkkkkkk*x END OF DATA FROM INTERNAL STORAGE *#kkkikkkkkdd

118. PRINT MEMBER INFORMATION ALL
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80K~SHORT CRYOPUMP SUPPORT == PAGE NO. D
**% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER INFORMATION

——— T ——— T —— . - —

AEMBER START END LENGTH BETA
JOINT  JOINT (INCH) (DEG) RELEASES
1 1 2 13.500 0.00
2 2 3 24.000 0.00
3 3 4 43.000 0.00
4 4 5 29.500 0.00
5 3 6 42.250 0.00
6 4 12 42.250 0.00
7 3 9 42.250 0.00
8 4 14 42.250 0.00
9 7 6 9,000 0.00 000000000111
10 8 7 61.000 0.00
11 10 9 9.000 0.00 000000000111
12 11 10 61.000 0.00
13 13 12 70.000 90.00 000000000111
14 15 14 70.000 90.00 000000000111
15 7 13 74.632 0.00
16 10 15 74.632 0.00
17 2 16 28.560 0.00

kkkkkkkkx%xk*x% END OF DATA FROM INTERNAL STORAGE #*xkkkkikkikk

119. PRINT JOINT COORDINATES ALL

Revision No. 0
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—-=- PAGE NO. 6
ID: Process Systems Internatio

80K-SHORT CRYOPUMFP SUPPORT
*%% REV1 REVISED LOADS & MEMBER RELEASE

JOINT COORDINATES

ZOORDINATES ARE INCH UNIT

JOINT X Y Z
1 0.000 0.000 0.000
2 13.500 0.000 0.000
-3 37.500 0.000 0.000
4 80.500 0.000 0.000
5 110.000 0.000 0.000
6 37.500 0.000 -42.250
7 37.500 -9.000 -42.250
8 37.500 ~70.000 =-42.250
9 37.56G0 G.000 42.250
10 37.500 =9.000 42.250
11 37.500 ~70.000 42.250
12 80.500 0.000 -42.250
13 80.500 ~70.000 -42,250
14 80.500 0.000 42.250
15 80.500 ~70.000 42.250
16 13.500 0.000 28.560

kkkkkkkdkkkkx END OF DATA FROM INTERNAL STORAGE *kkkkkkikkxk

120. PRINT SUPPORT INFORMATION ALL

SUPPORT INFORMATION (1=FIXED, O=RELEASED}

- d——

UNITS FOR SPRING CONSTANTS ARE POUN INCH DEGREES

JOINT FORCE-X/ FORCE-Y/ FORCE-Z/ MOM-X/ MOM-Y/ MOM-Z /

KFX KFY KFZ KMX KMY KMZ

8 1 1 1 1l 1 1
0.0 0.0 0.0 0.0 0.0 0.0

11 1 1 1 1l 1 1
0.0 0.0 0.0 0.0 0.0 0.0

13 1 1 1 1l 1 1
0.0 0.0 0.0 0.0 0.0 0.0

15 1 1 1 l 1 1
0.0 0.0 0.0 0.0 0.0 0.0

Revision No. 0
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80K-SHORT CRYOPUMP SUPPORT -- PAGE NO. 7
**%% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

kkkkkkkkkkkk END OF DATA FROM INTERNAL STORAGE *x#h#kkdkkihkk

121. PRINT ANALYSIS RESULTS
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80K~SHORT CRYOPUMP SUPPORT

*%% REV1 REVISED LOADS & MEMBER RELEASE

JOINT DISPLACEMENT (INCH RADIANS)

S S —— i — . v b - S =

mumm.&wm;—nm\lmmpuwpmqmmbuwpmqmmpwmrﬂmqmm-n-uw:—-m\:mm.hwmu-'

X-TRANS

=-0.00113
=0.11553
0.19925
-0.11263
0.20214
-0.11553
0.19925
=0.11440
=0.00113
-0.07459
0.19891
-0.07169
0.20181
-0.07459
0.19891
=0.07345
-0.00113
-0.00180
0.19831
0.00109
0.20121
-0.00180
0.19831
-0.00067
=0.00113
0.12860
0.19831
0.13150
0.20121
0.12860
0.19831
0.12973
-0.00113
0.21807
0.19831
0.22096
0.20121
0.21807
0.19831
0.21520
-0.00112
=0.00362
0.06599
-0.00263
0.06698
-0.00339
0.06622
~-0.00023

Y-TRANS

-0.02809
-0.02814
«0.01474
-0.02794
~0.01455
-0.02814
~0.01474
~0.00004
-0.02574
~-0.02578
=-0.01463
-0.02562
~-0.01447
-0.02578
-0.01463
-0.00004
-0.02151
-0.02154
-0.01438
-0.02143
~0.01428
~-0.02154
-0.01438
=0.00002
-0.01449
-0.01449
=-0.01449%9
=0.01449
~0.01449
=0.01449

0.00000
-0.00989
-0.00987
-0.01478
-0.00994
~0.01485
-0.00987
-0.01478

0.00002
=-0.00075
=0.00100

0.00615
=-0.00090

0.00625
-0.00098

0.00817
-0.00002

Z-TRANS

~0.00002
0.10042
0.10043
0.10048
0.10047
0.12955
0.12955
0.00000
-C.00001
0.09832
0.09833
0.09836
0.09836
0.12766
0.12766
0.00000
0.00000
0.09449
0.09445
0.09450
0.09450
0.12417
0.12418
0.00000
0.00001
0.08784
0.08784
0.08781
0.08780
0.11820
0.11821
0.00000
0.00002
0.08328
0.08329
c.08322
0.08322
0.11413
0.11413
0.00000
0.00000
-0.03362
0.09441
-0.03360
0.09442
-0.00395
0.12408
-0.12803

ID:

. X-ROTAN

0.00001
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
6.00000

0.00000 -

0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00000
0.00000
0.00000

0.00000

0.00000
0.00000
0.00000
0.00001
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00068
0.00067
0.00067
0.00067
0.00067
0.000867
0.00067
0.00000

== PAGE NO.
Process Systems Internatio

STRUCTURE TYPE = SPACE

Y—-ROTAN Z~ROTAN
0.00000 0.00017
0.00016 0.00017
0.00016 0.00000
0.00016 0.00017
0.00016 0.00000
0.00014 0.00017
0.00014 0.00000
0.00000 0.00000
0.00000 0.00017
0.00016 0.00017
0.00016 0.00000
0.00016 0.00017
0.00016 0.00000
¢.00014 0.00017
0.00014 0.00000
0.00000 0.00000
0.00000 0.00017
0.00015 0.00017
0.00015 0.00000
0.00016 0.00016
0.00016 0.00000
0.00014 0.00017
0.00014 0.00000
0.00000 0.00000
0.00000 0.00016
0.00015 0.00016
0.00015 0.00000
0.00016 0.00016
0.00016 0.00000
0.00014 0.00016
0.00014 0.00000
0.00000 0.00000
0.00000 0.00016
0.00015 0.00016
0.00015 0.00000
0.0001é¢ ©.00016
0.00016 -0.00001
0.00014 0.00016
0.00014 0.00000
0.00000 0.00000
0.00000C 0.00017
0.00000 0.00017
0.00429 0.00000
0.00006 0.000186
0.00435 0.00000
0.00000 0.00017
0.00429 0.060000

~-0.00001 0.00000
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80K-SHORT CRYOPUMP SUPPORT
**% REV1 REVISED LOADS & MEMBER RELEASE

JOINT DISPLACEMENT (INCH RADIANS)

. ————

INT LOAD
7 1
2

3

4

5

6

7

8

8 1
2

3

4

5

6

7

a

9 1
2

3

4

5

6

7

8

10 1l
2

3

4

5

&

7

8

11 1
2

3

4

S

6

7

8

12 1
2

3

4

5

6

7

8

- e m———— -

X-TRANS

-0.00092
-0.00193
0.02632
-0.00153
0.02672
=0.00184
0.02641
-0.00009
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
=-0.00115
c.00088
0.07050
0.00190
0.071562
0.00066
0.07027
-0.00023
~-0.00094
-0.00012
0.02813
0.00029
0.02854
-0.00021
0.02804
-0.00009
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00111
0.12167
0.19115
0.1245B1
0.19399
0.12233
0.19180
0.12930

Y-TRANS

=0.00065
-0.00091
0.00625
-0.00081
0.00635
=0.00089
0.00627
=0.00002
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00077
-0.00057
0.00659
=0.00046
0.00669
-0.00059
0.00657
-0.00002
~-0.00067
-0.,00047
0.00669
~0.00036
0.00679
=0.00049
0.00667
~-0.00002
0.00000
0.00000
0.00000
¢.o00000
0.00000
¢.00000
0.00000
0.00000
-0.00148
~0.00149
-0.00149
-0.00149
-0.00149
=-0.00149
~0.00149
0.00000

Z-TRANS

0.00000
~0.02737
0.07688
-0.02736
0.07688
-0.00322
0.10103
-0.10425
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
6.00000
0.00000
0.00000
0.22244
0.09441
0.22245
0.09442
0.25210
0.12408
0.12803
0.00000
0.18112
0.07688
0.18113
0.07688
'0.20528
0.10103
0.10425
0.00600
0.00000
0.00000
0.o0000
0.00000
0.00000
0.00000
0.00000
0.00001
-0.0402%
0.08782
-0.04032
0.08779
~0.00993
0.11819
-0.12811

ID: Process Systems Internatio

X~-ROTAN

0.00000
-0.00068
0.00190
-0.00068
0.00190
-0.00008
0.00250
-0.00258
0.00000
0.00000
0.006000
0.00000
0.00000
0.00000
0.00000
0.00000
~0.00068
-0.00069%
-0.00069
-0.00069
-0.00069
-0.00069
-0.00069
0.00000
0.00000
0.00448
0.00190
0.00448
0.00190
0.00507
0.00250
0.00258
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00043
0.00043
0.00043
0.00043
0.00043
¢.00043
0.00043
0.00000

-=- PAGE NO.

STRUCTURE TYPE = SPACE

Y-ROTAN Z-ROTAN
0.00000 0.00002
-0.00008 0.00014
0.00022 =0.00321
-0.00008 0.00010
0.00022 -0.00326
=-0.00001 0.00013
0.00029 =0.00322
-0.00030 0.00001
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.0C000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00017
0.00003 0.00017
-0.00426 0.00000
-0.00003 0,00016
-0.00433 0.00000
0.00003 0.00017
-0.00427 0.00000
0.00001 0.00000
0.00000 0.00002
0.00052 -=0,00008
0.00022 -0.00343
0.00052 =0.00012
0.00022 ~=0.00348
0.00059 =0.000086
0.00029 =0.00342
0.00030 0.00001
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00000
0.00000 0.00016
0.00017 0.000186
0.00018 0.00000
0.00017 0.00016
0.00018 0.00000
0.00015 0.00016
0.00016 0.00000
0.00001 0.00000
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80K-SHORT CRYOPUMP SUPPORT
*** REV1 REVISED IL.OADS & MEMBER RELEASE

JOINT DISPLACEMENT (INCH RADIANS)

—— ——— — T f— T ———

-~ PAGE NO.
ID: Process Systems Internatio

STRUCTURE TYPE = SPACE

«INT LOAD X-TRANS ¥Y-TRANS Z-TRANS X~-ROTAN Y-ROTAN Z-ROTAN
13 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

4 0.00000 0.00000 0.00000 ¢.00000 0.o00000 0.00000

5 0.00000 0.00000 0.00000 ¢.00000 0.00000 ¢.00000

6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

14 1 =-0.00114 -0.00154 0.00001 -0.000423 0.00000 0.00016
2 0.13467 =0.00152 0.21593 =0.00043 0.00014 0.00016

3 0.20414 -0.00152 0.08782 +-0.00043 ° 0.00013 0.00000

4 0.13759 -0.00152 0.21590 -0.00043 0.00014 0.00016

] 0.20707 -0.00152 0.08779 -0.00043 0.00013 0.00000

6 0.13401 -0.00152 0.24630 ~-0.00043 0.00012 0.00016

7 0.20348 -0.00152 0.11819 =0.00043 G.00012 0,00000

8 0.12930 0.00000 0.12811 0.00000 =-0.00001 0.00000

15 1 0.00000 0.00000 0.00000 0.900000 ¢.00000 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

5 ¢.00000 0.00000 0.00000 0.00000 0.00000 0.00000

6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

16 1 -0.00114 =0.02647 -0.00001 0.00003 0.00000 ©.00017
2 =0.07015 =~0.0D2643 0.09847 0.00003 0.00016 0.00017

3 0.20335 -0.01528 0.09848 0.00003 0.00016 0.00000

4 -0.06719 -0.02627 0.09851 0.00003 0.00016 0.00017

5 0.20631 =-=0.01512 0.09851 0.00003 0.00016 0.00000

6 -0.07058 -0.02644 0.12781 0.00003 0.00014 0.00017

7 0.20291 -0.01529 0.12781 0.00003 0.00014 0.00000

8 -0.07345 =-0.00004 0.00000 0.00000 0.00000 0.00000

10
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80K-SHORT CRYOQOPUMP SUPPORT
*%* REV1 REVISED LOADS & MEMBER RELEASE

SUPPORT REACTIONS

- d—— S —————— -

~UNIT POUN INCH

== PAGE NO.
ID: Process Systems Internatio

STRUCTURE TYPE = SPACE

INT LOAD FORCE-X FORCE~Y FORCE-Z MOM-X MOM-Y MOM 2
8 1 4.32 1977.64 0.01 0.55 0.02 -262.92
2 -44.68 2746.00 123.83 7733.46 314.66 526.45

3 1315.74 -18887.53 -347.75 -21718.63 -883.69 -21362.90

4 -25.34 2438.40 123.77 7730.26 314.53 215.30

5 1335.10 -19195.47 -347.78 -21720.29 -883.76 -21674.39

6 -40.23 2676.32 14.56 909.55 37.01 454.76

7 1320.19 -18957.23 -457.01 -28542.50 =-1161.34 -21434.61

8 -4.55 72.40 471.57 29451.48 1198.23 73.26

11 1 4.44 2030.15 .01 0.55 0.02 -269.95
2 44.33 1406.53 -819.31 -51169.73 -2082.00 -912.87

3 1404.75 -20227.00 -347.75 -21718.64 -883.69 -22802.22

4 64.27 1089.51 -819.36 =-51172.96 =-2082.13 =-1233.72

5 1424.71 -20544.42 =-347.78 -21720.29 -883.76 -23123.47

6 39.88 1476.19 -928.58 -57993.67 =2359.66 -841.19

7 1400.30 -20157.30 _=-457,01 -28542.50 _=1161.34 =22730.50

8 -4.55 72.34 -471.57 -29451.72 -1198.34 73.20

13 1 -4.31 1248.82 -0.01 "=0.55 0.13 -242.72
2 460.73 480.45 90.69 7282.68 1878.35 3335.14

3 -13599.64 22113.99 -229,75 =-18706.37 =5275.15 -16020.83

4 260.25 788.05 90.70 7282.95 1877.57 3102.55

5 =13800.34 22421.92 -229.72 -18704.71 ~5275.55 -16253.67

6 414.63 550.13 15.78 1214.26 220.92 3281.63

7 =13645.76 22183.68 -304.66 =-24774.76 —6932.58 ~16074.34

8 4.52 ~72.40 320.43 25988.54 7153.36 3042.22

15 1 -4.45 1297.70 -0.01 -0.55 0.13 -249,20
2 -460.48 1921.32 -550.18 -44694.55 -12428.42 2257.33

3 =14520.85 23554,85 ~-229.75 -18706.37 ~5275.15 -17098.63

4 -667.20 2238.34 -550.17 -44694.28 -12429.20 2017.49

5 ~=14727.83 23872.27 -229,72 -18704.71 -5275.56 =-17338.77

6 -414.39 1851.66 -625.09 -50762.97 -14085.86 2310.82

7 -14474.73 23485.15 -304.66 ~24774.76 =6932.58 -17045.11

8 4.48 -72.34 -320.43 -25988.70 -=7153.41 3042.17

11
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80K-SHORT CRYOPUMP SUPPORT
**x* REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

i S S 0 Y VS S S —

3LL UNITS ARE -- POUN INCH

MEMBER LOAD JT

- TS B« T S - T 7 -~ B

g s W N e

[ R L

NRERNRERNEERNDENDENDRERE N -

LWNNWRNWNWRDWRDLRWNDWND

LW W R W R W

AXTAL

0.00

0.00
~0.24
0.24
25400.34
-25400.34
47.61
-80.08
25447.34
-25479.74
0.00

0.00
25400.34
-25400.34
0.00

0.00

0.00

0.G0

0.24
-0.24
25399.73
-25399.73
88.87
-146.48
25488.74
-25546.34
0.00

0.00
25399.,73
-25399.73
0.24
-0.24

-0.74
0.74
84.47
~84.47
130.02
=130.02
-135.74
32.71
-90.98
-l12.22

STRUCTURE TYPE

SHEAR-Y

~-851.99
1428.85
~851.99
1428.85
~852.01
1428.87
-852.03
1428.88
-852.00
1428.86
-852.00
1428.85
-852.01
1428.87

0.00

0.00

-1578.84
2604.36
-1578.84
2604.36
-1578.86
2604.38
-1578.85
2604.37
-1578.86
2604.38
~1578.85
2604.37
-1578.86
2604.38
0.00
0.00

1427.25
410.14
1427.24
410.15
1427.25
410.14
1427.24
410.15
1427.23
410C.16

= SPACE

SHEAR-Z

0.00
0.00
-0.05
0.05
0.11
-0.11
0.10
-0.10
0.08
-0.08
47.94
-80.34
48.15
-80.55
0.00
0.00

0.00
0.00
1155.04
1154.99
-1154.99
1154.89
-1154.89%9
1155.01
-1155.01
1243.61
-1301.21
1243.89
-1301.49
0.00
0.00

0.02
-0.02
172.92
-172.92
173.08
-173.08
172.93
-172.93
172.79
-172.79

-— PAGE NO. 12
Systems Internatio

ID: Process
TORSION MOM-Y
0.00 0.00
0.00 0.00
0.00 -0.98
0.00 -0.41
0.00 ~0.67
0.00 -0.06
0.00 =-0.51
0.00 0.17
0.00 0.07
0.00 -0.38
0.00 1.25
0.00 -864.66
0.00 =0.31
0.00 -866.21
0.00 0.00
c.00 0.00
4283.98 0.00
~-4283.98 0.00
4284 .00 =-0.19
-4284.00 -27720.74
4284.00 0.33
-4284.00 -27718.76
4284.00 242.68
-4284.00 =-27962.12
4284.02 243.05
~-4284.02 -27962.84
4284.00 866.33
-4284.00 ~31407.00
4284 .00 863.96
-4284.00 -31410.60
0.00 0.29
0.00 -0.24
2050.16 =1.47
=2050.16 0.41
1164.84 -7257.59
-1164.84 -175.95
1164.86 —-7261.75
-1164.86 -182.08
1158.86 =7257.29
-1158.86 ~-179.22
1158.84 -=7253.09
=1158.84 ~177.68

MOM-Z

0.01
-15396.01
0.02
-15396.12
-0.05
-15395.83
_0.03
-~15396.04
0.07
-15395.70
0.06
-15395.48
0.01
-15395.79
0.00

0.00

15395.83
-65594.73
15395.81
-65594.48
15395.75
-65594.61
15395.71
-65594.63
15395.73
-65594.55
15395.73
-65594.27
15395.72
-£5594.61
0.00

0.00

65594.91
-43726.99
65594.34
-43726.95
65594.69
65594 .34
-43726,.89
65594 .66
-43726,.83
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-=- PAGE RO, 13
ID: Process Systems Internatio

80K~-SHORT CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES STRUCTURE TYPE = SPACE

———————— —— —— T e

ALL UNITS ARE ~- POUN INCH

MEMEBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-~-Z

6 3 83.98 1427.25 10.90 1253.48 -70.30 65594.63

4 -83.98 410.14 =-114.10 =-1253.48 =2615.3% -43726.65

7 3 130.65 1427.25 10.81 1253.52 -69,22 65594 .58

4 -130.65 410.14 -114.01 ~1253.52 ~2619.29 =-43726.71

8 3 84.96 0.00 0.05 -0.04 -0.85% 0.00

4 -84.96 0.00 -0.05 0.04 -1.09 0.00

4 1l 4 0.00 2112.54 0.00 0.00 0.00 43727.09

5 0.00 -852.00 0.00 0.00 0.00 -0.04

2 4 -D.24 2112.583 0.02 0.00 -0.46 43727 .08

5 0.24 -852.00 -0.02 0.00 ~1.88 -0.12

3 4 0.31 2112.54 0.02 0.00 0.63 43726.86

5 -0.31 -852.00 -0.02 0.00 -0.17 -0.03

4 4 -118.16 2112.56 0.08 0.00 =-0.20 43727.23

5 47 .36 -852.02 -0.08 0.00 -0.74 0.07

5 4 -118.69 2112.54 c.07 0.00 -1.47 43726.92

5 47.89 =852.01 -0.07 0.00 0.63 -0.01

& 4 -0.73 2112.54 -118.62 0.00 2456.04 43727.02

5 0.73 =-852.00 47.82 0.00 0.66 -0.08

7 4 0.34 2112.54 -118.69 0.01 2456.80 43726.80

5 -0.34 -852.00 47 .89 =-0.01 -1.44 0.01

8 4 -0.49 0.00 0.01 0.00 1.97 0.00

5 0.49 0.00 -0.01 0.00. -2.34 0.00

5 1 3 0.01 -1989.37 0.35 0.00 -14.92 =-840851.05

6 -0.01 1989.37 -0.35 0.00 0.00 0.00

2 3 174.93 -1978.%90 -456.01 0.00 19266.21 =-83608.40

6 -~174.93 1978.90 456.01 0.00 0.05 0.01

3 3 -490.97 «1978.90 12221.14 0.00-516342.81 -83608.39

6 490,97 1978.90-12221.14 0.00 -0.23 0.00

4 3 174.80 -1978.83 -275.80 0.00 11652.65 =83605,39

6 -174.80 1978.83 275.80 0.00 -0.07 0.02

5 3 =-491.,01 -1978.83 12401.53 0.00-523964.88 =-83605.,38

6 491.01 1978.83-12401.53 0.00 -0.03 0.01

&6 3 20.51 -1979.95 -414.58 0.00 17515.75 =-83652.72

6 -20.51 1979.95 414.58 0.00 0.23 -0.01

7 3 -645.,25 =1979,95 12262.59 0.00-518094.28 =-83652,73

6 645,25 1979,95-12262.59 0.00 -0.23 a.00

8 3 665.89 0.00 -42.43 0.00 1792.55 0.02

6 -665.89 0.00 42.43 0.00 0.30 0.00

6 1 4 -0.01 -1237.08 -0.37 0.00 15.45 -52266.52

12 0.01 1237.08 0.37 0.00 0.00 0.01

2 4 39.67 =1247.56 39.95 0.00 =-1688.06 -=-52709.20

12 -39.67 1247.56 -39.95 0.00 -0.03 -0.01

3 4 ~86.55 =1247.55 62.78 0.00 =2652.05 =52709.19

12 86.55 1247.55 -62.78 0.00 =-0.02 0.00
Revision No, 0
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-~ PAGE NO. 14
ID: Process Systems Internatio

80K-SHORT CRYOPUMP SUPPORT
**% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES SPACE

ALL UNITS ARE ~- POUN INCH

STRUCTURE TYPE =

JEMBER L1OAD JT AXTAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-2Z
4 4 39.73 -1247.63 40.89 0.00 -1727.46 ~52712.18
12 -39.73 1247.63 -40.89 0.00 -0.04 0.01

5 4 ~-86.54 =1247.63 63.71 0.00 =-2691.41 -52712.20
12 86.54 1247.63 =-63.71 0.00 -0.04 0.00

6 4 9.83 -1246.51 40.16 0.00 -1697.07 =52664.88
12 ~9,83 1246.51 =-40.16 0.00 0.20 0.00

7 4 -116.40 -1246.51 62.99 0.00 -2661.29 -52664.86
12 116.40 1246.51 -62.99 0.00 -0.14 0.00

8 4 126.16 0.00 42.45 0.00 =1793.67 =-0.02
12 -126.16 g.00 -42.45 0.00 0.22 0.00

7 1 3 -0.01 -2042.25 -0.39 0.00 16.38 -86284.87
9 0.01 2042.25 0.39 0.00 0.00 -0.01

2 3 1156.74 -2052.72 -371.93 0.00 15714.19 -86727.52
9 -1156.74 2052.72 371.93 0.00 ~0.04 0.00

3 3 490.97 =2052.72-13049.07 0.00 551323.25 -86727.53
9 =490.97 2052.72 13049.07 0.00 0.15 0.00

4 3 1156.80 ~2052.79 -557.76 0.00 23565.15 -86730.52
9 =-1156.80 2052.79 557.76 0.00 0.12 0.01

5 3 491.01 -2052.79-13235.11 0.00 559183.63 -86730.55
9 ~491.01 2052.79 13235.11 G.00 0.01 0.02

6 3 1311.10 -2051.67 -330.49 0.00 13963.31 -86683.22
9 =-1311.10 2051.67 330.49 0.00 ~0.05 0.01

7 3 645,25 -2051.67-13007.63 0.00 549571.88 -86683.20
9 -645.25 2051.67 13007.63 0.00 0.25 0.00

8 3 '665.83 0.00 42.40 0.00 -1791.17 -0.02
9 -665.83 c.00 =-42.40 0.00 -0.14 0.00

8 1 4 0.01 -~1285.60 0.38 0.00 -15.85 -54316.71
14 =0.01 1285.60 -0.38 0.00 0.00 0.01

2 4 212.77 -<1275.13 -44,22 0.00 1868.36¢ -53874.07
14 =212.77 1275.13 44.22 0.00 =-0.02 -0.01

3 4 86.55 =-1275.13 -67.05 0.00 2832.34 -=53874.06
14 -86.55 1275.13 67.05 0.00 0.15 0.00

4 4 212.71 =1275.05 -45.19 0.00 1909.11 -53871.04
14 -212.71 1275.05 45.19 0.00 0.07 0.02

5 4 86.54 -~1275.05 -68.00 0.00 2872.81 -53871.04
14 -86.54 1275.05 68.00 c.00 -0.12 0.00

6 4 242.74 =1276.17 -43.99 0.00 1858.79 -53918.36
14 -242.74 1276.17 43.99 0.00 -0.28 0.00

7 4 116.45 -1276.18 -66.83 0.00 2823.32 =53918.40
14 =116.45 1276.18 66.83 0.00 0.28 0.00

8 4 126.28 0.00 -42.45 0.00 1793.72 0.02
14 -126.28 0.00 42.45 0.00 =0.20 0.00

9 1l 7 1989.37 0.35 0.01 0.00 -0.11 3.18
6 -1989.37 -0.35 =-0.01 0.00 0.00 0.00
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80K-SHORT CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

0 e i i e e gy S Y. P —

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

10

11

2

3
4
5
6
7
]

[

L - B I

(= S B L R - I

L e = = o
WOoOWoWwOoOVOoOUWoORLoWOoOWwO ~NONONENONONONENE OANANOSIANANANAY

H

STRUCTURE TYPE

AXIAL SHEAR-Y
1978.90 -456.01
-1978.90 456.01
1978.90 12221.11
=1978.90 ~12221.11
1978.82 -275.80
-1978.82 275.80
1978.83 12401.54
-1978.83 -12401.54
1979.95 -414.57
=1979.95 414.57
1979.93 12262.58
=1979.93 -12262.58
0.00 ~-42.43
0.00 42.43
1977.64 ~-4.32
-1977.64 4.32
2746.00 44.68
-2746.00 -44.68
-18887.53 ~1315.74
18887.53 1315.74
2438.40 25.34
-2438.40 -25.34
=19195.47 =1335.10
19195.47 1335.10
2676.32 40.23
=-2676.32 -40.23
-18957.23 -1320.19
18957.23 1320.19
72.40 4.55
=72.40 -4.55
2042.25 0.39
~-2042.25 -0.39
2052.72 371.94
-2052.72 -371.94
2052.72 13049.07
~2052.72 -13049.07
2062.79 557.75
-2052.79 -5657.75
2052.79 13235.12
-2052.79 =13235.12
2051.67 330.51
=2051.67 =-330.51
2051.67 13007.61
=-2051.67 -13007.61
0.00 -42.40
0.00 42.40

= SPACE

SHEAR=-2

174.82
-174.82
-490.99

490.99

174.76
-174.76
-491.01

491.01

20.59
-645.22

645.22

665.76
-665.76

0.01

-0.01
123.83
-123.83
~347.75
347.75
123.77
-123.77
-347.78
347.78
14.56
=14.56
-457.01
457.01
471.57
=-471.57

0.01
-0.01
~1156.76
1156.76
-490.99
490.99
-1156.83
1156.83
=491.01
491.01
-1311.01
1311.01
-645.24
645.24
-665.81
665.81

TORSION

0.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.02
-0-02
314.66
-314.66
-883.69
883.69
314.53
-314.53
-883.76
883.76
37.01
-37.01
~1161.34
1161.34
1198.33
-1198.33

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-- PAGE NO. 15
ID: Process Systems Internatio

MOM~-Y MOM-Z
~-16573.41 -4104,09
0.00 0.00
4418.95 109990.02
0.00 0.00
-1572.84 -2482.18
.00 0.00
4419.15 111613.94
0.00 0.00
-185.35 -3731.12
0.00 0.00
5807.06 110363.17
0.00 0.00
-5991.79 -381.90
0.00 0.00
-0.55 =-262.92
0.01 =-0.52
-7733.46 526.45%
180.10 2198.86
21718.63 -21362.%0
-505.78 -58897.26
=7730.26 215.30
180.02 1330.36
21720.29 =21674.39
~505.82 =59766.70
-909.55 454.76
21.18 1999.15
28542.50 ~21434.61
-664.69 ~59097.02
-29451.48 73.26
685.87 204.48
-0.11 3.49
0.00 0.00
10410.92 3347.43
0.00 0.00
4418.95 117441.63
0.00 0.00
10411.49 5019.76
0.00 0.00
4419.09 119116.10
0.00 0.00
11799.09 2974.56
0.00 0.00
5807.06 117068.46
0.00 0.00
5992.29 -381.61
0.00 0.00
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BOK~SHORT CRYOPUMP SUPPORT
*%% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

T e e Sy Y . S T ——

\LL UNITS ARE -- POUN INCH

MEMBER LOAD JT

12

13

14

xR W N

[ - T T N

S O e W N

11
10
11
10
11
10
11
10
11
10
11
10
11
10
11
10

13
12
13
12
13
12
13
12
13
12
13
12
13
12
13
12

15
14
15
14
15
14
15
14
15
14
i5
14

AXTAL

2030.15
-2030,15
1406.53
-1406.53
-20227.00
20227.00
1089.51
-1089.51
-20544.42
20544.42
1476.19
-1476.19
-20157.30
20157.30
72.34
=-72.34

1237.08
-1237.08
1247.55
-1247.55
1247.55
-1247.55
1247.63
=1247.63
1247.63
-1247.63
1246.51
-1246.51
1246.51
=1246.51
0.00
0.00

1285.60
-1285.60
1275.13
-1275.13
1275.13
=1275.13
1275.05
-1275.05
1275.05
=1275.05
1276.17
-1276.17

STRUCTURE TYPE

SHEAR-Y

-4.44
4.44
-44.33
44.33
-1404.75
1404.75
-64.27
64.27
=1424.71
1424.71
-39.88
39.88
=1400.30
1400.30
4.55
-4.55

~0.01
0.01
39.69
~39.69
~86.52
86.52
39.72
=-39.72
-86.48
86.48
9.78
-9.78
~116.43
116.43
126.21
~126.21

-0.01
0.01
-212.72
212.72
-86.52
86.52
-212.69
212.69
-86.48
86.48
-242.64
242.64

= SPACE

SHEAR-Z

0.01
-0.01
-819.31
819.31
-347.75
347.75
-819.36
819.36
-347.78
347.78
-928.58
928.58
-457.01
457.01

-471.5%7

471.57

0.37
-0.37
39.95

-62.77
62.77
=40.89
40.89
-63.70
63.70
-40.17
40.17
-62.98
62.98
=-42.46
42.46

0.38
-0.38
-44,22
44.22
-67.03
67.03
-45.18
45.18
-68.00
68.00
-44.01
44.01

TORSION

0.02
=-0.02
~2082.00
2082.00
-883.69
883.69
~2082.13
2082.13
-883.76
883.76

-=2359.66

2359.66
~1161.34
1161.34
~1198.34
1198.34

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0'00
0.00
0.00
0.00

== PAGE NO. le

ID: Process Systems Internatio

MOM-Y MOM~-2
-0.55 -269.95
0.01 -0.66
51169.73 -912.87
-1191.64 -1791.27
21718.64 -=-22802.22
=505.77 =-62887.37
51172.96 ~1233.72
-1151.71 ~2686.79
21720.29 =23123.47
-505.81 =-63784.00
57993.67 -841.19
~1350.53 -1591.60
28542.50 -=22730.50
-664.69 -62687.59
29451.72 73.20
-5685.86 204,30
-25.59 -0.86
0.00 0.00
2796.84 2778.32
0.00 0.00
4393.79 -6056.36
0.00 0.00
2862.10 2780.47
0.00 0.00
4459.12 -6053.73
0.00 0.00
2811.94 684.50
0.00 0.00
4408.8%9 -8150.19
0.00 0.00
2972.09 8834.52
0.00 0.00
~26,26 -0.86
0.00 0.00
3065.50 -=14890.74
0.00 0.00
4692.45 -6056., 36
0.00 0.00
3162.79 -14888.60
0.00 0.00
4759,.82 =-6053.73
0.00 0.00
3080.40 ~16984.57
0.00 0.00
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80K-SHORT CRYOPUMP SUPPORT
*** REV]l REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

e Y S ——

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT
7 15
14
B 15
14

15

@ g O, e W N
~J

16

I
PR e
cw;mo

[+« S B - TR B
[
o

17

LT R N

AXTAL

1276.17
-1276.17
0.00
0.00

12.29
-12.29
-915.46
915.46
24854.31
-24854.31
-549.13
549.13
25221.04
-25221.04
-831.21
831.21
24938.58
-24938.58
-86.25
86.25

12,66
=12.66
767.99

=-767.99
26537.75
—-26537.756
1145.,71
26915.95
-26915.95
683.77
-683.77
26453.48
-26453.48
-86.17
86.17

0.00
0.00
=1155.03
1155.03
-1154.99
1154.99
-1154.99
1154.99

STRUCTURE TYPE

SHEAR-Y

=116.43
116.43
=126.21
126.21

-2.94
2.94
32.74
~32.74
-958.13
958.13
18.66
-18.66
-972.23
972.23
29.50
-29.50
-%61.37
961.37
3.32
=-3.32

-3.03
3.03
-32.08
32.08
=-1022.95
1022.95
-46.60
46.60
-1037.49
1037.49
-28.84
28.84
~-1019.71
1019.71
3.31
=-3.31

150.00
-150.00
150.00
~-150.00
150.00
=-150.00
150.00
~150.00

SPACE

SHEAR-Z

66.82
-42.46
42.46

0.00
0.00
51.00
143.23
-143.23
-50.98
50.98
143.24
=-143.24

-6.00"

6.00
188.23
-188.23
-194.23
194.23

0.00
0.00
337.45
—-337.45
143.23
-143.23
337.47
=337.47
143,24
=143.24
382.45
-382.45
188.23
-188.23
194.23
-194.23

0.00
6.00
-0.01
0.01
-0001
0.01
8.50
-8.50

-= PAGE NO.

17

ID: Process Systems Internatio

TORSION

0.00
0.00
0.00
0.00

=-0.07
0.07
-1059.97
1059.97
2976.81
~-2976.81
-1059.53
1059.53
2977.03
-2977.03
-124.66
124.66
3912.10
-3912.10
-4036.69
4036.69

-0.07
0.07
7013.44
~-7013.44
2976.81
~2976.81
7013.88
-7013.88
2977.03
-~2977.03
7948.75
-7948.75
3912.10
-3912.10
4036.72
-4036.72

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

MOM-Y

4677.34
0.00
2972.10
0.00

~0.07
0.34
-957.54
4763.81
2689.14
-13378.67
=-957.14
4761.83
2689.35
=13379.68
-112.61
560.28
3534.06
-17582.17
-3646.60
18142.11

-0.07
0.34
6335.71
-31520.54
2689.14
-13378.67
6336.10
-31522.51
2689.35
-13379.69
7180.61
-35724.07
3534.05
-17582.17
3646.63
-18142.25

0.00
0.00
0.08
0.25
0.17
0.12
-242.69
0.00

MOM-Z

-8150.19
0.00
~B8834.55
0.00

~2.66
-217.12
1905.22
538.30
~51092.91
-20414.62
1151.84
240.45
-51847.12
-20712.79
1731.98
469.69
~51266.20
-20483.24
177.38
70.13

-2.83
-222.94
-1556.12
-838.17
-54554.24
~21791.08
-2332.94
-1145.30
-55332.03
-22098.58
-1382.91
-769.58
-54380.95
=21722.45
177.22
70.06

4284.00
. 0.02
4283.99
0.00
4284.01
0.01
4284.01
0.00
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== PAGE NO. 18
ID: Process Systems Internatio

80K-SHORT CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE ~- POUN INCH

JAEMBER LOAD JT AXIAL SHEAR-Y SHEAR-2Z TCRSION MOM-Y MOM-Z
5 2 -1155.04 150.00 8.52 0.00 -242.79 4284.02

16 1155.04 =150.00 ~-8.52 0.00 0.03 0.02

6 2 -1163.50 150.00 =0.01 0.00 0.24 4283.99

16 1163.50 -150.00 0.01 .00 0.22 -0.02

7 2 =1163.38 150.00 -0.03 0.00 0.34 4284.01

16 1163.38 =-150.00 0.03 0.00 0.26 0.01

8 2 0.00 0.00 0.00 0.00 -0.25 0.00

1é 0.00 0.00 0.00 0.00 0.00 0.00

kkhkkkkkkkkkkkd END OF LATEST ANALYSIS RESULT *kkkkkkrhkhkhkk

122.

PRINT MEMBER STRESSES ALL
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80K-SHORT CRYOPUMP SUPPORT == PAGE NO. 19
**%* REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

. ke S e S o ——— — —

L UNITS ARE POUN/SQ INCH

mEMB LD SECT AXIAL BEND~Y BEND-Z COMBINED SHEAR~-Y SHEAR-Z
1 1 .0 0.0 T 0.0 0.0 0.0 40.3 0.0
1.00 0.0 7T 0.0 39.2 39.2 67.6 0.0

2 .0 0.0 7T 0.0 0.0 0.0 40.3 0.0
1.00 c.0 T 0.0 39.2 39.2 67.6 0.0

3 .0 720.8 C 0.0 0.0 720.8 40.3 0.0
1.00 720.8 C 0.0 39.2 759.9 67.6 0.0

4 .0 1.4 C 0.0 0.0 1.4 40.3 0.0
1.00 2.3 ¢C 0.0 39.2 41.4 67.6 0.0

5 .0 722.1 C 0.0 0.0 722.1 40.3 0.0
1.00 723.0 C 6.0 39.2 762.2 67.6 0.0

6 .0 0.0 0.0 0.0 0.0 40.3 2.3
1.00 0.0 2.2 39.2 39.2 67.6 3.8

7 .0 720.8 C 0.0 0.0 720.8 40.3 2.3
1.00 720.8 C 2.2 39.2 760.0 67.6 3.8

8 .0 0.0 0.0 0.0 0.0 0.0 0.0
1.00 0.0 0.0 0.0 0.0 0.0 0.0

2 1 .0 o.0T 0.0 39.2 39.2 74.7 0.0
1.00 0.0T7 0.0 166.9 166.9 123.2 0.0

2 .0 0.0 C 0.0 39.2 39.2 74.7 54.6
1.00 0.0 C 70.5 166.8 181.1 123. 54.6

3 .0 720.7 C 0.0 39.2 759.9 74.7 54.6
1.00 720.7 C 70.5 166.8 901.9 123.2 54.6

4 .0 2.5 ¢C 0.6 39.2 41.7 74.7 54.6
1.00 4.2 C 71.1 166.8 185.5 123.2 54.6

5 .0 723.3 C 0.6 39,2 762.4 74.7 b4.6
1.00 724.9 C 71.1 166.8 906.3 123.2 54.6

6 .0 c.o 2.2 39.2 39.2 74.7 58.8
1.00 0.0 79.9 166.8 185.0 123.2 61.5

7 .0 720.7 C 2.2 3o.2 760.0 74.7 58.8
1.00 720.7 C 79.9 166.8 905.7 123.2 6l1.6

8 .0 0.0 C 0.0 0.0 0.0 0.0 0.0
1.00 0.0 ¢C 0.0 0.0 0.0 0.0 0.0

3 1 .0 0.0 T 0.0 52.7 52.7 38.0 0.0
1.00 0.0 T 0.0 35.1 35.1 10.9 0.0

2 .0 1.3 ¢ 5.8 52.7 54.4 38.0 4.6
1.00 1.3 ¢C 0.1 35.1 36.5 10.9 4.6

3 .0 2.1 ¢C 5.8 52.7 55.1 38.0 4.6
1.00 2.1 C 0.1 35.1 37.2 10.9 4.6

4 .0 2.2 T 5.8 52.7 55.2 38.0 4.6
1.00 0.5 7T 0.1 35.1 35.6 10.9 4.6

5 .0 1.5 T 5.8 52.7 54.5 38.0 4.6
1.00 0.2 T 0.1 35.1 35.3 10.9 4.6

6 .0 l1.3 ¢ 0.1 52.7 54.0 38.0 0.3
1.00 1.3 C 2.1 35.1 36.5 10.9 3.0

7 .0 2.1 ¢ 0.1 52.7 54.8 38.0 0.3
1.00 2.1 C 2.1 35.1 37.3 10.9 3.0
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80K-SHORT CRYCOPUMP SUFPPORT --— PAGE NO. 20
**%* REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

. g . S —— ——— —

~L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND~-Y BEND-2 COMBINED SHEAR-Y SHEAR-Z
8 .0 1.4 C 0.0 0.0 1.4 0.0 0.0
1.00 l.4 C 0.0 0.0 1.4 0.0 .0

4 1 .0 0.0 7T 0.0 111.2 11,2 99.9 0.0
1.00 0.07T 0.0 0.0 0.0 40.3 0.0

2 .0 0.0 T 0.0 111.2 111.2 99.9 0.0
1.00 0.0 T 0.0 G.0 0.0 40.3 0.0

3 .0 0.0 C 0.0 111.2 111.2 99.9 0.0
l1.00 0.0 C 0.0 0.0 0.0 40.3 0.0

4 .0 3.4 T 0.0 111.2 114.6 99.9 0.0
1.00 1.3 T 0.0 0.0 1.3 40.3 0.0

5 .0 3.4 T 0.0 1ii.2 114.6 99.9 0.0
1.00 1.4 T 0.0 0.0 1.4 40.3 0.0

6 .0 0.0 T 6.2 111.2 111.4 99.9 5.6
1.00 0.0 T 0.0 0.0 0.0 40.3 2.3

7 .0 0.0 C 6.2 1il.2 111.4 99.9 5.6
1.00 .0 C 0.0 0.0 0.0 40.3 2.3

8 .0 0.0 T 0.0 0.0 c.0 0.0 0.0
1.00 0.0 T 0.0 0.0 0.0 0.0 0.0

5 1 .0 0.0 C 0.7 3698.6 3699.3 397.9 0.1
1.00 0.0 C 0.0 0.0 0.0 397.9 0.1

2 .0 18.7 C 847.8 3679.1 4545.6 395.8 91.2
1.00 18.7 C 0.0 0.0 18.7 395.8 91.2

3 .0 52.5 T 22721.4 3679.1 26452.9 395.8 2444 .2
1.00 52.5 T 0.0 0.0 52.5 385.8 2444.2

4 .0 18.7 C 51z2.8 3679.0 4210.4 395.8 55.2
1.00 18.7 C 0.0 0.0 18.7 395.8 55.2

5 .0 2.5 T 23056.8 3679.0 26788.2 395.8 2480.3
1.00 52.5 T 0.0 0.0 52.5 395.8 2480.3

6 .0 2.2 C 770.8 3681.1 4454.0 396.0 82.9
1.00 2.2 C 0.0 0.0 2.2 396.0 82.9

7 .0 68.9 T 22798.4 3681.1 26548.5 396.0 2452.5
1.00 68.9 T 0.0 0.0 68.9 396.0 2452.5

8 .0 71.1 C 78.9 0.0 150.0 0.0 8.5
1.00 71.1 C 0.0 c.0 71.2 0.0 8.5

6 1 .0 g.0T 0.7 2300.0 2300.6 247.4 0.1
1.00 0.0 T 0.0 0.0 0.0 247.4 0.1

2 .0 4.2 C 74.3 2315.4 2398.0 249.5 8.0
l.00 4.2 C 0.0 0.0 4.2 249.5 8.0

3 .0 9.2 T 1i6.7 2319.4 2445.4 249.5 12.6
1.00 9.2 T 0.0 0.0 9.2 249.5 12.6

4 .0 4,2 C 76.0 2319.6 2399.8 249.5 8.2
1.00 4.2 C 0.0 0.0 4.2 249.5 8.2

5 .0 9.2 T 118.4 2319.6 2447.2 249.5 12.7
1.00 2.2 T 0.0 0.0 9.2 249.5 12.7

6 .0 1.0 C 74.7 2317.5 2393.2 249.3 8.0
1.060 1.0 C 0.0 0.0 1.1 249.3 8.0
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80K-SHORT CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER STRESSES

L UNITS ARE POUN/SQ INCH

«EMB
7

@ N AW o

W Ny b WM

N

o

LD SECT

.0
1.00
.0
1.00

AXTIAL

12.4
12.4
13.5
13.5

0.0
0.0
123.6
123.6
52.5
52.5
123.6
123.6
52.5
52.5
140.1
140.1
68.9
68.9
71.1
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MYOUMNMNMNYYOMNOO
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w
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w w
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COOROCBROMORDOROCANOR OO0

W oW w w
0 o ® 0
N F
» - - - . - - » [ ] - - L) [ ]

239

RN N N NN
W W W W W W
NN N s W
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o
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()
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o w

1814

ID:

OROGROOODWOMm COORONONMNONRONONON COO RO L,OVONONLOCREOW

COMBINED

2447.0
12.4
92.4
13.5

3797.6
0.0
4631.5
123.6
2812%.5
52.5
4977.1
123.6
28475.5
52.5
4569.0
140.1
28067.0
68.9
150.0
71.1

2390.9
0.0
2475.6
22.7
2504.6
9.3
2477.3
22.7
2506.2
9.3
2480.4
25.9
2509.3
12.5
92.4
13.5

313.3
312.8
1234.3
311.1
18914.2
311.1
970.5
311.1
19178.3
311.1

~= PAGE NO.
Process Systems Internatio

SHEAR-Y SHEAR-Z

249.3 12.6
249.3 12.6
0.0 8.5
0.0 8.5
408.4 0.1
408.4 0.1
410.5 74.4
410.5 74.4
410.5 2609.8
410.5 2609.8
410.6 111.6
410.6 111.6
410.6 2647.0
410.6 2647.0
410.3 66.1
410.3 66.1
410.3 2601.5
410.3 2601.5
0.0 8.5
0.0 g.5
257.1 0.1
257.1 0.1
255.0 g.8
255.0 g.g
255.0 13.4
255.0 13.4
255.0 9.0
255.0 2.0
255.0 13.6
255.0 13.6
25865.2 8.8
255.2 8.8
255.2 13.4
255.2 13.4
0.0 8.5
6.0 8.5
0.1 0.0
0 - 1 0 - 0
114.0 43.7
114.0 43.7
3055.3 122.7
3055.3 122.
68.9 43.7
68.9 43.7
3100.4 122.8
3100.4 122.8
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80K-SHORT CRYOPUMP SUPPORT —== PAGE NO. 22
*** REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

L UNITS ARE POUN/SQ INCH

-.CEMB LD SECT AXIAL BEND~-Y BEND-Z COMBINED SHEAR-Y SHEAR~Z

6 .0 311.3 C 30.1 606.7 948.1 103.6 5.1

1.00 311.3 C 0.0 0.0 311.3 103.6 5.1

7 .0 311.3 C 944.2 17945.2 19200.8 3065.6 161.3

1.00 311.3 C 0.0 0.0 311.3 3065.6 le6l.3

8 .0 c.0T 974.3 62.1 1036.4 10.6 le6.4

1.00 0.0 T 0.0 0.0 0.0 10.6 166.4

10 1l .0 310.9 C c.1 42.8 353.8 1.1 0.0

1.00 310.9 C 0.0 0.1 311.0 1.1 0.0

2 .0 431.8 C 1257.5 85.6 1774.8 11.2 31.0

1.00 431.8 C 29.3 357.5 8l8.6 11.2 31.0

3 .0 2969,.7 T 3531.5 3473.6 9974.9 328.9 86.9

1.00 2969.7 T 82.2 9576.8 12628.8 328.9 86.9

q .0 383.4 C 1257.0 35.0 1675.4 6.3 30.9

1.00 383.4 C 29.3 216.3 629.0 6.3 30.9

5 .0 3018.2 T 3531.8 3524.3; 10074.2 333.8 86.9

1.00 3018.2 T 82.2 9718.2 1z2818.6 333.8 86.9

6 .0 420.8 C 147.9 73.9 642.6 10.1 3.6

1.00 420.8 C 3.4 325.1 749.3 10.1 3.6

7 .0 2980.7 T 4641.1 3485.3 i1107.1 330.0 114.3

1.00 2980.7 T 108.1 9609.3 12698.0 "330.0 114.3

8 .0 11.4 C 4788.9 11.9 4812.2 1.1 117.9

1.00 11.4 C 111.5 33.2 156.2 1.1 117.9

11 1l .0 321.1 C 0.0 0.6 321.7 0.1 0.0

1.00 321.1 C 0.0 0.0 321.1 0.1 0.0

2 .0 322.8 C 1692.8 544.3 2559.9 53.0 289.2

1.00 322.8 C 0.0 0.0 322.8 93.0 289.2

3 .0 322.8 C 718.5 19096.2 20137.5 3262.3 122.7

1.00 322.8 C 0.0 0.0 322.8 3262.3 122.7

4 .0 322.8 C 1692.9 8le.2 2831.9 139.4 289.2

1.00 322.8 C 0.0 0.0 322.8 139.4 289.2

5 .0 322.8 C 718.6 19368.5 20409.8 3308.8 122.8

1.00 322.8 C 0.0 0.0 322.8 3308.8 122.8

6 .0 322.6 C 1918.6 483.7 2724.8 82.6 327.8

1.00 322.6 C 0.0 0.0 322.6 82.6 327.8

7 .0 322.6 C 944.2 19035.5 20302.3 3251.9 161.3

1.00 322.6 C 0.0 0.0 322.6 3251.9 161.3

8 .0 0.0 C 974.4 62.1 1036.4 10.6 166.5

1.00 0.0 C 0.0 0.0 0.0 10.6 166.5

12 1 .0 319.2 C 0.1 43.9 363.2 1.1 0.0

1.00 319.2 C 0.0 0.1 319.3 1.1 0.0

2 .0 221.2 C 8320.3 148.4 8689.9 11.1 204.8

1.00 221.2 ¢C 193.8 291.3 706.2 11.1 204.8

3 .0 3180.3 T 3531.5 3707.7 10419.5 351.2 86.9

1.00 3180.3 7T 82.2 10225.6 13488.2 351.2 86.9

4 0 171.3 C 8320.8 200.6 8692.7 le.1l 204.8

1.00 171.3 C 193.8 436.9 802.0 l16.1 204.8
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80K-SHORT CRYOPUMP SUPPORT -=- PAGE NO. 23
*%% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

—— — . — — - i ———

L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
5 .0 3230.3 7T 3531.8 3759.9 10521.9 356.2 86.9
1.00 3230.3 T 82.2 10371.4 13683.9 356.2 86.9
6 .0 232.1 C 9429.9 136.8 9798.8 10.0 232.1
1.00 232.1 ¢C 219.6 258.8 710.5 10.0 232.1
7 .0 3169.4 7T 4641.1 3696.0 11506.5 350.1 114.3
1.00 3169.4 T 108.1 10193.1 13470.6 350.1 114.3
8 .0 11.4 C 4788.9 11.9 4812.2 1.1 117.9
1.00 11.4 ¢ 111.5 33.2 156.1 1.1 117.9
13 1 .0 612.4 C 19.7 0.4 632.5 0.0 0.7
1.00 612.4 C 0.0 0.0 612.4 0.0 0.7
2 .0 617.6 C 2151.4 1424.8 4193.8 26.5 79.9
1.00 &€l17.6 C 0.0 0.0 617.6 26.5 79.9
3 .0 €17.6 C 3379.8 3105.8 7103.3 57.7 125.5
1.00 617.6 C 0.0 0.0 617.6 57.7 - 125.5
4 .0 617.6 C 2201.6 1425.9 4245.1 26.5 81.8
1.00 617.6 C 0.0 Q0.0 617.6 26.5 81.8
5 .0 617.6 C 3430.1 3104.5 7152.2 57.7 127.4
1.00 617.6 C 0.0 0.0 617.6 57.7 127.4
6 .0 617.1 C 2163.0 351.0 3131.1 6.5 80.3
1.00 617.1 C .0 0.0 617.1 6.5 80.3
7 .0 617.1 C 3391.5 4179.6 8188.1 77.6 126.0
1.00 617.1 C 0.0 0.0 617.1 77.6 126.0
8 .0 0.0 C 2286.2 4530.5 6816.7 84.1 84.9
1.00 0.0 C 0.0 0.0 0.0 B84.1 g4.9
14 1 .0 636.4 C 20.2 0.4 657:1 0.0 0.8
1.00 636.4 C 0.0 0.0 636.4 0.0 0.8

2 .0 631.3 C 2381.2 7636.3 l10648.7 141.8 88.4 ,
1.00 631.3 C 0.0 0.0 631.3 141.8 88.4
3 .0 631.3 C 3609.6 3105.8 7346.6 57.7 134.1
1.00 631.3 C 0.0 0.0 631.3 57.7 134.1
4 .0 631.2 C 2432.9 7635.2 10699.3 141.8 90.4
1.00 631.2 C 0.0 0.0 631.2 141.8 90.4
5 .0 €31.2 C 3661.4 3104.5 7397.1 57.7 136.0
1.00 631.2 C 0.0 0.0 631.2 57.7 136.0
6 0 €31.8 C 236%9.5 8710.0 11711.3 161.8 88.0
1.00 €31.8 C 0.0 0.0 631.8 161.8 88.0
7 «0 631.8 C 3598.0 4179.6 8409.3 77.6 133.6
1.00 631.8 C 0.0 0.0 631.8 77.6 133.6
8 .0 c.oT 2286.2 4530.5 6816.8 84.1 84.9
1.00 0.0 T 0.0 0.0 0.0 g4.1 84.9
15 1 .0 1.9 ¢ 0.0 0.4 2.4 0.7 0.0
1.00 1.9 ¢C 0.1 35.3 37.3 0.7 0.0
2 .0 143.9 T 1855.7 309.8 609.4 8.2 12.8
1.00 143.9 T 774.6 87.5 1006.1 8.2 12.8
3 .0 3907.9 C 437.3 8307.8 12653.0 239.5 35.8
1.00 3907.9 C 2175.4 3315.4 9402.8 239.5 35.8
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B0K~-SHORT CRYOPUMP SUPPORT -« PAGE NO. 24
*%% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

— — —— . ———— ———— - -

YL UNITS ARE POUN/SQ INCH

nEMB ILD SECT ANTIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z

4 .0 86.3 T 155.6 187.3 429.3 4.7 12.7

1,00 86.3 T 774.3 39.1 899.7 4.7 12.7

5 .0 3965.6 C 437.3 8430.4 12833.3 243.1 35.8

1.00 3965.6 C 2175.6 3367.9 9509.1 243.1 35.8

€ .0 130.7 T 18.3 28l1.6 430.6 7.4 1.5

1.00 130.7 T 91.1 76.4 298.2 7.4 1.5

7 .0 3921.2 C B74.6 8336.0 12831.8 240.3 47.1

1.00 3921.2 C 2858.9 3330.6 10110.7 240.3 47.1

8 .0 13.6 T 592.9 28.8 635.3 0.8 48.6

1.00 13.6 T 294%.,9 11.4 2974.9 0.8 48.6

16 1 .0 2.0 C 0.0 0.5 2.5 0.8 0.0

1.00 2.0 C 0.1 36.2 38.3 0.8 0.0

2 .0 120.8 C 1030.2 253.0 1404.0 8.0 84.4

1.00 120.8 C 5125.3 136.3 5382.3 8.0 84.4

3 .0 4172.6 C 437.3 8870.6 13480.5 255.7 35.8

1.00 4172.6 C 2175.4 3543.3 9891.3 255.7 35.8

4 .0 180.1 C 1030.3 379.3 1589.7 11.7 B4.4

1.00 180.1 C 5125.6 186.2 5492.0 11.7 84.4

5 .0 4232.1 C 437.3 8997.1 13666.4 259.4 35.8

1.00 4232.1 C 2175.6 3593.3 10000.9 259.4 35.8

6 .0 107.5 C 1167.6 224.9 1500.0 7.2 95.6

1.00 107.5 C 5808.8 125.1 6041.4 7.2 95.6

7 .0 4159.4 C 574.6 8842.4 13576.4 254.9 47.1%

1.00 4159.4 C 2858.9 3532.1 10550.3 254.9 47.1

8 .0 13.5 T 592.9 28.8 635.3 0.8 48.6

1.00 13.5 T 2950.0 11.4 2974.9 0.8 42.6

17 1 .0 0.0 T 0.0 235.2 235.2 32.6 0.0

1.00 0.0 T 0.0 0.0 0.0 32.6 0.0

2 .0 150.8 T 0.0 235.2 386.1 32.6 0.0

1.00 150.8 T 0.0 .0 150.8 32.6 .0

3 .0 1506.8 T 0.0 235.2 386.1 32.6 0.0

1.00 150.8 T 0.0 0.0 150.8 32.6 0.0

4 .0 150.8 T 13.3 235.2 386.5 32.6 1.9

1.00 150.8 T .0 0.0 150.8 32.6 1.9

5 .0 150.8 T 13.3 235.2 386.5 32.6 1.9

1.00 150.8 T 0.0 0.0 150.8 32.6 1.9

6 .0 151.9 T 0.0 235.2 387.2 32.6 0.0

1.00 151.9 T 0.0 0.0 152.0 32.6 0.0

7 .0 151.9 T 0.0 235.2 387.2 32.6 0.0

1.00 1581.9 T 0.0 0.0 151.9 32.6 0.0

8 .0 0.0 C 0.0 0.0 0.0 0.0 0.0

1.00 0.0 C 0.0 0.0 0.0 0.0 0.0

kkkkkkkkkkkki* END OF LATEST ANALYSIS RESULT **%%k#&&xitdddkdx
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80K-SHORT CRYOPUMF SUPPORT

* %%k

123.
124.
125.
126.
127.
128.
129.
130.
131.
132.

REV1 REVISED LOADS & MEMBER RELEASE
PARAMETER

CODE AISC

FYLD 45999.969 MEMB 9 TO 16
WSTR 21000. MEMB 9 TO 16
WMIN 0.188 MEMB 9 TO 16

CB 1. MEMB 9 TO 16

CMY 1. MEMB 9 TO 16

MAIN 0. MEMB 9 TO 16

RATIO 1. MEMB 9 TO 16

CHECK CODE MEMB 9 TO 16

== PAGE NO. 25
ID: Process Systems Internatio
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80K~SHORT CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

STAAD-III CODE CHECKING - (AISC)

khkkhhkkkkhthhkhhkhhkkkkkkk

..uL UNITS ARE -~ POUN INCH (UNLESS OTHERWISE NOTED}

-- PAGE NO.
ID: Process Systems Internatio

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
FX MY M2z LOCATION
9 ST TUB 40408 PASS AISC~- H1-3 0.696 7
1979.93 C 5807.06 110363.17 0.00
10 ST TUB 40408 PASS AISC~ H2~1 0.464 5
19195.47 T -505.82 =-59766.70 61.00
11 ST TUB 40408 PASS ATSC- H1-3 0.740 5
2052.79 C 4419.09 119116.10 0.00
12 ST TUB 40408 PASS AISC=- H2-1 0.496 5
20544.42 T -505.81 -63784.00 61.00
13 ST TUB 40203 PASS AISC- H1-3 0.311 7
1246.51 C 4408.89 -8150.19 0.00
14 ST TUB 40203 PASS AISC- H1-3 0.439 6
1276.17 C 3080.40 -16984.57 0.00
15 ST TUB 40408 PASS AISC- Hl-1 0.477 5
25221.04 C 2689.35 -51847.12 0.00
16 ST TUB 40408 PASS AISC- H1l-1 0.510 5
26915.95 C 2689.35 =-55332.03 0.00
133. SELECT WELD MEMB 9 TO 16
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80K~-SHORT CRYOPUMP SUPPORT
**% REV1 REVISED LOADS & MEMBER RELEASE

STAAD-ITIT WELD DESIGN
hkkkkhkkhkkkhkkhkhhhhk

ALL UNITS ARE - INCH POUN

== PAGE NO.
ID: Process Systems Internatio

MEMBER  LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS
9 STA 1 5/16 17989.95
7 129.04 2452.52 17821.52
9 END 1 3/16 4189.34
5 163.67 4133.85 659.61
10 STA 1 3/16 18824.80
7 297.51 585.23 18813.35
10 END 1 4/16 16106.25
5 169.80 416.63 16099.96
11 STA 1 5/16 19125.16
5 98.20 2647.02 18940.84
11 END 1 3/16 4467.46
5 163.67 4411.71 684.26
12 STA 1 3/16 19549.20
7 297,51 611.93 19537.35
12 END 1 4/16 17196.89
5 169.80 439.03 17190.45
13 STA 1 3/16 6333.72
7 27.99 51.75 6333.44
13 END 1 3/16 557.12
7 27.99 51.75 554.00
14 STA 1 3/16 9121.90
6 19.56 107.84 9121.24
14 END 1 3/16 577.68
6 19.56 107.84 567.19
15 STA 1 4/16 16542.09
5 314,91 522.15 16530.85
15 END 1 3/16 17856.10
7 551.76 809,47 17829.21
16 STA 1 4/16 17619.04
5 314.91 538.47 17607.99
16 END 1 3/16 18670.55
7 551.76 828.92 18643.98

Revision No. 0

Doc. No. V049-1-083

Paee 33 of 90



80K-SHORT CRYOPUMP SUPPORT -- PAGE NO. 28
*%% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

STAAD-II1 WELD DESIGN
hkdkhkkhkhkhkhhhhhhhrkkd

ALL UNITS ARE ~ INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

kkkkhkkkhkkkkkkkkkkt END OF TABULATED WELD DESIGN *kkkkkkdkdkkhhhdkdkhhk

134. FINISH

khkkkkkkkkhkkkkkk END OF STAAD=-TIT *kkkkkdkdhdkdkhrsd

kx** DATE= APR 11,1996 TIME= 15:18:33 %%%%

Thkkdhhhhhdkdhhkhdkdhhhhhhdhhhhhhhbdithhhhkhkhkhhhhkhhkdhhhdhhkkkk

* For questions on STAAD-III, ' contact: *
* Research Engineers, Inc at *
* Ph: (714) 974-2500 Fax: (714) 921-2543 *

dekdedededekde ko hhddhdhhhhkkhhhhhhhbdhhhkdhhhdhdddhhhkdthkhhhdihd
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PAGE NO. 1
ID: Process Systems Internatio

kkkhkhhhhkhhhkkdhhkhkhkhhdddhhhhhhhhhkddhhrhdhhhkhthhhhdkk

* *
* STAAD - III *
* Revision 21.0 *
* Proprietary Program of *
* Research Engineers, Inc. *
* Date= APR 16, 1996 *
* Time= 11:48:26 *
* *
* *
* *

USER ID: Process Systems International _
kkkdkhhhkhhkhhkhhhhhhdhhhkhhkkhkhhhhkhhhhhhkhhhhhhhds

1. STAAD SPACE B8O0K-LONG CRYOPUMP SUPPORT
2. *** REV1 REVISED LOADS & MEMBER RELEASE
3. INPUT WIDTH 72
4. UNIT INCHES POUND
5. JOINT COORDINATES
6. 1 0. 0. 0.; 2 13.5 0, 0.; 3 37.5 0. 0.; 4 128.25 0. 0.; 5 206.5 0. 0.
7. 6 37.5 0. -42.25; 7 37.5 -9. -42.25; 8 37.5 -70. -42.25; 9 37.5 0. 42.25
8. 10 37.5 -9, 42.25; 11 37.5 -70. 42.25; 12 128.25 0. -42.25
9. 13 128.25 -70. -42.25; 14 128.25 0. 42.25; 15 128.25 -70. 42.25
10, 16 13.5 0. 28B.56
11. MEMBER INCIDENCES
l2. 11 2; 22 3; 33 4; 4 45; 536; 6 412; 7 3 9; 8 4 14; 97 6; 10 8 7
13. 11 10 9; 12 11 10; 13 13 12; 14 15 14; 15 7 13; 16 10 15; 17 2 16
14. MEMBER PROPERTY AMER
15. 9 TO 12 15 16 TABLE ST TUB40403
16. 13 14 TABLE ST TUB40203
17. 5 TO 8 TABLE ST TUB80805
18. 1 2 4 TABLE ST PIPE OD 45.12 ID 44.62
19. 3 TABLE ST PIPE OD 80. ID 79.5
20. 17 TABLE ST PIPE OD 10. ID 9.5
21. MEMBER RELEASE
22. 9 11 13 14 END MX MY M2
23. CONSTANTS
24. E STEEL ALL
25. POISSON STEEL ALL
26. DENSITY STEEL ALL
27. BETA 90. MEMB 13 14
28. ALPHA 0.00000919 MEMB 1 TO 8
29. SUPPCRTS
30. 8 11 13 15 FIXED
31. LOAD 1 DEADWEIGHT
32. JOINT LOAD
33. 1 5 FY -852.
34. * FLANGE WEIGHT = 2 @ 426 LES.
35. 16 FY =150,
36. * VALVE WEIGHT
37. MEMBER LOAD
38, 1 TO 4 UNI Y -50.36
39. * UNIFORM 10400#/206.5" = 50.36
40. * UNIFORM = INTERNAL+EXTERNAL
41. LOAD 2 DW+TH
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B0OK-LONG CRYOPUMP SUPPORT -- PAGE NO. 2
**x* REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio
42. JOINT LOAD
43, 1 5 FY -852.

44. 16 FY =-150.

45. 16 FZ 1155.

46. * UNBALANCED VACUUM LOAD @ TURBO PMP
47. MEMBER LOAD

48, 1 TO 4 UNI Y -50.36

49, TEMPERATURE LOAD

50. 1 TO 8 17 TEMP 330.

51. LOAD 3 DW+VACUUM

52. JOINT LOAD

53. 1 FX 25400.

54. * FULL VACUUM LOAD @ GATE VALVE
556. 1 5 FY -3852.

56. 16 FY -150.

57. 16 FZ 1155.

58. * UNBALANCED VACUUM LOAD & TURBC PMP
59. MEMBER LOAD

60, 1 TO 4 UNI ¥ -50.36

61l. LOAD 4 DW+TH+SEIS-AXIAL

62. JOINT LOAD

63. 1 5 FY -852.

64, 16 FY -150.

65. 1 5 FX 47.925

66. * FLANGE WEIGHT X 0.05625

67. 16 FX 8.5

68. * VALVE WEIGHT X 0.05625

69. 16 FZ 1155.

70. * UNBALANCED VACUUM LOAD @ TURBQO PMP
71. MEMBER LOAD

72. 1 TO 4 UNI ¥ -50.36

73. 1 TO 4 UNI X 2.83

74. * UNIFORM WEIGHT X 0.05625

75. TEMPERATURE LOAD

76, 1 TO 8 17 TEMP 330.

77. LOAD 5 DW+VACUUM4+SEIS-AXIAL

78. JOINT LOAD

79, 1 FX 25400,

80. 1 5 FY -852.

81. 16 FY -150.

82. 1 5 FX 47.925

83, 16 FX 8.5

84. 16 FZ 1155.

85. * UNBALANCED VACUUM LOAD € TURBO PMP
86. MEMBER LOCAD

87. 1 TO 4 UNI Y -50.36

88. 1 TO 4 UNI X 2.832

89, LOAD 6 DW+TH+SEIS-LAT

90. JOINT LOAD

91. 1 5 FY -852,

92, 16 FY -150.

93. 1 5 FZ 47.925

94. 16 FZ 8.5

95, 16 FZ 1155.

96. * UNBALANCED VACUUM LOAD @ TURBO PMP
97. MEMBER LOAD
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80K-LONG CRYOPUMP SUPPORT -= PAGE NO. 3
**% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio
98. 1 TO 4 UNI Y ~50.36
99. 1 TO 4 UNI Z 2.83

100. TEMPERATURE LOAD

101. 1 TO 8 17 TEMP 330.

02. LOAD 7 DW+VACUUM+SEIS~LAT
103. JOINT LOAD

104. 1 FX 25400.

105. 1 5 FY -852.

106, 16 FY -150.

107. 1 5 FZ 47.925

108. 16 FZ 8.5

109. 16 FZ 1155.

110. MEMBER LOAD

111. 1 TO 4 UNI Y -50.36

112. 1 TO 4 UNI Z 2.83

113. LOAD 8 THERMAL "“BAKEOUT"
114. TEMPERATURE LOAD

115. 1 TO 8 17 TEMP 330.

1l6. PERFORM ANALYSIS

PROBLEM STATISTICS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 16/ 17/ 4

ORIGINAL/FINAIL BAND-WIDTH = 14/ 5
TOTAL PRIMARY LOAD CASES = 8, TOTAL DEGREES OF FREEDOM = 72
SIZE OF STIFFNESS MATRIX = 2592 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.05/- 490.4 MB, EXMEM = 1.02 MB

++ PROCESSING ELEMENT STIFFNESS MATRIX. 11:48:26

- PROCESSING GLOBAIL STIFFNESS MATRIX. 11:48:26

+ PROCESSING TRIANGULAR FACTORIZATION. 11:48:26

++ CALCULATING JOINT DISPLACEMENTS. 11:48:27

++ CALCULATING MEMBER FORCES. 11:48:27

117. PRINT MATERIAL PROPERTIES ALL
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-=- PAGE NO. 4
*%% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

80K-LONG CRYOPUMP SUPPORT

MATERIAL PROPERTIES.

ALL UNITS ARE - POUN INCH

MEMBER E G DEN ALPHA
1 29000000.0 11153846.0 0.28299999 0.00000919
2 29000000.0 11153846.0 0.2829999%9 0.00000919
3 292000000.0 11153846.0 0.28299999 0.00000919
4 29000000.0 11153846.0 0.28299999 0.00000919
5 29000000.0 11153846.0 0.28299999 0.000009219
6 29000000.0 11153846.0 0.28299999 0.00000919
7 29000000.0 11153846.0 0.28299999 0.00000919
8 29000000.0 11153846.0 0.28299999 0.00000919
9 29000000.0 11153846.0 0.28299999 0.00000000
10 29000000.0 11153846.0 0.28299999 0.00000000
11 29000000.0 11153846.0 0.28299999 0.00000000
12 29000000.0 11153846.0 0.28299999 0.00000000
13 29000000.90 11153846.0 0.28299999 0.00000000
14 25000000.0 11153846.0 0.28299999 0.00000000
15 29000000.0 11153846.0 0.2829999% 0.00000000
16 29000000.0 11153846.0 0.28299999 0.00000000
17 29000000.0 11153846.0 0.28299992 0.00000000

*kkkkkkkkkk%x END OF DATA FROM INTERNAL STORAGE ***kkkkkkkik

118. PRINT MEMBER INFORMATION ALL
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80K-LONG CRYOPUMP SUPPORT -- PAGE NO. 5
*%* REV]1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER INFORMATION

IEMBER START END LENGTH BETA
JOINT JOINT (INCH) (DEG) RELEASES
1 1 2 13.500 0.00
2 2 3 24.000 0.00
3 3 4 90.750 0.00
4 4 5 78.250 0.00
5 3 6 42.250 0.00
6 4 12 42,250 0.00
7 3 9 42.250 0.00
8 4 14 42.250 0.00
9 7 6 9.000 0.00 000000000111
10 8 7 61.000 0.00
11 10 9 9.000 0.00 000000000111
12 i1 10 61.000 .00
13 13 12 70.000 90.00 000000000111
14 i5 14 70.000 90.00 000000000111
15 7 13 109.346 0.00
16 10 15 109.346 0.00
17 2 16 28.560 0.00

kkkkkkkk*kk% END OF DATA FROM INTERNAL STORAGE **%%kkkkkkkk

119, PRINT JOINT COORDINATES ALL
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80K-LONG CRYOPUMP SUPPORT -~ PAGE NO. 6
*** REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

JOINT COORDINATES

TOORDINATES ARE INCH UNIT

JOINT X Y z
1 0.000 0.000 ¢.000
2 13.500 0.000 0.000
3 37.500 0.000 0.000
4 128.250 0.000 0.000
5 206.500 0.000 0.000
6 37.500 0.000 -42.250
7 37.500 ~9.000 -42.250
8 37.500 -70.000 =-42.250
9 37.500 0.000 42,250
10 37.500 =-92.000 42.250
11 37.500 =70.000 42.250
12 128.250 0.000 =-42.250
13 128.250 -70.000 -42.250
14 128.250 0.000 42.250
15 128.250 -70.000 42,250
16 13.500 0.000 28.560

k%xkk*k*%%%* END OF DATA FROM INTERNAL STORAGE ***#k&kkkskk

120. PRINT SUPPORT INFORMATICON ALL

SUPPORT INFORMATION (1=FIXED, O=RELEASED)

e ——— ——————— . . s -

UNITS FOR SPRING CONSTANTS ARE POUN INCH DEGREES

JOINT FORCE-X/ FORCE-Y/ FORCE-Z/ MOM-X/ MOM-Y/ MOM-Z/

KFX KFY KFZ KMX KMY KMZ

8 1 1 1 1 1 1
0.0 0.0 0.0 0.0 0.0 0.0

11 1l 1 1 1 1 1
0.0 0.0 0.0 0.0 0.0 0.0

13 1 1 1 1 1 1
0.0 0.0 0.0 0.0 0.0 0.0

15 1 1 1 1 1 1
0.0 .0 0.0 0.0 0.0 0.0
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80K-LONG CRYOPUMP SUPPORT -- PAGE NO. 7
#%%* REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

%kkkdkdkkkk* END OF DATA FROM INTERNAL STORAGE *kkkkkkkdhdk

121. PRINT ANALYSIS RESULTS
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80K~LONG CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

JOINT DISPLACEMENT (INCH RADIANS)

T — ————— . o ———

ID: Process Systems Internatio

—- PAGE NO.

STRUCTURE TYPE = SPACE

I{NT LOAD X=-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN
1 1 -0.00047 -0.00622 -0.00001 0.00001 0.00000 -0.00034
2 -0.11553 -0.00626 0.12040 0.00001 0.00019 -0.00034

3 0.18769 =-0.00140 0.12040 0.00001 0.00019 ~-0.00038

4 =-0.11045 ~0.00613 0.12045 0.00001 0.00019 -0.00034

5 0.19277 -=0.00127 0.1204¢ 0.00001 0.00019 ~0.00038

6 -0.11553 -0.00626 0.17907 0.00001 0.00006 =-0.00034

7 0.18769 =0.00140 0.17907 0.00001 0.00006 =-0.00038

8 -0.11505 =0.00003 0.00000 0.00000 0.00000 0.00000

2 1 -0.00047 ~-0.,01078 -0.00001 0.00001 0.060000 =0.00034
2 -0.07459 =0.,01081 0.11788 0.00001 0.00012 ~0.00034

3 0.18735 =0.00647 0.11788 0.00001 ° 0.00019 =0.00038

4 -0.06951 -0.01069 0.11792 0.00001 0.00019 -0.00034

5 0.19243 -0.00635 0.11792 0.00001 0.00019 =0.00038

6 -0.07459 +0.01081 0.17827 0.00001 0.00006 =-0.00034

7 0.18735 =~0.00647 0.17828 0.00001 0.00006 ~0.00038

8 -0.07411 -0.00003 0.00000 0.00000 0.00000 0.00000

3 1 -0.00047 -0.01881 0.00000 0.00001 0.00000 =0.00035
2 -0.00180 ~0.01883 0.11329 0.00000 0.000192 -0.00035

3 0.18676 -0.01540 0.11329 0.00000 0.00019 -0.00038

4 0.00328 +0.01874 0.11331 0.00000 0.00019¢ -0.00035

5 0.19183 -0.01530 0.11331 0.00000 0.00019 -0.00039

6 -=0.00180 -0.01883 0.17675 0.00001 0.00006 =0.00035

7 0.18676 =0.01540 0.17675 0.00001 0.00006 =0.00038

8 =-0.00133 -0.00002 0.00000 0.00000 0.00000 0.00000

4 1 -0.00047 =0.05015 0.00001 0.00001 0.00000 =0.00035
2 0.27341 -0.05015 0.09639 0.00000 0.00019 -=0.00035

3 0.18675 -0.05015 0.09639 0.00000 0.00019 -0.00039

4 0.27850 =-0.05015 0.09632 0.00000 0.00019 <-0.00035

5 0.19185 =-0.05015 0.09632 0.00000 0.00019 -0.00039

6 0.27341 -0.05015 0.17162 ¢.00001 0.00006 ~0.00035

7 0.18675 =0.05015 0.17162 0.00001 0.00006 =0.00039

8 0.27388 0.00000 0.00000 0.00000 0.00000 0.00000

5 1 -0.00047 ~0.08020 0.00002 0.00001 0.00000 -0.00038
2 0.51072 =-0.08018 0.08184 0.006000 0.00019 -0.00038

3 0.18675 -0.08314 0.08184 0.00000 0.00019 -0.00042

4 0.51582 -0.08026 0.08170 0.00000 0.00019 -0.00038

] 0.19186 -0.08322 0.08170 0.00000 0.0001% -0.00042

6 0.51072 -0.08018 0.16734 0.00001 0.00005 -0.00038

7 0.18675 -0.08314 0.16735 0.00001 0.00005 =-0.00042

8 0.51119 0.00002 0.00000 0.00000 0.00000 0.00000

6 1 ~0.00047 -0.00066 0.00000 0.00059 0.00000 <-0.00035
2 ~-0.00326 -0.00082 =-0.01483 0.00059 -0.00002 -0.00035

3 0.05427 0.00261 0.11322 0.00059 0.00429 -0.00038

4 -0.00173 +-0.00073 -0.01481 0.00059 0.00009 -0.00035

5 0.05580 0.00270 0.11324 0.00059 0.00440 -0.00039

6 -0.00161 -0.00073 0.04858 0.00059 -=0.00003 =-0.00035

7 0.05592 0.006271 0.17663 0.00059 0.00428 =0.00038

8 -0.00041 -0.00002 -0.12805 0.00000 =0.00003 0.00000

8
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80K-LONG CRYOPUMP SUPPORT

*%% REV1 REVISED LOADS & MEMBER RELEASE

JOINT DISPLACEMENT (INCH RADIANS)

~- PAGE NO.

STRUCTURE TYPE = SPACE

9
ID: Process Systems Internatio

{NT LOAD X-TRANS Y=-TRANS Z-TRANS X=ROTAN Y-ROTAN Z-ROTAN
7 1l -0.00038 ~0.00057 0.00000 0.00000 0.00000 0.00001
2 -0.,00111 -0.00074 =0.01211 -~0.00030 -D.0DDO2 0.00018

3 0.01387 0.00270 0.09245 0.00226 0.00017 -0.00330

4 -0.0007Y -0.00065 =-0.01210 =0.00030 =-0.00002 0.00009

s 0.01427 0.00279 0.09246 0.00226 0.00017 -=0.00339

6 -0.00068 =~0.00064 0.03967 0.00097 0.00007 0.00008

7 0.01430 0.00279% 0.14423 0.00353 0.00027 -0,00340

8 -0.00011 ~0.00002 <-0.10455 -0.00256 -0.00020 0.00002

8 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

5 0.00000 0.00000 0.00000 0.00000C 0.00000 0.00000

6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
7 0.000600 0.00000 0.00000 0.00000 0.00000 0.00000

8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
9 1l -0.00048 =0.00068 0.00000 -=0.00060 0.00000 -0.00035
2 0.00150 -0.00056 0.24126 =0.00060 0.00004 ~-0.00035

3 0.05903 0.00287 0.11322 -=0.00060 -0.00427 -0.00038

4 0.00307 -0.00047 0.24128 -0.00060 -0.00008 -0.00035

5 0.06060 0.00296 0.11324 ~-0.00060 -0.00439 -0.00039

6 -0.00015 -0.00066 0.30468 -0.00060 0.00003 =0.00035

7 0.05738 0.00277 0.17663 =-0.00060 -0.00428 -0.00038

8 -0.00041 =0.00002 0.12805 0.00000 0.00003 0.00000

10 1 -0.00040 =0.00059 0.00000 0.00000 0.00000 0.00001
2 0.00012 -0.00047 0.19700 0.00482 0.00037 -0.00011

3 0.01511 0.00296 0.09245 0.00226 0.00017 -0.00359

4 0.00053 -0.00038 0.19701 0.00482 0.00037 =-0.00020

5 0.01551 0.00305 0.09246 0.00226 0.00017 =0.00368

6 -0.00031 =-0.00057 0.24878 0.00608 0.00047 =0.00001

7 0.01468 0.00286 0.14423 0.00353 0.00027 -0.0034%

8 =-0.00011 =-0.00002 0.10455 0.00256 0.00020 0.00002

11 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 0.00000 c.00000 0.00000 0.00000 0.00000 0.00000

3 ¢.00000 ¢.00000 0.00000 0.00000 0.00000 0.00000

4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

5 0.00000 ¢.00000 0.00000 0.00000 0.00000 0.00000

6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

12 1 -0.00046 =0.00519 0.00001 0.00148 0.00000 -0.00035
2 0.26466 ~-0,.00519 =-0.03174 0.00148 0.00022 =-0.00035

3 0.17829 -0.00519 0.09638 0.00148 0.00021 -0.00039

4 0.26970 -0.00519 =-0.03181 0.00148 0.00022 =0.00035

5 ©.18333 =0.00519 0.09631 0.00148 0.00021 =-0.00039

6 0.27012 =0.00519 0.04348 0.00148 0.C0o009 -0.00035

7 0.18375 -0.00519 0.17159 0.00148 0.00008 -0.00039

8 0.27296 0.00000 -0.12811 C.00000 0.00003 0.00000
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80K-LONG CRYOPUMP SUPPORT

**% REV1 REVISED LOADS & MEMBER RELEASE

JOINT DISPLACEMENT (INCH RADIANS)

14

15

16

WL WNNFONAMNALRWNEFRF OO WO ARWNDR

X-TRANS

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00048
0.28032
0.19395
0.28544
0.19907
0.27486
0.18849
0.27296
0.00000
C.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00048
-0.06925
0.19269
-0.06412
0.19782
-0.07291
0.18903
-0.07411

Y-TRANS

C.00000
0.00000
G.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00524
-0.00524
-0.00524
-0.00524
-0.00524
-0.00524
-0.00524
¢.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.01151
-0.01149
=-0.00715
-0.01137
-0.00703
-0.01152
=-0.00718
=-0.00003

Z-TRANS

0.00000
0.00000
0.00000
0.00000
0.00000
©.00000
0.00000
0.00000
0.00001
0.22449
0.09638
0.22442
0.09631
0.29970
0.17159
0.12811
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00001
0.11803
0.11803
0.11807
0.11807
0.17842
0.17843
0.00000

X-ROTAN

0.00000
0.00000
0.60000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00148

-0.00148

-0.00148
-0.00148
-0.00148
-0.00148
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00003
0.00003
0.00003
0.00003
0.00003
0.00003
¢.00003
0.00000

-— PAGE NO.
ID: Process Systems Internatio

STRUCTURE TYPE = SPACE

Y-ROTAN

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00015
0.00016
0.00016
0.00016
0.00003
0.00004
-0.00003
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00019
0.00019
0.00019
0.00019
0.00006
0.00006
0.00000

Z-ROTAN

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
~-0.00035
-0.000235
-0.00039
-0.00035
=0.00039
-0.00035
-0.00039
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00034
-0.00034
-0.00038
-0.00034
-0.00038
-0.00034
-0.00038
0.00000
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80K-LONG CRYOPUMP SUPPORT

*%%* REV1 REVISED LOADS & MEMBER RELEASE

SUPPORT REACTIONS

11

13

15

LOAD

m'dmmvhuml—'OO\lO\UI-huND—'Oﬁ:*-JO\U!-bUNI—'Oﬂ\IO\UI-thI-'

FORCE-X

1.80
-79.67
1595.30
-34.93
1640.04
-31.50
1643.46
-11.79
1.86
59.74
1734.70
105.19
1780.16
11.58
'1686.54

S11.79

-1.77
611.65
-13763.32
225.29
-14149.70
195.71
-14179.21
11.77
-1.89
=591.77
-14966.69
-084.26
=15359.24
-175.83
=-14550.79
11.77

=UNIT POUN INCH

FORCE-Y FORCE-Z MOM-X
1733.37 0.01 0.64
2231.93 56.59 3457.63

-8150.05 ~431.96 -26394.14
1954.59 56.52 3453.58

-8427.40 =-432.02 -26397.92
1937.80 ~185.36 -11326.03

-8444.14 -673.90 -41177.49

73.09 488.53 29850.71
1786.47 0.01 0.64
1434.10 =-920.48 -56244.08

-8947.84 =-431.96 -26394.15
1152.44 -920.55 -56248.11

-9229,55  -432,02 -26397.92
1728.22 -1162.43 -71027.76

~8653,75 -673.90 -41177.49

TTT93.09  =488.54 -29851.00
4342.60 ~0,01 -0.64
3844,05 37.89  3155.97

14226.02 ~145.54 -14030.85
4121.38 37.95 3159.55

14503.37 -145.48 -14027.08
4138.17 -64.54 -6167.03

14520.11 -247.97 -23353.58

-73.09 183.42 17186.15
4390.90 -0.01 -0.64
4743.27 -328.96 -31216.51

15125.21 -145.54 -14030.85
5024.93 ~-328.90 -31212.93

15406.92 -145.48 -14027.08
4449.14 -431.39 -40539.51

14831.12 -247.97 ~23353.58

-73.09 -183.43 ~-17186.33

--= PAGE NO.
ID: Process Systems Internatio

STRUCTURE TYPE = SPACE

MOM-Y MOM Z
0.02 -109.61
91.14 1386.05
-695.76 =29359.75
51.04 564.84
-695.86 =-30181.02
-298.56 501.74
-1085.45 -30243.98
786.87 216.46
0.02 -113.10
-1482.61 =1175.84
-695.76 -31921.54
=-1482.71 -2010.07
-695,86 -32755.91
-1872.31 -291.52
-1085,45 ~31037.31
-786.88 216.46
0.09 -72.79
510.30 7015.38
=-3895.44 -15403.10
509.70 6585.44
-3896.00 -15833.07
-1671.58 6553.20
-6077.28 =-15865.24
4405.58 6418.21
0.09 =-75.09
~-8300.91 5673.16
~3895.44 -16745.27
-8301.51 5236.40
-3896.00 =-17182.11
-10482.79 6135.35
-6077.27 =-16283.13
-4405.63 6418.21

Revision No. 0

Doc. No. V049-1-083
Page 54 of 90

11




S80K-LONG CRYOPUMP SUPPORT
%% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

w N U s WD

w Ny

[H - S

MHEFNNRFPFMDRHDENORDDRENDRE DD

WRKWNWNWRNWNWNWNOWN

LB LB W W

AXIAL

0.00

0.00

0.00

0.00
25400.44
=25400.44
47.61
~-85.94
25447 .55
-25485.75
=-0.73
0.73
25400.59
-25400.59
-0.49
0.49

0.00

0.00

0.24
-0.24
25400.43
—-25400.43
94.73
=-162.60
254924.1¢6
-25562.08
-0.49
0.49
25399.45
—=25399.45
-0.24
0.24

-0.31
0.31
179.20
=179.20
121.88
-121.88
=344.24
87.40
=400.60
143.78

STRUCTURE TYPE

SHEAR-Y

-852.00
1531.86
-852.01
1531.87
~852.00
1531.86
-852.00
1531.86
-852.00
1531.86
-852.00
1531.86
-852.00
1531.86

0.00

0.00

-1681.86
2890.50
~-1681.85
2890.49
-1681.86
2890.50
-1681.86
2890.50
-1681.87
2890.51
-1681.86
2890.50
-1681.86
2890.50
0.00
0.00

633.43
3936.74
633.42
3936.75
633.43
3936.74
633.43
3936.74
633.43
3936.74

= SPACE

SHEAR-Z

0.00
0.00
0.09
-0.09
-0.26
0.26
0.01
-0.01
-0.01
0.01
47.82
-86.02
47 .87
-86.08
0.00
0.00

0.00
0.00
1155.10
-1155.10
1155.04
-1155.04
1155.05
-1155.056
1154.96
-1154.96
1249.78
-1317.70
1249.72
-1317.64
0.00
0.00

0.02
-0.02
189.88
-189.88
189.85
-189.85
189.76
-189.76
189.76
-189.76

-== PAGE NO. 12

ID: Process Systems Internatio
TORSION MOM-Y MOM-2Z
c.ao 0.00 =-0.16
0.00 0.00 -16090.66
0.00 -0.33 =-0.10
0.00 0.13 -16090.93
0.00 0.74 -0.06
0.00 0.37 -16090.61
0.00 -1.02 0.02
.00 -0.57 =16090.73
0.00 0.73 =-0.12
0.00 -0.03 -16091.03
0.00 =-0.44 -0.15
0.00 -804.51 -16090.84
0.00 0.70 -0.06
0.00 -905.17 -16090.61
0.00 0.00 0.00
.00 0.00 0.00
4284.05 0.00 16090.76
-4284.05 Q.00 -70959.09
4283.97 ~0.97 16090.87
-4283.97 -27720.47 -=70959.00
4283.96 1.08 16091.04
-4283.96 =-27720.98 =70959.07
4284.01 243.63 16091.40
-4284.01 -27964.00 -70959.36
4284.03 243.73 16090.76
-4284.03 -27961.84 -70959.59
4284.02 902.86 16091.09
=-4284.02 -31708.69 <=7095%9.14
4284.02 904.10 16091.04
-4284.02 ~-31709.54 ~7085%.07
0.00 0.51 0.00
0.00 -0.39 0.00
2036.36 -2.30 70958.52
~2036.36 0.19 -220846.78
1498.85 -17017.93 70960.20
-1498.85 -214.35 -220847.95
1458.88 -17013.99 70959.93
-1498.88 ~-215.91 -220848.28
1496.15 -17003.08 70959.45
-1496.15 =-219,29 =-220847.55
1496.14 -17000,93 70958.64
-~1496.14 ~-220.10 -220847.42
Revision No. 0

Doc. No. V(49-1-083
Page 55 of 90




80K-LONG CRYOPUMP SUPFPORT
**% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

ALL UNITS ARE =-- POUN INCH

MEMBER LOAD JT

6

7

B oW N =

@ N ¢ w;

WO UWARWLWALWALOAWLOWOAW B e Ol O OT s T 01 0 o Ll L0 W

STRUCTURE TYPE = SPACE

AXIAL

179.20
=179,20
122.18
-122.18
179.20
-179.20

0.00
0.00
0.00
0.00
-0.24
0.24
-269.04
47.61
=-269.13
47 .69
0.00
C.00
-0.48
0.48
0.49
=0.49

0.01
=0.01
63.11

=-63.11
—482.48
482.48
63.17
-63.17
-482.87
482.57
-207.03
207.03
=752.87
752.87
545.72
-545.72

_0.01
0.01
31.31
-31.31
-94.93
94.93

SHEAR-Y

633.43
3936.74
633.43
3936.74
0.00
0.00

4792.66
~851.99
4792.65
-851.98
4792.68
-852.01
4792.68
-852.01
4792.68
-852.01
4792.67
-852.00
4792.66
-851.99

0.00

0.00

-1735.36
1735.36
=1729.00
1729.00

SHEAR-Z

-188.04
-68.79
-188.07
-68.75
=0.02
0.02

0.00
0.00
0.03
=-0.03
0.00
0.00
-0.02
g.02

-0.02"

0.02
-269.42
47 .97
~269.36
47.91
0.01
-0.01

0.13
-0.13
-618.89
618.89

=1729.00 12109.46
1729.00-12109.46

-1728.97
1728.97

-278.93
278.93

=1728.97 12449.46
1728.97-12449.46

_1?33040
1733.40

-252.90
252.90

=1733.40 12475.41
1733.40-12475.41

0.00
0.00

-4340.61
4340.61
-4346.97
4346.97
-4346.97
4346.97

-89.60
89.60

-0.15
0.15
86.92
-86.92
58.55
-58.55

—~= PAGE NO. 13
ID: Process Systems Internatio

TORSION MOM-Y MOM-2
1870.43 17896.32 70959.73
=1870.43 -12486.40 -220847.55
1870.41 17894.03 70960.17
=-1870.41 =-12481.37 -220848.28
0.00 0.73 0.00
.00 l.16 0.00
-0.01 0.00 220847.19
0.01 0.00 -0.63
0.00 -3.11 220847.03
0.00 1.31 -0.39
0.00 -0.16 220847.89
0.00 0.14 0.07
0.00 0.71 220847.5%5
0.00 -0.43 D.21
0.00 0.04 220847.95
0.00 1.24 0.17
-0.02 12413.45 220847.50
0.02 1.92 =-0.02
-0.01 12413.48 220847.30
0.01 -1.58 0.02
0.00 -1.46 0.00
0.00 0.34 0.00
0.00 -5.39 =73319.06
0.00 0.00 -0.03
0.00 26148.05 =73050.32
0.00 0.11 -0.02
0.00-511624.75 -73050.34
0.00 0.08 -0.02
0.00 11785.02 -73048.92
0.00 -0.12 0.02
0.00-525989.63 -73048.90
0.00 -0.04 c.04
0.00 10685.42 =73236.09
0.00 -0.24 0.00
0.00-527085.88 -73236.06
0.00 0.14 0.00
0.00 3785.81 0.00
¢.00 ~0.05 .00
c.00 6.45 =-183390.80
0.00 0.00 -0.03
0.00 =3672.22 -183659.53
0.00 -0.29 -0.02
0.00 -2473.54 -183659.47
0.00 0.12 0.01
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== PAGE NO. 14
ID: Process Systems Internatio

80K-LONG CRYOPUMP SUPPORT
*%% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES STRUCTURE TYPE = SPACE
ALL UNITS ARE -- POUN INCH
MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TCRSION MOM-Y MOM-2Z
4 4 31.13 =4347.00 88.55 0.00 =3741.39 -183660.91
12 =31.13 4347.00 -88.55 0.00 0.31 0.00
5 4 -94.88 -4347.00 60.21 0.00 -2543.74 -183660.81
12 94.88 4347.00 -60.21 0.00 =-0.13 0.04
6 4 -42,72 =-4342.57 88.71 0.00 ~3747.84 -183473.77
12 42.72 4342.57 -88.71 0.00 -0.08 =-0.05
7 4 ~169.16 =-4342.,57 60.33 0.00 =2549.12 -183473.72
12 169.16 4342.57 -60.33 0.o00 0.22 -0.01
8 4 126.16 " 0.00 89.63 0.00 =3786.99 0.00
12 ~126.16 0.00 -89.63 0:.00 0.01 0.00
7 1 3 -0.01 -1788.56 -0.18 0.00 7.69 -75566.73
9 0.01 1788.56 0.18 0.00 0.00 -0.03
2 3 1028.20 -1794.92 -439.97 0.00 18589.12 -75835.44
9 -1028.20 1794.92 439.97 0.00 -0.32 -0.04
3 3 482.57 ~-1794.92-13168.29 0.00 556360.38 -75835.42
9 -482.57 1794.92 13168.29 0.00 -0.18 =0.02
4 3 1028.44 -1794.95 -785.32 0.00 33180.05 <-75836.77
9 -1028.44 1794.95 785.32 0.00 -0.08 0.02
5 3 482.57 -1794.95-13513.72 0.00 570954,.38 -75836.74
' 9 -482.57 1794.95 13513.72 0.00 0.08 0.02
6 3 1298.64 =-1790.53 -74.00 0.00 3126.51 =75649.67
9 =1298.64 1790.53 74.00 0.00 -0.02 -0.01
7 3 752.97 -1790.52-12802.34 0.00 540899.12 =-75649.65
9 ~-752.97 1790.52 12802.34 0.00 -0.18 0.01
8 3 545.72 0.00 89.61 0.00 =3786.16 0.00
9 -545.72 0.00 -89.61 0.00 0.06 0.00
8 1 4 0.01 -4388.81 0.16 0.00 -6.63 =-185427.14
14 -0.01 4388.81 -0.16 0.00 0.00 =0.02
2 4 221.07 -4382.45 -92.06 0.00 3889.33 -185158.39
14 -221.07 4382.45 92.086 0.00 0.33 =0.02
3 4 94.93 -4382.45 -63.69 0.00 2690.82 -185158.39
14 -94.93 4382.45 63.69 c.o00 -0.08 0.01
4 4 221.01 -4382.41 -93.72 0.00 3960.07 -185157.02
14 =-221.01 4382.41 93.72 0.00 -0.19 -0.02
5 4 94.88 -4382.41 -65.38 0.00 2761.97 -185156.98
14 -94.88 4382.41 65.38 0.00 0.08 0.04
6 4 295.35 -4386.85 -90.26 c.00 3813.47 -185344.17
14 -295.35 4386.85 90.26 0.00 0.15 ~-0.02
7 4 1l69.06 -4386.84 -61.89 0.00 2614.93 -185344.11
14 -169.06 4386.84 61.89 0.00 -0.23 0.04
8 4 126.16 ¢.00 -89.63 0.00 3787.07 0.00
14 -126.16 0.00 89.63 0.00 -0.04 0.00
9 1 7 1735.36 0.13 0.01 0.00 -0.10 1.15
6 =1735.36 -0.13 -0.01 0.00 0.00 0.00
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80K-LONG CRYOPUMP SUPPORT
*** REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH

MEMBER LOCAD JT

10

11

2

® N s W

0 ~ o ;b

GNONONOANOANRI N

T T
WOWOWOWGS ~00~00~00~100~10 10030 ~J0

[

STRUCTURE TYPE = SPACE
AXTAL SHEAR-Y SHEAR-2Z
1729.00 -618.87 63.30
-1729.00 618.87 -63.30
1728.99 12109.46 -482.54
=1728.992 -12109.46 482.54
1728.97 -278.93 63.11
~1728.97 278.93 -63.11
1728.97 12449.46 -482.62
=1728.97 =12449.46 482.62
1733.40 -252.91 =-207.07
~1733.40 252.91 207.07
1733.39 12475.41 -752.88
~1733.39 -12475.41 _ 752.88
0.00 -89.62 545,79
0.00 89.62 =545.79
1733.37 -1.80 0.o01°
=-1733.37 1.80 ~0.01
2231.93 79.67 56.59
-2231.93 ~79.67 -56.59
-8150.05 =1595.30 -431.96
8150.05 1595.30 431.96
1954.59 34.93 56.52
~1954.59 -34.93 -56.52
-8427.40 -1640.04 -432.02
8427.40 l640.04 432.02
1937.80 31.50 -185.36
-1937.80 =-31.50 185.36
-8444.14 -1643.46 -673.90
8444.14 1643.46 673.90
73.09 11.79 488.53
-73.09 -11.79 -488.53
1788.56 0.18 0.01
-1788.56 -0.18 =-0.01
1794.92 439.958 -1028.23
=1794.92 -439.98 1028.23
1794.93 13168.29 -482.52
-1794.93 ~-13168.29 482.52
1794.95 785.32 -1028.39
-1794.95 ~785.32 1028.39
1794.96 13513.72 =-482.62
-1794.96_=13513.72 _ _482.62
1790.53 73.99 -1298.54
-1790.53 -73.99 1298.54
1790.52 12802.35 -752.86
=-1790.52 ~12802.35 752.86
0.00 -89.60 -545.72
0.00 89.60 545.72

TORSION

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.02
-0.02
91.14

-91.14
-695.76
695.76
91.04
-91.04
-695.86
695.86
-298.56
298.56
~1085.45
1085.45
786.87
-786.87

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

~= PAGE NO. i5
ID: Process Systems Internatio

MOM-Y

-569.74
0.00
4342.91
0.00
-568.03
0.00
4343.61
0.00
1863.65
0.00
6775.87
0.00
-4912.12
0.00

-0.64
0.00
~3457.63
5.84
26394.14
-44.50
=-3453.58
5.85
26397.92
-44.49
11326.03
-19.12
41177.49
-69.42
-29850.71
50.32

-0.10
0.00
9254.14
0.00
4342.76
0.00
9255.55
0.00
4343.61
0.00
11686.92
0.00
6775.71
0.00
4911.57
0.00

Revision No. 0

MOM-Z

~5569.86
0.00
108985.16
0.00
-2510.40
0.00
112045.18
0.00
=-2276.20
0.00
112278.68
0.00
-806.54
0.00

=109.61
=-0.12
1386.05
3473.61
-29359.75
~67953.69
564.84
1565.80
-30181.02
-69861.62
501.74
1419.86
-30243.98
=-70007.25
216.46
502.87

l.64

0.00
3959.81
0.00
118514.59
0.00

7067 .92
0.00
121623.43
0.00
665.90
0.00
115221.20
0.00
-806.41
0.00
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80K-LONG CRYOPUMP SUPPORT
*%% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH
MEMBER LOAD JT

12

13

14

3%

0w N Oy

N b

11
10
11
10
11
10
11
10
i1
10
11
i0
11
10
11
10

13
12
13
12
13
12
13
12
13
12
13
12
13

P12

13
12

AXTAL

1786.47
=-1786.47
1434.10
=1434.10
-8947.84
8947.84
1152.44
=-1152.44
-9229.55
9229.55
1728.22
~1728.22
~-8653.75
8653.75
73.09
=73.09

4340.61
-4340.61
4346.97
-4346.97
4346.97
-4346.97
4347.00
-4347.00
4347.00
-4347.00
4342 .57
=-4342.57
4342.57
=4342.57
0.00
0.00

4388.81
-4388.81
4382.45
-4382.45
4382.45
-4382.45
4382.41
-4382.41
4382.41
~4382.41
4386.84

' -4386.84

SHEAR-Y

-1.86
l.86
-59.74
59.74
=-1734.70
1734.70
=105.19
105.19
-1780.16
1780.16
~-11.58
11.58
-1686.54
1686.54
11.79
=-11.79

-0.01
0.01
31.27
=31.27
~94.,95
94.95
31.33
-31.33
-94.88
94.88
-42.83
42.83
-169.04

169.04

126.21
-126.21

-0.01
0.01
=-221.15
221.15
-94.95
94.95
=-221.08
221.08
-94.88
94.88
=295.25
295.25

STRUCTURE TYPE = SPACE

SHEAR-Z

0.01
-0.01
-920.48
920.48
-431.96
431.96
-920.55
920.55
-432.02
432.02
-1162.43
1162.43
-673.90
673.90
-488.54
488.54

0.15
-0.15
~-86.91
86.91
=58.55
58.55
-88.56
88.56
-60.20
60.20
-88.70
88.70
~60,34
. ..60.34
-89.63
89.63

0.16
-C.16
-92.05
92.05
-63.69
63.69
-93.73
93.73
~-65.37
65.37
-90.26

TORSION

0.02
-0.02
~1482.61
1482.61
-695.76
695.76
-1482.71
1482.71
~-695.86
695.86
-1872.31
1872.31
=1085.45
1085.45
-786.88
786.88

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00

-- PAGE NO. le
ID: Process Systems Internatio

MOM-Y

-0.64
0.00
56244.08
-94.81
263594.15
-44.49
56248.11
=-94.82
26397.92
-44.49
71027.76
=-119.73
41177.49
-69.41
29851.00
-50.32

-10.68
0.00
6083.53
0.00
4098.33
0.00
6199.36
0.00
4214.17
0.00
6209.03
0.00
4223.81
0.00
6274.36
0.00

-10.99
0.00
6443.50
0.00
4458.29
0.00
6561.16
0.00
4575.96
©.00
6318.01
0.00

Revision No. 0

MOM-Z

-113.10
-0.41
~1175.84
-2468.40
=-31921.54
~73895.47
=-2010.07
—-4406.43
-32755.91
-75833.83
-291.52
-414.62
-31037.31
~71841.90
216.46
502.87

-0.81
0.00
2188.58
0.00
-6646.27
0.00
2193.30
0.00
~-6641.44
0.00
-2998.22
0.00
-11832.89
0.00
8834.49
0.00

-0.81
0.00
=15480.48
0.00
-6646.27
0.00
-15475.77
0-00
-664]1.44
0.00
-20667,28
0.00
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80K-LONG CRYOPUMP SUPPORT

**% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES

- — ——— i o ——

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

15

16

17

15
14
15
14

7
13
7
13
7
13
7
13
2
13
7
13
7
13

16
16
16

AXTAL

4386,84
-4386.84
0.00
0.00

2.71
-2.71
-860.32
860.32
16885.20
~16885.,20
-386.34
386.34
17359.20
=17359.20
-350.07
350.07
17395.39
~17395.39
124.93

2.86
-2.86
616.03
-616.03
18361.48
-18361.48
1097.51
-1097.51
18843.05
-18843.05
105.77
=-105.77
17851.29
-17851.29
-124.93
124.93

0.00
0.00
-1154.97
1154.97
-1155.02
1155.02
=-1155.01
1155.01

SHEAR-Y

~-169.04
169.04
-126.21
126.21

-0058
0.58
27.69
-27.69
-583.59
553.59
12.17
-12.17
~-569.,12
569.12
10.98
=-10.98
=570.30
570.30
4,09
—4009

-0.60
0.60
-20.68
20.68
-601.97
601.97
=36.46
36.46
-617.74
617.74
-3.97
3.97
-585.25
585.25
4.09
-4.09

150.00
=-150.00
150.00
=150.00
150.00
~-150.00
i50.00
-150.00

STRUCTURE TYPE = SPACE

SHEAR-Z

-61.90
61.90
~89.63
89.63

0.00
0.00
-6.63
6.63
50.59
-50.5%
-6.62
6.62
50.60
-50.60

21.71

=21.71
78.93
-78.93
-57.22
57.22

0.00
0.00
107.81
-107.81
50.59
-50.59
107.82
-107.82
50.60
-50.60
136.14
-136.14
78.93
-78.93
57.22
-57.22

0.00
0.00
=0.02
0.02
0.01
-0.01
8.52
-8.52

TORSION

0.00
0.00
0.00
0.00

=-0.10
0.10
-518.18
518.18
3955.60
-3955.60
-517.58
517.58
3956.16
-3956.16
1697.40
=1697.40
6171.13
-6171.13
-4473.62
4473.62

=0.10
0.10
8429.10
-8429.10
3955.60
-3955.60
8429.71
-8429.71
3956.16
~3956.16
10644.68
-10644.68
6171.13
-6171.13
4473.66
-4473.66

0.00
0.00
0.00
0.00
0.00
c.00
0.00
0.00

~-= PAGE NO, 17
ID: Process Systems Internatio

MOM-Y

4332.80
0.00
6274.36
0.00

-0.04
0.18
-238.49
963.18
1820.53
~7352.54
-238.22
962.06
1820.79
~7353.59
781.22
=3155.06
2840.21
=-11470.69
-2058.95
8315.42

“0004
0.18
3879.43
-15667.74
1820.53
-7352.54
3879.70
-15668.86
1820.79
=7353.59
4899,13
=19785.68
2840.21
=11470.69
2058.97
=-8315.50

0.00
0.00
0.31
0.30
0.08
-0.16
-243.12
=0.23

Revision No. 0

MOM~2Z

-11832.89
0.00
-8834.58
0.00

-1.03
~-62.11
2096.42
931.85
-41031.52
-19501.43
944.48
386.08
-42183.52
=-20047.23
856.36
344.17
-42271.46
—=20089.05
303.63
143.886

=-1.23
-64.10
=-1491.42
=-770.35
-44619.21
=21203.56
-2661.60
-1324.76
~-45789.59
~-21758.07
=-251.34
-182.66
-43379.26
-20615.94
303.63
143.86

4284.03
0.03
4283.99
-0.02
4283.96
-0.04
4284.00
0.00
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== PAGE NO. 18

80K-LONG CRYCPUMP SUPPORT
ID: Process Systems Internatio

*%% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER END FORCES STRUCTURE TYPE = SPACE

e ——— S S S —— —

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT AXTAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM~2
5 2 =1155.06 150.00 8.50 0.00 -242.83 4284.02

16 1155.06 =150.00 -8.50 0.00 0.02 0.02

6 2 =1163.36 150.00 -0.04 0.00 0.57 4284.01

16 1163.36 -150.00 0.04 0.00 0.46 0.00

7 2 =1163.46 150.00 0.0l 0.00 -0.24 4284.03

16 1163.46 -150.00 -0.01 0.00 -0.19 0.02

8 2 0.00 0.00 0.03 0.00 -0.46 .00

16 0.00 0.00 =-0.03 0.00 -0.46 0.00

kkkkkkdkkkkkkwk END OF LATEST ANALYSIS RESULT **kkdkddkdkddhdhk

122. PRINT MEMBER STRESSES ALL

Revision No, 0
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80K-LONG CRYOPUMP SUPPORT -= PAGE NO. 19
**%* REV] REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

L UNITS ARE POUN/SQ INCH

MmEMB LD SECT AXTIAL BEND-Y BEND-2 COMBINED SHEAR-Y SHEAR-Z

1 1 .0 0.0 C 0.0 0.0 0.0 40.3 0.0

1.00 0.0 C 0.0 40.9 40.9 72.4 0.0

2 .0 0.0 0.0 0.0 Q.0 40.3 0.0

1.00 0.0 0.0 40.9 40.9 72.4 0.0

3 .D 720.8 C 0.0 0.0 720.8 40.3 0.0

1.00 720.8 C 0.0 40.9 761.7 72.4 0.0

4 .0 1.4 C 0.0 0.0 1.4 40.3 0.0

1.00 2.4 C 0.0 40.9 43.4 72.4 0.0

5 .0 722.1 C 0.0 0.0 722.1 40.3 0.0

1.00 723.2 C 0.0 40.9 764.1 72.4 0.0

6 .0 .0 T 0.0 0.0 0.0 40.3 2.3

1.00 .07 2.3 40.9 41.0 72.4 4.1

7 .0 720.8 C .0 0.0 720.8 40.3 2.3

1.00 720.8 C 2.3 40.9 761.8 72.4 4.1

8 .0 0.0 T 0.0 .0 0.0 0.0 0.0

1.00 o.c T 0.0 0.0 0.0 0.0 0.0

2 1 .0 0.0 T 0.0 40.9 40.9 79.5 0.0

1.00 0.0 T 0.0 180.5 180.5 136.7 0.0

2 .0 0.0 C 0.0 40.9 40.9 79.5 54.6

1.00 0.0 C 70.5 180.5 1%3.8 136.7 54.6

3 .0 720.8 C 0.0 40.9 761.7 79.5 54.6

1.00 720.8 C 70.5 180.5% 914.5 136.7 54.6

4 .0 2.7 C 0.6 40.9 43.6 79.5 54.6

1.00 4.6 C 71.1 180.5 198.6 136.7 54.6

5 .0 723.4 C 0.6 40.9 764.4 79.5 54.6

1.00 725.4 C 71.1 180.5 919.4 136.7 54.6

6 .0 0.0T 2.3 40.9 41.0 79.5 59.1

1.00 0.0 T 80.7 180.5 197.7 136. 62.3

7 .0 720.7 C 2.3 40.9 761.7 79.5 59.1

1.00 720.7 C 80.7 180.5 918.4 136.7 62.3

8 .0 c.0T 0.0 0.0 0.0 0.0 0.0

1.00 0.0 T 0.0 0.0 0.0 0.0 ¢c.0

3 1 D 0.0 T 0.0 57.0 57.0 16.9 0.0

1.00 0.0 T 0.0 177.4 177.4 104.8 0.0

2 .0 2.9 C 13.7 57.0 61.5 16.9 5.1

1.00 2.9 C 0.2 177 .4 180.3 104.8 5.1

3 .0 l.9 C 13.7 57.0 60.6 l6.9 5.1

1.00 1.9 C 0.2 177.4 179.3 104.8 5.1

4 .0 5.5 T 13.7 57.0 64.1 16.9 5.0

1.00 1.4 T 0.2 177.4 178.8 i04.8 5.0

5 .0 6.4 T 13.7 57.0 65.0 16.9 5.0

1.00 2.3 7T 0.2 177.4 179.7 104.8 5.0

6 .0 2.9 C 14.4 57.0 61l.6 16.9 5.0

1.00 2.9 C 10.0 177.4 180.5 104.8 1.8

7 .0 2.0 C 14.4 57.0 60.7 16.9 5.0

1.00 2.0 ¢C 10.0 177.4 179.6 104.8 1.8
Revision No. 0
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BOK-LONG CRYOPUMP SUPPORT == PAGE NO. 20
*%% REV]1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

" — - — -

=L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXTAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z

8 .0 2.9 C 0.0 0.0 2.9 0.0 0.0

1.00 2.9 C .0 0.0 2.9 0.0 0.0

4 1 .0 0.0 T 0.0 561.8 561.8 226.7 0.0

1.00 o.0T7T 0.0 0.0 0.0 40.3 .0

2 .0 0.0 0.0 561.8 561.8 226.7 0.0

1.00 0.0 0.0 0.0 0.0 40.23 G.0

3 .0 0.0 T 0.0 561.8 561.8 226.7 0.0

1.00 0.0 T 0.0 0.0 0.0 40.3 0.0

4 .0 7.6 T 0.0 £61.8 569.4 226.7 0.0

1.00 1.4 7T Q.0 0.0 1.4 40.3 0.0

5 .0 7.6 T 0.0 561.8 569.4 226.7 0.0

1.00 1.4 T 0.0 0.0 1.4 40.3 0.0

6 .0 0.0 31.6 561.8 562.6 226.7 12.7

1.00 0.0 0.0 0.0 0.0 40.3 2.3

7 .0 0.0 7T 31.6 561.8 562.7 226.7 12.7

1.00 0.0T 0.0 0.0 c.0 40.3 2.3

8 .0 0.0 C 0.0 0.0C 0.0 0.0 0.0

1.00 0.0 C 0.0 0.0 0.0 0.0 0.0

5 1l .0 0.0 C D.2 3226.4 3226.6 347.1 0.0

1.00 0.0 C 0.0 0.0 0.0 347.1 0.0

2 .0 6.7 C 1150.6 3214.5 4371.9 345.8 123.8

1.00 6.7 C 0.0 0.0 6.7 345.8 123.8

3 .0 51.5 T 22513.7 3214.5 25779.8 345.8 2421.9

1.00 51.5 T 0.0 0.0 5l1.6 345.8 2421.9

4 .0 6.7 C 518.6 3214.5 3739.8 345.8 55.8

1.00 6.7 C c.0 0.0 6.8 345.8 55.8

5 .0 51.6 T 23145.9 3214.5 26411.9 345.8 2489.9

1.00 51.6 T 0.0 0.0 51.6 345.8 2489.9

6 .0 22.1 T 470.2 3222.7 3715.0 346.7 50.6

1.00 22.1 T .0 0.0 22.1 346.7 50.6

7 .0 8.4 T 23194.1 3222.7 26497.2 346.7 2495.1

1.00 80.4 T 0.0 0.0 80.4 346.7 2495.1

8 .0 58.3 C l166.6 0.0 224.9 0.0 17.9

1.00 58.3 C 0.0 0.0 58.3 0.0 17.9

6 1 .0 0.0 7T 0.3 8070.0 8070.3 g68.1 0.0

1.00 0.0 T c.0 0.0 0.0 868.1 0.0

2 .0 3.3 € 16l.6 8081.8 8246.8 869.4 17.4

1.00 3.3 C 0.0 0.0 3.4 869.4 17.4

3 .0 10.1 T 108.8 8081.8 8200.8 8692.4 11.7

1.00 10.1 T 0.0 0.0 10.1 869.4 11.7

4 .0 3.3 C 164.6 8081.9 8249.9 869.4 17.7

1.00 3.3 C 0.0 0.0 3.3 869.4 17.7

5 .0 10.1 T 111.9 8081.9 8204.0 869.4 12.0

1.00 10.1 T 0.0 0.0 0.1 869.4 12.0

6 .0 4.6 T 164.9 8073.7 8243.1 B68.5 17.7

1.00 4.6 T 0.0 0.0 4.6 868.5 17.7
Revision No. 0
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80K-LONG CRYOPUMP SUPPORT
*%% REV1 REVISED LCADS & MEMBER RELEASE

MEMBER STRESSES

L UNITS ARE POUN/SQ INCH

mEMB
7

8

283

e -2 & s

W N

L[ I

LD SECT

.O
1.00
.0
1.00

AXIAL

18.1
18.1
13.5
13.5

6.0
0.0
109.9
109.9
81.6
51.6
109.9
109.9
bl.6
1.6
138.7
138.7
80.4

OOOQGQOOON QOO ONOORANN0 OO0 NACCNHEE AanMar

BEND-Y
112.2

[
o

81
2448

=
-9
o

BPOMOROO OO RONOLOOONCOCODOD oMo

25612

[
W
o =
o W

e
oy
OO VWO MROUMOPRPOWODOOW OO

LI I D I Y T I T R R S T SR T

i T o S = S S Ry W
%) A R NN =N
[ ] - . - L[] L] - - L ] [ ] [ ] L[] . ] L] -

~J
(=]
CHONMOOMONQOOC OO NCHROD

0
* ® ® 8 ® = ® 8 9 @

~]
[=)
OCWOoOROCNOMNNOD OO ROCNOVMOWOROROW

BEND-2
807

ID:

COMBINED

8203.9
18.1
180.1
13.5

3325.6
0.0
4264.9
109.9
27871.0
51.6
4907.1
109.9
28513.2
51.6
3605.2
138.7
27211.3
80.5
224.9
58.3

8159.9
0.0
8342.5
23.6
8276.3
10.1
8345.6
23.6
8279.4
10.1
8355.3
31.6
8289.1
l18.1
180.1
13.5

273.1
272.9
1270.2
271.9
18699.2
271.9
772.4
271.9
19196.9
271.9

~= PAGE NO.

SHEAR-Y SHEAR-Z
868.5 12.1
868.5 12.1

0.0 17.9
0.0 17.9
357.7 0.0
357.7 0.0
359.0 g88.0
359.0 88.0
359.0 2633.7
i59.0 2633.7
359.0 157.1
359.0 157.1
359.0 2702.7
359.0 2702.7
358.1 14.8
358.1 14.8
358.1 2560.5
358.1 2560.5
0.0 17.9
0.0 17.9
877.8 0.0
877.8 0.0
876.5 18.4
876.5 18.4
876.5 12.7
B76.5 12.7
876.5 18.7
876.5 18.7
876.5 13.1
876.5 13.
877.4 18.1
877.4 18.1
877.4 l12.4
877.4 12.4
0.0 17.9
0.0 17.9
0.0 0.0
c.0 0.0
154.7 15.8
154.7 15.8
3027.4 l120.6
3027.4 l20.6
69.7 15.8
69.7 15.8
3112.4 120.7
3112.4 120.7
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80K~-LONG CRYOPUMP SUPPORT

*¥*% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER STRESSES

L UNITS ARE POUN/SQ INCH

-.£EMB

10

11

12

LD SECT

<]
7

w

® N U s w g o oo

[

.0
l.00
.0
1.00
.0
1.00

.0
1.00
.0
1.00

AXIAL

272.5
272.5
272.5
272.5
0.0
0.0

272.5
272.5
350.9
350.9

- 1281.5

1281.5
307.3
307.3

1325.1

1325.1
304.7
304.7

1327.7

1327.7

11.5
11.5

281.2
281.2
282.2
282.2
282.2
282.2
282.2
282.2
282.2
282.2
281.5
281.5
281.5
281.5

0.0

0.0

280.9
280.9
225.5
225.5
1406.9
1406.9
181.2
181.2

o0da0000 HSA000000QNNONO000 OO0SHO00SAMNHEANONNN FJE0A00

BEND-Y

303.0
0.0
1101.8

o

~]
0
FOAMNMWOGMRNNDONOR (= W)

u
™
.

>
[ LI ¢ ]
I -}

= [

w 8]

o \D !
WHENNFRFHRNRPOMNMOO o

L] » [ ] . L) . - [ ] [ - [ ] -

6695,.5

4853.8

[
[
w

|
[ \S]

- (-

L B T

o ©O o
00 QEOFROOQOMOUCOOOROOD

~}
o

190

'u.l
e I
v O

[ ] . . - L) L] [ L] » - L] [ - . . [ ]

(=0 OCRRONOWOWOoOoOOrO0O

BEND-2Z

5]
~J

[
o«
= 8]
W U

o~ OrROGRO O

O OrRONO

564.8
4773.9
11049.4
91.8
254.6
4907.5

©11359.6

81.6
230.9
4917.7
11383.2
35.2
81.8

[+)
-3

Qe OFRFOUONOMODWVOOOWOO

-
jle]
N
|

- - L] L]

[
et
N9

1977

=
w

-~
w Qo

o
W
L] L] . [ ] - [ - L] L] -

o OFHFOMNOWOMNOWONOoOWOW

[

5120.5
12015.5
326.8
716.5

COMBINED

945.7
272.5
19631.0
272.5
929.9
0.0

290.5
272.6
1138.5
916.7
10347.1
-12338.1
960.7
562.9
10524.9
12691.9
2227.9
538.7
12940.,9
12722.3
4900.5
101.4

281.5
281.2
2430.8
282.2
20259.0
282.2
2936.4
282.2
20764.7
282.2
2290.1
281.5
20118.4
281.5
929.8
0.0

299.4
281.0
9562.1
642.3
1088¢9.1
13429.7
9654.1
913.1

-= PAGE NO.

SHEAR~Y SHEAR-Z
63.2 51.8
63.2 51.8

3118.9 188.2
3118.9 188.2
22.4 136.4
22.4 136.4
0.4 0.0
0.4 0.0
19.9 14.1
19.9 14.1
398.8 108.0
398.8 108.0
8.7 14.1
8.7 14.1
410.0 108.0
410.0 108.0
7.9 46.3
7.9 46.3
410.9 168.5
410.9 168.5
2.9 122.1
2.9 122.1
0.0 0.0
0.0 0.0
110.0 257.1
110.0 257.1
3292.1 120.6
3292.1 120.6
196.3 257.1
196.3 257.1
3378.4 120.7
3378.4 120.7
18.5 324.6
18.6 324.6
3200.6 188.2
3200.6 188.2
22.4 136.4
22.4 136.4
0.5 0.0
0.5 0.0
14.9 230.1
14.9 230.1
433.7 108.0
433.7 108.0
26.3 230.1
26.3 230.1
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80K-LONG CRYOPUMP SUPPORT
**% REV1 REVISED LOADS & MEMBER RELEASE

MEMBER STRESSES

———— ——— T ——— — —

UL UNITS ARE POUN/SQ INCH
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1D SECT

5
6
7
8
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2152.0
2152.0
2152.0
2152.0
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2149.8
2149.8
2149.8

0.0
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2169,5
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-=- PAGE NO. 23
ID: Process Systems Internatio

COMBINED SHEAR-Y SHEAR-Z
11069.7 445.0 108.0
13789.1 445.0 108.0
11868.4 2.9 290.6

358.6 2.9 290.6
13102.9 421.6 168.5
13053.5 421.6 168.5

4900.5 2.9 122.1
101.4 2.9 122.1
2157.5 0.0 0.3
2148.8 0.0 0.3
7954.0 20.8 173.8
2152.0 20.8 173.8
8712.9 63.3 117.1
2152.0 63.3 117.1
8045.5 20.9 177.1
2152.0 20.9 177.1
8799.5 63.3 120.4
2152.0 63.3 120.4
8463.5 28.6 177.4
2149.8 28.6 177.4
11467.0 112.7 120.7
2149.8 112.7 120.7
9356.9 84.1 179.3
0.0 84.1 179.3
2181.5 0.0 0.3
2172.7 0.0 0.3
15064.8 147.4 184.1
2169.5 147.4 184.1
9007.3 63.3 127.4
2169.5 63.3 127.4
15152.9 147.4 187.5
2169.5 147.4 187.5
9095.4 63.3 130.7
2169.5 63.3 130.7
17630.3 196.8 180.5
2171.7 196.8 180.5
11572.8 112.7 123.8
2171.7 112.7 123.8
9357.0 84.1 179.3
0.0 84.1 179.3

0.6 0.1 0.0
10.6 0.1 0.0
514.9 6.9 1.7
443.4 6.9 1.7
9622.7 138.4 l12.6
7021.4 138.4 12.6
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B80K~LONG CRYOPUMP SUPPORT -= PAGE NO. 24
**%* REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

MEMBER STRESSES

——— ———— — ———— " A

L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
4 .0 60.7 T 38.7 153.6 253.1 3.0 1.7
1.00 60.7 T 156.4 62.8 280.0 3.0 1.7

5 .0 2729.4 C 296.1 6859.1 29884.6 142.3 12.6
1.00 2729.4 C 1195.7 3259.7 7184.9 142.3 12.6

6 .0 55.0 T 127.0 139.2 321.3 2.7 5.4
1.00 55.0 T 513.0 56.0 624.0 2.7 5.4

7 .0 2735.1 C 461.8 6873.4 10070.4 142.6 19.7
1.00 2735.1 C 1865.2 3266.5 7866.8 142.6 19.7

8 .0 19.6 T 334.8 49.4 403.8 1.0 14.3
1.00 19.6 T 1352.1 23.4 1395.1 1.0 14.3

lé 1 .0 0.5 C 0.0 0.2 0.7 0.1 0.0
1.00 0.5 C 0.0 10.4 106.9 0.1 0.0

2 .0 96.9 C 630.8 242.5 270.2 5.2 27.0
1.00 96.9 C 2547.6 125.3 2769.7 5.2 27.0

3 .0 2887.0 C 296.0 7255.2 10438.2 150.5 12.6
1.00 2887.0 C 1195.5 3447.7 7530.3 150.5 12.6

4 .0 172.6 C 630.8 432.8 1236.2 9.1 27.0
1.00 172.6 C 2547.8 215.4 2935.8 9.1 27.0

5 .0 2962.7 C 296.1 7445.5 10704.3 154.4 12.6
1.00 2962.7 C 1195.7 3537.9 7696.3 154.4 12.6

6 .0 l16.6 C 796.6 40.9 854.1 1.0 34.0
1.00 i16.6 C 3217.2 29.7 3263.6 1.0 34.0

7 .0 2806.8 C 461.8 7053.5 10322.2 146.3 19.7
1.00 2806.8 C 1865.2 33sz.2 8024.1 146.3 19.7

8 -0 12.6 T 334.8 49.4 403.8 1.0 14.3
1.00 19.6 T 1352.1 23.4 1395.1 1.0 14.3

17 1 .0 0.0 T 0.0 235.2 235.2 32.6 0.0
1.00 0.0 T c.0 0.0 0.0 32.6 0.0

2 .0 150.8 T 0.0 235.2 386.1 32.6 0.0
1.00 150.8 T 0.0 0.0 150.8 32.6 0.0

3 .0 150.8 T 0.0 235.2 386.1 32.6 0.0
1.00 150.8 T 0.0 0.0 150.8 32.6 0.0

4 .0 150.8 T 13.4 235.2 386.5 32.6 1.9
1.00 150.8 T 0.0 0.0 150.8 32.6 1.9

5 .0 150.8 7T 13.3 235.2 386.5 32.6 1.8
1.00 150.8 T 0.0 0.0 150.8 32.6 1.8

6 .0 151.9 T 0.0 235.2 387.2 32.6 0.0
1.00 151.9 T 0.0 0.0 151.9 32.6 0.0

7 .0 151.9 7T 0.0 235.2 387.2 32.6 0.0
1.00 151.9 T 0.0 0.0 151.9 32.6 0.0

8 .0 0.0 C 0.0 0.0 0.0 0.0 0.0
1.00 0.0 C 0.0 0.0 0.0 0.0 0.0

kkkkkkhkkkkkkdd END OF LATEST ANALYSIS RESULT *kkdkkikkdkddk
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80K-LONG CRYOPUMP SUPPORT

**%% REV1 REVISED LOADS & MEMBER RELEASE
123. PARAMETER
124. CODE AISC
125. FYLD 45999.969 MEMB 9 TO 16
126. WSTR 21000. MEMB 9 TO 16
127. WMIN 0.188 MEMB 9 TO 16
128. CB 1. MEMB 9 TO 16
129. CMY 1. MEMB 2 TO 16
130. MAIN 0. MEMB 9 TO 16
131. RATIO 1. MEMB 9 TO 16
132. CHECK CODE MEMB 9 TO 16

== PAGE NO. 25
ID: Process Systems Internatio
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80K~-LONG CRYOPUMP SUPPORT == PAGE NO. 26
**% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

STAAD-III CODE CHECKING - (AISC)
Kkhkhkhhhhhkhkhkhhkhhkkhhd

-»LL UNITS ARE - POUN INCH (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION
9 ST TUB 40408 PASS AISC- H1-3 0.711 7
1733.39 ¢C 6775.87 112278.68 0.00
10 ST TUB 40408 PASS AISC- H2-1 0.469% 7
8444.14 T 41177.49 =30243.98 0.00
11 ST TUB 40408 PASS AISC- H1-3 0.752 5
1794.96 C 4343.61 121623.43 0.00
12 ST TUB 40408 PASS AISC- H2-1 0.500 5
9229.55 T ~-44.49 -75833.83 61.00
13 ST TUB 40203 PASS AISC- H1-3 0.466 7
4342.57 C 4223.81 -11832.89 0.00
14 ST TUB 40203 PASS AISC- H1-3 0.689 6
4386.84 C 6318.01 -20667.28 0.00
15 ST TUB 40408 PASS AISC~ H1-3 0.415 7
17395.39 C 2840.21 -42271.46 0.00
16 ST TUB 40408 PASS AISC- H1-1 0.435 5
18843.05 ¢ 1820.79 -45789.59 c.00

133. SELECT WELD MEMB 9 TO 16
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80K-LONG CRYOPUMP SUPPORT
*%% REV1 REVISED LOADS & MEMBER RELEASE

STAAD-III WELD DESIGN
hkkhkkdkhhhhhhhhhdkhdhk

ALL UNITS ARE -~ INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

9 STA l 5/16 18375.66
7 150.58 2495.08 18204.86

9 END 1 3/16 4205.951
7 250.96 4158.47 577.80

10 STA 1 3/16 20684 .52
7 360.32 683.50 20670.08

10 END 1 3/16 20348.55
7 360.32 683.50 20333.88

11 STA 1 5/16 19443.06
5 96.52 2702.74 19254.05

11 END 1 3/16 4546.98
5 160.87 4504 .57 598.32

12 STA 1 3/16 20953.01
7 360.32 697.86 20938.28

12 END 1 4/16 16543.3%
5 173.24 510.28 16534.57

13 STA 1 3/16 9077.15
7 26.82 75.13 9076.80

13 END 1 3/16 1932.65
5 26.76 42.17 1932.00

14 STA 1l 3/16 13827.59
6 40.11 131.22 13826.91

14 END 1 3/16 1954.53
6 40.11 131.22 1949.71

15 STA 1 3/16 17122.02
7 797.70 961.49 17076.38

15 END 1 3/16 13745.29
7 797.70 961.49 13688.40

16 STA 1 3/16 18204.29
5 511.39 700.43 18183.61

16 END 1 3/16 14028.17
7 797.70 966.48 13972.08
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80K-LONG CRYOPUMP SUPPORT ~= PAGE NO. 28
*¥%% REV1 REVISED LOADS & MEMBER RELEASE ID: Process Systems Internatio

STAAD-III WELD DESIGN
hkkkhkkhrhkhhhhhhhkdx

ALL UNITS ARE - INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

khkkkhkkkhkkkkkkkkk® END OF TABULATED WELD DESIGN #%kkkdkhkhkhkhhihihk

134. FINISH

kkkkdkkkkhkkkkkr®t END OF STAAD-TIT *hdkddddddhkdkdhd

**%% DATE= APR 16,1996 TIME= 11:48:27 *%%%

khkhkkhkhkkhkhhhhhkhkhhhhhhkhhhhhkhhkhhhdhhdhhhhhddhdhhhhdhkhtit

* For guestions on STAAD-III, contact: *
* Research Engineers, Inc at *
* Ph: (714) 974-2500 Fax: (714) 921-2543 *

kkkhkhkdkhdhkdhhkhtrhhdkhhhkhhhkhkthhhhhhhhhkddhdhhhhdhdhkhktdd
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COMPRESS 5.51 C:\COMPRESS\CRYOPMPS\80KLWGHT.VSL Mar. 13, 1996
Weight Summary

COBPORARE ===-mseccssccmmme———————— Weight (1bs) Contributed by Vessel Elensnts -=-eew=ceeseeercese=——————————
Hetal MHetal Trays Packed Insul Lining Piping Ladder Rings oper Test Hozzle
New Corx Beds & plat & Misc Liguid Ligquid & flg
a0k 1ft £&d hd 667 667 o o o o [4] o o [+ 1432 136
80kl jacket 2579 2579 [+] 2] O [+ [+] o 427 [+ 25450 6
80k rt £&d hd €67 557 1] ] a o [+] a o [+ Ld32 136
Lft bm tube flg az9 329 (] o o [+] L] [+] [+3 [+] [+ a
Rt ba tube flg 329 a2y 2] 2] o o 4] o o ] Q (o}
4571 4571 [+] [+] L] Q Q Q 427 [+] 2834 278
Vessel operating weight, corroded: 5,276 lbs
Vessel eapty welght, corroded: 5,276 1bs
Vessel enpty welght, new: 5,276 1lbs
Vvessel test weight, new: 33,590 ibs
Vessel center of gravity location (from right weld seam)
Vessel lift weight, new: 5,278 bs
Center of gravity to seam: 70.9 in
Page 1
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-045

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 4

REV. | DEO# | DATE [ BY: CHECK | TITLE:

0 or7/ 425460 Uk e L

ION PUMP

BY: W.Bilynsky | 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: 1. Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F.

REFERENCES:
1. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria
2. Roark and Young's Formulas for Stress and Strain fifth edition

CALCULATIONS:
( See Attached )

CONCLUSIONS:
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PROJECT: | | Yacoum EQuement [BROIECTNO: V55049
PURPOSE: SRR gouy o A,

METHOD: . 1

* JMPTIONS:

INPUTS:

REFERENCES:

CALCULATIONS: (SEE ATTACHED)

CONCLUSTONS:
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1.0 OBJECTIVE

The objzclive of this calculation is to perform the structure! design and anslysis of Adapter
A1 (727 x 44 °) assembly shown in Drawing V049-4-A1 using the oplional "Sight-Port”
reducing flange concepl,

2.0 METHOD OF ARALYSIS | COMPUTER PROGRAMS 8 VERSION

The Following computer progrems are used in the execution of this calculation:
1. IMAGES-3D Finite Element Analysis Program, Version 2.0
2. COMPRESS Computer Aided Pressure Vessel Design, Version 4.2

The reducing flange sub-assembly is analyzed as an Axisymmetric finite element model o
determine the minimum thickness (not less than 17 to maintain a vacuum seal at the “O™
Fings under a full vacuum loed and the end load effects ( pressure and spring force) of the
Letlows.

The Jacking bolt assembly is analyzed as a plale and shell finite element partial model io
siza the lug and 1o determine the shell displacements al the bellows weld to ensure the
weld is not damaged by local bending during equipment servicing. No pressure loads are
applied in this analysis because this compoenen! is operated during inslaliation or
equipment servicing only.

The Jacking lug / shell interface is qualified by the nozzie shell analysis (WRC-107) sub-
routineg in COMPRESS. ¥

Welds are sized by traditional manual calculations found in standard engineering texts.

3.0 GENERAL ASSUMPTIONS

1. Al bellows engineering date and geometry are assumed and must be verified once
vendor information becomes available.

4.0 REFERENCES

1. ASME Boiler end Pressure Vessel Code, Section Vill, Division |, 1895 Edition
2. Roark & Young, Formulas for Stress and Sfrain, Fifth Edition
3. Blodgeit, Design of Welded Structuses

4. Welding Research Council, Bulletins 107 & 297, Local Stresses in Spherical and
Cylindrical Shells due to Exiemnal Loadings.

t Y H - AN B TR A
5. LIGO Vacuum Equipment Structural Design Criteria v Revision No. 0

Doc. No. V049-1-046

6. AISC Steel Construction Manual Pace 2 of 0




5.0 CONCLUSIONS

The separaiion of the flange faces fram bending under operating loads is 2.8 £-04 " at the
ouler "O™-Ring. The “O™-Ring pre-compression is from 0,058 to 0.080" , hence the
vacuum seel is maintained.

The maximum stress intensity in the flange is 845 psi st node 132.

The maximum stress intensity in the shell is 2568 psi under operating loads and is 39134
psi < 48500 psi allowable during instaliation edjacen! 1o the Jacking Lug.

The maximum loca! radial displacement &t the bellows/fshell weld is 0.0144" near the
Jacking Lug during installation and has no significant effect on the bellows altachment
veeld.
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vight (o) 1384 Comlestial Software Inc. =
GROMETRY Version 2.0 07/01/50G
JACKING LUG DEFLECTICONES
X-Coord. ¥Y-Coord. Z-Coord.
1. 69793E+01 2.76875E+01 -2.73444E+04Q
1.784950E+01 2.31875E+01 -2.732444E+C0
I.TE“CCE*L1 JAGETEE+OL -2.73444E+00
1.789G60E+01 Z.618758+01 -2.73444E+00
1.78250E+01 2.76875E+Ql ~2.73444E+00
1.88127E4+01 2.216875E+01 —1 EZ2544E+00
1.8 2.46875E+01 -1.£2544E+00
1 z.618755+01 HI.BEEFGE.OJ
i, Z.78B75Z2+01  ~1.8Z2544E+Q0
1. 0 2.21875E+01 -9 12720E-02
1 +51 Z.66RT7SE+CGL -2.12720E-01
1. +03 2.61E87ER+01 ~-9.12720E-D1
i +01 2.788758-01  -95,12720E-01
i +01 2.318755+01 0.C0C000E+00
1. +01 2.4868758+01 Q.00000E+00
1. +01 2.G1ETIRE 0N 53.00000E+0C
: +03] 2.7687LE+0L O0.02000B+00
PLATY DLEMERNT CONNECSTIVITY
& Mt Shear Web
¥ oMo, Thickness Lran Thickness
12 S 1.8758-01 S817E+Q0
13 12 1.878E-01 LB1I7E+0Q
i4 1 1.875E-01 S17E+00
1 1.875E-0G1 TE+0D
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1.875E-01
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1.87SE-01

LQtOT-‘D

93E+0Q0
.983E+CO
3.893E+00
.993E+00
3.817E+QOD
3.817E+00
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s . .

02/14,95
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QBOE+00 M+B
08QE+00 [M+BE
089E+00 M+B
08CE+00 M+B

o3}
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fa)
o
-J
—
]
(o}

.GE0E+0D
-6G0E+00
.6G0DE+00
.GGOE+0Q0

-875E-01
-875E-01
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OUAD 18 e 20 30 29 1 1.875E-01 3.38ZE+00 9.983E-01 M+B
GUAD 1 21 2z 32 3 1 1.875E-01 3.817E+0C0 9.543E-01 M+EB
QURD 20 2z 23 33 3z 1 1.875E-01 3.817E+0Q0 S.543E-01 M+B
QDUARD zZ1 2z 24 s4 33 1 1.87EE-01 Z.817E+0Q0 $.543E-01 M=E
QingG 2z ey 23 I 34 1 1.873E-G 3.8178+00 9.54ZE-0G1 M+bh
QURD 27 ' 2 35 3E i 1.873E-01 Z.8393E+040 5.9832E-01 M+B
DULD LG Z 37 3¢ 1 1.8758-01 3.99ZE+00 ©L,9E23E-01 M+B
OURD a5 2B ZE 37 11.875E-01 S.8CSE+QD %.25ZE-01 M+B
QUAD “6 29 39 JE 3IL8TLE-01 ZL893E400 G5.983E-01 »+B
QUAD 27 =0 44 29 1 1.2875E-01 2,%93E+00 ©.983E-01 M+B
QUAD 28 LA 42 41 1 1.875E-D1 Z.81T7R+00 ©.543E-C1 H+B
SUAD =8 33 4z 4z 1 1.87ZE-GQ1 Z.BITE+DD 9.543E-01 M+B
CUAD 20 34 4 43 TILETEE-GL ZLELTVEAGO 9. E4ZE~-01 M+B
QUAD 23 . ] 24 i 1.87BE-CI Z.E81TELQD 9.5422-01 H+E
GrinG 2% 45 43 T3.8T7RE-01 3.6 co 9.922F-01  M+E
oooR 32 47 45 L1.8758-01 3.9 Q %.98ZE-01 M+B
B 24 47 47 1 1.872E-01 2.9 I.G82E~-01 M+B
QLAD 35 A 43 43 i PLBVEE~-GY 3.#¢ 9.383E-01 M+b
QUAD 1e 5 490 5 45 1 5L.875E-01 Z.933E+00 GL.eBIE~-01 M+E
QURLD 37 95 1 =2 5l 1 1.875E-01 ©.264E+CO £.284E-01 M+B
QUARL 28 G Bz 5i 1 1.8%5E-Q1 £.3648+90 E.204E-01 M+EB
CUAD 34 47 18 54 a2 I 1.875E~01 6.364E+0G0 S.2G4E-01 M+B
DUAL 40 2 43 IR O 1 1.875LE-01 &£.3648+00 H.ZG4E-01  M+B
DUAD 41 3 10 56 55 1 I.87BE-0G1 ©.364E+00 £.254E~-01 M+B
CUARD 4z 51 = a8 57 1 1.875E-01 4,.243E+00 G.I26E-01  M+b
SURD 4z 52 53 59 55 1 1.875E-01 4.Z243E+00D i.395E-01 M+E
QUAD 44 53 54 &0 5¢ 1 1.873E-01 4.243E+00C L39CE~-Q1  M+E
SUALD 45 54 38 £1 20 i .27ZE~01 4.,243E+00 .395E-01 M+B
QURD 4G 55 56 £2 61 1 .375E-01 4.243E+00 -3S6E-01 HM+B
QUAD 47 57 58 &4 53 1 1.875E-01 3.660E+00Q .089E+0Q0C M+B
SUAD 438 5 59 a5 &4 1 1.875E-01 2.660E+00 .089E+0C M+B
QUAD 432 5 60 GS 65 1 1.873E-01 3.660E+00 .O089E+00 M+B
QUAD S0 &0 5} &7 56 1 1.875¥-01 2.660E+00 LO89E+0C M+B
QUAD 51 51 62 68 67 1 1.875E-01 3.660E+00 QESE+00 M+B
QUAD 52 63 G4 70 564 1 1.875E-01 3.650E+00 .089E+0C M=:E

1 3

3

3

3

3

3

LR I L S o e e el o SR SR SR ]
FJHHHHHHHHHHHLQ\Q',O
1]

LUAD 57 &4 7 76 s 1 1.875E-01 3.660E+00 LG89E+00 M+B
oo 58 RAY. H T 76 1 1.873E-01 3.6060E+00 .GEOE+00 M+B
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CTHEZE GEOMETREY Version 2.0 07/061/90

ARAFTER &-71 JRIOXKING LUG REFLECTIONS

Plate Node s Mat Shear Web Aspect Plate
No. I J K L No. Thickhess Area Thickness Katio Tyne

QUAD 59 71 72 78 77 1 1.87B5E-01 3.6G0E+00 1.089E+00 1+B
DUAD BC 72 73 7% 78 1 1.875E-01 2.660E+00 1.089E+00 M+E
OURD 63 7 74 B8O 79 1 1.B75E-01 3.650E+00 1.089E+00C M+B
QUAD 62 73 76 &2 &1 1 1.87SE-01 4.243E+00 9.396E-01 M:B
ouURD 63 74 7 8% 827 1 1.073E-01 §.243E+400 9_395E-01 M+B
QUAD 77 TE B4 83 1 1.87%E-0! 4.243E-00 $.23EE-01 M+B
QURD FB79 25 g4 1 1.875E-G1 4.243E+00 4.295E-01 M<E
TUAD T3 80 36 85 1 1.87SE-01 4.243E400 $.3%6E-01 M+B
CURD 81 82 8E 87 1 1.875E-01 4.243E+00 G.Z9EE-01 M+B
QUAD 82z 82 83 8B 1 1.875F-01 4.243E+00 2.395E-C1 MN+B
QUAD & A3 84 9L &9 1 1.&7SE-01 4.243E+00 9.395E-01 M+B
DURD 70 34 &5 21 30 1 1.875E-01 4.243E+00 9.395E-01 ii+B
QURD 71 2386 %2 31 1 1.8752-05 4.243E:00 9.3%6E-01 M:B
QURD 72 5% 94 102 101 1 3.873E-01 S.708E-01 8.59%E-91 M+B
Fonn 7 94 9% 163 102 3 1.275E-01 9.708E-01 £.500E-01 M+B
o 74 35 96 104 102 1 1.%7SE-01 $.708E-GI §.599E-01 M+B
BT 35 ©7  10% 144 1 1.875E-01 1.040E+00 Q214801  M+B
OUAL TA ©7 52 196 10% 1 1.875E-01 1.040E+00 9.214E-01 M+B
QUAD 77 $¢  w% 197 108 1 1.875E-01 1.940E+Q0 9.214E-01 M+E
GuURD 7% $% 190 108 107 1 1.87SE-01 1.040E+00 C.214E-01 HM+B
QURD 7% 101 102 1106 169 1 1.875E-01 $.708E-01 £.SI9E-01  M+B
OUAT 80 102 102 111 130 1 1.875E-01 $.708E-01 8.539E-01 +E
QUAD £ 103 i04 112 111 1 1.6VEE-OL 9.708E-0 $.5G5E-01  M+B
QUAD 22 104 195 112 1312 1 1.875E-01 1.040E+00 5.214E-C1 M43
QUARD &2 105 166 114 113 1 3.875E-01 1.04CE+00 $.214E-01 M+E
QUAD &4  10& 107 115 134 1 1.875E-01 1.040E+00 9.214E-01 M+B
QURL 85 107 108 116 115 1 1.875E-01 1.040E+00 9.214E-01 M+B
QUAD 86  10% 130 118 117 1 1.87SE~01 2.708E-01 §.599E-01 M+E
Quab 87 110 111 119 118 1 1.875E-01 9.708E-O01 8.599E-G1 M+B
QuAD 86 113 112 120 116 i 1.875E-01 9.708E-01 8§.599E-01 M+B
QUAD 89 112 113 121 120 1 1.875E-Q01 1.040E+00 9.214E-01 +B
QUAD 90 113 114 122 121 1 1.875E-01 1.040E+00 9.214E-01 M+B
QUAD 91 114 115 123 122 1 1.875E-01 1.040E+00 9.214E~01 M+B
QUAD 92 115 116 124 123 1 1.875E-01 1.040E+00 9.214E-01 M+B
GUAD 93 117 11& 126 125 1 1.875E-01 9.70BE-01 §.599E-01 M+E
QUAD 94 116 119 127 126 1 1.875E-01 9.708E-01 8.599E-01 1+B
QUAD 95 119 120 128 127 1 1.875E-01 9.708E-01 8.599E-01 M+E
QUAD 96 1206 121 129 128 1 1.875E-01 1.C40E+00 9.214E-01 M+B
QUAD 97 121 122 130 129 1 1.875E-01 1.040E+00 9.214E-01 M+B
ouUalb 98 122 123 131 13 1 1.875E-01 1.040E+00 9.214E-01 M+B
D 99 122 124 132 131 1 1.875E-01 1.040E+00 9.214E-01 M+B
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-051
WESTBOROUGH, MA - CALCULATIONS PAGE 1 OF 7
REV. | DEO# | DATE [BY: CHECK { TITLE:
0 ory/ 4755 [\t | AGR
ADAPTER A-5
BY: W. Bilynsky ] DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049
PURPOSE;:
Evaluate flanges/plates for external pressure loading due to non-standard spool
to flange/plate fitup. Verify acceptance of 17 plate.
METHOD: _
Hand calculations utilizing Roark and Young’s Formulas for Stress and Strain
ASSUMPTIONS: ( See Attached )
INPUTS: 1. Vacuum pressure = 14,7 psi
2. Design Temperature = 400 F.
REFERENCES:
1. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria
2. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels.
3. Roark and Young’s Formulas for Stress and Strain fifth edition
Y, Dog, Me, VOYS /oD e C o Asacrza &4/
CALCULATIONS:
( See Attached )
CONCLUSIONS:
1” thick adapter plates for transition spool pieces 60 x 30 are acceptable.
NOTES: Spool piece A-5 has been voided , 77~ cfce  ss rrnET L2
L TSy sl Aap s P A o A etk & Aad B
- T B 2 E e LT
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1- v< 7

. WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 37

REV. | DEO# | DATE |BY: CHECK | TITLE: ADAPTER A-7

0 213/ f{//?ﬁ I £ &~

BY: | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:  Determine spool/adapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
nngs.

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

ASSUMPTIONS:

INPUTS: 1. Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F.

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

Systems, Inc.
v

2 T et - g & L /e #’:’?/._ju'n P P PP ,9-4 =g, s r Lt
. . i <z

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for adapter A-7 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 V049-1-016, 017, 018, & 019.
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COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

!

C:ACOMPRESS\PUMPS\A-7.VSL

Apr. 19, 1996

| P | T | MAWP | HAP i Pe | Do-99 | UCS—66 |Corrosion |
Identlifier | design | design | | |external| Ratfic | MDMT Exemption or |Allowancef

| (psi) {(deg Fy | (psi) | (psi) | (psi) | | (deg F) Stress Reduction | {in)
i | | ! I | | | |
A~7 CYLINDER | 0.0 | 0.0 | 146.4 | 146.4 | 6.7 | 1.000 ¢ Not applicable | 0.000 |
nl ROZZLE #1 | 0.0 | o.0 | al.8 | 2.0 | 14,7 | 1.000 | Not applicable } 0.000 |
n2 HOZILE #2 | 0.0 | 0.0 | 94.6 | o4.4 | 14.7 | 1.000 | Not applicable | ©.000 |
73.25™ CVR PLT | 0.0 | o.0 | 19.2 | 1%9.2 | | 1.000 | Hot applicable | 0.000 |
60.5" CYLINDER | 0.0 | a.o | 87.5 | B7.6 | 19.7 | 1.000 | Not applicable | 0.000 |
60.5" FLNG | .o | 0.0 | 1B.4 | 18.4 | | 1.000 | Mot applicable | 0.000 |
72.25" FLNG | o.0 0.0 | 0.2 | 0.2 | | 1.000 | Mot applicable | 0.000 |

Stiffener Rings

Support Ring

14.7
14.7

Vessel MAP new & cold is 10.22 psi @ O degrees F.

Vessel MAWP hot & corroded is 10.22 psi @ 0 degrees F.

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

Hydrotest pressure calculation based on Pe

Vessel hydrotest pressure is 22 psi.

3.21.1996

= 1.5*Pe*1 = 22 psi

Revision No.

0
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COMPRESS 5.53

C:\ACOMPRESS\PUMPS\A-7_VSL

Weight Summary

Apr. 19, 1996

CORpPONant -t e s e e er———— Weight (1bs) Contributed by Vessel Elements —=-rrm————r————mrre
Metal Hetal Trays Packed Insul Tining Piping Ladder Rings Qper Test Nozzle
Mew Coryr & sup Beds & plat & Mizc Liquid Liquiag & flg

A=7 cylinder 3496 3496 a [«] 2} 4] [+] o 241 o 20854 3

73.25% ovr plt 1680 1680 L2} [+] 1] (o] Q ° o 2] (1] [

60.5" cylinder 280 280 o o o [+] o o o o 2802 o

60.5" fing 625 625 [+] 1] 2] [+] o [+ o [+] 2] o

72.25" flng 1264 1264 [4] o o ) o 4] ] o o o}
7345 7345 1] ] o o +] [+] 241 [+ 23656 3

Vessel operating weight, corrvoded: 7,594 lbs

Ves=zal empty weight, corroded: 7,594 lbs

Vessel enpty weight, new: 7,594 lbs

Vesnel. test welight, new:

31,250 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new:
Center of gravity to seam:

3.21.1996

7,595 lbs
81.71in

Revision No. 0
Doc. No. V049-1-052
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COMPRESS 5.53

Nozzle oD th
mark tin) (in)
nl 14.00 0. 2500
nz 10.00 0.2500

C:A\COMPRESS\PUMPS\A-7.VSL

Nozzle Summary

Reg tn NHon t Rag t User t Corr AajAr
(in) Al?  A27 (in) (in} (in) (im) (1)

0.1997 ¥ ¥ 0.37%0 D.2008 0,0000 100.0

O.2054 ¥ Y ©.3750 0. 2008 0.3750 O. 0000 100.1

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
User t - local vessel wall thickness (near opening)

Aa-  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr -

3.21.1996

corrosion allowance on nozzle id.

Apr. 19, 1996
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996
Nozzle Schedule

Noztle Service Size HMaterlals

nark RNozzle Inpact? Norm? Fad Inpact? Horm? Flange
__________________________________________________________________________________________________________________
ni nozzle #2 13.50 IDx0.25 EA 240 304L HIGH n

na nozzle #2 °.50 IDx0.25 SA 240 204AL HIGH n

Revision No. 0
3.21.1996 Doc. No. V049-1052
Page & of 37




COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996

Thickness Summary

Component ip Length Nonm t Reqg t Joint Governlng Daflect
Identirier (in) (in) (in) (in) E Load Status Stress (in)
A=7 eylinder 72.25 140.88 0,3750 Q.2007 O.85 external

72.25" cvr plt 1.3750 0.0000 O.B5 internal

&60.5Y cylinder &0 .50 27.00 00,1875 0n.1587 O0.85 axternal

Nom t - vessel wall thickness i .
Regt - 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 governs
seismic - combined long stress due to STATUS + seismic governs

Revision No. 0
3.21.1996 Doc. No. V049-1-052
Page 9 of 37




COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996
A-7 CYLINDER

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

External design pressure: Pe= 147 psi@ 400 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography:  Category A joints - Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) type 1

Estimated weight: new = 3495.5  corr = 3495.5 Ib
capacity: new = 2500.36 corr = 2500.36  US za

ID = 7225 length Lc= 140.88 t = 0.375 in (new)

MAP: _ (New & at 0 deg F) UG-27(c)(1)

P = S*E*/(R + 0.6%t) - Ps
= 16700*0.85%0.375/(36.125 + 0.6*0.375)- 0
= 146.4409 psi

MAWP: (Corroded & at O deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6%) - Ps
= 16700*%0.85*%0.375/(36.125 + 0.6*0.375) - 0

= 146.4409 psi

External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 48/73 =0.6575 Do/t = 73/0.20078 = 363.582
From table G: A = 0.000305
From table HA-3: B = 4034.1

Pa= 4*B/(3*Dolt)
= 4*4034.1/(3*73/0.20078)

= 14.7939 psi
Design thickness for external pressure Pa = 14.7939 psi:

= t + Corrosion

=0.20078 + 0

= 0.20078 in
Maximum Allowable External Pressure: (Corroded @ 400 deg F)

L/Do = 48/73 =0.6575 Do/t = 73/0.375 = 194.6667

From table G: A = 0.000772

From table HA-3: B = 5369.9

Revision No. 0

3.21.1996 Doc. No. V049-1-052
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COMPRESS 5.53

Pa= 4*B/(3*Doft)
= 4*5369.9/(3%73/0.375)
= 36.7801 psi

3.21.1996

C:\COMPRESS\PUMPS\A-7.VSL
A-7 CYLINDER

Apr. 19, 1996
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COMPRESS 5.53

C:ACOMPRESS\PUMPS\A-7.VSL

NOZZLE #1

Opening nl 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 =] |<-
Tl d ="
twl—>| (<
AN \
AV VA
A
—— L —>|

A-7 CYLINDER
.3751n

0 psi

Not installed

SA 240 304L HIGH

0 degrees
38 in
0in
1.5in

corrosion allow = 0 in

noz thick new tn= .25 in
nozzle id. new d= 13.5 in
fillet weld twl = .25 in
groove weld tw2 = .25 in

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

Nozzle required thickness
trn = P*Rn/(Sn*E - 0.6*P)

= 91.83556%6.75/(16700*1 - 0.6*91.83556)

= 0.0372 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)

= 91.83556*36.125/(16700*1 - 0.6*91.83556)

= 0.1993 in

Area required

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

fr]l = lesser of 1 or Sn/Sv so frl
fr2 = lesser of 1 or Sn/Sv so fr2

3.21.1996

1
1

Apr. 19, 1996
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996

NOZZLE #1

A = d*u*F + 2*tn*tr*F*(1 - frl)
= 13.5%0.1993*1 + 2%0.25%0.1993*1*(1 - 1)
= 2.6906 in"2

Area available

Al = larger of the following = 2.372in"2

= G*(E1*-F*tr) - 2%tn*(E1*t-F*u)*(1-fr1)
= 533%(_1*92.375-1*0.1993) - 2%0.25%(1*0.375-1%0.1993)*(1-1)
= Z. mn

= 2*(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*try*(1-frl)
= 2*(0.375+0.25)*(1*0.375-1*0.1993} - 2*0.25*(1*0.375-1*%0.1993)*(1-1)
=.22in"2
A2 = smaller of the following = (.266 in"2
= 5*(tn - trn)*fr2*t
5%(0.25 - 0.0372)*1*0.375
.399in"2
= 5%(tn - trn)*fr2*tn
= 5%(0.25 - 0.0372y*1*0.25
= .266in"2

A41 = Leg"2*r2
= 0.2572%] = .063 in"2

Area = Al + A2 + A4l
= 2.372 + 0.266 + 0.063
= 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):

HoH

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in

t1 or 2(min) = lesser of 0.25 or 0.7*tmin, t1{min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actual) = 0.25 in

tl + 2 = 0.425 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0372in (E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.1993 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.328125 in

The greater of tr2 or tr3: tr5 = 0.1993 in

The lesser of tr4 or tr5: tr6 = 0.1993 in

3.21.1996

Revision No. 0
Doc. No. V049-1-052
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COMPRESS 5.53 C:A\COMPRESS\PUMPS\A-7.VSL
NOZZLE #1

Req’d per UG-45 is the larger of tr1 or tr6 = 0.1993 in
Available nozzle wall thickness new, th = 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 = 11690 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 = 44965.59 Ibf

(3) Nozzle wall in shear
(P1/2y*Mean nozzle dia. *tn*Sn = 1.57*13.75%0.25%¥11690 = 63089.47 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*14*0.25%12358 = 67907.21 Ibf

Loading on welds per UG-41(b)(1)

W= (A- %d - 2*U§)*(2El*t - F*r))*Sy
(2.6906 - (13.5 - 2%0.25)*(1%0.375 - 1*0.1993))*16700
6788.55 Ibf

]

WI-1 = (A2 + AS + A4l + A42)*Sy
g%.266 + 0 + 0.063 + 0)*¥16700

94.3 Ibf

3

2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr1)*Sv

§0.266 + 0 + 0.063 + 0 + 2*0.25%0.375*1)*16700
625.55 Ibf

Load for path 1-1 lesser of W or W1-1 = 54943 Ibf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 6788.55 Ibf
Path 2-2 Thru (1), (4) = 44965.59 + 67907.21 = 112872.8 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)}(2).

|

W

"l v3

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 13.5in
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

3.21.1996

Apr. 19, 1996
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL
NOZZLE #1

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 92.03197%6.75/(16700%1 - 0.6%92.03197)
= 0.0373 in

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 92.03197*36.125/(16700*1 - 0.6*92.03197)
= 0.1997 in

Area required

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

fr] = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = d*tr*F + 2*tn*tr*F*(1 - fr1)
= 13.5%0.1997*1 + 2%0.25%0.1997*1*(1 - 1)
= 2.696 in"2

Area available

Al = larger of the following = 2.367 in"2
= d*EI*t-F*tr) - 2*tn*(E1*t-F*r)*(1-fr1)
= %33%;(_1 *%375-1*0.1997) - 2*0.25%(1*0.375-1*0.1997)*(1-1)
= 2.367 in

= 2¥(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

Apr. 19, 1996

= 2*%(0.375+0.25)*(1*%0.375-1%0.1997) - 2*0.25%(1*0.375-1%0.1997)*(1-1)

.2191in"2
A

b2

= smaller of the following = {.266in"2

5%(tn - tm())*fr2*t
5%(0.25 - 0.0373)*1*%0.375
399 in"2

5%(tn - trn)*fr2*tn
5%(0.25 - 0.0373)*1#0.25
266 in"2 |

A4] = Leg 212
= 0.25"2*1 = .063 in"2

Area = Al + A2 + A4l
= 2.367 + 0.266 + 0.063
= 2.696 in"2

e

As Area > A the reinforcement is adequate for MAP = 92.03197 at 0 Deg F

3.21.1996
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COMPRESS 5.53 CACOMPRESS\PUMPS\A-7.VSL
NOZZLE #1

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

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in

tl or t2(lmin) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2{actual) = 0.25 in

tl + 2 = 0.425 > = 1.25%tmin

The weld sizes for t1 and {2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): tr]l =0.0373in(E = 1)
Wall thickness per UG-45(b)(1): r2 = 0.1997 in

Wall thickness per UG-16(b). tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): trd = (0.328125 in

The greater of tr2 or tr3: tr5 = 0.1997 in

The lesser of tr4 or tr5: tré6 = 0.1997 in

Req’d per UG-45 is the larger of tr] 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 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 joints:

(1) Inner fillet weld in shear
(P1/2)*Nozzle 0.D.*Leg*Si = 1.57*%14*0.25%8183 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia. *tn*Sn = 1.57*13.75%0.25*%11690 = 63089.47 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*14*0.25%12358 = 67907.21 Ibf

Loading on welds per UG-41(b)(1)

W = (A - (d - 2*¥tn)*(E1*t - F*tr))*Sv
= (2.696 - (13.5 - 2*0.25y%(1*0.375 - 1*0.1997))*16700
= 6965.571 Ibf

Wi-1 = (A2 + AS + A4l + A42)*Sv
= (0.266 + 0 + 0.063 + 0)*16700

= 5494.3 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*¥tn*t*fr1)*Sv

3.21.1996
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= (0.266 + 0 + 0.063 + 0 + 2*0.25*0.375*1)*16700
= 8625.55 Ibf

Load for{gath 1-1 lesser of W or W1-1 = 5494.3 Ibf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for leath 2-2 lesser of W or W2-2 = 6965.571 Ibf
Path 2-2 Thru (1), (4) = 44965.59 + 67907.21 = 112872.8 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

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*(tn-Cn-C) = .625 in

Nozzle required thickness
L/Do = 1.5/14 = 1071 Do/t = 14/0.02658 = 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*14/0.02658)
= 14,7651 psi
Nozzle required thickness trn = 02658 in

Required thickness tr from UG-37(d)(1) = .2008 in

~ Area required

Allowable stresses: Sn = 14700, Sv = 14700, psi
1

1

fr1 = lesser of 1 or Sn/Sv so frl =
fr2 = lesser of 1 or Sn/Sv so fr2 =

A = 0.5%(d*tr*F + 2*m*r*F*(] - frl))
0.5*(13.5*0.2008*1 + 2*0.25*0.2008*1*(1 - 1))
1.3554 in"2

Area available

Al = larger of the following = 2.352in"2

= d*(BE1*t-F*tr) - Z*m*(El*t-F*tr)*(l-frlg
= ésjgz(_l*pz.a 5-1*0.2008) - 2*0.25%(1*0.375-1*0.2008)*(1-1)
= Z. in

= 2¥(t+tn)*(E1*-F*tr) - 2%m*(E1*-F*tr)*(1-fr1)
Revision No. 0
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22*(2.375;0.25)*(1*0.375-1*0.2008) - 2*%0.25%(1*0.375-1*0.2008)*(1-1)
i8in~

A

N

= smaller of the following =(0.279in"2

5*(tn - trn)*fr2*t
5*(0.25 - 0.02658)*1*0.375
.419in"2

5*(tn - trn)*fr2*tn
5*(0.25 - 0.02658)*1*0.25
279 in"2

A4l = Leg"2%f12
= 0.2572*] = .063 in"2

Area = Al + A2 + A4l
= 2.352 + 0.279 + 0.063
= 2.694in"2

o

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): trl =(0.02658in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0361 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.328125 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr? 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 Pr = 2250 Ibf

Circeumferential moment Mc = 378.5 Ibf-ft

Circumferential shear Ve = 126.5 Ibf

Longitudinal moment ML =378.5 Ibf-ft

Longitudinal shear VL = 126.5 Ibf

Torsion moment Mt = 0 Ibf-ft

Internal pressure P = 0psi

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) = 1
Stress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5
I = .25%4 + 3%t/x)"2 + 3*(r/x)"4)

.223‘;(4 + 3%(6.75/7.25)°2 + 3*(6.75/7.25)"4)
214

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

Maximum combined stress =-9220 psi )
Allowable combined stress = +-3*8 = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-2445 psi )
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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From|{ VaTue | beta
Fig.{ read Au Al Bu B1 Cu C1 Du D1
3C* |6.6652 {0.169 -1101 -1101 -1101 -1101
4C* |11.967 {0.169| -1977 -1977 -1977 -1977
1C |0.0610 |0.169 -5856 5856 -5856 5856
2C-1{0.0255 |0.169| -2448 2448 -2448 2448
3A* 13,7245 (0.169 -203 -203 203 203
1A |0.0651 |0.169 -2060 2060 2060 -2060
3B* [B.5978 (0.169 -468 -468 468 468
1B-1j0.0182 |0.169 -576 8786 576 -576

pressure stress*

Total circ strass -5469 579 -3381 363 -9220 6612 -4694 2898
Primary membrane

circ stress* -2445 -2445 -1509 -1509 -1304 -1304 -898 -898
3C* [6.6652 [0.169| -1101 -1101 -1101 -1101
4C* $11.967 [0.169 ' -1977 -1977 -1977 -1977
1C-110.0529 10.169| -5078 5078 -5078 5078
2C |0.0357 |0.169 -3427 3427 -3427 3427
4A* 18.3161 |0.168 -453  -453 453 453
2A 10.0300 |0.169 -949 949 943  -949
4B* |3.7183 |0.169 -202  -202 202 202
2B-1]0.0241 |0.169 -763 763 763  -763

pressure stress*

Total long stress -7144 4538 -5214 3416 -6806 1946 -4002 954
Primary membrane

long stress* -1303 -1303 -899 -899 -2430 -2430 -1524 -1524
torsion moment Mt

Circ shear from Vc 15 15 -15 -15

Long shear from VL -15 -15 15 15
Total Shear stress 15 15 -15 -15 -15 -15 15 15
Combined stress -7144 4538 -5214 3416 -9220 6612 -4694 2898
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Opening n2 Reinforcement Calculations Per UG-37

Located on:

User input 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 = |<-
Tle=d =5
twl=>| |<
/ v \
Notwe
A
<— L —>}

A-7T CYLINDER
375 1in

0 psi

Not installed

SA 240 304L. HIGH

90 degrees
38in

0in

1.51in

0 in

.25 in
8.5 in
25 in
.25 1in

corrosion allow
noz thick new tn
nozzle id. new d
fillet weld twl
groove weld tw2

(L2 T IR TR |

To datum L= 143.88 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 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

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)

= 04.63811*4.75/(16700*1 - 0.6*94.63811)

= 0.027 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)

= 94.63811%36.125/(16700*1 - 0.6*94.63811)

= 0.2054 in

Area required

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

fr1 = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

Apr. 19, 1996

Revision No. 0
Doc. No. V049-1-052
Page 21 of 37

3.21.1996




COMPRESS 5.53 C:A\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996
NOZZLE #2

A = d*tr*F + 2%tn*tr*F*( - frl)
9.5%0.2054*1 + 2%0.25%0.2054*1*(1 - 1)
1.9513 in"2

Area available

Al = larger of the following = 1.611in"2

= dH(E1*1-F*r) - 2%n*(E1*t-F*tr)*(1-frl)
= ?.g?slfqgvs-] *0.2054) - 2%0.25*%(1*0.375-1%0.2054)*(1-1)
= 1. m

= 2%(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 2%(0.375+0.25)*(1*0.375-1*%0.2054) - 2*0.25%(1*0.375-1*0.2054)*(1-1)
=.212in"2
A2 = smaller of the following = 0.279in"2
= 5*(tn - troy*fr2*t
5*%(0.25 - 0.027)*1*0.375
418 in"2
= 5*(tn - trn)*fr2*tn
5%(0.25 - 0.027)*1*0.25
= .279in"2

Adl = Leg”2*fr2
= 0.2572*%1 = 063 in"2

Area = Al + A2 + A4l
= 1.611 + 0.279 + 0.063
= 1.953 in"2
As Area > A the reinforcement 1s 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

t1 or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actual) = 0.25 in

tl + 2 = 0.425 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.027in (E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.2054 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = (0.319375 in

The greater of tr2 or tr3: tr3 = 0.2054 in

The lesser of tr4 or tr5: tr6 = 0.2054 in
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Req’d per UG-45 is the larger of tr] 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 = 0.7*16700 = 11690 psi
Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle 0.D.*Leg*Si = 1.57*10*0.25*8183 = 32118.28 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57%9.75%0.25*11690 = 44736.17 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*10%0.25%12358 = 48505.15 Ibf

Loading on welds per UG-41(b)(1)

gd 2%tn)*(E1*t - F*tr))*Sv
1 951 (9.5 - 2%¥0.25)*(1*0.375 - 1*0.2054))*16700
095.831 Ibf

1 = (A2 + A5 + A4l + A42)*Sv
0.279 + 0 + 0.063 + 0)*16700
5711.4 1bf

2 = (A2 + A3 + A4l + Ad3 + 2%tn*t*frl)*Sy
0.279 + 0 + 0.063 + 0 + 2*0.25*0.375%1)*16700
842 .65 Ibf

Load for path 1-1 lesser of W or W1-1 = 5711.4 Ibf
Path 1-1 Thru (1) & (3) = 32118.28 + 44736.17 = 76854.45 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 7095 831 Ibf
Path 2-2 Thru (1), (4) = 32118.28 + 48505.15 = 80623.43 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

W

Il H.—-

M

W

i

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

3.21.1996
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Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 94.44759*%4.75/(16700*1 - 0.6%94.44759)
= 0.027 in

Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 94.44759*36.125/(16700*1 - 0.6%94.44759)
= 0.205 in

| Area required

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

fr1 = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fi2 =1

A = d*r*F + 2%m*r*F*(1 - frl)
= 9.5%0.205%1 + 2*0.25%0.205*1%(1 - 1)
= 1.9475 in"2

Area available

Al = larger of the following = 1.615in"2

= d*(E1*t-F*r) - 2%tn*(E1*t-F*tr)*(1-fr1)
slv.g*; 15*(1.375,1*0.205) - 20.25%(1*0.375-1%0.205)*(1-1)
. in

= 2%(t+tn)*(E1*-F*tr) ~ 2*m*(E1*t-F*r)*(1-fr1)
2;1(5)._3"{52 +0.25)*(1¥0.375-1%0.205) - 2*0.25*%(1*0.375-1%0.205)*(1-1)
. 1n

A

[\]

= smaller of the following = 0.279 in"2

*(tn - trnB)*frZ*t
*(0.25 - 0.027)*1%0.375
418'in"2

= 5*(tn - trny*fr2*tn
5%(0.25 - 0.027)*1%0.25
279in"2

A4l = Leg 2*i2
= 0.25"2%1 = .063 in"2

Area = Al + A2 + A4l
= 1.615 + 0.279 + 0.063
=1.957in"2

As Area > A the reinforcement is adequate for MAP = 94.44759 at 0 Deg F
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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 or 0.7*tmin, tl(min} = 0.175 in
tl{actual) = 0.7*Leg = 0.7%0.25 = 0.175 in

t2(actual) = 0.25 in

tl + 2 = 0.425 > = 1.25%tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.027in (E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.205 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.319375 in

The greater of tr2 or tr3: tr5 = 0.205 in

The lesser of tr4 or tr3: tr6 = 0.205 in

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 joints:

(1) Inner fillet weld in shear
(P1/2)*Nozzle 0.D.*Leg*Si = 1.57*10%0.25%8183 = 32118.28 Ibf

(3) Nozzle wall in shear
(Pi/2)*¥Mean nozzle dia.*tn*Sn = 1.57*9.75%0.25*11690 = 44736.17 Ibf

(4) Groove weld in tension
(P1/2)*Nozzle O.D *tw*Sg = 1.57%10%0.25%12358 = 48505.15 Ibf

Loading on welds per UG-41(b)(1)
W = (A - (d - 2*tn)*(E1*t - F*tr))*Sv

= g1.9475 - (9.5 - 2%0.25)*(1*0.375 - 1*%0.205))*16700
= 6972.25 Ibf

Wl-

1 = (A2 + A5 + A4l + A42)*Sy
(0.279 + 0 + 0.063 + 0)*16700
5711.4 1bf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr]1)*Sv

3.21.1996
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= §0.279 + 0 + 0.063 + 0 + 2*0.25*%0.375*1)*16700
= 8842.65 Ibf

Load forjlgath 1-1 lesser of W or W1-1 = 5711.4 Ibf
Path 1-1 Thru (1) & (3) = 32118.28 + 44736.17 = 76854.45 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for {23&1 2-2 lesser of W or W2-2 = 6972.25 Ibf
Path 2-2 Thru (1), (4) = 32118.28 + 48505.15 = 80623.43 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel walld = 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

Nozzle required thickness

L/Do = 1.5/10 = .15 Do/t = 10/0.02006 = 498.5045
From table G: A = 0.0009
From table HA-3: B = 5516.8

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(d)(1) = .2008 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

frl = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = 0.5%(d*r*F + 2*n**F¥(1 - frl))
= ogg; 9_.5j=g.2008*1 + 2%0.25%0.2008*1%(1 - 1))
= . m

Area available

Al = larger of the following = 1.655in"2
*§E1*t—F*tr - 2*tn*(E1*t-F*tr)*(1-fr1)

.G;glfq.§7 -1*0.2008) - 2*0.25%(1*0.375-1*0.2008)*(1-1)
655 in

2*(t+tn)*(E1*t-F*tr) - 24n*(E1%t-F*r)*(1-fr1)

d
9
1
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2;‘((8).3752+0.25)*(1*0.375-1*0.2008) - 2#0.25%(1*%0.375-1*0.2008)*(1-1)
218 in”

0o

A

(]

= smaller of the following = 0.287 in"2

5*(tn - trn)*fr2*t
5*(0.25 - 0.02006)*1*0.375
.431in°2

5*(tn - trn)*fr2*tn
5%(0.25 - 0.02006)*1*0.25
287 in"2

A4l = Leg"2*fr2
— 0.2572%1 = .063 in"2

Area = Al + A2 + A4l
= 1.655 + 0.287 + 0.063
=2.005in"2

0o

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): tr1 =0.02006in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0361 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.319375 n

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] 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

Apr. 19, 1996

Revision No. 0
Doc. No. V049-1-052
Page 27 of 37




COMPRESS 5.53 CACOMPRESS\PUMPS\A-7.VSL
NOZZLE #2

Applied Loads

Radial load Pr = 1155 Ibf
Circumferential moment Mc = 0 Ibf-ft
Circumferential shear Ve = 0 1bf
Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL =0 1bf
Tors10n moment Mt = O Ibf-fi
Internal pressure P = Qpsi

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) = 1
Stress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5

I = .25%4 + 3*(r/x)"2 + 3*(1/x)"4)
:22?;‘(4 + 3%(4.75/5.25)"2 + 3%(4.75/5.25)"4)
117

1 mn

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

Maximum combined stress =-4635 psi
Allowable combined stress = +-1.5*S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-1192 psi
Allowable primary membrane stress = +-1,5*%§ = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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From| Value | beta
Fig.| read Au Al Bu B1 Cu C1 Du D1
3C* [10.019 [0.12 -850 -850 -850 -850
4C* 114,051 |0.12 -1192 -1192 -1192 -1192
IC |0.0768 (0.12 -3785 3785 -3785 3785
2C-1{0.0445 [0.12 -2193 2193 -2193 2193
3A* 13.8452 |0.12
1A ]0.0776 |0.12
38* (10.2%0 (0.12
1B-1/0.0283 (0.12
pressure stress*
Total circ stress -3385 1001 -3385 1001 -4s635 2935 -4635 2935
Primary membrane
circ stress* -11%2 -1192 -1192 -1192 -850 -850 -850 -850
3C* |10.019 [0.12 -850 -B50 -850 -850 _
4C* 114.051 0.12 -1192 -1192 -1192 -1192
1C-1{0.0751 (0.12 -3701 3701 -3701 3701
20 |0.0473 {0.12 -2331 2331 -2331 2331
4A* [6.9979 (0.12
2A 10.0391 |0.12
4B* |3.8031 |0.12
2B-110.0391 |0.12
pressure stress*
Total long stress -455]1 2851 -4551 2851 -3523 1139 -3523 1139
Primary membrane
Tong stress* -850 -850 -850 -850 -1192 -1192 -1192 -1192
torsion moment Mt
Circ shear from Vc
Long shear from VL
Total Shear stress
Combined stress -4551 2851 -4551 2851 -4635 2935 -4635 2935
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL
73.25" CVR PLT

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Flat welded head

Material specification: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1

Estimated weight: new = 1680.3  corr = 1680.3 b

OD=7325 t=1.375 in (new)

Factor C = .26

Note: Factor C increased per UG-39(d)
Design thickness: (At 0 deg F) UG-34 eq (1)
t = d*Sqr(C*P/(S*E)) + Corrosion
= 33‘_.25*Sqr(0.26*{]/(16700*0.85)) + 0
=Qin
MAP: {(New & at O deg F)
P = (S*E/C)*(t/d)"2 - Ps
= (16700*0.85/0.26)*(1.375/73.25)"2 -0
= 19.2377 psi
MAWP: (Corroded 0 deg F)
P =(ES*E/C)* t/d)"2 - Ps

6700%0.85/0.26)*(1.375/73.25)"2 -0
19.2377 psi

1}
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COMPRESS 5.53 C:ACOMPRESS\PUMPS\A-7.VSL
60.5" CYLINDER

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

External design pressure: Pe= 14,7 psi@ 400 deg F

Corrosion allowénce: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Category A joints - Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 279.9 corr = 279.9 Ib
capacity: new = 336.01  corr = 336.01 US ga

ID =60.5 length L¢= 27 t = 0.1875 in (new)

MAP: (New & at 0 deg F) UG-27(c)}(1)

P = S*E*t/(R + 0.6*t) - Ps
= 16700%0.85%0.1875/(30.25 + 0.6*0. 1875) -
= 87.65953 psi

MAWP: (Corroded & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6%t) - Ps
= 16700*0.85*0.1875/(30.25 + 0.6*0.1875) - O

= §7.65953 psi
External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 34.72917/60.875 =0.5705 Do/t = 60.875/0.15876 = 383.4404
From table G: A = 0.000322
From table HA-3: B = 4261.2

Pa= 4*B/(3*Doft)
= 4¥4261.2/(3%60.875/0.15876)
= 14.8174 psi

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 = 34.72917/60.875 =0.5705 Do/t = 60.875/0.1875 = 324.6667

From table G: A = 0.000417
From table HA-3: = 4818.4
3.21.1996

Apr. 19, 1996
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL
60.5" CYLINDER

Pa= 4*B/(3*Dolt)
= 4*4818.4/(3*60.875/0.1875)
= 19.7881 psi

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL
Stiffener Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Stiffener Rings

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 40 in

Ring spacing: 88 in

Ring description: 2x2x1/4 Egual Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 0.938in"2

Ring moment of inertia: Ir= 0348in"4

Calculations for ring 40 in from datum

Shell material specification: SA 240 304L HIGH-
Required shell thickness: t = 0.20078 in
Corroded shell thickness: ts = 0.375in

Shell outer diameter: Do =73 in

Design temperature: = 400 deg F

External design pressure: P = 14.7psi

Stiffener supported length: Ls = 30.15625 in

B = .75%(P*Do/(t + As/Ls))
= T5*(14.7*73/(0.20078 + 0.938/30.15625))
= 3470.799
From table HA-3 (ring) A = 2.627857E-04
Required moment of inertia of the combined ring-shell section
Is= {Do" Z*Ls*g t + As/Ls)*A)/10.9
= (73 2*30.15625*(0.20078 + 0.938/30.15625)*2.627857E-04)/10.9
= .8984013 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = §.755324
W = 1.1*Sar(Do*ts
= 1.1*Sqr(73*0.375)
= 5.755324 in
W = Ls = 30.15625 in
Shell area Al = W*ts = 2,158247 in"2

Distance to the ring neutral axis

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7.VSL Apr. 19, 1996
Stiffener Rings

Y2 = Ring NA + ts/2
= 1.408 + 0.375/2
= 1.5955 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.5955/(2.158247 + 0.938)
= 4833527 in
Inertia of the shell about the combined section NA

I1 = W*t5"3/12 + A1*NA"2
= 5.755324*0.37573/12 + 2.158247*0.4833527"2
= .5295227 in"4

Inertia of the ring about the combined section NA
2 =1Ir+ As*(NA - Y2)"2

0.348 + 0.938%(0.4833527 - 1.5955)"2
1.508186 in"4

Total available I = 11 4+ 12 = 2.037708 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 128 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.20078 in
Corroded shell thickness: ts = 0.375in

Shell outer diameter: Do =73 in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 39.94 in

B = .75*(P*Do/(t + As/Ls))
= ,75%(14.7%73/(0.20078 + 0.938/39.94))
= 3588.719
From table HA-3 (ring) A = 2.716277E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= 573“2*39.94*(0.20078 + 0.938/39.94)*2.716277E-04)/10.9
.189497 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 5.755324
W = 1.1*Sqr(Do*ts)

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\PUMPS\A-7_ VSL

Stiffener Rings

1.1%Sqr(73*0.375)
5.755324 in

W =1Ls =399 in
Shell area Al = W*ts = 2.158247 in"2

ot

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
= 1.408 + 0.375/2
= 1.5955 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.5955/(2.158247 + 0.938)
= 4833527 in
Inertia of the shell about the combined section NA
I1 = W*i5°3/12 + A1*NA"2
= 5.755324*%0.375°3/12 + 2.158247%0.4833527"2
= .5295227 in"4
Inertia of the ring about the combined section NA
I2 =1Ir + As*(NA - Y2)"2

0.348 + 0.938%(0.4833527 - 1.5955)"2
1.508186 in"4

Total available I = 11 + 12 = 2.037708 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.
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Support Ring

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

I1dentifier: Support Rin

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 1

Distance first ring to datum line: 88 in

Ring description: 4x3x1/4 Un Equal Ang
Ring is rolled: leg in (hard way)

Ring cross sectional area: As = 1.69in"2

Ring moment of inertia: Ir= 2.77in"4

Calculations for ring 88 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 020078 in
Corroded shell thickness: ts= 0.375in
Shell outer diameter: Do = 73 in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 44 in
B= .75*5P*D0/(t + As/Ls))
= .75*(14.7*73/(0.20078 + 1.69/44))
= 3364.806

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

= 573‘2*44*(0.20078 + 1.69/44)*2.548358E-04)/10.9
311215in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 5.755324
W = 1.1*Sgr(Do*ts)
= 1.1*8qr(73*0.375)
= 5.755324 in
W =Ls =44in
Shell area A1 = W*ts = 2.158247 in"2
Distance to the ring neutral axis

Y2 = Ring NA + ts/2

3.21.1996
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Support Ring

= 2.76 + 0.375/2
= 2.9475 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.69*%2.9475/(2.158247 + 1.69)
= 1.294427 in
Inertia of the shell about the combined section NA
Il = W*t5"3/12 + A1*NA"2
= 5.755324*0.375°3/12 + 2.158247*1,204427"2
= 3.641525in"4
Inertia of the ring about the combined section NA
I2=1Ir + As*(NA-Y2)"2
= 2.77 + 1.69%(1.294427 - 2.9475)"2
= 7388177 in"4
Total available I = I1 + 12 = 11,0297 in"4

The 4x3x1/4 Un Equal Ang vacuum stiffener 1s satisfactory.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1- 053

WESTBOROUGH, MA CALCULATIONS PAGE10F |
REV. |DEO# | DATE |[BY: | CHECK | TITLE: SPOOL B-1 (72 in)
0 23] [ GRl5 wob |15 =

BY_ W B‘L\.‘JM\ [ DEPT. 744
PROJECT: LIGO Vacuum Equipment PROJECT NQ: V59049

PURPOSE:  Determine spool/adapter 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 code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS.

INPUTS: 1. Vacuum pressure = 14,7 psi
2. Design Temperature =400 F,

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

Systems, Inc. P -
3N« T-)-04¢ L7580 FAevumn TG Srdoer, Dgssa,y Comae.

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS:  The requirements of the ASME Code are met for spool B-1 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 V049-1-016, 017, 018, & 019.
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996

Pressure Summary

Pressure summary for pressure chamber 1

i [' P [ i MAWP | MAP |  Pe | vs-93% | UCS—-66 jCorrosion|
| Ydentifier | design | design | | |enternal| Ratio | MDMT Exsmptlon or |Allewance|
i | (psiy |(deg F) | (psi) | (psi) | (psiy | | tdeg F) Stress Reduction | (in) 4
| I | | 1 | I | | I
{ Spocl B-1 72" aia | c.o | 0.0 | 97.8 | 97.8 | 22.8 | 1.000 | | Hot applicable | 0.000 |
| 72.25" id Flange 1 0.0 | 0.0 | 17.5 | 17.5 | { 1.000 | | Mot applicable i 0.000 |
i 72.2%" id Flange | 0.0 | 0.0 | 17.5 | 17.5 | | L.000 | | Hot applicable | 0.000 |
| sSupport Rings ; | | | | 14.7 | | | |
1 ! | |

| | | 1 |
Vessel MAWP hot & corroded 1s 17.53 psi @ O degrees F.

Vessel MAP new & cold is 17.53 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrees F.
Hydrotest pressure calculation based on MAWP

= 1.5¥(MAWP + Operating Liquid Head)*1 = 26.3 psi

Vessel hydrotest pressure is 26.3 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP.
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996
Weight Summary

Component -----————————-—————en Weight (1bs} Contributed by Vesszal Elepents —--r---—————s-meem e —mmaaa
Matal Neta) Trays Packed Ingul Lining Piping Ladder Rings Opar Test MNozile
Hew Coxr & sup Beds & plat & Misc Liquid Liguid & flg
Spool b-1 72" d 1982 ron2 (4] [+] [+] 0 [+] o 229 Q 17763 1]
72.25" ia flang 840 &40 [+] o o o [+
72.25" 14 Flang 840 840 o ] o o e} o o [+} o
3662 3662 [a] (<] o [s] o 2] 229 0 17763 [+]
Vessuel operating welght, corroded: 3,891 lbs
Vessel eppty weight, corroded: 3,891 1bs
Vessel enpty weight, news 3,891 lbs
Vecsel test welght, new: 21,654 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 3,891 Ibs
Center of gravity to seam: 60 in

W
Netg: Frasie \.&aw«'\' o BALET O A D TR TLLE
hetusde FLAMGE TrLilehs whe BE s .
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Thickness Summary

Apr. 19, 1996

Deflect
Stress {in)

Conponant I Length Nom t Req t Jaint Governing
Identifierxr (inm) {in) (iny (in) E Load Status
Spool b-1 72" dia 72.25 120.00 0.2500 0.1869 ©.8% external

Nom t - vessel wall thickness
Reqt - 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 governs
seismic - combined long stress due to STATUS + seismic governs

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996
Spool B-1 72" dia

ASME Section V111 Division 1, 1992 Edition, A94 Addenda

Ed%?é%%lllilgéciﬁcation: ‘(S: liznfgr.’SML HIGH

External design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = Outer= 0 in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) type 1

Estimated weight: new = 1981.6  corr = 1981.6 Ib
capacity: new = 2129.779 corr = 2129.779 . US ga

ID = 72.25  length Lc= 120 t=0.25 in(new)

MAP: (New & at 0 deg F) UG-27(c)}(1)

P = S*E*t/(R + 0.6*t) - Ps
= 16700%0.85%0.25/(36.125 + 0.6*0.25) - 0
= 97.82909 psi

MAWP: (Corroded & at Q deg F) UG-27(c)(1)
P = S*E*t/(R + 0.6%t) - Ps

= 16700%0,85*%0.25/(36.125 + 0.6*0.25) - 0
= 97.82909 psi

External Pressure: {(Corroded & at 400 deg F) UG-28
L/Do = 40/72.75 =0.5498 Do/t = 72.75/0.18693 = 389.1831
From table G: A = 0.000325
From table HA-3: B = 4301.3

Pa= 4*B/(3*Do/t)
= 4*4301.3/(3*72.75/0.18693)
= 14,7362 psi

Design thickness for external pressure Pa = 14.7362 psi:

= t + Corrosion

=0.18693 + 0
= (.18693 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 40/72.75 =0.5498 Do/t = 72.75/0.25 = 291
From table G: A = 0.000503
From table HA-3: B = 4980

Revision No. 0
3.21.1996 Doc, No. V049-1-053
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COMPRESS 5.53 C:ACOMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996
Spool B-1 72" dia

Pa= 4*B/(3*Dol/t)
= 4*4980/(3*72.75/0.25)
= 22.8179 psi

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL
Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Supgort Rings

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 40 in

Ring spacing: 40 in

Ring description: 4x3x1/4 Un Equal Ang
Ring is rolled: leg in (hard way)

Ring cross sectional area: As = 1.69in"2

Ring moment of inertia: Ir= 2.77in"4

Calculations for ring 40 in from datum

Shell material specification: SA 240 304L. HIGH
Required shell thickness: t 0.18693 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: D 7
Design temperature: 4
External design pressure: P 1
Stiffener supported length: Ls = 4

B = .75*(P*Do/(t + As/Ls))
= .75*(14.7%¥72.75/(0.18693 + 1.69/40))
= 3499.733
From table HA-3 (ring) A = 2.649556E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (72.75°2*40%(0.18693 + 1.69/40)*2.649556E-04)/10.9
1.

179368 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.691149
W = 1.1*Sqr(Do*ts
= 1.1*Sqr(72.75*%0.25)
= 4.691149 in
W =Ls =40in
Shell area Al = W*ts = 1.172787 in"2

Distance to the ring neutral axis

3.21.19%6

Apr. 19, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996
Support Rings

Y2 = Ring NA + ts/2
= 2.76 + 0.25/2
= 2.8851n

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.69*2.885/(1.172787 + 1.69)
= 1,703113 in
Inertia of the shell about the combined section NA
Il = W¥ts"3/12 + AI*NA"2
= 4.691149%0.25°3/12 + 1.172787*1.703113"2
= 3.407887 in"4
Inertia of the ring about the combined section NA
12 =_Ir + As éNA Y2)'2
=277 + 1. 9*(1 703113 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 80 in from datum identical to ring 40 in from datum.

Revision No. 0
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1. 053
WESTBOROUGH, MA CALCULATIONS PAGE10F |5
REV. [DEO# |DATE [BY: | CHECK | TITLE:

E SPOOL B-1 (72 in)
YR-Yi 35//‘5',/5‘ Wom | D e—

BY: W. BLL...‘J«.,.\ | DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049
PURPOSE:  Determine spool/adapter 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 code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.31.
ASSUMPTIONS:
INPUTS;

1. Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F.

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

r -
3 KOG bt 788 HACwar TR A (aser Dzivi.y Cora,e..:

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-1 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 V049-1-016, 017, 018, & 019.
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COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

CA\COMPRESS\MANIFOLD\B-1.VSL

Apr. 19, 1996

| I P | T | HAWP | MAP | Pe | ug-a9 | UCS—66 |corrosion |
f Identifier | design | design | | |external| Ratio | MDMT Exemptlon or | Allowance|
| | tpsi) |tdeg F) | (psi} | (psi) | (psi) | | tdeq F) Stress Reduction | ¢iny |
| | f | ! | | I | |
| spook B-1 72" Aia | 0.0 | 0.0 | 97.8 | 97.8 | 22.8 | 1.000 | | Hot applicable | ©.000 |
| 72.25% 14 Flange | 0.0 | 0.0 | 17.5 | 17.5 | | 1.000 | | Not appllicable i 0.000 |
| 72.25" 1d Flange b 0.0 | 0,0 | 17.5 | 17.5 | { 1L.000 | | Rot applicable { 0.000 |
| Support Rings | i | | | 24.7 | | | | t
I \ !

| 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.

Hydrotest pressure calculation based on MAWP
= 1.5*(MAWP + Operating Liquid Head)*1 = 26.3 psi

Vessel hydrotest pressure is 26.3 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP.

3.21.1996

Revision No. 0
Doc. No. V049-1-053
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL
Weight Summary

Apr. 19, 1996

CORPONENE ~r = mnmms s s e e s e e m o welght (lbs) Contributed by Vessue] Flements ——-----resssmmsosoe———-oo-==--
Metal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Tast Nozzle
New Corr & sup Bods & plat & Misc Liguid Liquid & flg
Spool b-1 72" d 1582 1942 a [+] o [a] o [+] 229 1+ 17763 [+}
72.25" id rlang 8B40 840 o =] [+] o [+] o o Q o
72.25* id flang 840 B840 o [+] L) ] [&] 2] o [+] o
3662 3B62 ] o o L] < o 229 o 17763 o
vessel operating welght, corroded: 3,891 lbs
Vessel eppty weight, corroded: 3,891 1bs
Vessel enpty weight, new: 2,851 lbs
Vaessel test weight, new: 21,654 1bs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 3,891 Ibs
Center of gravity to seam: 60 in

W
NotE: Fuamie \Ae.ww L BAHET O A D TRL Pk

hume FLADLE Trachlghsy Wi & Leoe

3.21.1996

Revision No. 0
Doc. No. V049-1-053
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL

Thickness Summary

Componant 1D Length Hom t Req t Joint Coverning
Identifier (in) {in) (in) (in) E Load 5tatus
Spool b-1 72" dia TE. 25 120.00 0. 2500 0.1869%9 0O.85 external

Nom t - vessel wall thickness
Reqt - 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 governs
seismic - combined long stress due to STATUS + seismic governs

3.21.1996

Apr. 19, 1996

Daflect
Strees (in)
Revision No. 0

Doc. No. V049-1-053
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996
Spool B-1 72" dia

ASME Section VIII Division I, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

External design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type 1

Estimated weight: new = 1981.6  corr = 1981.6 Ib
capacity: new = 2129.779 corr = 2129.779 US ga

ID =72.25 length L¢= 120 t=10.25 in (new)

MAP: (New & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6*1) - Ps
= 16700%0.85%0.25/(36.125 + 0.6%0.25) - 0
= 97.82909 psi

MAWP: (Corroded & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6*%() - Ps
= 16700*0.85%0.25/(36.125 + 0.6%0.25) - 0

= 97.82909 psi

External Pressure: {Corroded & at 400 deg F) UG-28
L/Do = 40/72.75 =0.5498 Do/t = 72.75/0.18693 = 389 1831
From table G: A = 0.000325
From table HA-3: B = 4301.3

Pa= 4*B/(3*Do/t)
= 4*4301.3/(3*72.75/0.18693)

= 14.7362 psi
Design thickness for external pressure Pa = 14.7362 psi:

=t + Corrosion

= 0.18693 + 0

= (0.18693 in
Maximum Allowable External Pressure: (Corroded @ 400 deg F)

L/Do = 40/72.75 =0.5498 Do/t = 72.75/0.25 = 291

From table G: A = 0.000503

From table HA-3: B = 4980

Revision No. 0

3.21.1996 Doc. No. V049-1-053
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996
Spool B-1 72" dia

Pa= 4*B/(3*Do/t)
= 4*4980/(3%72.75/0.25)
= 22.8179 psi

Revision No. 0

3.21.1996 Doc. No. V049-1-053
Page 8 af 10




COMPRESS 5.53

CACOMPRESS\MANIFOLD\B-1.VSL

Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1,

1992 Edition, A94 Addenda

Identifier:

Ring material specification:
Number of rings in this group:
Distance first ring to datum line:
Ring spacing:

Ring description:
Ring is rolled:
Ring cross sectional area:

Support Rings

SA 240 304L HIGH
2

40 in

40 in

4x3x1/4 Un Equal Ang
leg in (hard way)

As = 1.69in"2

Ring moment of inertia: Ir 2.77in"4

Calculations for ring 40 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.18693 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 72.75 in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 40in

B = .75%(P*Do/(t + As/Ls))
= .75%(14.7%72.75/(0.18693 + 1.69/40))
= 3499.733

From table HA-3 (ring) A = 2.649556E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

= (72.75°2*40%(0.18693 + 1.69/40)*2.649556E-04)/10.9
= 1.179368 in"4

Available moment of inertia of the combined ring-shell section

= 4.691149

Shell width contributing smaller of
W = 1.1*Sqr(Do*ts
= 1.1*8qr(72.75*0.25)
= 4.691149 in
W =Ls=40in
Shell area A1 = W*ts = 1.172787 in"2

Distance to the ring neutral axis

3.21.1996

Apr. 19, 1996

Revision No. ¢

Doc. No. vo49.1.953
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL
Support Rings
Y2 = Ring NA + ts/2
= 2.76 + 0.25/2
= 2.885 in

Neutral axis of combined section

NA = As*Y2/(Al + As)
= 1.69*2.885/(1.172787 + 1.69)
= 1.703113 in
Inertia of the shell about the combined section NA

I1 = W*t5°3/12 + A1*NA"2
= 4,691149*0.25°3/12 + 1.172787*1.703113"2
= 3.407887 in"4

Inertia of the ring about the combined section NA
[2=1Ir+ As éNA Y2)"

=277+ 1 9*(1 703113 2.885)"2

= 5.130688 in”
Total available I = 11 + 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.

3.21.1996

Apr. 19, 1996
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-054

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 34
REV, DEO # | DATE | BY: CHECK | TITLE:
0 Dl3/ g//;/% WDB N0

SPOOL B-2 (30 in)

BY:(t/) /3,00 s, |DEPT.744

PROJECT:  LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:  Determine spool/adapter 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 code, Section VIII, Division 1,
are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS: None

INPUTS. 1. Vacuum Pressure = 14.7 psi
2. Design Temperature = 400 F,
3. lon Pump Nozzle Loads
Pr = 225001bs
Mc = Ml = 4542.0 in-lbs

Ve = VI = 1265 Ibs

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

Systems, Inc. P )
D VOGS -peg L7160 Vae, Toyse  Srevem Ofcinn Criritea

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS:  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 V049-1-016, 017, 018, 019.& 051

Revision No, ¢

Doc. No. vp19-1-054
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COMPRESS 5.53 CACOMPRESS\MODECLNR\B-2.VSL

Pressure Summary

Pressure summary for pressure chamber 1

Apr. 19, 1996

i 1 P | T | MAWE |  MAP | ra | pe~e% | UCS—66 |Corrosion|
| 1dentifier | design | design | | lexternal| Ratic | MDMT Exenption or [Allowange |
! | (psi) J(deg F) | (pal) | (psi) | (psi) | | (deg F) Stress Rsduction | tin) |
| | l— ! I | | | |
| Spool B-2 | 0.0 | 0.0 | 3.4 | 230.4 | 5i.5 | iL.oc00 | | Not applicable | 0.000 |
| €F CF w/14" od tube| o.o | .0 | 0.0 | o.0 | 14.7 | 1.000 | | Net applicable | £.000 |
| stifrener kings | | [ | io2e7 | | i ! |
| 30-1/2"i¢ Flange | 0| o | 1.2 | 10.2 | i 1.000 | [ Net applicable | 0.000 |
| 30-2/2" id Flange | 0.0 | 0.0 | 10,2 | 10.2 | | 1.000 | | Not applicable | ©.000 |
| Support Rings i | ! f | as.7 | I f \ }
| Support Ring | i | | r14.7 | | | | |

[ — e [ R | [

Vessel MAWP hot & corroded is O psi @ O 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*] = 22 psi

Vessel hydrotest pressure is 22 psi.

3.21.199%6

Revision No. 0

Doc. No. V049-1-054
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COMPRESS 5.53 C\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996
Weight Summary

Compunent ---------—-——-——— - Weignht (1bs) cContrlbuted by Vessel Elements ——-scmmmrmrrrscccaraccsmcee=s
Hetal Metal Trays FPacked Insul Lining Piping Ladder Rings Oper Test Notzle
Hew Corr & sup Beds & plat & Misc Liguid Liguid & flg
gpool b-2 IN7E 30745 Q Q o 0 239 o 11580 ]
30-1/2"id flang 153% 15239 ] o L] L+ Lt} [+] o [+] Ls]
30-1/2" id flan 1539 1539 [s] o] [+] L] 2] [4] L] Q
6153 €152 o o o (4} o o 239 o 11580 a
Vessel operating weight, corroded: 6,400 lbs
Vessel enpty weight, corroded: 6,400 1ibs
Vessel enmpty weight, new: 6,400 lbs
Vassel test weight, new: 17,980 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 6,400 1bs
Center of gravity to seam: 219.%in

Revision No. O

Doc. No. V049-1-054
3.21.1996 Page 6 of 34




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL

Nozzle Summary

Hozzle oIy tn Rog tn Mom t Reg t User ¢ Corr Aa/shr
navk tim) {in) (in) AL?  A27 (in) {in) {(inm) {in) )
CF 14.00 0. 23500 0.062% Y Y " 0.2%00 C,1445 0.2500 0 .0000 180.7

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
User t - local vessel wall thickness (near opening)

Aa - area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion aliowance on nozzle id.

3.21.1996

Apr. 19, 1996

Revision No. 0
Doc. No. V049-1-054
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COMPRESS 5.53 CACOMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996

Nozzle Schedule

Nozele Service Size Materials
mnark Nozzle Inpact? Normn? Pad Impact? Horm? Flange
CF W/l14" od tube 13.50 IDxC.25 Sh 240 304L HIGH n n

Revision No. 0
3.21.1996 Doc. No. V049-1-054
Page 8 of 34




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996

Thickness Summary

Componant ID Length Nom t Req t Jdoint Governing Deflect
Identifier {in) (in) (in) (in) E Load Status Stross {im)
S5pool b-2 30.50 439.00 0.2500 D.1444 O.85 external
Nom t - vessel wall thickness ] o
Reqt - 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 governs
seismic - combined long stress due to STATUS + seismic governs
Revision No. 0
3.21.1996 Doc. No. V049-1-054
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COMPRESS 5.53 CACOMPRESS\MODECLNR\B-2.VSL

Spool B-2

ASME Section VIH Division 1, 1992 Edition, A94 Addenda

Component: Cylinder
Matenal specification: SA 240 3041 HIGH
External design pressure: Pe= 14.7 psi@ 400 deg F

Outer= 0 in
PWHT is not performed

Corrosion allowance:; Inner C = 0

Radiography:  Category A joints-  Spot UW-11(b) type 1
Category B j,oints - Spot UW-11(b) type 1

Estimated weight: new = 3074.7  corr = 3074.7 Ib
capacity: new = 1388.487 corr = 1388.487 USga

ID =30.5 length Lc= 439 t=0.25 in(new)
MAP: {New & at 0 deg F) UG-27(c)(1)
P = S*E*t/(R + 0.6%t) - Ps

= 16700*0.85*0.25/(15.25 + 0.6%0.25) - 0

= 230.4383 psi
MAWP: (Corroded & at 0 deg F)
P = S*E*/(R + 0.6*() - Ps

= 16700%0.85*0.25/(15.25 + 0.6*0.25) - 0
= 230.4383 psi

UG-27(c)(1)

External Pressure:

L/Do = 71/31 =2.2903
From table G:
From table HA-3:

= 4*2382.1/(3*31/0.14446)
= 14.8008 psi

(Corroded & at 400 deg F)  UG-28

Do/t = 31/0.14446 = 214.5923
A = 0.000181
B = 2382.1

Design thickness for external pressure Pa = 14.8008 psi:

= t + Corrosion
=0.14446 + 0
= 0.14446 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 71/31 =2.2903 Do/t = 31/0.25 = 124

From tabie G: A = 0.000404
From table HA-3: B = 4791.6

3.21.1996

Apr. 19, 1996

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996

Spool B-2

Pa= 4*B/(3*Do/t)
= 4*%4791.6/(3*31/0.25)
= 51.5226 psi

Revision No. 0
3.21.1996 Doc. No. V049-1-054
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COMPRESS 5.53

C:\COMPRESS\MODECLNR\B-2.VSL

CF w/14" od tube

Opening CF Reinforcement Calculations Per UG-37

Located on:

User input 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 =>| |«
<= d =|
twl->| i<
A \
.\ _i_tw2 A/
A
L —>|

Spool B-2
25in

0 psi

Not instatled

SA 240 304L HIGH

0 degrees
18.1251n
0in
2.6251n

corrosion allow = 0 in

noz thick new tn= .25 in
nozzle id. new d= 13.5 in
fillet weld twl =".25 in
groove weld tw2z = .175 in

To datum L= 48 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 13.5in
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)
= 8""6.75/(16700*1 - 0.6*0)
= m

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 0*15.25/(16700*1 - 0.6%0)

=0in

Area required

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

fr1 = lesser of 1 or Sn/Sv so frl
fr2 = lesser of 1 or Sn/Sv so fr2

3.21.1996

=]
=1

Apr. 19, 1996

Revision No. 0
Doc. No. V049-1-054
Page 12 of 34




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2_.VSL
CF w/14" od tube

= d*tr*F + 2*tn*tr*F*(1 - frl)
(1)3 5*20*1 + 2*0.25%0*1%(1 - 1)
= 01in

Area available
Al = larger of the following = 3.375in"2
d¥EL*t-F¥tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

335='=(1='=(;2 25-1%0) - 2%0.25%(1%0.25-1*0)*(1-1)
5in

H

3

2*(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

2*5(0 252+0 25)*(1*0.25-1%0) - 2*0.25%(1*0.25-1*0)*(1-1)
25 im

A

2

= smaller of the following =0.313in"2

J*(tn - trn)*fr2*t
5*%(0.25 - 0)*1*0.25
313 in"2

5*(tn - trn)*fr2*tn
5*%(0.25 - 0)*1*0.25
313 in"2

Adl = Leg 2*f12
= 0.2572*1 = 063 in"2

Area = Al + A2 + A4l
= 3.375 + 0.313 + 0.063
=3.751in"2

IR

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 2(min} = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = (. 175 in

t2(actual) = 0.175 in

tl + 22 =0.35 >= 1.25*tmin

The weld sizes for t1 and 2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = Qin

Wall thickness per UG-16(b): tr3 = 0. 0625 in
Std pipe wall ,Per UG-45(b)(4) trd = 0.328125 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

3.21.1996

Apr. 19, 1996

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL
CE w/14" od tube

Req’d per UG-45 is the larger of tr] 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 = 0.74*16700 = 12358 psi

Nozzle wall in shear = 0.7¥16700 = 11690 i)
Inner fillet weld in shear = 0.49*16700 = 8183 pst

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*14*(0.25*8183 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57%13.75%0.25%11690 = 63089.47 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle 0.D.*tw*Sg = 1.57%14%0.175*12358 = 47535.05 Ibf

Loading on welds per UG-41(b)(1)

gd 2*tn)*(E1*t - F*tr))*Sv
= (0 - (13.5 - 2#0.25)%(1*0.25 - 1¥0))*16700
=- 275 Ibf

1 = (A2 + AS + A4l + A42)*Sy
= go 313 + 0 + 0.063 + 0)*16700
= 6279.2 Ibf

-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr1)*Sv
g) 61?24’ + 0 + 0.063 + 0 + 2*0.25*0.25*1)*16700
d fo

or path 1-1 lesser of W or W1-1 =-54275 Ibf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-54275 Ibf
Path 2-2 Thru (1), (421 = 44965.59 + 47535.05 = 92500.64 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel walld = 13.5in
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
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CF w/14" od tube

Nozzle required thickness

L/Do = 2.625/14 = .1875 Do/t = 14/0.02904 = 482.0937
From table G: A = 0.000746
From table HA-3: B = 5337.6

Pa= 4*B/(3*Do/t)
= 4*5337.6/(3*%14/0.02904)
= 14.7623 psi
Nozzle required thickness trn = .02904 in

Required thickness tr from UG-37(d)(1) = .1445 in

Area required

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

frl = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of ! or Sn/Sv so fr2 =1

A = 0. 5%d*r*F + 2*tm*tr*F*(1 - fr1))
0.5*%(13.5*0.1445*1 + 2%0.25%0.1445%1%(1 - 1))
= .9754 in"2

Area available

Al = larger of the following = 1.424in"2

d*(ET*-F¥1r) - 2%tn*(E1%t-F*tr)*(1-fr1)
13.5*(1*02.25-1*0.1445) - 2%0.25%(1%0.25-1%0.1445)*(1-1)
1.424 in”

= 2*(t+ tn)*(E1*t-F*tr) - 2*ta*(E1*t-F*tr)*(1-fr1)
= 2*&[5).2542-0.25)*(1*0.25-1*0.1445) - 240.25%(1*0.25-1%0.1445)*(1-1)
= 105 in"

= smaller of the following = 0.276 in"2

I

A

3

5*(tn - trn)*fr2*t
5%(0.25 - 0.02904)*1*0.25
276 in"2

= 5*(tn - trn)*fr2*tn
= 5%(0.25 - 0.02904)*1%0.25
= .276in"2

A4l = Leg 2*f12
= 0.2572*1 = .063 in"2

Area = Al + A2 + Adl
=1.424 + 0.276 + 0.063
= 1.763 in"2

i
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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): trl = 0.02904 in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0153 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std plpe wall tper UG-45(b)(4): tr4 = 0.328125 in
eater of tr2 or tr3: tr5 = 0.0625 in
The esser of tr4 or trS: tr6 = 0.0625 in

Req’d per UG-435 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.
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CF w/14" od tube

Applied Loads

Radia! load Pr = 2250 Ibf
Circumferential moment Mc = 378.5 Ibf-ft
Circumferential shear Ve = 126.5 Ibf
Longitudinal moment ML =378.5 Ibf-ft
Longitudinal shear VL = 126.5 Ibf
Torsion moment Mt = 0 Ibf-ft
Internal pressure P = Opsi

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) = 1
Stress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5
[ = .25%4 + 3*(1/x)"2 + 3%(r/x)"4)

.223’1"(4 + 3%(6.75/7.25)°2 + 3*%(6.75/7.25)"4)
214

Local circ. pressure stress = 1*P*Rm/t = Q psi
Local long. pressure stress = P*Rm/2t = 0 psi

Maximum combined stress =-19254 psi ]
Allowable combined stress = +-3*§ = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3663 psi .
Allowable primary membrane stress = +-1.5*%S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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From} Value | beta

Fig.| read Au Al Bu Bl Cu Cl Du D1
3C* |1.5557 {0.398 -911 -911 -911 -911
4C* (4.3911 |0.398( -2570 -2570 -2570 -2570

1C [0.0648 {0.398 -13997 13997 -13997 13997
2C-110.0065 [0.398{ -1404 1404 -1404 1404

3A* [1.3830 (0.398 -267  -267 267 267
1A [0.0573 [0.398 -4079 4079 4079 -4079
3B* {2.5018 10.398 -483  -483 483 483

1B-1]/0.06079 {0.398 -b62 562 562 -562

pressure stress*

Total circ stress -5019 -1087 -2929 -1245 -19254 16898 -10562 9274
Primary membrane

circ stress* -3053 -3053 -2087 -2087 -1178 -1178 -644 -644
3C* {1.5557 |0.398 -911  -%11 -911 -911 -

4C* 14.391]1 |0.398 -2570 -2570 -2570 -2570
1C-110.0160 [0.398] -3456 3456 -3456 3456

2C ]10.0300 }0.398 -6480 6480 -6480 6480
4A* 15.6652 10.398 -1093 -1093 1093 1093
2A 10.0227 |0.398 -1616 1616 1616 -1616
4B* [1.4487 0.398 -279  -279 279 279

2B-1j0.0158 {0.398] -1125 11256 1125 ~-1125

pressure stress*

Total Tlong stress -5771 3391 -2963 1699 -11759 4433 -6341 3387
Primary membrane

long stress* -1190 -1190 -632 -632 -3663 -3663 -1477 -1477
torsion moment Mt

Circ shear from Vc 23 23 -23 -23

Long shear from VL -23 -23 23 23
Total Shear stress 23 23 -23 -23 -23 -23 23 23
Combined stress -b772 4478 -2975 2944 -19254 16898 -10562 9274
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Stiffener Rings

Stiffening Ring Calculations Per UG-29
ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Stiffener Rings

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 4

Distance first ring to datum line: 60 in

Ring spacing: 119in

Ring description: 2x2x1/4 Egual Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 0.938 in"2

Ring moment of inertia: Ir= 0348in"4

Calculations for ring 60 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14446 in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do = 3l in

Design temperature; = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 54 in

B = .75%(P*Do/(t + As/Ls))
= .75%(14.7%¥31/(0.14446 + 0.938/54))
= 2111.934

From table HA-3 (ring) A = 1.606581E-04
Required moment of inertia of the combined ring-shell section
Is= (Do" Z*Ls*g + As/Ls)*A)/10.9

= (3] "2*54%(0.14446 + 0. 938/54)*1 606581E-04)/10.9
= .1237808 in"4

Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 3.06227
W = 1.1*Sqr(Do*ts
= 1.1*8qr(31*0.25)
= 3.06227 in
W=1Ls=54in

Shell area A1 = W¥*ts = 0.7655676 in"2

Distance to the ring neutral axis
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COMPRESS 5.53

Y2 = Ring NA + ts/2
= 1.408 + 0.25/2
= 1.533 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.533/(0.7655676 + 0.938)
= 8440839 in
Inertia of the shell about the combined section NA

IT = W*ts"3/12 + AT*NA"2
= 3.06227*%0.25"°3/12 + 0.7655676*0.8440839"2
= .5494371 in"4 -

Inertia of the ring about the combined section NA
I2 = Ir + As*(NA - Y2)*2

0.348 + 0.938%(0.8440839 - 1.533)°2
.7931799 in"4

Total available I = I1 + 12 = 1.342617 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 179 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14446in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P = 147 ps1

Stitfener supported length: Ls = 68in

B = .75%(P*Do/(t + As/Ls))
= .75%(14.7*31/(0.14446 + 0.938/68))
= 2159.659
From table HA-3 (ring) A = 1.642538E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (3172*68*(0.14446 + 0.938/68)*1.642538E-04)/10.9
= 155839 in"4
Available moment of inertia of the combined ring-shell section

= 3.06227

Shell width contributing smaller of
W = 1.1*Sqr{Do*ts)

3.21.1996
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Stiffener Rings

1.1%Sqr(31%0.25)
3.06227 in

W =Ls =68in
Shell area A1 = W#ts = 0.7655676 in"2

i

Distance to the ring neutral axis
Y2 = Ring NA + t5/2
= 1.408 + 0.25/2
= 1.533 in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938+*1.533/(0.7655676 + 0.938)
= .8440839 in
Inertia of the shell about the combined section NA
Il = W*ts"3/12 + A1¥NA"2
= 3.06227%0.25°3/12 + 0.7655676%0.8440839"2
= .5494371 in"4
Inertia of the ring about the combined section NA

12 =1Ir + As*(NA - Y2)"2
0.348 + 0.938*(0.8440839 - 1.533)"2
.7931799 in"4

Total available I = I1 + 12 = 1.342617 in*4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 298 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14446in
Corroded shell thickness: ts= 025in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P = 147 ps1

Stiffener supported length: Ls = 52in

B = .75*&P*D0/(t + As/Ls))

= ,75%(14.7%31/(0.14446 + 0.938/52))
= 2103.251
From table HA-3 (ring) = 1.600038E-04

Required moment of inertia of the combined ring-shell section
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Stiffener Rings

(Do 2*Ls*{t + As/Ls)y*A)/10.9

(31°2*52*(0.14446 + 0,938/52)*1 .600038E-04)/10.9
.119201 in"4

Available moment of inertia of the combined ring-shell section

= 3.06227

Is

Iy

Shell width contributing smatler of
W = 1.1*Sqr(Do*ts)
= 1.1*8qr(31*0.23)
= 3.06227 in
W=Ls=52in
Shell area Al = W*ts = 0.7655676 in"2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2
= 1.408 + 0.25/2
= 1.533 in
Neutral axis of combined section
NA = As*Y2/(Al + Asg)
= (0.938*1.533/(0.7655676 + 0.938)
= .8440839 in
Inertia of the shell about the combined section NA
I1 = W*t5"3/12 + A1*NA"2
= 3.06227*0.25°3/12 4+ 0.7655676*0.8440839"°2
= .5494371 in"4
Inertia of the ring about the combined section NA
12 = It + As*(NA - Y2)"2
= 0.348 + 0.938%(0.8440839 - 1.533)"2
= 7931799 in"4
Total available I = 11 + 12 = 1.342617 in"4
The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 417 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.144461in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P = 14.7pst

Stiffener supported length: Ls = 45.51n
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B = .75%(P*Do/(t + As/Ls))
= ,75%(14.7*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= (3D0‘2*Ls*(t + As/Ls)*A)/10.9
= (31°2%45.5%(0.14446 + 0.938/45.5)*1.575296E-04)/10.9

= ,1043164 in"4
Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 3.06227

W = 1.1*Sqr{Do*ts)

1.1*Sqr(31*0.25)

3.06227 in

W=Ls=455in

Shell area Al = W#*ts = 0.7655676 in"2

Distance to the ring neutral axis
Y2 = Ring NA + ts/2

= 1.408 + 0.25/2
= 1.533 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.533/(0.7655676 + 0.938)
= .8440839 in
Inertia of the shell about the combined section NA
I1 = W*ts"3/12 + A1*NA"2
= 3.06227%0.25°3/12 + 0.7655676*0.8440839"2
= .5494371 in"4
Inertia of the ring about the combined section NA
I2=1Ir+ As*(NA -Y2)"2
= 0.348 + 0.938*(0.8440839 - 1,533)"2
= .7931799 in"4
Total available ] = 11 4+ 12 = 1,342617 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.
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Support Rings

|
Stiffening Ring Calculations Per UG-29
} ASME Section VIII Division 1,

1992 Edition, A94 Addenda

Identifier: .
Ring material specification:
Number of rings in this group:

Support Rings
SApBgo 3041 HIGH
2 .

Distance first ring to datum hine: 108 in

Ring spacing: 136 in

Ring description: 3x3x1/4 Eﬂual Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 1.44in"2

Ring moment of inertia: Ir= 124in"4
Calculations for ring 108 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = (.14446 in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 59.5mn

B = .75%(P*Do/(t + As/Ls))

= .75%(14.7%31/(0.14446 + 1.44/59.5))

= 2026.394 ‘
From table HA-3 (ring)

A = 1.542115E-04

Required moment of inertia of the combined ring-shell section
Is= (D0 2*Ls*(t + As/Ls)*A)/10.9

= (3172*59.5%(0.14446 + 1.44/59.5)*1.542115E-04)/10.9

= .1364417 in"4
Available moment of inertia of the combined ring-shell section

= 3.06227

Shell width contributing smaller of

W = 1.1*Sqr(Do*ts
= 1.1*Sqr(31%0.25)
= 3.06227 in

W=Ls=5%95in
Shell area A1 = W*ts = 0.7655676 in"2

Distance to the ring neutral axis
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Y2 = Ring NA + ts/2
= 2.158 + 0.25/2
= 2.283 in

Neutral axis of combined section

NA = As*Y2/(Al + As)
1.44*2.283/(0.7655676 + 1.44)

1.490555 in

Inertia of the shell about the combined section NA

I1 = W*ts"3/12 + A1*NA"2
3.06227%0.25°3/12 + 0.7655676*1.490555°2

1.70489 in"4

Inertia of the ring about the combined section NA

I2 = Ir + As*(NA - Y2)"2
= 1.24 + 1.44*(1.490555 - 2.283)"2
= 2.144275 in"4
Total available I = I1 + 12 = 3.849166 in"4
The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
Calculations for ring 244 in from datum

Shell material specification: SA 240 304L HIGH

Required shell thickness: t = 0.14446 in
Corroded shell thickness: ts = 0. 25 in
Shell outer diameter: Do = 31

Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 59.51n

B = .75*%(P*Dof(t + As/Ls))
75%(14.7*31/(0.14446 + 1.44/59.5))
= 2026.394
From table HA-3 (ring) A = 1.542115E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (3172*59.5%(0.14446 + 1.44/59.5)*1.542115E-04)/10.9
= .1364417 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227

W = 1.1*Sqr{Do*ts) _
Revision No. 0
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Support Rings

= 1.1*Sqr(31%0.25)
= 3.06227 in

W=1Ls=595in
Shelt area A1 = W*ts = 0.7655676 in"2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2
= 2.158 + 0.252
= 2.283 in
Neutral axis of combined section

NA = As*Y2/(Al + As)
= 1.44*2.283/(0.7655676 + 1.44)
= 1.490555 in

Inertia of the shell about the combined section NA
I1 = W*i5°3/12 + A1*NA"2
= 3.06227*0.25"3/12 + 0.7655676*1.490555°2
= 1.70489 in"4
Inertia of the ring about the combined section NA
12 =1Ir + As*(NA - Y2)"2

=124 + 1 441, 490555 - 2.283)"2
= 2.144275'in"4

Total available I = I1 + 12 = 3.849166 in"4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
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Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Support Rin

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 1

Distance first ring to datum line: 348 in

Ring description: 3x3x1/4 Egual Angle
Ring is rolled: - leg in (hard way)
Ring cross sectional area: As = 1.44in"2

Ring moment of inertia: Ir= 1.24in"4

Calculations for ring 348 in from datum
SA 240 304L HIGH

Shell material specification:

Required shell thickness: t = 0.14446 in ‘
Corroded shell thickness: ts = 0.251in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P =147 psi

Stiffener supported length: Ls= 59.51n

B = .75%(P*Do/(t + As/Ls))
= .75*(14.7%31/(0.14446 + 1.44/59.5))
= 2026.394

From table HA-3 (ring)
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

= (31°2%59.5%(0.14446 + 1.44/59.5)*1.542115E-04)/10.9

= .1364417 in"4

Available moment of inertia of the combined ring-shell section

A = 1.542115E-04

Shell width contributing smaller of = 3.06227

W = 1.1*Sgr(Do*ts)
1.1*Sqr(31%0.25)
3.06227 in

W =Ls=2595in

Shell area Al = W*ts = 0.7655676 in"2

ol

Distance to the ring neutra! axis

Y2 = Ring NA + ts/2
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= 2.158 + 0.25/2
= 2.283 in

Neutral axis of combined section

NA = As*Y2/(Al + As)
= 1.44%2.283/(0.7655676 + 1.44)
= 1.490555 in

Inertia of the shell about the combined section NA
I1 = W*ts*3/12 + A1*NA"2
= 3.06227*0.25°3/12 + 0.7655676*1.490555"2
= 1.7048% in"4
Inertia of the ring about the combined section NA
12 =1Ir + As*(NA-Y2)"2
= 1.24 + 1.44%(1.490555 - 2.283)"2
= 2.144275 in"4

Total available I = 11 + 12 = 3.849166 in"4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
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Lug material specification = SA 240 304L High

Lug allowable stress = 24000 psi ?:x 4
Top plate width wg = 2 in

Base plate width wb = 6 in Vv
Top plate thickness t = 0.375 in A
Base plate thickness tb =0.375in

Lug length circ. direction L=06in 7 s nd i
Gusset height h =6in

Gusset thickness tg = 0.375in Fseeows
Number of lugs =4

Angular position, first lug = 90 degrees

Fillet weld size tw = 0.25 in

Force bearing width Fb=31in

Distance to load d=45in

Lug top plate required thickness, Bednar pg 153

ta = 0.75*%(VL*d* S)I(Sa* “2*h)
= 0.75*(1604*4. *6)/(24 *2 2%6)
=0.25in

Lug gusset required thickness

Sc = 18000/(1 + (1/18000)*(h/(0.289% §):2)
18000/(1 + (1/18000)*(6/( 389%0.375))°2 )
15380.89 psi

tg = VL*¥(3*d - wb)/(Sc*wb" 2*SIN5A]
= (1)6((]);;&3*4 .5 - 6)/(15380.89*6" EN(SG 31) 2)
= in

I

Lug base plate required thickness

From Escoe table 4-8
fc = VL/(Fb*L) = 89.11111 psi

Mx = Cx*fc*Gs"2
= 0.1085*%89.11111*5.25"2 = 266.4896

My = Cy*fc*wb"2
= -] 4*89.11]]1*6“2 =-397.792
tb = Sqr(6*Mmax / Sa)
= Sq3r§6*397 792 / 24000)
54 in

Check lug attachment stresses

Radial load Pr= QIbf
Circumferential moment Mc = 0 Ibf-ft
Circumferential shear Ve = 0 Ibf

e P&
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996
Bellows Lugs

Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 1604 Ibf
Internal pressure P = 0psi

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 15,375 in
Rm/t = 61.5

C1=3,C2=3375in

Stress concentration factor Kn (tension) = 1
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 = +-1.5*§ = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = 0 psi
Aliowable primary membrane stress = +-1.5*8 = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996
Bellows Lugs

From{ Value | beta
Fig.| read Au Al Bu Bl Cu C1 Du D1
3C* [3.9083 [0.222
4C* |7.5544 (0.213
1C [0.0648 [0.203
2C-110.0257 10.203
3A* 12,3818 (0.203
1A 10.0649 |0.223
3B8* [5.3623 [0.211
1B-1{0.0191 |(0.208

pressure stress*

Total circ stress
Primary membrane
circ stressg*

3C* 14.1149 (0.213
4C* |7.3854 |0.222
1C-1]0.0500 |0.215
2C [0.0334 {0.215
4A* |5.3293 |0.203
2A (0.0274 |0.237
4B* (2.3936 |0.211
2B-1|0.0268 |0.226

pressure stress¥

Total long stress
Primary membrane
long stress*

torsion moment Mt
Circ shear from Vc

Long shear from VL ~-475 -475 475 475
Total Shear stress -475  -475 475 475
Combined stress 950 8950 8950 850
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COMPRESS 5.53
Bellows Lugs

Lug material specification = SA 240 304L High
Lug allowable stress = 24000 psi
Top plate width wp = 2 in

Base plate width wb = 6in

Top plate thickness t =0.375in
Base plate thickness tb = 0.375in
Lug length circ. direction L=6in
Gusset height h=6in
Gusset thickness tg = 0.375in
Number of lugs =4

Angular position, first lug = 90 degrees
Fillet weld size tw = 0.25in
Force bearing width Fb =3 in
Distance to load d=45in

Lug top plate required thickness, Bednar pg 153

ta = 0.75*(VL*d*L)/(Sa*wp~2*h)
= 8.;5*((1604*4.5*6)/(2‘):1800*2“2*6)
= (.25 in

Lug gusset required thickness

Sc = 18000/(1 + (1/18000)*(/(0.289%g))2 )
= 18000/(1 + (1/18000)*(6/(0.289%0.375))°2)
= 15380.89 psi

tg = VL*(3*d - wb)f(Sc*wb"2*SIN(2A1§)ha)"2)
= (1]6(?;1;}3_*4.5 - 6)/(15380.89%6"2*SIN(56.31)"2)
= 0. in

Lug base plate required thickness

From Escoe table 4-8
fc = VL/(Fb*L) = 89.11111 psi

Mx = Cx*fc*Gs 2
= 0.1085%89.11111%5.25°2 = 266.4896

My = Cy*fc*wb"2

= -.174*89.11111*%6"2 =-397.792
th = Sqr(6*Mmax / Sa)

=3 r£6*397.792 / 24000)

= 0.3154 in

Check lug attachment stresses

Radial load Pr= 0Ibf
Circumferential moment Mc = 0 Ibf-ft
Circumferential shear Ve = 0 1bf

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL

Bellows Lugs

Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 1604 1bf
Internal pressure = 0 pst

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 15.375 in
Rm/t = 61.5

Cl1=3,C2=3375in

Stress concentration factor Kn (tension) = 1
Stress concentration factor Kb (bending) = 1

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

Maximum combined stress = 950 psi )
Allowable combined stress = +-1.5*S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = Q psi )
Allowable primary membrane stress = +-1.5*%S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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COMPRESS 5.53

C:A\COMPRESS\MODECLNR\B-2.VSL
Bellows Lugs

Apr. 19, 1996

C1 Du D1

From| Value | beta
Fig.| read

3C* [3.9083 |0.222
4C* |7.5544 |0.213
1C [0.0648 |0.203
2C-110.0257 |0.203
3A* [2.3818 [0.203
1A 10.0649 |0.223
38* [5.3623 [0.21]
1B-110.0191 {0.208

pressure stress*

Total circ stress
Primary membrane
circ stress*

3C* 14.1149 |0.213
4C* (7.3854 (0.222
1C-1]0.0500 |0.215
2C [0.0334 }0.215
4A* |5.3293 |0.203
2A [0.0274 [0.237
4B* 12.3936 |0.211
2B-110.0268 |0.226

pressure stress*

Total 1ong stress
Primary membrane
long stress*

torsion moment Mt
Circ shear from V¢
Long shear from VL

-475 475 475

Total Shear stress

-475 475 475

Combined stress

950 950 850
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-055

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 41

REV. |DEO# | DATE |BY: CHECK [ TITLE:
0 o131 W/75/9¢| WDB | #0 .~

SPOOL B-3 (30 in)

BY: W, v\ | DEPT.: 744

¥

PROJECT: LIGO Vacuum Equipment PROJECT NO: V§9049

PURPOSE: Determine spool/adapter 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 code, Section VIII, Division 1,
are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS: None

INPUTS: 1. Vacuum Pressure = 14,7 psi
2. Design Temperature = 400 F.
3. Ion Pump Nozzle Loads
Pr = 2250.01bs
Mc = MI = 4542.0 in-lbs
Ve = VI = 126.51bs

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels.
2. COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
P VOwE-r-0¢ ‘, Lo I//!f..)u# EGoe Srpoer Bresiu Cp . maten

CALCULATIONS: (SEE ATTACHED)

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 V049-1-016, 017, 018, 019.& 051
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COMPRESS 5.53 CACOMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
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COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

C\ACOMPRESS\MODECLNR\B-3.VSL

Apr. 19, 1996

| | P | T | MAWP | MAP | Pe | UG-39 ucs—66 |Corrosion|
| Identiiier | design | design | | |external] Ratlo MDMT Exenption or | Allowance]
| | (peid) f{deg Fy | (psil) | (psi) | ¢psiy | {deyg F) Stress Reduction | {in} |
[ ( [ | [ | ! [ |
| Spoal B-3 | 0.0 | 0.0 | 230.4 | 2320.4 | 51.5 | 1.000 | Hot applicable | o.c00 |
j 30.50"id FLNG | 0.0 | 0.0 | 10.2 | .2 | i 1.000 | Mot applicable | 0.000 |
| 30.50"id FLNG | 0.0 | 0.0 | 10.2 | 109.2 | | 1.000 | Hot applicable | 0.000 |
| m1 16-1/2"0d CF 1 o.o0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | Not applicable | ©.000 |
{ n2 16-1/72"0d CF | 0.0 | 0.0 | 0.0 | 0.0 | 14.7 | 1.000 | Mot applicable I 0.000 |
| stitfner Rings 1 | | | | 14.7 1 ] i I
| Support Rlngs | i | | 1 14.7 | | i |
| Support Ring ; | \ | | 14.7 | ! { |
i I : ! | \ - | [ |
Vessel MAWP hot & corroded is O psi @ O degrees F.
Vessel MAP new & cold is 0 psi @ O degrees F.
Vessel allowable external pressure is 14.7 psi @ 400 degrees F.
Hydrotest pressure calculation based on Pe
= 1.5*Pe*1 = 22 psi
Vessel hydrotest pressure 1S 22 psi.
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
Weight Summary

Copponent ——-———————=-—-Ccsmcsnno-= Wweight (1lbs) Contributed by Vessel Elements ====-- -—

Motal HMetal Trays Packed thsyl Linlng Piping Ladder Rings Opevy Test HNogzle

How corr & sup Bods & plat & HMisc Ligquld Liguia & flg
Spool b-3 3075 3075 o (1] Q a [+] [+] 239 [+] 11580 17
30.%0"id £fing 1539 1539 (o] ] 0 ] o 1] o o [+] a
30.50"1id flng 153% 15305 (o] 4] [} Q 1] o ] o 4]

6153 6153 o o [+] [} [+ [+] 239 o 11580 17
Veusel operating weight, corroded: 4,409 lhbs
Vessel enpty weight, corroded: 6,409 1bs
Vessel enpty weight, new: 6,400 lbs
vVessel test welght, new; 17,989 lbs
Vessel center of gravity location (from right weld seam)
Vessel lift weight, new: 6,410 Ibs
Center of gravity to seam: 219.5in
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSIL. Apr. 19, 1996

Nozzle Summary

Hoszle oD tn Reg tn Non ¢t Reyg t User ¢ Coxrx Aa/Ar
mark (in) (in) {in} AL?  A27? {in}) (in) (in) {in} {3)

nl 14.00 0. 2500 0.0625 bg ¥ 0.2500 0.1450 ©.2%00 o.0000 179.%

n2 14.00 0.2%00 0.0625 ¥ ¥ ©.2500 0.1450 0. 2500 o. 0000 179.5

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
User t - local vessel wall thickness (near opening)

Aa -  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition-

Corr - corrosion allowance on nozzle id.

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
Nozzle Schedule

KNozzle Service Size Materials

mark Mozzle Inpact? Normn? Pad Impact? Norn? Flange
nl l16=1,/2%0d Cf 13.50 1Dx0.25 5 240 304L HIGH n

na2 16-1/2"%ed of 13.50 IDxO.2% SA 240 304L HIGH n

.............................................................................................. —_———
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Thickness Summary

Caonponent iDp Langth Nom Reg t Jolnt Governing Daflect
Identifier (in) [in} (im) {(in} E Load Status Stross (in)
Spool b-3 30.50 429,00 Q.2500 0.144% 0.8%5 external

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

Load:

interna!l - circ stress due to internal pressure governs

external - external pressure governs

wind - combined long stress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs
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COMPRESS 5.53 CACOMPRESS\MODECLNR\B-3.VSL
Spool B-3

ASME Section VIlI Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

External design pressure: Pe= 147 psi@ 400 deg F
Corrosion allowance: Inner C = 0 QOuter= 0 in

PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints -  Spot UW-11(b) type |

Estimated weight: new = 3074.7  corr = 3074.7 Ib
capacity: new = 1388.487 corr = 1388.487 USga

ID =30.5 length Lc= 439 t=0.25 in (new)

MAP: (New & at 0 deg F) UG-27(c)(1)

P = S*E*/(R + 0.6*t) - Ps
= 16700%0.85%0.25/(15.25 + 0.6*0.25) - 0
= 230.4383 psi

MAWP: (Corroded & at O deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6*t) - Ps.
= 16700*0.85%0.25/(15.25 + 0.6%0.25)- 0

= 230.4383 psi

External Pressure: {Corroded & at 400 deg F) UG-28
L/Do = 71/31 =2.2903 Do/t = 31/0.14496 = 213.8521
From table G: A =0.000182
From table HA-3: B = 2395.3

Pa= 4*B/(3*D0/t)
= 4*2395.3/(3*31/0.14496)

= 14.9343 psi
Design thickness for external pressure Pa = 14.9343 psi:
= t + Corrosion
= 0.14496 + 0
= (0.14496 in
Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 71/31 =2.2903 Do/t = 31/0.25 = 124
From table G: A = 0.000404
From table HA-3: B = 4791.6
3.21.1996
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL

Spool B-3
Pa= 4*B/(3*Do/t)

= 4*4791.6/(3*31/0.25)
= 51.5226 psi
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COMPRESS 5.53

C:\COMPRESS\MODECLNR\B-3.VSL

16-1/2"0d CF

Opening n1 Reinforcement Calculations Per UG-37

Located on:

User input 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 =] |«

Ti<=d >
twl—_> <
/1] \
NI jwe Ll
A

<—— L —>|

Spool B-3
25 in

0 psi

Not installed

SA 240 304L HIGH

Q degrees
18.251n
0in
2.75n

corrosion allow = 0 in’
noz thick new tn= .25 in
nozzle id. new d= 13.5 in
fillet weld twl ='.25 in
groove weld tw2 = .1875 in

To datum L= 48 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 13.5 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

Nozzle required thickness

trn = P*Ro/(Sn*E - 0.6*P)
= 8"f6_75/(16700*] - 0.6*0)
=uvin

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 0*15.25/(16700*1 - 0.6*0)
= m

Area reguired

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

frl = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Svso fr2 =1

3.21.1996
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COMPRESS 5.53 C:A\COMPRESS\MODECLNR\B-3.VSL
16-1/2"0d CF

A = d*r*F + 2*n*r*F*(l - frl)
= (1)3 5*20*1 + 2%0.25*0%1%(1 - 1)
= m

Area available
Al = larger of the following = 3.375in"2
= d*(E1*t-F*tr) - 2*tn*(E1 *t-F*r)*(1-fr1)
= 13.5%(1*0.25-1*0) - 2¥0.25%(1*0.25-1*0)*(1-1)
=3375mn"2
= 2¢(t+tn)*(E1*t-F*tr) - 2*m*(E1*t-F*tr)*(1-fr1)

2*(0.25+0.25)*(1*0.25-1*%0) - 2%0.25%(1*0.25-1*0)*(1-1)
25in"2

A

[ o)

= smaller of the following = 0.3131n"2

5*(tn - trn)*fr2*t
5%(0.25 - 0)y*1*0.25
313in"2

I*(tn - trn)*fr2*tm
5*%(0.25 - 0)*1%0.25
313 in"2

A4l = Leg 2*fr2
= 0.2572*1 = .063 in"2

Area = Al + A2 + Adl
=3.375 + 0.313 + 0.063
= 3.751in"2
As Area > A the reinforcement is adequate for MAWP = 0 at 0 Deg F

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

u

tmin = lesser of 0.75 ortnor t, tmin = 0.25 in

tl or 2(min) = lesser of 0.25 or 0.7*tmin, tI(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7%0.25 = 0.175 in

t2(actual) = 0.18751n

tl + t2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and 12 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl=0in(E=1)
Wall thickness per UG-45(b)(1): tr2 = Qin

Wall thickness per UG-16(b): w3 = 0. 0625 in
Std pipe wall 1Per UG-45(b)(4): r4 = 0.328125 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: r6 = 0.0625 in

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL
16-1/2"0d CF

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = (.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 = (.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 joints:

(1) Inner fillet weld in shear
(P1/2)*Nozzle O.D.*Leg*Si = 1.57*14%0.25*8183 = 44965.59 Ibf

(3) Nozzle wall in shear
(P1/2)*Mean nozzle dia. *tn*Sn = 1.57%13.75%0.25*11690 = 63089.47 Ibf

{4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*14%0.1875*12358 = 50930.41 Ibf

Loading on welds per UG-41(b)(1)
= (A - (d - 2*tm)*(E1*t - F*tr))*Sv
=(0-( 5 2%0.25)*(1*0.25 - 1¥0))*16700
~-54275 Ibf

-1 (A2
(0.313 +
6279.21
22 = (A
g 13
6.7

A5 + A4l + Ad2)*Sy
+ 0.063 + 0)*16700

(1] g
;_,_-.-‘!,m Il

3 41 + A43 + 2*tn*t*fr1)*Sv

+
0
bf
+ A3+ A
0 + 0.063 + 0 + 2*0.25%0.25*1)*16700

0 H

2
_I._
Ibf

0.3

366
Load for path 1-1 lesser of W or W1-1 =-54275 Ibf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-54275 Ibf
Path 2-2 Thru (1), (R = 44965.59 + 50930.41 = 95896 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

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*(tn-Cn-C) = .625 in

Apr. 19, 1996
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COMPRESS 5.53 C:A\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
16-1/2"0d CF

Nozzle required thickness

L/Do = 2.75/14 = .1964 Do/t = 14/0.02915 = 480.2744
From table G: A =0.000712
From table HA-3: B = 5294
Pa= 4*B/(3*Do/t)
= 4*5294/(3*14/0.02915)
= 14.6972 psi

Nozzle required thickness trn = .02915 in
Required thickness tr from UG-37(d)(1) = .145 in

Area required

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

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

A = 0.5%(@*tr*F + 2*tn*tr*F*(1 - frl))
0.5%(13.5%0.145%1 + 2*0.25%0.145*1%(1 - 1))
9787 in"2

Area available

Al = larger of the following = 1.418in"2

d¥EI*-F*tr) - 2%n*(E1*t-F*tr)*(1-fr1)
]3.?;(1*02.25—1*0. 145) - 2%0.25%(1*0.25-1*0.145)*(1-1)
1.418 in”

I

2*(t+tn)*(E1 *t-F*tr) - 2%tn*(E1*t-F*tr)*(1-fr1)
2*50.25; 25)*(1%0.25-1%0.145) - 2*0.25%(1*0.25-1*0.145)*(1-1)
.105 in*

|

A

(38 ]

= smaller of the following = 0.276 in"2

5*(tn - tm{))*frZ*t
5%(0.25 - 0.02915)*1%0.25
276 in"2

5*(tn - trn)*fr2*tn
5%(0.25 - 0.02915)*1*0.25
.276in"2

A4l = Leg"2%fr2
=0.25"2*] = .063 in"2

Area = Al + A2 + A4l
= 1.418 + 0.276 + 0.063
= [.757 in"2

1!
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
i 16-1/2"0d 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): trl =0.02915in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0153 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG- 45(b)(4) tr4 = 0.328125 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr5: 6 = 0.0625 in

Req’d per UG-45 is the larger of tr1 or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

Revision No. 0
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COMPRESS 5.53 C\COMPRESS\MODECLNR\B-3_.VSL

16-1/2"0d CF

Applied Loads

Radial load Pr = 2250 ibf
Circumferential moment Mc = 378.5 Ibf-ft
Circumferential shear Ve = 126.5 Ibf
Longitudinal moment ML =378.5 Ibf-ft
Longitudinal shear VL = 126.5 Ibf
Torsion moment Mt = 0 Ibf-ft
Internal pressure P = (psi

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) = 1
Stress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5
I = .25%4 + 3*1/x)"2 + 3*(1/x)"4)

.223’1"(4 + 3%(6.75/7.25)"2 + 3%(6.75/7.25)"4)
214

Hoan

Local circ. pressure stress = 1*P*Rm/t = 0 psi
Local long. pressure stress = P*Rm/2t = 0 psi

Maximum combined stress =-19254 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3663 psi
Allowable primary membrane stress = +-1.5*%S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

3.21.1996
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COMPRESS 5.53 C:ACOMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
16-1/2"0od CF

From| Value | beta

Fig.| read Au Al Bu B1 Cu Cl Du D1
3C* 11.5557 [0.398 -911 -911 -911 -9]]
4C* 14,3911 |0.398| -2570 -2570 -2570 -2570

1C {0.0648 {0.398 -13997 13997 -13997 13997
2C-1/0.0065 |0.398( -1404 1404 -1404 1404

3A* |1.3830 |0.398 -267  -267 267 267
1A 10.0573 {0.398 -4079 4079 4079 -4079
3B* [2.5018 |0.398 -483  -483 483 483

1B-110.0079 [0.398 -562 562 562  -562

pressure stress*

Total circ stress -5019 -1087 -2929 -1245 -19254 16898 -10562 9274
Primary membrane

circ stress* -3053 -3053 -2087 -2087 -1178 -1178 -644 -644
3C* [1.5557 10.398 -911  -911 -911 -911 ~

4C* [4.3911 )0.398 -2570 -2570 -2570 -2570
1C-110.0160 |0.398| -3456 3456 -3456 3456

2C 10.0300 (0.398 -6480 6480 -6480 6480
4A* |5.6652 |0.398 -1093 -1093 1093 1093
2A 10.0227 10.398 -1616 1616 1616 -1616
4B* 11.4487 {0.398 -279  -279 279 279

2B-110.0158 |0.398] -1125 1125 1125 ~-1125

pressure stress*

Total long stress -5771 3391 -2963 1699 -11759 4433 -6341 3387
Primary membrane

long stress* -1190 -1190 -632 -632 -3663 -3663 -1477 -1477
torsion moment Mt
Circ shear from Vc¢ 23 23 -23 -23
Long shear from VL -23 -23 23 23
Total Shear stress 23 23 -23 -23 -23 -23 23 23
Combined stress -5772 4478 -2975 2944 -19254 16898 -10562 9274

| Revision No. 0
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COMPRESS 5.53

C:\COMPRESS\MODECLNR\B-3.VSL

16-1/2"od CF

Opening n2 Reinforcement Calculations Per UG-37

Located on:

User input 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 | |<-
Tle—d >}
twl—>| (<
/v \
AN T2 N VA
A
— L —>]

Spool B-3
25in

0 psi

Not installed

SA 240 304L HIGH

0 degrees
18.25 in
Qin
2.75in

corrosion allow = 0 in

noz thick new tn= .25 in
nozzle id. new d= 13.5 in
fillet weld twl .25 in
groove weld tw2

To datum L= 96 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 13.5in
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)
= 8*_6.75/(16700*1 - 0.6*0)
= n

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 0*15.25/(16700*1 - 0.6*0)

= 0in

Area required

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

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

=1
=1

.1875 in

Apr. 19, 1996
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL
16-1/2"0d CF

A = d*a*F + 2*tn*tr*F*(1 - frl)
(1)3 5*20*1 + 2%0.25*%0%1%(1 - 1)
in

Area available
Al = larger of the following =3.375in"2

= *(EI*t-F*¥tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 13, 5*(1*0 25-1*0) - 2*0.25%(1*0.25-1*0)*(1-1)
= 3.375in"2

= 2%(t+tm)*(E1*t-F*tr) - 2*tn*(E1*-F*tr)*(1-frl)
22*5(0 25+0.25)%(1*0.25-1*%0) - 2*0.25%(1%0.25-1*0)*(1-1)
= n”

A2 = smaller of the following = 0.313in"2

= 5*(tn - trn)*fr2*t

= 5%(0.25 - 0)*1*0.25
=.313in"2

= 5%(tn - trn)*{r2*tn
= 5%(0.25 - 0)*1*0.25
= .3131in"2

A4l = Leg 2*{r2
= (0.25"2*1 = .063 in"2

Area = Al + AZ + Adl
= 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 = (.25 in

tl or t2(min) = lesser of 0.25 or 0.7*imin, tl1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0. 175 in

t2(actual) = 0.1875 in

tl + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and 12 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl =0in(E =1)
Wall thickness per UG-45(b)(1): 2 = Qin

Wali thickness per UG-16(b): tr3 = 0. 0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.328125 in
The greater of tr2 or ur3: trS = 0.0625 in
The lesser of trd or trS5: 6 = 0.0625 in

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
16-1/2"0d 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 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 joints:

(1) Inner fillet weld in shear
(Pi/2Y*Nozzle O.D.*Leg*Si = 1.57*14*0.25*8183 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*13.75%0.25*11690 = 63089.47 Ibf

(4) Groove weld in tension
(P1/2)*Nozzle O.D *tw*Sg = 1.57*14*0.1875%12358 = 50930.41 Ibf

Loading on welds per UG-41(b)(1)
= (A - (d - 2*tn)*(E1*t - F*tr)}*Sv

—(0 (13.5 - 2%0.25)*(1¥0.25 - 1*0))*16700
-34275 1bf

WI1-1 = (A2 + A5 + A4l + A42)*Sy
g) 313 + 0 + 0.063 + 0)*16700

279.2 1bf

-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr1)*Sv
236137 foO + 0.063 + 0 + 2*0.25*0.25*1)*16700

Load for path 1-1 lesser of W or W1-1 =-54275 Ibf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-54275 1bf
Path 2-2 Thru (1), (421 44965.59 + 50930.41 = 95896 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

W

I ||M

Reinforcement Calculations for External Pressure

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*(tn-Cn-C) = .625 in

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL
16-1/2"0d CF

Nozzle required thickness

L/Do = 2.75/14 = .1964 Do/t = 14/0.02915 = 480.2744
From table G: A = 0.000712
From table HA-3: B = 5294

Pa= 4*B/(3*Dolt)
= 4*5204/(3*14/0.02915)
= 14.6972 psi

Nozzle required thickness trn = .02915 in
Required thickness tr from UG-37(d)(1) = .145 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

fr1 = lesser of 1 or Sn/Sv 50 fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = 0.55(d*r*F + 2*m*r*F*(1 - fr1))

= 0.5%(13.5%0.145*1 + 2*0.25*0.145*1*(1 - 1))
= .9787 "2

Area available

Al = larger of the following = 1.418in"2
= @*E*t-F*tr) - 2¥tn*(E1*t-F*tr)*(1-frl)
{34?;(‘1*%25-1*0.]45) - 2%0.25*%(1*0.25-1%0.145)*(1-1)
. in”

2%(t +tn)*(E1 *t-F*1r) - 2*%m*(E1*t-F*r)*(1-frl)

.105 "2

>
&~

= smaller of the following =0.276 in"2

5*(tn - trn%*frz*t
5%(0.25 - 0.02915)*1*0.25
276 in"2

5*(tn - tr)*fr2*tn
5+(0.25 - 0.02915)*1*0.25
276 in"2

Adl = Leg“2*fr2
= 0.25"2*] = 063 in"2

Area = Al + A2 + A4l
= 1.418 + 0.276 + 0.063
= 1.757 in"2

(I

mi

3.21.1996
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COMPRESS 5.53

C:\COMPRESS\MODECLNR\B-3_VSL

16-1/2"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 per UG-45(b)(2):
Wall thickness per UG-16(b}):
Std pipe wall per UG-45(b)(4):
The greater otp tr2 or tr3:

The lesser of trd or tr5:

trl = 0.02915 in (E = 1)
tr2 = 0.0153 in

3 = 0.0625 in

trd = 0.328125 in

trS = 0.0625 in

tr6 = 0.0625 in

Req’d per UG-435 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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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 19%6
16-1/2"0d CF

Applied Loads

Radial load Pr = 2250 Ibf
Circumferential moment Mc = 378.5 Ibf-ft
Circumferential shear Ve = 126.5 Ibf
Longitudinal moment ML =378.5 Ibf-ft
Longitudinal shear VL = 126.5 Ibf
Torsion moment Mt = 0 Ibf-ft
Internal pressure P= 0psi

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) = 1
Stress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5
I =.25%4 + 3*1/x)"2 + 3*%(1/x)"4)

.223‘;“(:1 + 3%(6.75/7.25)"2 + 3%(6.75/7.25)"4)

o

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

Maximum combined stress =-19254 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3663 psi ]
Allowable primary membrane stress = +-1.5*S = +- 25030 psi

The maximum primary membrane stress is within allowable limits.
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COMPRESS 5.53 CACOMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996
16-1/2"0d CF

From| Value | beta

Fig.{ read Au Al Bu Bl Cu Cl Du D1
3C* |1.5557 |0.398 -911 -911 -911 -911
4C* [4,.3911 {0.398| -2570 -2570 -2570 -2570

1C (0.0648 |0.398 -13997 13997 -13997 13997
2C-1(0.0065 |0.398] -1404 1404 -1404 1404

3A* |1.3830 |0.398 -267  -267 267 267
1A |0.0573 |0.398 -4079 4079 4079 -4079
3B* |2.5018 |0.398 -483  -483 483 483

1B-1|0.0079 |0.398 -562 562 562  -562

pressure stress¥

Total circ stress -5019 -1087 -2929 -1245 -19254 16898 -10562 9274
Primary membrane

circ stress* -3053 -3053 -2087 -2087 -1178 -1178 -644 -644
3C* [1.5557 |0.398 -911 -911 -911 -911
4C* 14.3911 [0.398 -2570 -2570 -2570 -2570
1C-1[{0.0160 (0.398| -3456 3456 -3456 3456
2C 10.0300 [0.398 -6480 6480 -6480 6480
4p* |5.6652 [0.398 -1093 -1093 1083 1093
2A |0.0227 |0.398 -1616 1616 1616 -1616
4B* |1.4487 |0.398 -279 -279 279 279
2B-1/0.0158 10.398| -1125 1125 1125 -1125

pressure stress*

Total long stress ~5771 3391 -2963 1699 -11759 4433 -6341 3387
Primary membrane

long stress* ~-1190 -1190 -632 -632 -3663 -3663 -1477 -1477
torsion moment Mt

Circ shear from Vc 23 23 -23 -23

Long shear from VL -23 -23 23 23
Total Shear stress 23 23 -23 -23 -23 -23 23 23
Combined stress -5772 4478 -2975 2944 -19254 16898 -10562 9274
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CACOMPRESS\MODECLNR\B-3.VSL
Stiffner Rings

COMPRESS 5.53

Stiffening Ring Calculations Per UG-29

ASME Section VI1II Division 1, 1992 Edition, A94 Addenda

Identifier: .
Ring material specification:

Stiffner Rings
SA 240 304L HIGH

Number of rings in this group: 4

Distance first ring to datum line: 60 in

Ring spacing: 119 in

Ring description: 2x2x1/4 Egual Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 0938 in"2

Ring moment of inertia:

Ir= 0.348in"4

Calculations for ring 60 in from datum

Shell materiai specification: SA 240 304L HIGH
Required shell thickness: t = 0.14496 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 31in

Design temperature: = 400 deg F

External design pressure: P = 147pst

Stiffener supported length: Ls = 56.27083 in

B = .75*(P*Dol(t + As/Ls))
= .27151’;(15%.7*31;'(0.14496 + 0.938/56.27083))

From table HA-3 (ring) A = 1.60856E-04

Required moment of inertia of the combined ring-shell section
Is= (Do 2*Ls*(t + As/Ls)*A)/10.9

= (3172%56.27083*(0.14496 + 0.938/56.27083)*1.60856E-04)/10.9
= 1289846 in"4

Available moment of inertia of the combined ring-shell section

= 3.06227

Shell width contributing smaller of
W = 1.1*Sgr(Do*ts
= 1.1*8qr(31*%0.25)
= 3.06227 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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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL
Stiffner Rings

= Ring NA + ts/2
1.408 + 0.25/2
1.533 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= (.938*1.533/(0.7655676 + 0.938)
= ,8440839 in
Inertia of the shell about the combined section NA
I1 = W*ts"3/12 + AI*NA"2
= 3.06227%0.25°3/12 + 0.7655676*0.8440839"2
= .5494371 in"4
Inertia of the ring about the combined section NA
12 = Ir + As*(NA - Y2)"2
0.348 + 0.938*(0.8440839 - 1.533)"2
.7931799 in"4

Total available I = 11 + 12 = 1.342617 in"4

Y2

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.
Calculations for ring 179 in from datum

Shell material specification: SA 240 304L HIGH

Required shell thickness: t = 0.14496 in
Corroded shell thickness: ts= 0.251n
Shell outer diameter: Do = 31in
Design temperature: = 400 deg F
External design pressure: P = 147 psi
Stiffener supported length: Ls = 68in
B = .75*(P*Do/(t + As/Ls))

= .75*%(14.7*31/(0.14496 + 0.938/68))

= 2152.857

From table HA-3 (ring) A = 1.637414E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (3172*68*(0.14496 + 0.938/68)*1.637414E-04)/10.9
= .1558437 in" 4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227
W = 1.1*Sqr(Do*ts)
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COMPRESS 5.53
Stiffner Rings

= 1.1*Sqr(31*0.25)
= 3.06227 in

W =Ls = 68in
Shell area A1 = W*ts = 0.7655676 in"2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2
- = 1408 + 0.25/2
= 1.533in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= (1.938*1.533/(0.7655676 + 0.938)
= ,8440839 in
Inertia of the shell about the combined section NA
I1 = W*ts"3/12 + AT*NA"2
= 3.06227%0.2573/12 + 0.7655676%0.8440839"2
= .5494371 in"4
Inertia of the ring about the combined section NA
12 =1r + As*(NA - Y2)*2
= 0.348 + 0.938*(0.8440839 - 1.533)"2
= .7931799 in"4
Total available I = I1 + 12 = 1.342617 in"4
The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 298 in from datum

Shell material specification: SA 240 304L HIGH
Required sheli thickness: t = 0.14496 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P = 147 psi

Stiffener supported length: Ls = 52 in

B = .75*5P*D0/(t + As/Ls))
= .75%(14.7*31/(0.14496 + 0.938/52))
= 2096.799
From table HA-3 (ring) A = 1.595176E-04

Required moment of inertia of the combined ring-shell section

3.21.1996
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(Do"2*¥Ls*(t + As/Ls)*A)/10.9

(3172%52*(0.14496 + 0.938/52)*1.595176E-04)/10.9
.1192045 in"4

Available moment of inertia of the combined ring-shell section

= 3.06227

Is

Shell width contributing smaller of
W = 1.1*Sqr{Do*ts)
= 1.1*Sqr(31*0.25)
= 3.06227 in
W =1Ls =352in
Shell area A1 = W*ts = 0.7655676 in"2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2
= 1.408 + 0.25/2
= 1.533 in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= (.938%1.533/(0.7655676 + 0.938)
= .8440839 in
Inertia of the shell about the combined section NA
11 = W*ts"3/12 + A1*NA"2
= 3.06227%0.25°3/12 + 0.7655676*0.8440839"2
= ,5494371 in"4
Inertia of the ring about the combined section NA
2 =1Ir + As*(NA - Y2)"2
0.348 + 0.938%(0.8440839 - 1.533)"2
7931799 in"4

Total available ] = I1 + 12 = 1,342617 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 417 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14496 in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do = 3lin

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 45.51n

3.21.1996

Apr. 19, 1996
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B = .75*&P*Do/(t + As/Ls))

= 75*%(14.7*31/(0.14496 + 0.938/45.5))
= 2064.166
From table HA-3 (ring) A = 1.570584E-04

Required moment of inertia of the combined ring-shell section

Is= (3D0“2*Ls*(t + As/Ls)*A)/10.9
= (31°2*45.5%(0.14496 + 0.938/45.5)*1.570584E-04)/10.9
= .1043195 in"4

Available moment of inertia of the combined ring-shell section
Shell width contributing smatler of = 3.06227
W = 1.1*Sqr(Do*ts)
= 1.1*Sqr(31*0.25)
= 3.06227 in
W=Ls=455m

Shell area Al = W*ts = (0.7655676 in"2

Distance to the ring neutral axis
Y2 = Ring NA + ts/2
= 1.408 + 0.25/2
= 1533 in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= (.938*1,533/(0.7655676 + 0.938)
= 8440839 in
Inertia of the shell about the combined section NA
Il = W*573/12 + A1*NA"2

= 3.06227%0.25"3/12 + 0.7655676*0.8440839"°2
= .5494371 in"4

Inertia of the ring about the combined section NA
12 = Ir + As*(NA - Y2)"2

= 0.348 + 0.938*(0.8440839 - 1.533)"2

= .7931799 in"4
Total available I = I1 + 12 = 1.342617 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.
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Stiffening Ring Calculations Per UG-29
ASME Section V1II Division 1, 1992 Edition, A94 Addenda

Identifier: Support Rings

Ring material specification: SA 840 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 108 in

Ring spacing: 136 in

Ring description: 3x3x1/4 Egual Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 1.44in"2

Ring moment of inertia: Ir= 1.24in"4

Calculations for ring 108 in from datum

Shell material specification: SA 240 304L HIGH

Required shell thickness: t = 0.14496 in
Corroded shell thickness: ts = 0.25in
Shell outer diameter: Do = 31 in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 59.51n
B = .75%(P*Do/(t + As/Ls))

= .75*%(14.7*31/(0.14496 + 1.44/59.5))

= 2020.404

From table HA-3 (ring) A = 1.5376E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (31°2*59 .5%(0.14496 + 1.44/59.5)*1.5376E-04)/10.9
= .1364455 in"4

Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 3.06227
W = 1.1*Sqr(Do*ts
= I.I*Sqr(}31*0.2 )
= 3.06227 in
W =1L1s=1595in

Shell area Al = W*ts = 0.7655676 in"2

Distance to the ring neutral axis

Revision No. 0
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Y2 = Ring NA + ts/2
= 2.158 + 0.25/2
=2283in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.44%2 283/(0.7655676 + 1.44)
= 1.490555 in

Inertia of the shell about the combined section NA
Il = W*5"3/12 + A1*NA"2
= 3.06227*0.25°3/12 + 0.7655676%1.490555"2
= 1.70489 in"4
Inertia of the ring about the combined section NA
I2 =1Ir + As*(NA - Y2)"2
= }.24 + 1.44%(1.490555 - 2,283)"2
= 2.144275 in"4
Total available I = 11 + 12 = 3.849166 in"4
The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 244 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14496 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P = 147 psi

Stiffener supported length: Ls = 59.5m

B = .75*(P*Do/(t + As/Ls))
= 75%(14.7%31/(0.14496 + 1.44/59.5))
= 2020.404

From table HA-3 (ring) A = 1.5376E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

= (317°2*59.5%(0.14496 + 1.44/59.5)*1.5376E-04)/10.9

= .1364455 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227

W = 1.1*Sqr(Do*ts)

3.21.1996
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= 1.1*Sqr(31%0.25)
= 3.06227 in

W=1Ls=2515in
Shell area A1 = W#*ts = 0.7655676 in"2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2

= 2.158 + 0.25/2

= 2283 1in
Neutral axis of combined section
NA = As*Y2/(Al + As)
1.44*2.283/(0.7655676 + 1.44)
1.490555 in
Inertia of the shell about the combined section NA
11 = W*s"3/12 + A1*NA"2

= 3.06227*0.25°3/12 + 0.7655676*1.490555°2
= 1.70489 in"4

m

Inertia of the ring about the combined section NA

12 = Ir + As*(NA - Y2)"2
= 1.24 + 1.44%(1.490555 - 2.283)"2
= 2.144275 in"4

" Total available 1 = I1 + 12 = 3.849166 in"4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
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Stiffening Ring Calculations Per UG-29
ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Support Rin

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 1

Distance first ring to datum line: 348 in

Ring description: 3x3x1/4 Egual Angle
Ring is rolled: Ieg m (h way)
Ring cross sectional area: As =

Ring moment of inertia: Ir = l 24 m 4

Calculations for ring 348 in from datum

Shell material specification: SA 240 304L HIGH
| Required shell thickness: t = 0.14496 in
| Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do =31 in

Design temperature: = 400 deg F

External design pressure: P = 147 psi

Stiffener supported length: Ls = 59.51n

B = 75*5P*D0/(t + As/Ls))

= .75%(14.7*%31/(0.14496 + 1.44/59.5))
| = 2020.404
1 From table HA-3 (ring) A = 1.5376E-04

Required moment of inertia of the combined ring-shell section

Is= (Do 2*Ls*(t + As/15)*A)/10.9
= (31 2%50. 5*(0 14496 + 1.44/59.5)*%1.5376E-04)/10.9
1364455 in" 4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227
W = 1.1*Sgr(Do*ts)

| 1.1*Sqr(31*0.25)

| = 3.06227 in

} W=Ls=5935in

Shell area A1 = W*ts = 0.7655676 in"2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
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= 2.158 + 0.25/2
= 2.283 in

Neutral axis of combined section

NA = As*Y2/(Al + Asg
= ].44*2 283/(0.7655676 + 1.44)
= 1.490555 in

Inertia of the shell about the combined section NA
I1 = W*ts*3/12 + A1*NA"2

3.06227%0.2573/12 + 0.7655676*1.490555"2
1.70489 in"4

I

Inertia of the ring about the combined section NA
I2 =1Ir + As*(NA - Y2)"2

= 1.24 + 1.44%(1.490555 - 2.283)"2

= 2.144275 in"4

Total available I = I1 + 12 = 3.849166 in"4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
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Bellows Lugs

Lug material specification = SA 204 340L High 72z -z 2 sa (azevear

Lug allowable stress = 24000 psi .

'Il;oppllatewuiltph wE=%}n Vovwss t-o&y rox P
ase plate wi wb = 6in . . . -

Top plate thickness t = 0.375 in Dasrud pr Bieeons LU

Base plate thickness tb = 0.375in

Lug length circ. direction L=26in

Gusset height h=6in

Gusset thickness tg = 0.375in

Number of lugs = 4

Angular position, first lug = 90 degrees

Fillet weld size tw=0.251in

Force bearing width Fb=3in

Distance to load d=45in

Lug top plate required thickness, Bednar pg 153

= 0.75*%(VL*d*L)/(Sa*wp"2*h)
= 0. 75%(1604*4.5%6)/(24 *2 2%6)
=0.251in

Lug gusset required thickness

Sc = 18000/(1 + (1/18000)*(h/(0.289*¢ )) 2)
= 18000/(1 + (1/18000)*(6/(0.289*0. 75)) 2)
= 15380.89 psi

tg = VL*(3*d - wh)/(Sc*wb" 2*SIN(2A1 ha)*2)
= (1)6([));;}3*4 .5 - 6)/(15380.89%6" £N(56 3N*2)
= n

Lug base plate required thickness

From Escoe table 4-8
fc = VL/(Fb*L) = 89.11111 psi

Mx = Cx*fc*Gs"2
= 0.1085*89.11111%5.25"2 = 266.4896

My = Cy*fc*wb"2
4*%89.11111*6°2 =-397.792
tb = Sqr(6*Mmax / Sa)
(;31'(6*397 792 / 24000)
154 in

Check lug attachment stresses

Radial load Pr= OIbf
Circumferential moment Mc = O 1bf-ft
Circumferential shear Ve = 0 1bf
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Bellows Lugs

Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 1604 1bf
Internal pressure P = 0psi

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 15.375 in
Rm/t = 61.5

Cl1=3,C2=3375in

Stress concentration factor Kn (tension) = 1
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 = +-1.5%§ = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = Q psi
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

3.21.1996
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From| Value | beta
Fig.| read Au Al Bu B1 Cu | Du D1

3C* {3.9083 [0.222
4C* |7.5544 [0.213
1C |0.0648 [0.203
2C-1/0.0257 }0.203
3A* [2.3818 [0.203
1A |0.0649 |0.223
3B* 15.3623 [0.211
1B-1]0.0191 (0.208
pressure stress*

Total circ stress
Primary membrane
circ stress*

3C* 14.1149 |0.213
4C* 17.3854 |0.222
1C-110.0500 [0.215
2C |0.0334 |0.215
4A* 15,3293 [0.203
2A (0.0274 (0.237
48* 12.3936 [0.211
2B-1(0.0268 [0.226

pressure stress¥*

Total Tong stress
Primary membrane
long stress*

torsion moment Mt
Circ shear from Vc

Long shear from VL -475  -475 475 475
Total Shear stress -475  -475 475 475
Combined stress 950 950 950 950
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Lug material specification
Lug allowable stress

Top plate width

Base plate width

Top plate thickness

Base plate thickness

Lug length circ. direction
Gusset height

Gusset thickness

Number of lugs

Angular position, first tug
Fillet weld size

Force bearing width
Distance to load

= SA 204 340L High
= 24000 psi
wg = 2in
wh = 6in
t=10.3751in
tb =0.375in
L =6in
h = 6in
tg = %375 in
= 90 degrees
tw=0.251n
Fb=3in
d =45in

Bellows lugs

Lug top plate required thickness, Bednar pg 153

ta = Q.75*%(VL*d*L)/(Sa*
=025i1n

e
4000%2°2%6)

= 0.75%(1604*4 5%6)/(2

Lug gusset required thickness

Sc = 18000/(1 + (1/18000)*(h/(0.289%tg))"2
= 18000/(1 + _(1/18000)*(3 Psiy?

= 15380.89 psi

tg = VL*(3*d - wb)/(Sc*wb"2*SIN
= 1604*%(3*4.5 - 6)/(15380.89*6"

= 0.0314 in

/(0.289*0.

Lug base plate required thickness

From Escoe table 4-8

fc = VL/(Fo*L) = 89.11111 psi

Mx = Cx*fc*Gs™2

75))°2)

gﬂ;lg)ha) "2)

IN(56.31)"2)

= (.1085*%89.11111*5.25"2 = 266.4896

My = Cy*fc*wb"2

= -.124*89.11111*6"2 =-397.792

tb = Sqr(6*Mmax / Sa)

154 in

= Sqr(6*397.792 / 24000
- 03 '

Check lug attachment stresses

Radial load
Circumferential moment
Circumferential shear

3.21.1996

Pr=0
Mc =90
Ve=20

Ibf
Tbf-ft
Ibf
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Bellows lugs

Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 1604 Ibf
Internal pressure P = (psi

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 15.3751n
Rm/t = 61.5

Cl =3,C2=3375in

Stress concentration factor Kn (tension) = 1
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 = +-1.5*S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = 0 psi
Allowable primary membrane stress = +-1.5%8 = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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Bellows lugs

From{ Value | beta
Fig.| read Au Al Bu B1 Cu Cl Du D1

3C* (3.9083 (0.222
4C* 17.5544 [0.213
1C 10.0648 [0.203
2C-110.0257 |0.203
JA* 12.3818 (0.203
1A |0.0649 |0.223
3B* 15,3623 [0.211
1B-1]G.0191 |0.208
pressure stress*

Total circ stress
Primary membrane
circ stress*

3C* [4.1149 10.213
4C* 17.3854 [0.222
1C-1|0.0500 }0.215
2C 10.0334 [0.215
4A* 15,3293 {0.203
2A |0.0274 [0.237
4B* 12.3936 [0.211
2B-1(0.0268 |0.226

pressure stress¥*

Total long stress
Primary membrane
Tong stress*

torsion moment Mt
Circ shear from Vc

Long shear from VL -475  -47% 475 475

Total Shear stress -475  -47% 475 475

Combined stress 950 950 950 950
i Revision No. 0
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-056

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 18

REV. |DEO# | DATE |BY: CHECK | TITLE:

0 Clib | fey?e Jwon | SPC—

SPOOL B-4 (48 in)

BY: W. Bilynsky | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:  Determine spool/adapter 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 code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.53.

ASSUMPTIONS:

INPUTS: 1. Vacuum pressure = 14.7 psi
2. Design Temperature =400 F.
3. Nozzle Loads per Calc No. V049-1-045

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels.
2. COMPRESS 5.53, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
3. Doc. No. V049-1-066 LIGO Equipment Structural Design Criteria

CALCULATIONS: ( See Attached )

CONCLUSIONS:
The requirements of the ASME Code are met for spool B-4 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 V049-1-016, 017, 018, & 019,




PROCESS SYSTEMS INTERNATIONAL, INC.

ENGINEERING

NO: V049-1-056

WESTBOROUGH, MA

CALCULATIONS

PAGE 2_OF 18

PROJECT: LIGO VACUUM EQUIPMENT

PROJECT NO: V59049

TABLE OF CONTENTS

Spool B-4 (48 in dia)

Spool B-4 - 48 in (Concep

tual Drawing)

Spool B-4 (48 in dia) COMPRESS Plot

COMPRESS Qutput For Shell Design

Pressure Summary
Weight Summary
Nozzle S.ummary
Nozzle Schedule
Thickness Summary

Spool B-4
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COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

C:A\COMPRESS\MANIFOLD\B-4.VSL

Apr. 23, 1996

|
{
f
I
|

| | 4 | T | HMAWP | MAP | Fe | ve-99 | ucCs—66 |Corrosion)
H tdentlflier | design | dexzign | | lexternal| Ratic | MDMT Exemption or | Allowance|
| | tperil) [(deg F) | (psi) | (psi) | (psi) | { (deg F) Stress Reduction | (in)

i ! | { | { | | {

| Spool B-4 | 0.0 | 0.0 | 146.1 | 146.12 | 32.6 | 1.000 | ! Hot applicable | Q.000

| m3 16-172" Cr 14"tu} 0.0 | c.0 | .0 | 0.0 | 14.7 | 1.000 | | Hot applicable | 0. 000

| 48.25" 14 Flange | 0.0 | .0 | 53.4 | 53.4 | | 1.000 | | Mot applicable | 0.000

| 48.25" id Flange | o.o | 0.0 | 53.4 | 53.4 | 1.000 | | Mot applicable | 0.000

! 1 |

|
| \ | ! !

Vessel MAWP hot & corroded is O psi @ O degrees F.
Vessel MAP new & cold is 0 psi @ O degrees F.

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

Hydrotest pressure calculation based on Pe

= 1.5*Pe*] = 22 psi

Vessel hydrotest pressure is 22 psi.

3.21.1996
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Weight Summary

Coppongnt - —mr———m e m s ————— Welght (lbs=) Contributed by Veszsel Elements ———-==--s-sesrsiscssccmcasn==
Matal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Test Nozzle
Hew Corr & suUp Bads & plat & Misc Ligquid Liguid i flg

Spool b-4 G663 €63 o [+] o Lo [+] o o [+] 3561 9

48.25%% id Flang 506 506 [+] L+ 4] o o 2] 0 [+] 0 Q

48,25" id flang 506 S06 L4 [+} [+] o 2] o v} [+] [+ 0
1675 1675 o o o [+ 3] [¢] (2] (=] 3961 &

Vessel operating weight, corroded: 1,684 1bs

Vessel enpty welight, corroded: 1,684 lbs

Vessel enpty weight, new: 1,684 1lbs

vessel test weight, new: &,645 lbs

Vessel center of gravity location (from right weld seam) -

Vessel lift weight, new: 1,684 Ibs
Center of gravity to seam: 30 in

Revision No. 0
3.21.1996 Doc. No. V049-1-056
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COMPRESS 5.53 CAACOMPRESS\MANIFOLD\B-4.VSL Apr. 23, 1996

Nozzle Summary

Hozzle on tn Req tn Hom t Req t User t corr AnSAY
mark tin) tipm} (im) Al? A27 (in) (in) (in) (in) (3)
nl 14.00 0, 2500 0.0625 L' ¥y 0.2500 0.1757 0.0000 113.1

tn - nozzle thickness

Req tn - nozzie thickness required per UG-45/16

Nom t - vessel wall thickness

Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near opening) '
Aa -  area available per UG-37, governing condition

Ar -  area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.

Revision No. 0

Doc. No. V049-1-056
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-4_VSL Apr. 23, 1996
Nozzle Schedule

Nozzle Service Size MNaterialx
mark Nozzle Impact? Horm? Pad Inpact? Norm? Flange
nl 16-1/2" «f 14T™tube 13.50 IDxO.25 5A 240 3041 HIGH n n

Revision No. 0

3.21.1996 Doc. No. V049-1-056
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-4,VSL Apr. 23, 1996

Thickness Summary

Conponent ip Length Now t Réq t Joint Governing baflect
Identifier {iny {in} (iny (im) E Load Status Stress (im)
Spoal b-4 48.25 60.00 0. 23500 0.1756 0.85 extarnal

Nom t - vessel wall thickness ) _
Reqt - 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 governs
seismic - combined long stress due to STATUS + seismic governs

Revision No. 0

Doc. No. V049-1-056
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-4.VSL
Spool B-4

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

Externa! design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Category A joints - Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) type 1

Estimated weight: new = 662.8 corr = 662.8 Ib
capacity: new = 474,923 corr = 474923 USga

ID = 48.25 length Lc= 60 t=0.25 in (new)

MAP: (New & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6%1) - Ps
= 16700*0.85%0.25/(24.125 + 0.6*0.25) - 0
146.1895 psi

MAWP: (Corroded & at 0 deg F) UG-27(c)(1)

P = S*E*/(R + 0.6*t) - Ps
= 16700*0.85%0.25/(24.125 + 0.6*0.25)- 0

= 146.1895 psi

External Pressure: {(Corroded & at 400 deg F) UG-28
L/Do = 60/48.75 =1.2308 Do/t = 48.75/0.17569 = 277.4774
From table G: A = 0.000234
From table HA-3: B = 3087.2

Pa= 4*B/(3*Do/t)
= 4*3087.2/(3*48.75/0.17569)

= 14.8346 psi
Design thickness for external pressure Pa = 14.8346 psi:
=t + Corrosion
= 0.17569 + 0
= (.17569 in
Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 60/48.75 =1.2308 Do/t = 48.75/0.25 = 195
From table G: A = 0.000398
From table HA-3: B = 4779
3.21.1996

Apr. 23, 1996
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-4,VSL Apr. 23, 1996

Spool B-4
Pa= 4*B/(3*Do/t)
= 4*4779/(3%48.75/0.25)
= 32.6769 psi
Revision No. 0
Doc. No. V049-1-056
3.21.1996 Pase 11 of 18




COMPRESS 5.53

C:A\COMPRESS\MANIFOLD\B-4_VSL

16-1/2" CF 14"tube

Opening nl 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 —>| |«
Tle=d >
twl->| |<
A \
N twe |/
A
<—— L —>|

Spool B-4
.25 1in

0 psi

Not installed

SA 240 304L HIGH

0 degrees
27.375 in
0in
3in

corrosion allow
noz thick new tn
nozzle id. new d
fillet weld twl
groove weld tw2

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*%(tn-Cn-C) = .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 8*_6.75/(16700*1 - 0.6*0)
= 0in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 8"‘_24.125/(16700*1 - 0.6*0)
=um

Area required

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

fr1 = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fi2 =1

3.21.1996

Apr. 23, 1996

0 in

.25 1in
13.5 in
.25 in
L1875 in
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-4.VSL
16-1/2" CF 14" tube

A = d*r*F + 2*tn*tr*F*(1 - frl)
= 13.5%0*%] + 2%0.25%0*1*(1 - 1)
= 0in"2

Area available

Al = larger of the following =3.375in"2

- = d*ET*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 13.5*%(1*0.25-1*0) - 2*0.25*%(1*0.25-1%0)*(1-1)
=3.375in"2

= 2¥(t+tn)*(E1*-F*tr) - 2%tn*(E1*t-F*tr)*(1-fr1)
= 2;5(0 252+0 25)*%(1%0.25-1%0) - 2*0.25%(1%0.25-1*0)*(1-1)
mn

A2 = smaller of the following =0.3131in"2

= 5*(tn - trn)*fr2*t
5*(0.25 - 0)*1*%0.25
313 in"2

= 5%(tn - trn)*fr2*tn
= 5%(0.25 - 0)*1*0.25
= .313in"2

A4l = Leg "2
=0.25"2%¥1 = .063in"2

Area = Al + A2 + A4l
= 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 = Q.25 in '
t1 or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
t1§actual) = 0.7*Leg = 0.7%0.25 = 0.175 in

t2(actual) = 0.1875 in

tl + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and 2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): rI=0in(E=1)
Wall thickness per UG-45(b (1) tr2 = 0in

Wall thickness per UG-16(b): tr3 = 0. 0625 in
Std pipe wall g)er UG- 45(b)(4) trd = 0.328125 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

3.21.1996

Apr. 23, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-4.VSL
16-1/2" CF 14"tube

Req’d per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wal! thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.
Allowable stresses in joiuts UG-45(c) and UW-15(c)
Groove weld in tension = 0.74*16700 = 12358 psi

Nozzle wall in shear = 0.7*16700 = 11690{)
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 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*13.75%0.25*11690 = 63089.47 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57%¥14*0.1875*12358 = 50930.41 Ibf

Loading on welds per UG-41(b)(1)

d - 2%)*(E1*t - F*tr))*Sy
(0 (1 .5 < 240.25)%(1%0.25 - 1*0))*16700
=-54275 Tbf

WI1-1 = (A2 + A5 + A41 + A42)*Sy
= (0.313 + 0 + 0.063 + })*16700
= 6279.2 Ibf

I ||M

-2 = A2 + A3 + Adl + A43 4+ 2*tn*t*fr1)*Sv
g3 313 + 0 + 0.063 + 0 + 2*0.25%0.25*%1)*16700
d

Load for path 1-1 lesser of W or W1-1 =-54275 Ibf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b){2).

Load for path 2-2 lesser of W or W2-2 =-54275 1bf
Path 2-2 Thru (1), (ﬂ)1 44965.59 + 50930.41 = 95896 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b}(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel walld = 13.5 in
Normal to the vesse! wall outside 2.5%(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*%(tn-Cn-C) = .625 in

3.21.1996

Apr. 23, 1996
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 COMPRESS 5.53 CA\COMPRESS\MANIFOLD\B-4.VSL Apr. 23, 1996
16-1/2" CF 14"tube

Nozzle required thickness
L/Do = 3/14 = 2143 Do/t = 14/0.02962 = 472.6536
From table G: A = 0.000667
From table HA-3: B = 52335

Pa= 4*B/(3*Dolt)
= 4%5233.5/(3*14/0.02962)
= 14.7635 psi

Nozzle required thickness trn = 02962 in

Required thickness tr from UG-37(d)(1) = .1757 in

Area required
Allowable stresses: Sn = 14700, Sv = 14700, psi

frl = lesser of 1 or Sn/Sv so frl =1
fi2 = lesser of 1 or Sn/Sv s0 fr2 =1

A = 0.5%(d*r*F + 2*n*tr*F*(1 - frl))
= ?’?393'*5;0'1757*] + 2%0.25%0.1757*1%(1 - 1))
= 1. 1mn

Area available

Al = larger of the following = 1.003 in"2
d*(E1*t-F*tr) - 2%n*(E1*-F*tr)*(1-fr1)
13.5%(1*%0.25-1*0.1757) - 2*0.25*%(1*0,25-1*0.1757)*(1-1)
1.003 in"2

2*(t+ tn)*(E 1 %t-F*tr) - 2**(E1*-F*tr)*(1-fr1)

2*(0.25+0.25)*(1*%0.25-1*0.1757) - 2*0.25*(1%0.25-1*0.1757)*(1-1)
074in"2

I

b2

A2 = smaller of the following = 0.2751in"2
5*(tn - trn)*fr2*¢

5*%(0.25 - 0.02962)*1*0.25

275in"2

5*(tn - trn)*fr2*tn
5%(0.25 - 0.02962)*1*0.25
.2751n"2

A4l = Leg"2*fr2
= 0.25°2%1 = .063 in"2

Area = Al + A2 + A4l
= 1.003 + 0.275 + 0.063
= 1.341 in"2

Tl
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