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REV. |DEO# |DATE |BY: | CHECK | TITLE:

0 0131 4/19/%6 | WDB RDC .

1 0243 |9kl [Wnp_ | RP SPOOL B-5 (30 in)

Mode Cleaner Tube
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 VIIL, Division I,
are derived using the COMPRESS computer program, version 5.53.

ASSUMPTIONS: None

1. Design Temperature = 400°F.
2. Ton Pump 16 in. & Nozzle Loads
Pr = 4354.01bf; Mc = M, = 378.5¢¢-Ibf; Ve = Vo= 126.51bf Joze:
3. Vacuum Pressure = 14.7 psi V095 1 -0YS
Y, Dwe ypdi-o -BT4

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 Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-5 outer shell.

NOTES: Flanges are 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
12" CF Nozzle is a hillside nozzle offset 4” above B-5’s CL. Unbalanced vacuum load at 8" nozzle
(382. Ibs) is omitted
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CALCULATION TITLE: Spool B-5 (30 in) Mode Cleaner Tube Desipn

REVISION HISTORY

Rev. 0 Original Issue
April 19, 1996

Rev.1 Issue Date

September 20, 1996

» Revised 8"CF & 12"CF nozzles to hillside nozzles

e Added unbalanced vacuum load at 12"CF nozzle

¢ Recalcnlated local and primary membrane stresses at the nozzles

* Revised the loading at the 16” CF nozzles, incorporating;
valve weight + vacuum force

o Reversed locations of the 8”CF & 12”CF nozzies.

o Revised location of 12"CF nozzle and nearby 2" x 2" x 1/4” stiffner ring.

¢ Revised stiffner ring at anchor support to 3" x 3" x 1/2".
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\BS-REV1.VSLD;q

] |

Pressure Summary

ressur mary for pressure chamber 1
| ] P | T | MaP | wAP | Pe | UGS? | ucs-66 |corrosion|
|  ldentifier | design | design | | jexternal| Ratio | MDMT Exemption or  |Aliowance|
{ | Cpsi} |tdeg F3 | (psi) | (psi) | tpsi> | ) tdeg F)  Stress Reduction | (in} |
1 | ] ¥ ] | 1
1 1 ] 1 | ] ) I 1 l
{ spool B-5 | 6.0 | 400.0 | 202.8 | 230.4 | 51.7 ] 1.136 | f Not appliceble | 0.000 |
| N& N4 16" CF (14%od| 0.0 | 400.0 | 130.5 | 14B.2 | 14.7 | 1.136 | | Not applicable | 0.000 |
| N2 N2 16CF (1$“od)| 0.0 | 400.0 | 130.5 | 148.2 |  14.7 | 1.136 | | Not mpplicable | ©.000 |
| N3 N3 8% CF (&Yod) | 0.0 | 400.0 | 119.9 | 136.2 | 1.7 ]| 1.136 I | Not applicable | 0.000 |
| N1 N1 12nCF {10“od)| 0.0 | 400.0 | 135.9 | 154.4 | 14.7 | 1.136 ] | Not applicable | 0.000 |
| stiffner Rings (A) | | | I | 14.7 | ] | | |
| Support Rings (A) | | | | | 14.7 | | | ‘ l
| support Ring (B) | | i | | 1.7 | i | |
| WHAM-5 END COMNN. | 0.0 | 0.0 10.2| 10.2] | 1.000 | | Not spplicable | 0.000 |
| WHAM-6 END CONN. | 0.0 | 0.0 | 2.0 | 2.0 | | t.000 | | Not applicable | 0.¢00 §
| stiffener Rings (8)] ] | i | 16.7 | } i | |
I | I | | l ! f i ! !
Vessel MAWP hot & corroded is 9.03 psi @ 0 degrees F.

Vessel MAP new & cold is 9.03 psi @ O degrees F.
Vessel allowable external pressure is 14.7 psi @ 400 degrees F.
Hydrotest pressure calculation based on Pe

= 1.5%Pe*i = 22 psi

Vessel hydrotest pressare is 22 psi.

Revision No. 1

Doc. No. V048-1-057

Page 5 of 63



COMPRESS 5.53 CACOMPRESS\MODECLNR\BS-REV1.VSLD;q

Weight Summary

Component ===-===-==-ma===d=----a-2' Weight {lbs) Contributed by Vessel Elements ---------veccccccrorooocccnns
Metal Metal Trays Packed Insul Lining Piping Ladder Rings Cper Test HNozzle
New Corr & sup Beds & plat & Misc Liguid Ligquid & flg
spool b5 3075 3073 0 0 0 0 0 278 0 11580 26
wham-5 end conn 1539 1539 o ] 0 0 0 0 0 0 1]
¥ham-46 end conn 153¢ 153% 0 0 1] 1] 1] 0 0 0 0
5153 6153 0 0 0 0 1] 278 g 11580 26

Vessel operating weight, corroded:
Vessel empty weight, corroded:
Vessel empty weight, new:

Vessel test weight, new:

6,457 lbs
6,457 lbs
6,457 lbs
18,037 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new:
Center of gravity to seam:

6,456 lbs
219.7in

Revision No. 1
Doc. No. V(049-1-057
Page 6 of 63
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Nozzle Summary

---------- P LT T I e L L b il et

Nozzle s 1) tn Req tn

mark {inm) ¢in) (in) A7 AZ2?
Né %.00 0.2500 0.1361 y ¥y
N2 14.00 0.2500 0.1361 y vy
N3 6.00 0.1250 0.1250 vy ¥
N1 10.00 0.2500 0.%18 y ¥y

Nom t
(in)

0.2500
0.2500
0.2500
¢.2500

Req t
{in)

Uger t
{in)

corr
Cin)

0.0000
0.9000
0.6000
0.0000

AafhAr
{%)

-----------------------------------------------------------------------------------------

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. 1
Doc. No. V049-1-057
Page 7 of 63



COMPRESS 5.53 CACOMPRESS\MODECLNR\B5-REV1.VSLD;q

ozzl &
Nozzie Service Size Materials
mark Nozzle Impact? Norm? Pad Impact? Norm? Flange
16" cf (14%cd) 13.50 1Dx0.25 SA 240 304L HIGK n n
N2 16¥cf (14%od) 13.50 1Dx0.25 SA 240 304L HIGH n n
84 cf {b%od) 5.75 1DxD.12 SA 240 304L HIGH n n
[} ] 12vef (10%o0d) .50 10x0.25 SA 240 304L HIGH n n

------------------------------------------------------------------------------------------------------------------

Rewvision No. 1
Doc. No. V049-1-057
Page 8 of 63




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B5-REV1 VSLD;q

Thickness Summ

------------------------------------------------------------------------------------------------------

Component i Length  Nom t Reg t Joint Governing Deflect
ldentifier {in) (in} tin) (in} E Load Status Stress ¢inm)
Spool b-5 30.50 439,00 0.2500 0.71428 0.35  externsl

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 - ¢xternal pressure governs
wind - combined long stress due to STATUS + wind governs

secismic - combined long stress due to STATUS + seismic governs

Revision No. 1
Doc. No. V049-1-057
Page 9 of 63
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Spool B-§

. SME 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 = 3074.7 corr = 3074.7 ib
capacity: - new

ID = 30.5 length Lc= 439 t=0.25 in(pnew)

MAP: (New & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6%1) - Ps
= 16700*0.85%0.25/(15.25 + 0.6%0.25) - 0
= 230.4383 psi

. AWP: _ (Corroded & at 400 deg F) UG-27¢c)(1)

P = S*E*/(R + 0.6*1) - Ps
= 14700*0.85%0.25/(15.25 + 0.6%0.25) - 0
= 202.8409 psi

External Pressure: {Corroded & at 400 deg F) UG-28

L/Do = 69/31 =2.2258 Do/t = 31/0.14281 = 217.0716
From table G: A = 0.000183
From table HA-3: B = 2408.6

Pa= 4*B/(3*Do/t)
= 4*2408.6/(3*31/0.14281)
= 14,7945 psi

Design thickness for externa) pressure Pa = 14.7945 psi:

=t + Corrosion
=0.14281 + 0
=0.14281 in

Maximum Allowable External Pressore: (Corroded @ 400 deg F

L/Do = 69/31 =2.2258 Do/t = 31/0.25 = 124
From table G: A = 0.000416
From table HA-3: B =4816.4

Pa= 4*B/(3*Do/v)

1388.487 corr = 1388.487 USga

Revision No. 1
Doc. No. V049-1-057
Page 10 of 63
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Spool B-5

. = 4*4816.4/(3%*31/0.25)
= 51.7892 psi '

Revision No. 1
Doc. No. V049-1-057
Page 11 of 63



COMPRESS 5.53 CA\COMPRESS\MODECLNR\B5-REV1.VSLD;q

N1 12°CF (10"0d)

&pening N1 Reinforcement Calculations Per UG-37

Located on: Spocl B-5
Local vessel thickness: 25 1n
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 75.5 degrees
End of nozzle to shell center: 18.125 in
Nozzle offset from center Lo; 4 in
Projection outside vessel Lpr: 3.15in
th —> I |<—
- - corrosion allow
<— d —> noz thick new t
twl—> < nozzle id. new
/ v \ fillet weld twi
—_— e groove weld tw2
Ao _tw?2 |/
< L >| To datum L= 309

&einl‘orcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 9.883 in
Normal 1o the vessel wall outside 2.5*%(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Petermination of Chord Length

Thetal = ArcCos({Lo + Rn}/Rm)
= ArcCos((4 + 4.75)/15.3209)
= 55.17227

Theta?2 = ArcCos((Lo - Rn)y/Rm)
= ArcCos({4 - 4.75)/15.3209)
= 92.80641

d = 2*Rm*Sin((Theta2 - Thetal)/2)
= 2*15.3209*Sin((92.80641 - 55.17227)/2)
=9.883 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
. = 135.9225%4.75/(14700*1 - 0.6%135.9225)
= 0.0442 in

Required thickness tr from UG-37(a

¢ in
.25 in
9.5 in
.2% in
.1875 in

Revision No. 1
Doc. No. V049-1-057
Page 12 of 63



COMPRESS 5.53 CACOMPRESS\MODECLNR\B5-REV1.VSLD;q
N1 12"CF (10%0d)

.n= P*R/(S*E - 0.6*P)
= }35.9225+%15.25/(14700*1 - 0.6*135.,9225)
=0.1418 in
Area required
Allowable stresses: Sn = 14700, Sv = 14700, opsi

frl = jesserof [ or Sn/Svsofrl =1
fr2 = lesserof 1 or Se/Svsofi2 =1

A = d*u*F + 2*wm*tr*F*(1 - fr1)
= 9.883%0.1418*0.5 + 2%0.25%0.1418*0.5%(1 - 1)
= .7007 in"2

Area available
Al = larger of the following = 1.77in"2

= d*EI*-F*u) - 2*tn*(E1*t-F*r)*(1-fr1)
= 0.883%(1%0.25-0.5*%0.1418) - 2#D.25%(1*0.25-0.5*0.1418)*(1-1)
= 1.77in"2

= 2*(t+tm)*(E 1*i-F*r) - 2*wm*(E1*t-F*tr)*(1-fr1)
= 2%(0.25+0.25)*(1%0.25-0.5%0.1418) - 2¥0.25%(1%0.25-0.5%0.1418)*(1-1)

. =.179in"2

A2 = smaller of the following = 0.257 in"2

= 5*(1n - trn) *fr2*t
= 5%(0.25 - 0.0442)*1*0.25
= .257in"2

= 5*(1n - trn) *fr2*tn
= 5%(0.25 - 0.0442)*1%0.25
= 257 in"2

Adl = Leg™2%fr2
= 0.2572*%} = .063 in"2

Area = Al + A2 + Ad41
= 1.77 + 0.257 + 0.063
=2.09in"2

As Area > A the reinforcement is adequate for MAWP = 135.9225 at 400 Deg F

Reinforcement check in the plane parallel to the long. axis

Area required

A = d*ur*F + 2*%*tr*F#*(1 - fr1)
=9.5*0.1418%1 + 2*0.25%0.1418*1*%(1 - 1)
= 13471 in‘Z

Area available Revision No, 1
Doc. No. V049-1-057

Page 13 of 63




COMPRESS 5.53 CACOMPRESS\MODECLNR\BS-REV1.VSLD;q

N1 12"CF (1070d)

.Al = larger of the following = 1.028in"2

d*(E1*t-F*tr) - 2*m*(E1*t-F*ir)*(1-fr1)
9.5%(1%0.25-1%0.1418) - 2*0.25%(1%0.25-1%0.1418)*(1-1)
1.028 in"2

wmwn

= 2%+ m)*(E1*t-F*tr) - 2*m*(E1*1-F*tr)*(1-fr1)
2%(0.254+0.25)*(1%0.25-1%0.1418) - 2%0.25*(1*0.25-1*0.1418)*(1-1)
.108 in"2

nou

Area = Al + A2 + A4l
= 1.028 + 0.257 + 0.063
= 1.348in"2
As Area > A the reinforcement is adequate for MAWP = 135.9225 at 400 Deg F

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

tmin = lesser of 0.75 or tnort, tmin = 0.25 in

tl 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

{2(actual) = 0.1875 in

tl + 12 =0.3625 > = 1.25%*umin

The weld sizes for t1 and 2 are satisfactory.

&Q-&ls Nozzle Neck Thickness Check

Wazll thickness per UG-45(a): irl = 0.0442in (E = 1)
Wall thickness per UG-45(b){1): 112 = 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 tr5: tré = 0.1418 in

Req'd per UG-45 is the largerof 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(¢) and UW-15{(¢

Groove weld in tension = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7%14700 = 10290 psi
Inner fillet weld in shear = 0.49% 14700 = 7203 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzie O.D . *Leg*Si = 1.57%10*0.25+7203 = 28271.78 Ibf

.(3) Nozzle wall in shear

(Pi/2)*Mean nozzle dia. *tn*Sn = 1.57*9.75*0.25%10290 = 39378.55 Ibl

Revision No. 1
Doc. No. V049-1-057
Page 14 of 63




COMPRESS §.53 C\COMPRESS\MODECLNR\B5-REV1,VSLD:q

N1 _12"CF (10”0d)

(4) Groove weld in tension
(Pi/2)*Nozzle O.D . *tw*Sg = 1.57*10*0.1875%10878 = 32022.11 lbf

Loading on welds per UG-41(b

W =(A-(d-2%n)*(E1* - F*ir))*Sv
= (1.3471 - (9.5 - 2*%0.25)*(1*0.25 - 1*0.14 18))* 14700
= 5487.51 1bf

Wi-1 = (A2 + A5 + A4l + A42)*Sv
(0.257 + 0 + 0.063 + 0)*14700
4704 Ibf

tu

W2-2 = (A2 + A3 + A41] + A43 + 2*tn*t*fr1)*Sv
= {0.257 + 0 + 0.063 + 0 + 2*0.25%0.25*1)*14700
= 6541.5 1bf

Load for path 1-1 lesser of W or W1-1 = 4704 Ibf
Path 1-1 Thra (1) & (3) = 28271.78 + 39378.55 = 67650.33 1bf
Path 1-1 is stronger than W1-1 so0 it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = §487.51 Ibf
Path 2-2 Thru (1), (4) = 28271.78 + 32022.11 = 60293.32 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

‘einforcement Cslcunlations For Nozzle MAP

Limits of reinforcement UG-40

Parall¢l to the vessel walld = 9.883 in
Normal to the vessel wall outside 2.5*(in-Cn) + te = .625in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .625 in

Determination of Chord Length

Thetal = ArcCos((Lo + Rn)/Rm)
= ArcCos{(4 + 4.75)/15.3209)
= 55.17227

Theta2 = ArcCos{{L.o - Rn)/Rm)
= ArcCos((4 - 4.75)/15.3209)
= 92.80641

d = 2*Rm*Sin((Theta2 - Thelal)/2)
= 2%15.3209*Sin((92.8064 1 - 55.17227)/2)
= 9.883 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 154.4704%4.75/(16700%1 - 0.6%154.4704)
. = 0.0442 in

Required thickness tr from UG-37(a)

Revision No. 1
Doc. No. V049-1-057
Page 15 of 63



COMPRESS 5.53 C:\COMPRESS\MODECLNR\B5-REV1.VSLD;q
N1 12°CF (10%0d)

. tr= P*R/(S*E - 0.6*P)
= 154.4704%15.25/(16700*]1 --0.6*154.4704)
=0.1418 in
Area required

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

fr] = lesserof 1 or Sn/Svsofrl =1
fr2 = lesserof 1 or Sn/Svsofr2 =1

A = d*r*F + 2*%tn*tr*F*(1 - fri)
9.883%0.1418%0.5 + 2%0.25*%0.1418*0.5%(1 - 1)
.7007 in"2

Aresa available

A1l = larger of the following = 1.77in"2

= d*(E1*t-F*ur) - 2*in*(E 1 *t-F*r)*(1-fr1)
9.883%(1%0.25-0.5%0.1418) - 2*0.25%(1*0.25-0.5%0.1418)*(1-1)
= 1.77in"2

= 2*¥{t+tn)*(E1*t-F*ir) - 2*tn*(E 1 *t-F*r)*(1-fr1)
= 2%(0.25+0.25)*(1%0.25-0.5%0.1418) - 2%0.25*(1*0.25-0.5*0.1418)*(1-1)

. = .17%in"2
= 0.257 in"2

A2 = smaller of the following

= 5¥(in - trn) *fr2*t
= 5%(0.25-0.0442)*1*0.25
= .257in"2

= 5*(in - tro)*fr2*n
= 5%(0.25 - 0.0442)*1%0.25
= .257in"2

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

Area = Al + AZ + A41
= 1.77 + 0.257 + 0.063
= 2.09in"2

As Area > A the reinforcement is adequate for MAP = 154.4704 at 6 Deg F

Reinforcement check jn the plane parallel to the long. axis

Area required
A = d*1r*F + 2% m*ur*F*(1 - frl)

=9.5%0.1418*1 + 2*0.25*0.1418*1*%(1 - 1)
= 1.3471in"2

Area available

Revision No. 1
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N1 12°CF (10"ed

.Al = larger of the following = 1.028in"2

d*(E1*t-F*tr) - 2*tn*(E1 *t-F*ur)*(1-fr1}
9.5*(1%0.25-1*0.1418) - 2*0.25%(1*0.25-1%0.1418)*(1-1)
1.028 in"2

= 2*(t+m)*(E 1 ¥*t-F*r) - 2*n*(EIT*-F*n)*(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

Area = Al + A2 + A4l
= 1.028 + 0.257 + 0.063
1.348in"2

o

As Area > A the reinforcement is adequate for MAP = 154.4704 at O 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, t1{min) = 0.175 in
ti(actnal) = 0.7*Leg = 0.7¥0.25 = 0.175 in

12(actual) = 0.1875 in

tl +12 =0.3625 >= 1.25*umin

The weld sizes for 11 and {2 are satisfactory.

‘5-45 Nozzle Neck Thickness Check

Wall shickness per UUG-45(a): trl =0.0442in(E = 1)
Wall thickness per UG-45(b)(1): tr2 =0.1418 in

Wall thickness per UG-16(b): ir3 = 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 trl or tr6 = 0.1418 in
Available nozzle wall thickness new, tn = 0.25 in
The nozzle neck thickness is adequate for MAP.

Howable stresses in joints UG-45(c) and EW-15(¢

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*0.25*8 183 = 32118.28 Ibf

.(3) Nozzle wall in shear

(Pi/2y*Mean nozzle dia.*tn*5n = 1.57%9.75%0.25*11690 = 44736.17 lbf

Revision No, ;
-NO. V049‘]
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N1 12“CF (10%d)

(4) Groove weld in tension
(Pi/2)*Nozzle O.D . *tw*Sg = 1.57%10*0.1875%12358 = 36378.86 Ibf

oading on welds per UG-41(b

W = (A-(d-2%m)*(E1% - F*ur))*Sv
= (1.3471 - (9.5 - 2%0.25)*(1%0.25 - 1*0.1418))* 16700
= 6234.11 1bf

Wli-1 = (A2 + A5 + A4] + A42)*Svy
= (0.257 + 0 + 0.063 + 0)*16700
= 5344 Ibf

W2-2 = (A2 + A3 + Ad4] + A43 + 2%m*1*fr1)*Sv
=(0.257 + 0 + 0.063 + 0 + 2*0.25%0.25*1)*16700
= 7431.5 Ibf

Load for path 1-1 lesser of W or W1-1 = 5344 Ibf
Path 1-1 Thru (1) & (3) = 32118.28 + 44736.17 = 76854.45 Ibf
Path 1-1 is stronger than W 1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 6234.11 Ibf
Path 2-2 Thru (1), (4) = 32118.28 + 36378.86 = 68497.14 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Geinforcgment Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d = 9.883% in
Normal to the vessel wall outside 2.5%(ta-Cn) + te = .625 in
Normal to the vessel wall inside 2.5%(1n-Cn-C) = .625 in

etermination of ord Length

Thetal = ArcCos{{Lo + Rn)/Rm)
= ArcCos((4 + 4.75)/15.3214)
= 55.17357

Thela2 = ArcCos{(Lo - Rn)/Rm)
= ArcCos((4 - 4.75)/15.3214)
= 92.80632

d = 2*Rm*Sin((Thela2 - Thetal)/2)
= 2%15.3214*S8in((92.80632 - 55.17357)/2)
=9.883in

Nozzle required thickness

L/Do = 3.15/10 = .315 Do/t = 10/0.02239 = 446.628
From table G: A = 0.000481
. From table HA-3: B = 4941

Pa= 4*B/(3*Do/ft)
= 4%4941/(3*10/0.02239
( ) Revision No. 1
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. = 14.7505 psi

Nozzle required thickness trn = .0223§ in

N1 12"CF (10"0d}

Re ickness tr from UG-37(d){1) = .1428 in

Area required

Aliowable stresses: Sn = 14700, Sv = 14700, psi

frl
fr2

= lesserof 1 or Sn/Svsofrl =1

= lesserof 1 or Sn/Svso fr2 =1

A = 0.5*(d*tr*F + 2*o*r*F*(1 - fr1))
= 0.5%(9.883%0.1428%0.5 + 2*0.25*0.1428*0.5%(1 - 1))
= .3528in"2

Area available
Al = larger of the following = 1.765in"2
*(E1*t-F*tr) - 2¥m*(E1*1-F*ir)*(1-fr1)

d
9.883%(1%0.25-0.5%0.1428) - 2*0.25%(1*0.25-0.5*0.1428)*(1-1)
1.765 in"2

Hnan

= 2*(t+ m)*(E1*t-F*tr) - 2*m*(E1*-F*tr)*(1-frl)
. = 2%(0.25+0.25)*(1*0.25-0.5%0.1428) - 2%0.25%(1%0.25-0.5*0. 1428)*(1-1)
=.179in"2

A2 = smaller of the following = 0.285in"2

= 5%(tn - trn)*f12*t
= 5%(0.25 - 0.02239)*1+%0.25
= .285in"2

= 5%(tn - trn)*fr2 *tn
= 5%(0.25 - 0.02239)*1*0.25
= .285in"2

A4l = Leg 2*r2
= 0.25°2*%1 = 063 in"2

Area = Al + A2 + A4l
= 1.765 + 0.285 + 0.063
=2.113in"2

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

Reinforcement check in the plane parallel to the long. axis
Area required

A = 0.5*(d*r*F + 2*w*u*F*(1 - fr1))
0.5%(9.5%0.1428%1 + 2*0.25%0.1428*1*(1 - 1))
.6783 in"2

Revision No. 1
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‘rea available

Al = larger of the following = 1.018in"2

N1 12"CF (10"0d)

= d*¥(E1*¥1-F*tr) - 2*tn*(E1 *t-F*tr)*(1-fr1)
9.5%(1%0.25-1%0.1428) - 2*0.25*(1*0.25-1*0.1428)*(1-1)
1.018in"2

= 2*(t+tn)*(E1*1-F*tr} - 2*m*(E 1*1-F*tr)*(1-fr1)
= 2%(0.25+0.25)*(1%0.25-1*0.1428) - 2%0.25%(1%0.25-1*0. 1428}*(1-1)
= .107in"2

Area = Al + A2 + A4l
= 1.018 + 0.285 + 0.063
= 1.366in"2
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): vl =0.02239in(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): trd = 0.319375in

The greater of tr2 or tr3: tr5 = 0.0625 in
.The lesser of trd or r5: tr6 = 0.0625 in

Req'd per UG-45 is the larger of tr]l or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

Revision No. 1
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N1 12"CF (100

lied 5

Radial load Pr= 10421bf = Vazuom Yoee (,Er-\b Car u:.u.bj

Circumferential moment Mc = 0 Ibf-fi

Circumferential shear Ve = 0lbf

Longitudinal moment ML = 0 Ibf-ft To_
Longitudinal shear VL = O Ibf

Torsion moment Mt = {1bf-ft

Internal pressure P = 0Opsi

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

Mean radins Rm = 15.375in
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*¥(x/x)"2 + 3%(1/x)"4)

J25%(4 + 3%(4.75/5.25)"2 + 3%(4.75/5.25)"4)
2.117

1

o

Local circ. pressure stress = 1*P*Rm/t =g {514 ps
.,ocal long. pressure siress = P*Rm/2t =g 4R P

Maximum combined stress = S2ESmt 9581, Po
Allowable combined stress = +-3*S = +- 44100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane siress =-¥FS3Epes 4043, Pn
Allowable primary membrane stress = +-1.5*5 = +- 22050 psi

The maximum primary membrane stress is within allowable limits.

LidTes) (18 BT8w) _ '
2 (.28) = A45L fu

o =

e (,\4.‘?\

07 = 0a7e00538m) . gogqpmy —> o= (90420 (20T

.’2.5!:4

= 1D\ Pan

Max Coudwed %‘rﬁ—e&: = 25 ex + 451 oo + O\ P

= 958\, g

Max Pranae! Sreeers = W po + 482 sy + \G\hpsy = 4045Po
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From| value | beta]

Fig.| read | | Ay Al Bu Bl Cu cl Du Dl
| | ]

3c* |2.7030 |0.285] -733 -733 -733 -733

4C* |6.1853 |0.285)] -1677 =-1677 -1677 -1677

¢ 10.0648 |0.285] ~6482 6482 -6482 6482

2C-110.0135 |0.285] -1350 1350 -1350 1350

3A* |1.8945 |0.285]

1A |0.0591 |0.285]

3B* |3.9817 [0.285]

18-110.0125 |0.285]

pressure stress* |

T S P i et - SO 1Y SO, -gd. g g

Total circ stress | -4%4(, -2241, 454 -224\. 909, ‘3BK -9129 3235,

Primary membrane |

circ stress* | -39 =23491 -3SD1 -0 -ed] "4l UAT. TZeAD
|

3c* |2.7030 |0.285] -733 -733 -733 -733

4c* 16.1853 |0.285] -1677 -1677 -1677 -1677

1c-1]10.0320 [0.285] =-3201 3201 -3201 3201

2C  10.0306 |0.285] -3061 3061 -3061 3061

4A% |5.8096 |0.285]
2A  10.0245 |0.285]
4B* |2.0592 |0.285]
28-110.0218 [0.285]
pressure stress* |

—450 =442, -452, -~4%572, 452 ~44%.  -482. ~452,
~4RR{,, 1Dk, “43E,. LOW -S\90, 822, “2Sm. DAL,

|
Total long stress |
Primary membrane |
|
|
|

long stress* SNBSS, 1S, “hBS, ~uBsS. -2124 -~ 224 -24. .

torsion mement ML

Circ shear from vc|

tong shear from vL|
|

Total Shear stress|

-404\ -3c8) 4941, - 35y -9125. 383§ -ouq 383

Combined stress

I
|
l
|
s
I
|
T

Moveor Suess 1 -4 4 T4 H Ce@. tash e, T
IMax Comewen ~ERE -404% “SR8% -4043, T9RE| 8L ~95B\, 3
e TR T S T S

— o — o — e — e m— — — — - t— — —— r——— ——— ——

!?mwmmm%(_,_@:‘ -4%2,  -4%1 Al -ag), 48 -4q), 4. -4st

et e A L L e D T e -

Nb{rm?m#ﬁ\-la\mi%. o, 4R AR <3099  “30%) 3089 -1

e — —— — o Bt e i e e— — — . — —— o —— —

ﬁkﬁ»'@@ﬂj@@f_ 1I3% by 389 3ESL. T4l T 24D -2AY A
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N2 16"CF {14"0d)

ening N2 Reinforcement Celculations Per UG-37

Located on: Spcol B-5

User inpnt 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: 18.125 in

Nozzle offset from center Lo: Qin

Projection outside vessel Lpr: 2.625in

tn —>| |<-—
corrosion allow = 0 in

< d —> - noz thick new tn= .25 in
twl— < nozzle id. new d= 13.5 in
¥ v \ fillet weld twl = .25 in
—_—e] j— —— groove weld tw2 = .18B75 in
N f_tw2 . Vi
< L >| To datum L= 98 in
einfo t Calculations For Nozzle MAW *

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

thic 58
trn = P*Rn/(Sn*E - 0.6*P)

= 130.5334*6.75/(14700*1 - 0.6*130.5334)
= 0.0503 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 130.5334%*15.25/(14700%1 - 0.6%130.5334)
=0.1361 in

Area required

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

frl = lesserof 1 or Sn/Svsafrl =1
.‘rl = lesserof 1 or Sn/Svsofr2 =1

A = d*u*F + 2%mn*ur*F*(1 - frl)
= 13.5*0.1361*1 + 2*0.25*0.I361*1%(1 - 1) ..
Revision No. 1
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. = 1.8373ip"2

Te v e

N2 16"CF (14"0d)

Al = larger of the following = 1.538in"2

= d*E1*t-F*tr) - 2*n*(E1*-For)*(1-fr1)
= 13.5%(1%0.25-1%0.1361) - 2+0.25%(1%0.25-1%0.1361)*(1-1)
= 1.538 in"2

= 2*%(t+tn)*(E1*t-F¥ir) - 2*tn*(E1*t-F*tr)*(1-frl)
= 2%(0.25+0.25)*(1*0.25-1%0.1361) - 2%0.25%(1*0.25-1*0.1361)*(1-1)
= .114in"2

A2 = smaller of the following =0.237 in"2
= 5%(tn - trn)*fr2 *t
= 5%{(0.25 - 0.0603)*1*0.25
= .237in"2
= 5*(tn - tre)*fr2*tn
= 5*(0.25 - 0.0603)*1%0.25
=.237in"2

A4l = Leg™2*fr2

. =0.25"2%]1 = .0631n"2

Area = Al + A2 + A4l
= 1.538 + 0.237 + 0.063
= 1.838in"2

As Area > A the reinforcement is adequate for MAWP = 130.5334 at 400 Deg F

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

tmin = lesserof 0.75orto or t, tmin = 0.25in

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. 1875 in

t1 +12 =0.3625 >= 1.25*%min

The weld sizes for t1 and (2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickress per UG-45(a): trl =0.0603in(E = 1)
Wall thickness per UG-45(b)(1): 1rr2 = 0.1361 in

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

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

The greater of tr2 or r3: tr5 = 0.1361 in

The lesser of tr4 or tr5: tr = 0.1361 in

.Req'd per UG-45 is the largerof trl or tr6 = 0.1361 in

Available nozzle wall thickness new, tn = 0.25 in Revision No, 1
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N2 16"CF (1470d)

.The nozzle neck thickness is adequate for MAWP,

Allowable stresses in_joints UG-45(c d UW-15

Groove weld in tension = 0.74* 14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi
Inner fillet weid in shear = 0.49*14700 = 7203 psi

Strength of welded joints:

(1) Inner fitlet weld in shear
{Pi/2)*Nozzle O.D.*Leg*8i = 1.57*14*%0.25*7203 = 39580.49 1bf

{3) Nozzle wall in shear
(Pif/2)*Mean nozzle dia. *tn*Sp = 1.57*13.75*%0.25%10290 = 55533.84 Ibf

{4) Groove weld in tension
(Pi/2)*Nozzle O.D.*1tw*S8g = 1.57%14%0.1875% 10878 = 44830.96 Ibf

Loading on welds per UG-41({b}(1

W= (A-(d-2*m)*(E1*t - F*tr))*Sv
= (1.8373 - (13.5-2*0.25)*(1%0.25 - 1*0.1361))*14700
= 5242.018 Ibf

= (0.237 + 0 + 0.063 + 0)*14700

.Wl-l = (A2 + A5 + A4l + A42)*Sv
= 4410 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*m**r1)*Sv
= (0.237 + 0 + 0.063 + 0 + 2*0.25%0.25*1)*14700
= 6247.5 Ibf

Load for path 1-1 lesser of W or W1-1 = 4410 ]bf
Path 1-1 Thru (1) & (3) = 39580.49 + 55533.84 = 95114.33 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 = 5242.018 Ibf
Path 2-2 Thru (1), (4) = 39530.49 + 44830.90 = 84411].45 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement c tions For Nozzle MAP
Limits of reinforcement UG-40

Parallel to the vessel walld = 13.5in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle reguired thicknpess

trn = P*Ra/(Sn*E - 0.6*P)
= 148.2763%6.75/(16700*1 - 0.6*148.2763)
= 0.0603 in

Revision No. 1
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2 16"CF (14%0d
&eguired thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6%P)
= }48.2763*15.25/(16700*1 - 0.6%148.2763)
= 0.1361 in

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

fr1 = lesserof 1 or Sn/Svsofrl =1
fr2 = lesserof 1 or Sn/Svsofr2 =1

A = d*tr*F + 2*tn*tr*F*(1 - fr1)

13.5%0.1361*1 + 2%0.25*0.1361*1*%(1-1)
1.8373in"2

Aresa available
Al = larger of the following = 1.538in"2

S*(E1*t-F*tr) - 2*wm*(E1*t-F*tr)*(1-fr 1)
13.5%(1%0.25-1%0.1361) - 2*0.25%(1*%0.25-1*0. 136 )*(1-1)
1.538in"2

It

2¥(t+tm)*(E 1 *1-F*tr) - 2*%tn*(E 1 *t-F*r)*(1-fr1)
. = 2%(0.25+0.25)%(1*0.25-1*0.1361) - 2*0.25*(1*0.25-1*0.1361)*(1-1)
=.114in"2

A2 = smaller of the following = 0.237in"2

= 5*(tn - trn) *fr2*t
= 5%(0.25 - 0.0603)*1*%0.25
= .237in"“2

= 5%(tn - trn)*fr2*tn
= 5%(0.25 - 0.0603)*1%0.25
= .237in"2

A4l = Leg™2%f12
= 0.2572*1 = .063 in"2

Area = Al + A2 + A4l
= 1.538 + 0.237 + 0.063
= 1.838in"2

As Area > A the reinforcement is adequate for MAP = 148.2763 a1l 0 Deg F

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

tmin = lesserof 0.75 ortport, tmin = 0.25in

.u or t2(min) = lesser of 0.25 or 0.7*tmin. t1(min) = 0.175 in
ti(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in
12(actual) = 0,1875 in

t1 +t2 = 0.3625 > = 1.25%umin ..
Revision No. 1
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N2 16"CF (14"0d)
. The weld sizes for t1 and 2 are satisfactory.

-45 zle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0603in(E = 1)
Wali thickness per UG-45(b)(1): tr2 = 0.1361 in

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

Std pipe wall per UG-45(b)(4): tr4d = 0.328125 in

The greater of tr2 or tr3: r5 = 0.1361 in

The lesser of tr4 or tr5; 6 =0.1361 in

Req'd per UG-45 is the largerof ri or tr6 = 0.1361 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*14*0.25*8183 = 44965.5% Ibf

(3) Nozzle wall in shear
(Pi/2)y*Mean nozzle dia. *tn*Sn = 1.57%13.75*0.25*116%90 = 63085.47 1bf

{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

W = (A-(d-2*n)*E1%t - F*tr))*Sv -
= (1.8373 - (13.5 -2*0.25)*(1*0.25 - 1*0.1361))*16700
= 5955.218 1bf

Wi-1 = (A2 + A5 + A4l + A42)*Sv
= (0.237 + 9 + 0.063 + 0)*16700
= 5010 Ibf

W2-2 = (A2 + A3 + A41 + A43 + Z¥m*1*fr1)*Sv
= (0.237 + 0 + 0.063 + 0 + 2%0.25%0.25%1)*16700
= 7097.5 Ibf

Load for path 1-1 lesser of W ar W1-1 = 5010 1bf
Path 1-1 Thru {1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W 1-1 so it is acceptable per UG-41(b)(1).

. Load for path 2-2 lesser of W or W2-2 = 5955.218 Ibf
Path 2-2 Thru (1), (4) = 44965.59 + 50930.41 = 95896 1bf
Path 2-2 is stronger than W so il is acceplable per UG-41(b)(2).
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.Leinforcement 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

Nozzle required thickness

L/Do = 2.625/14 = .1875 Do/t = 14/0.02907 = 481.5962
From table G: A = 0.000747
From table HA-3: B = 5338.9

Pa= 4*B/(3*Do/t)
= 4*5338.9/(3*14/0.02907)
= 14.7811 psi

Nozzle required thickness trn = .02907 in

uired thickness tr from UG-37(d)(1) = .1428 in

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

.frl = lesser of 1 or Sn/Svsofrl =1
fr2 = lesserof 1 or Sn/Svso f12 =1

A = 0.5%(d*r*F + 2%¥tn*r*F*(1 - fr1))
= 0.5%(13.5%0.1428*1 + 2*0.25%0.1428*1%(1 - I))
= .9639in"2
Area available
Al = larger of the following = 1.447in"2
d*(E1*t-F*r) - 2*n*(E1*t-F*r)*(1-fr1)

13.5%(1%0.25-1%0,1428) - 2*0.25%(1*0.25-1%0.1428)*(1-1)
1.447in"2

2*(t+m)*(E1*t-F*tr) - 2*ta*(E1*t-F*tr)*(1-fr1)
= 2%(0.25+0.25)%(1*0.25-1%0.1428) - 2*0.25%(1*0.25-1*0.1428)*(1-1)
= .107 in"2

A2 = smaller of the following = 0.276 in"2
= 5*%(in - ) *fr2*t

5%(0.25 - 0.02907)*1%0.25
216 in"2

. 5%*(in - trn)*fr2*n
= 5%(0.25 - 0.02907)*1*0.25

= .276in"2

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

Area = Al + A2 + A4l
= 1.447 + 0.276 + 0.063
= 1.786in"2
As Area > A the reinforcement is adequate for Pe = 14.7 a1 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a}: trl = 0.02907in(E = 1)
Wall thickness per UG-45()(2): tr2 = 0.0153 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 r3: tr5 = 0.0625 in

The lesser of trd or tr5: tré = 0.6625 in

Req’'d per UG-45 is the larger of tr] or r6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

Revision No. 1
Doc. No. V049-1-057
Page 29 of 63




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B5-REV1.VSL
N2 16°CF (14%0d)

1 ads
Radial load Pr= 43541f = Fowe \lawr + Vazour Foree
Circumferential moment Mc = 378.5 Ibf-fi
Circumferential shear Ve = 126.5 1bf RN
Longitudinal moment ML = 378.5 ibf-ft '
Longitudinal shear VL = 126.5 Ibf Ker. a‘\° \104‘\ |- 045
Torsion moment Mt = 0 1bf-fi o .
Internal pressure P= Opsi

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

Mean radins Rm = 15.375 in
Rm/t = 61.5

Stress concentration factor Kn (tension) =

1
Siress concentration factor Kb (bending) = 1

Pressure stress intensity factor, Farr equation 11.5

I

Q5% 4 + 3*%(@/x)2 + 3¥(1/x)"4)
25%(4 + 3%(6.75/7.25)°2 + 3%(6.75/7.25)"4)
2.214

Local circ. pressure stress = I*P*Rm/t = 8k 2007 ¢%)

.ncal long. pressure stress = P*Rm/2t = vmet 457, ¢5

Maximum combined siress = Z=EESpt 35047 et
Allowable combined stress = +-3*3 = +- 44100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = S5EFE Q57 es\
Allowable primary membrane stress = +-1.5%S = +- 22050 psi

The maximum primary membrane stress is within allowable limits.

o~ (1471 o) 18.375.0)

L= = .
2 (.25 ) 452.0 =
07 = (ATes) B3I 90405 ps —= € = z214(op405 @)
.‘1.5\-4

= 2002. e

Max Comenen Omeese, = 232\0% 0y * 4BZ. pey * 2000 exu
= ZELAT psy

. MA‘L Pewwnet ‘Aaﬁbm&a%mr_‘b = L—,O(;.'T Py 45T eoy + 2D o)
= BAZ\ e,
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From| value | betal

|
| Fig.{ read | | Au Al Bu Bl Cu €l Du Dl
| ! | |
| 3c* [1.5557 |0.398] -1762 =-1762 -1762 -1762
{ 4C* |4.3917171 |0.398] -4974 -4974 -4%974 -4974
] 1C |0.0648 |0.398| -27085 27085 -27085 27085
| 2c-1|0.0065 |0.398F -2717 2717 -2317 2717
| 3A* |1.3830 |0.398} =267 -267 267 267
| 1A |0.0573 |0.398] -4079 4079 4079 -4079
| 38* |2.5018 [0.398] ~-483 -483 483 483
I 1B-1]10.0079 |0.398| -562 £62 562 -562
| pressure stress* |
I |_- 2002, -Zo02. 2002  -2002. 2002, 2002, ~iO0R. ~zool
| Total cire stress | -1073%2 =480, “BbidB, -4338, -35195, 27133, —250% @09
| Primary membrane |
| eirc stress¥* | =749, -850 -0L493 6493 -A02. -4031. -2349]. -3497.
| |
| 3¢* |1.5557 |0.398] -1762 -1762 -1762 -1762
| 4c* 14.3911 |0.398] -4974 -4974 -4974 -4974
] 1¢-1]0.0160 |0.398| -6688 6688 -~6688 6688
| 2c {0.0300 j0.398] -12540 12540 -12540 12540
| 4A* |5.6652 (0.398| -1093 -1093 1093 1093
1 24 10.0227 10.398] -1616 1616 1616 -16186
4B* |1.4487 10.398| =279 -27% 279 279
28-110.0158 |0.398) -1125 1125 1125 -1125
pressutre stress* |
i |__ "4 ~452, —482, -4 C4s5L. 457, ~4%2 852
{ Total long stress | -i020e S%20. ~4898  Suz2e. “L0u15  TTLRT. -ISIST WSS,
{ Primary membrane |
| long stress* | -2402, -2493. -1935.  -193:5 “LSI9 LS9, -42%3. -4,
1 f
{ torsion moment Mt |
| Circ shear from ve| 23 23 =23 -23
i Long shear from VL| -23 -23 23 23
! I
[ Tetal Shear stress| 23 23 -23 -23 -23 -23 23 23
{ I
| Combined stress [ —ioT738, N4=H  Bedd -6A33 -35195. ZN33, -UeS03. 19909
I !
§ I
Meveoae Sree | AR T4 A 452 T4t 4R 4s
[ -
Lﬁm&wwm%mgn Lo A0, 9. "R0D (4s, ~BEAT LRl TLYB 1907,

Tt _Hagoe) 482 _4s -4 cam, camr 2

M Torn oot Movegd ~ 791,

1211,

6945 U945, B, ~BRL (3% -0,
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N3 8" CF (6"0d)

.Opening N3 Reinfdrcement Calculsations Per UG-.37

Located on: Spool B-5

Local vessel thickness: .25 in

Liquid static head included: 0 psi

Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 75.5 degrees

End of nozzle to shell center: 18.125in

Nozzle offset from center Lo: 4 in

Projection ouiside vessel Lpr: 3.15in

tn —:-[ |<—

- - corrosion allow = 0 in
< d — noz thick new tn= .12% in
twl—> < nozzle id. new d= 5.75 in
/ v \ fillet weld twl = .25 in
—_— —_— —— groove weld tw2 = .1875 in
N _j_tw2 |/
< L >| To datum L= 74 in

&einfurcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vesse]l walld = 5.965 in
Norma! to the vessel wall outside 2.5%(tn-Cn) + t¢ = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Determination of Chord Length

Thetal = ArcCos{{L.o + Rn)/Rm)
= ArcCos((4 + 2.875)/15.3125)
= 63.32211

Theta2 = ArcCos({Lo - Rn)me)
= ArcCos((4 - 2.875)/15.3125
= 85.78719

d = 2*Rm*Sin((Theta2 - Thetal)/2)
= 2*%15.3125*S8in((85.78719 - 63.32211)/2)
= 5.965 in

Nozzle required thickness

trn = P*Ro/(Sn*E - 0.6*P)
= 119.9299+2 B75/(14700*1 - 0.6*119,9299)
= 0.0236 in

Required thickness tr from UG-37(a)
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.u= P*R/(S*E - 0.6*P)
= 119.9299%15.25/(14700*1 -.0.6%119.9299)
=0.125in

Area required

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

frl = lesserof 1 or Sn/Svsofrl =1
fr2 = lesserof 1 or Sn/Svsofr2 =1

A = d*r*F + 2*o*tr*F*(1 - fr1)
= 5.965*0.125%0.5 + 2*0.125*0.125*0.5%(1 - 1)
= 3728 in"2

Area available
Ai = Jarger of the following =1.118in"2

= d*(E1*-F*1r) - 2*im*(E1*t-F*tr)*(1-fr1)
= 5.965*(1*0.25-0.5*0.125) - 2*(0.125*%(1*0.25-0.5*0.125)*(1-1)
= 1.118in"2

= 2*(t+tn)*(E I *-F*tr) - 2*in*(E1*t-F¥ir)*(1-fr 1)
= 2*%(0.25+0.125)*(1*0.25-0.5*0.125) - 2%0.125%(1*0.25-0.5%0.125)*(1-1)

. =.141in"2

A2 = smaller of the following = 0.063 in"2

= 5%(tn - trn)*fr2*t
= 5%(0.125 - 0.0236)*1*%0.25
=.127in"2

5%(tn - trn)*fr2*tn
5%(0.125 - 0.0236)*1*0.125
063 in“2

Adl = Leg®2*ir2
= 0,25°2*%] = .063in"2

Area = Al + A2 + Adl
1.118 + 0.063 + 0.063
1.244 in"2

As Area > A the reinforcement is adequate for MAWP = 119.9299 at 400 Deg F

info e ent check in the plane parallel to the long. axis

Area reguired

A = d*ir*F + 2*n*tr*F*(1 - fr1)
. = 5.75%0.125%1 + 2*%0.125%0.125*1*%(1 - 1)
= .71875 in"2

Area available o
Revision No. 1

Doc. No. V049-1-057
Page 33 of 63




COMPRESS 5.53 C:\COMPRESS\MODECLNR\BS5-REV1.VSLD;q
N3 8" CF {6"od)
.Al = larger of the following =.719in"2
= d*E1*-F*tr) - 240 *(E 1 *-FHr)*(1-fr1)
= 5.75%(1%0.25-1%0.125) - 2%0. 125%(1 *0.25-1+0, 125)*(1-1)
= .719in"2
= 2%+ tn)*(E 1 *t-F*tr) - 2*tn*(E 1 *1-F*ur) #(1-fr 1)
= 2%(0.25+40.125)%(1%0.25-1%0.125) - 2%0, 125%(1%0.25-1*0.125)*(3-1)
= .094 in"2
Area = Al + A2 + A4d1
=0.719 + 0.063 + 0.063
= 845 in"2
As Area > A the reinforcement is adequate for MAWP = 119.9299 at 400 Deg F

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

tmin = lesserof 0.75 or tnor t, tmin = 0.125 in

t1 or t2{(min) = lesser of 0.25 or 0.7*umin, t1(min) = 0.0875 in
ti(actual) = 0.7*Leg = 0.7%¥0.25 = 0.1751n

t2(actual) = 0.1875 in

tl + 12 = 0.3625 > = 1.25*umin

The weld sizes for t1 and (2 are satisfactory.

G-4 ozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0236in (E = 1)
Wall thickness per UG-45{(b)(1): tr2 =0.1251n

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

Std pipe wall per UG-45(b)(4): ir4 = 0.245 in

The greater of tr2 or tr3: 5 =0.125in

The lesser of tr4 or ir5: 6 = 0.125in

Req'd per UG-45 is the largerof trl or tr6é = 0.125 in
Available nozzle wall thickness new, tn = 0.125 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*14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi
Inner fillet weld in shear = 0.49*14700 = 7203 psi

rength of welded joints:

{ 1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*S8i = 1.57*%6%0.25*%7203 = 10963.06 Ibf

.(3) Nozzle wall in shear

{Pi/2)*Mean nozzle dia. *tn*Sn = 1.57*53.875*0.125*10290 = 11864 .05 Ibf
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38" "od

{4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*6*0.1875%10878 = 19213.27 Ibf

oad n welds per UG-41 (b

W=(A-(d-2*m)*(E1*t - F*ir))*Sv
= (0.71875 - (5.75 - 2¥%0.125)*(1*0.25 - 1*0.125))*14700
= 459.375 Ibf

WIL-1 = (A2 + A5 + A4l + A42)*Sv
(0.063 + 0 + 0.063 + 0)*14700
1852.2 Ibf

W2-2 = (A2 + A3 + A4] + A43 + 2%n*t*fr1)*Sv
= (0.063 + 0 + 0.063 + O + 2*%0.125%0.25*%1)*14700
= 2770.95 Ibf

Load for path 1-1 lesser of W or W1-1 = 459.375 Ibf
Path 1-1 Thru (1) & (3) = 16963.06 + 11864.05 = 28827.11 1bf
Path 1-1 is stronger than W so it is acceptable per UG-4 1(b)(2).

Load for path 2-2 lesser of W or W2-2 = 459.375 Ibf
Path 2-2 Thru (1), (4) = 16963.00 + 19213.27 = 36176.33 Ibf
Path 2-2 is stronger than W s0 it is acceptable per UG-41(b)(2).

.Reinforcement Caleulations For Nozzle MAP
Limits of reinforcement UG-40
Parallel to the vessel wall @ = 5.965 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

Determination of Chord Length

Thetal = ArcCos{(Lo + Rn)/Rm)
= ArcCos((4 + 2.875)/15.3125)
= 063.32211

Theta2 = ArcCos{(Lo - Rn)/Rm)
= ArcCos{(4 - 2.875)/15.3125)
= §5.78719

d = 2*Rm*Sin((Theta2 - Thetal}/2)
= 2%15.3125*8in({85.78719 - 6§3.32211)/2)
= 5.965 in

Nozzle required thickness

trn = P*Ro/(Sn*E - 0.6*P)
= 136.2431*2.875/(16700*1 - 0.6*136.2431)

. = 0.,0236 in

Required thickness tr from UG-37(a
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..,= P*R/(S*E - 0.6*P)
= 136.2431%15.25/(16700%1 - 0.6*136.2431)

=0.125in

Area requived

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

frl = lesserof [ or Sn/Svsofrl =1
fr2 = lesserof 1 or Sn/Svsofr2 =1}

A = d*tr*F + 2¥in*u¥F*(1 - frl)
= 5.965*0.125*0.5 + 2*0.125*0.125*0.5%(1 - 1)
= .3728in"2

Area available
A1 = larger of the following =1.118in"2
*(E1*t-F*tr) - 2*ta*(E 1 *t-F*r)*(1-fr1)

d
5.965%(1%0.25-0.5%0.125) - 2%0.125*(1*0.25-0.5*0.125)*(1-1)
1.118in"2

wwn

= 2*%(t+tn)*(E 1 *1-F*ur) - 2*in*(E1*t-F*tr)*(1-fr1)
= 2%(0.25+0.125)%(1%0.25-0.5%0.125) - 2*0.125%(1*%0.25-0.5*0.125)*(1-1)

. =.141in"2
= 0.063 in"2

A2 = smaller of the following

5%(tn - trn) *fr2*1
5%(0.125 - 0.0236)*1*0.25
.127in"2

= 5*(in - trn)*fr2*tn
5%(0.125 - 0.0236)*1*0.125
.063 in"2

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

Area = Al + A2 + Adl
= 1.118 + 0.063 + 0.063
= 1.244 in"2
As Area > A the reinforcement is adequate for MAP = 136.2431 at 0 Deg F

Reinforcement check in the plane parallel to the long. axis

Ares required

A = d*ur*F + 2*tn*Ir*F*(1 - {r1)
. = 5.75*0.125%1 + 2%0.125%0.125%1%(1 - 1)
= ,71875in"2

Area available
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N38" CF (670d)
.Al = larger of the following =.719in"2

= d*(E1*t-F*tr) - 2*m*(E1*t-F*tr)*(1-fr1)
= 5.75%(1*0.25-1%0.125) - 2%0.125%(1%0.25-1%0.125)*(1-1)
=.719n"2
= 2*(t+tm)*E1*1-F*tr) - 2*m*(E1*t-F*ur)*(1-frl)
= 2*(0.25+0.125)*(1%0.25-1*0.125) - 2%0.125*(1*0.25-1%0.125)*(1-1)
= .094 in"2

Area = Al + A2 + A41
= 0.719 + 0.063 + 0.063
= .845in"2

As Arez > A the reinforcement is adequate for MAP = 136.2431at0DegF

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

tmin = lesser of 0.75 or tn or ¢, 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%0.25 = 0.175 in

t2{actual) = 0.1875 in

£l + 12 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and (2 are satisfactory.

&6-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0236in{(E = 1)
Wall thickress per UG-45(b)(1): tr2 = 0.1251in

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

Std pipe wall per UG-45(b){4): tr4 = 0.245 in

The greater of 112 or tr3: tr5 = 0.1251in

The lesser of trd4 or tr5: tré = 0.125 in

Req'd per UG-45 is the larger of ir] or tr6 = 0.125 in
Available nozzle wall thickness new, tn = 0.125 in
The nozzle neck thickness is adequate for MAP.

Allowable stresses in joints UG-45(c) and UW-135(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 = 81873 psi

Strength of welded joints:

(1) Inner fillet weld in shear
{Pi/2)*Nozzle O.D . *Leg*Si = 1.57*%6%0.25*8183 = 19270.96 lbf

{3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57#5.875%0.125*] 1690 = 13478.21 1bf
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(4) Groove weld in tension
(Pi/2)*Nozzle O.D . *tw*Sg = 1.57*6%0.1875*12358 = 21827.32 Ibf

ading on weld r UG-41 (b){1

W= (A-{d-2*m)*{Ei*t - F*u))*Sv
= (0.71875 - (5.75 - 2*0.125)*(1%0,25 - 1*0.125))*16700
= 521.875Ibf

W1i-1 = (AZ + A5 + A4l + A42)*Sv
= (0.063 + 0 + 0.063 + 0)*16700
= 2104.2 Ibf

W2.2 = (A2 + A3 + A4l + Ad3 + 2¥tn*t*fr1)*Sv
= (0.063 + 0 + 0.063 + 0 + 2%0.125%0.25*1)* 16700
= 3147.95 Ibf

Load for path 1-1 lesser of W or W1-1 = 521.8751bf
Path 1-1 Thm (1) & (3) = 19270.96 + 13478.21 = 32749.17 Ibf
Path 1-1 is stronger than W 50 it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2.2 = 521.875 Ibf
Path 2-2 Thru (1), (4) = 19270.96 + 21827.32 = 41058.28 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-4 1(b}{2).

.Reinforcement Calculations for External Pressure
|

Limits of reinforcement UG-40

Parallel to the vessel wall d = 5.965 in
Normal to the vessel wall outside 2.5*%(in-Cn) + te = .31251in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125in

termination of Chord Length

Thetal = ArcCos({Lo + Rn)/Rm)
= ArcCos{{4 + 2.875)/15.3214)
= 63.33883

Theta? = ArcCos((Lo - Rn)}/Rm)
= ArcCos({4 - 2.875)/15.3214)
= 85.78963

d = 2*Rm*Sin({(Theta2 - Thetal)/2)
= 2*%15.3214*S5in((85.78963 - 63.33883)/2)
= 5.965 in

Neozzle required thickness

L/Do = 3.15/6 = .525 Do/t = 6/0.01523 = 393.9593
From table G: A = 0.000333
. From table HA-3: B = 4408.2

= 4*4408.2/(3*%6/0.01523)
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. = 14.9193 psi

Nozzle required thickness trn = .01523 jn

N3 8" CF (6"0d)

ed thickness tr from UG-37(d)(1) = .1428 in

Area required

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

frl = lesserof 1 or Sn/Svsofrl =1
fr2 = lesserof 1 or Sn/Svsofr2 =1

A = 0.5%(d*tr*F + 2*m*tr*F*(1 - fr1))
= 0.5%(5.965%0.1428*%0.5 + 2*0.125*%0.1428*0.5%(1 - 1))
= .213in"2

Area avaifable
A1l = larger of the following = 1.065 in*2
*(E1*t-F*tr) - 2*m*(E 1 *t-F*u)*(1-fr1)

d
5.965%(1%0.25-0.5*0.1428) - 2*0.125%(1*0.25-0.5%0. 1428)*(1-1)
1.065in"2

. = 2*¥(1+in)*(E1*t-F*tr) - 2*m*(E 1 *t-F*tr)*(1-frl)

= 2+(0.25+0.125)%(1%0.25-0.5%0.1428) - 2*0. 125*%(1*0.25-0.5%0.1428)*(1-1)
= .1341in"2

A2 = smaller of the following = 0.069 in"2

= 5%(tn - trn)*fr2 *t
= 5%(0.125 - 0.01523)*1*%0.25
= .137in"2

= 5*%(in - tro)*fr2*tn
= 5%(0.125 - 0.01523)*1*0.125
= .069 in"2

A4l = Leg™2%fr2
=0.25"2%]1 = .063in"2

Area = Al + A2 + A4l

= 1.065 + 0.069 + 0.063
= 1.197in"2

As Area > A the reinforcement is adequate for Pc = 14.7 at 400 Deg F

Reinforcement check in the plane paraliel to the long. axis
Area required

A = 0.5%(d*tr*F + 2*n*u*F*(1 - fr1))
=0.5%(5.75%0.1428%1 + 27%0.125*0.1428%1*(1 - 1))
= .41055in"2
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N3 8" CF (6%0d)
.Area available

Al = larger of the folldu;ing = .616in"2
= d*(E1*1-F*tr) - 2% *(E 1 *1-F*tr)*(1-fr1)
= 5.75%(1%0.25-1%0.1428) - 2%#0.125%(1*0.25-1%0.1428)*(1-1)
= .616in"2
= 2%t +tn)*(E1*t-F*tr} - 2*m*(E1*t-F*ur)*(1-fr1)
= 2%(0.25+0.125)*(1*0.25-1*%0.1428) - 2*0.125*(1*0.25-1%0.1428)*(1-1)
= .08in"2

Area = Al + A2 + A4l
=0.616 + 0.069 + 0.063
= ,748in"2

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): rl =0.01523in (E= 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0153 in
Wall thickness per UG-16(b): r3 = 0.0625 in
Std pipe wall per UG-45(b)(4): trd = 0.245 in
The greater of tr2 or tr3: trS = 0.0625 in
. The lesser of tr4 or tr3: 16 = 0.0625 in

Req'd per UG-45 is the larger of ir] or tr6 = 0.0625 in
Available nozzle wall thickpess new, tn = 0.125 in

The nozzle neck thickness is adequate for Pe.

dee:
Aa_) & CF Lc;or; Jotree
1 Qukm e Bl Qi woe
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N4 16" CF (14"0d)

.Onenigg N4 Reinforcement Calculations Per UG-37

Located on: Spool B-5

User input vessel thickness: 25 in

Liquid static head included: 0 psi

Flange description: Not installed
Nozzle material specification: SA 240 3041 HIGH
Nozzle orientation: 0 degrees

End of nozzle to shell center: 18.125in

Nozzle offset from center Lo: 0in

Projection outside vessel Lpr: 2.625in

tn —| |<—
corresion allow = 0 in

< d —» noz thick new tn= .25 in
twi—> < nozzle id. new d= 13.5 in
/ v A\ fillet weld twl = .25 in
—_— - — — groove weld tw2 = 1875 in
Vo j_tw2 =/
< L > | To datum L= 50 in

.Reinfor ement Cal tions For Nozzle MAWP

Limits o inforcement UG-4
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

tre = P*Ro/(Sn*E - 0.6¥P)
= 130.5334*6.75/(14700*1 - 0.6*130.5334)
= 0.0603 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 130.5334*15.25/(14700*1 - 0.6*130.5334)
=0.1361in

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

fr1 = lesserof 1 or Sn/Svsofrl =1
. fr2 = lesserof 1 or Sn/Svsofr2 =1

A = d¥r*F + 2*ta*ur*F*(1 - frl)
= 13.5%0.1361*1 + 2*0.25*0.1301%1*(1 - 1) )
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. = 1.8373 in"2

Area avajlable

N4 16” CF (1470d)

A1l = larger of the following = 1.538 in"2

= d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
13.5%(1%0.25-1%0.1361) - 2*0.25%(1*0.25-1*0.1361)*(1-1)
1.538in"2

2%(t+tn)*(E1*-F*tr) - 2*tn*(E1*t-F*ur)*(1-fr1)
2%(0.25+0.25)*(1%0.25-1%0.1361) - 2*0.25*(1*0.25-1*0.1361)*(1-1)
.114in"2

A2 = smaller of the following =0.237 in"2

= 5%(tn - rn) *fr2*t
= 5%(0.25 - 0.0003)*1%0.25
=.237in0"2

= 5%(tn - trn) *fr2 *tn
5%(0.25 - 0.0603)*1%0.25
237 in"2

A41 = Leg 2*fr2

. =0.25%2%]1 = .063 in"2

Area = Al + A2 + A4l
= 1.538 + 0.237 + 0.063
= 1.838in"2

As Area > A the reinforcement is adequate for MAWP = 130.5334 2t 400 Deg F
Check the welds - From UW-16 :

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

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

t1{actual) = 0.7*Leg = 0.7%¥0.25 = 0.175 in

t2{actual) = 0.1875 in

tl + 12 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-48 Nozzle Neck Thickness eck

Wall thickness per UG-45(a): trl =0.0603in(E=1)
Wall thickness per UG-45(b)(1): tr2 = 0.1361 in

Wall thickness per UG- 16(b): r3 = 0.0625 in

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

The greater of tr2 or tr3: 5 = 0.1361 in

The lesser of tr4 or tr5: tr6 = 0.1361 in

. Req'd per UG-45 is the larger of tr]l or tr6 = 0.1361 in

Available nozzle wall thickness new, tn = 0.25 in
Revision No. 1
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N4 16" CF (1470d)

.‘I’hc nozzle neck thickness is adequate for MAWP.

Howable stresses in joints UG-45 e and UW-15(c

Groove weld in tension = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi
Inner fillet weld in shear = 0.49+%14700 = 7203 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*14%0.,25*7203 = 39580.49 ibf

{3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia. *tn*Sn = 1.57%13.75*%0.25%10290 = 55533.84 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D . *tw*Sg = 1.57*14%0.1875*10878 = 44830 96 Ibf

oading on welds per UG-41(b){(1

W=(A-(d-2*m)*(EI*t - F*tr))*Sv
= (1.8373 - (13.5 -2*0.25)*(1%0.25 - 1*0.1361))*14700
= 5242.018 1bf

W1-1 = (A2 + AS + A41 + Ad2)*Sv
= (0.237 + 0 + 0.063 + 0)*14700
= 4410 Ibf

W2-2 = (A2 + A3 + A41 + A43 + 2%n*t*fr1)*Sv
= (0.237 + 0 + 0.063 + 0 + 2*0.25%0.25*1)*14700
= 6247.5 Ibf

Load for path 1-1 lesser of W or W1-1 = 4410 Ibf
Path 1-1 Thru (1) & (3) = 39580.49 + 55533.84 = 95114.33 Ibf
Path 1-1 is stronger than W 1-1 s0 it is acceptable per UG-41{(b)(1)}.

Load for path 2-2 lesser of W or W2-2 = 5242.018 Ibf
Path 2-2 Thru (1), (4) = 39580.49 + 44830.96 = 84411.45 1bf
Path 2-2 is stronger than W so it is acceptable per UG-4 1(b)}(2).

Reinforcement Calculations Fo ozzle P

f reinforcement UUG-40

Parallel to the vessel walld = 13.5in
Normal to the vessel wall outside 2.5*%(tn-Chn) + te = 625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickness

m = P*Ru/(Sn*E - 0.6*P)
= 148.2763*6.75/(16700*1 - 0.6* 148,2763)
= 0.0603 in
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N4 16" CF (14%0d)

.geguired thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 148.2763%15.25/(16700*1 - 0.6%148.2763)
= 0.1361 in

Area required

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

fr]1 = lesserof 1 or Sn/Svso frl =1
fr2 = lesserof 1 or Sn/Svso fr2 =1

| A = d¥%r*F + 2%t F*(1 - frl)
13.5%0.1361%1 + 2+0.25%0.1361%1%(1 - 1)
1.8373 in"2

Ares available
Al = larger of the following = 1.538in"2
d*(E1*t-F*tr) - 2*tn*{(E 1 *{-F*tr)*(1-fr1)

13.5%(1*0.25-1%0.1361) - 2*0.25%(1*0.25-1*0.1361)*(1-1)
1.538 in"2

= 2¥(t+tn) *{(E 1 *1-F*ir) - 2*m*(E1 *t-F*ir)*(1-fr1)
. = 2%(0.25+0.25)*(1%0.25-1%0.1361) - 2*0.25%(1*0.25-1*0.1361)*(1-1)

=.114in"2

= 5*(tn - tro)*fr2*t
= 5%(0.25 - 0.0603)*1*0.25
= .,237in"2

|
A2 = smaller of the following = 0.237in"2

= 5*(ta - tm)*fr2*tn
5%(0.25 - 0.0603)*1*0.25
.237 in"2

A4l = Leg™2%f12
= 0.25%2*1 = .063in"2

Area = Al + A2 + A4l
| = 1.538 + 0.237 + 0.063
i = 1.838in"2

As Area > A the reinforcement is adequate for MAP = 148.2763 a1 ¢ Deg F

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

tmin = lesser of 0.75 ortnor t, tmin = 0.25 in
.tl or 12(min) = lesser of 0.25 or 0.7*umin, t1(min) = 0.175 in
ti(actual) = 0.7*Leg = 0.7%0.25 = 0.175 in
‘ t2(actual) = 0.1875 in
| 1] + t2 = 0.3625 > = 1.25%min ..
‘ Revision No. 1
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N4 16" CF (14"0d)

.l'he weld sizes for t1 and {2 are satisfactory.

UG-45 Nozzle Neck Thickness Che-ck

Wall thickness per UG-45(a): trl = 0.0603in(E = 1)
Walil thickness per UG-45(b)(1): tr2 = 0.1361 in

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

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

The greater of 12 or u3: tr5 = 0.1361 in

The lesser of tr4 or tr5: 6 = 0.1361 in

Req'd per UG-45 is the larger of trl or tr6 = 0.1361 in
Avzilable nozzle wall thickness new, tm = 0.25 in
The nozzle neck thickness is adequate for MAP.

Allowable stresses in joints UG-4S5{¢) 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%14*0.25¥83183 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*m*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 UG-41(b){1

W =(A-{d-2%n)*(E1*1 - F*ir))*Sv
= (1.8373 - (13.5 -2*0.25)*(1*%0.25 - 1*0.1361))*16700
= 5955.218 Ibf

WI1-1 = (A2 + A5 + A4l + A42)*Sv
= (0.237 + 0 + 0.063 + 0)*16700
= 5010 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*1*fr1)*Sy
= (0.237 + 0 + 0.063 + 0 4+ 2*0.25*0.25*1)* 16700
= 7097.5 Ibf

Load for path 1-1 lesser of W or W1-1 = 5010 Ibf
Path 1-1 Thra (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W 1-1 so it is acceptablc per UG-41(b)(1).

.Load for path 2-2 lesser of W or W2-2 = 5955.218 Ibf
Path 2-2 Thru (1), (4) = 44965.59 + 50930.41 = 95896 Ibf

Path 2-2 is stronger than W so it is acceptable per UG-4 1(b)(2}.
Rewision No. 1
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N4 16" CF (14%0d)

einfo e alculations for External Pressure

Limits of reinforc;:men.t UG-.Q'O

Parallel to the vessel walid = 13.5in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .625in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzie required thickness
LiDo = 2.625/14 = 1875 Do/t = 14/0.02907 = 481.5962
From table G: A = 0.000747
From tabie HA-3: B = 5338.¢%

Pa= 4*B/(3*Do/1)
= 4*5338.9/(3%14/0.02907)
= 14.7811 psi
Nozzle required thickness trn = .02907 in

Reguired thickness tr from UG-37¢(d)(1) = 1428 in

Atea required

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

fr] = lesserof 1 or Sn/Svsofrl =1
fr2 = lesserof 1 or Sn/Svsofr2 =1

A = 0.5%(d*tr*F + 2*m*u*F*(1 - frl))
0.5*(13.5%0.1428*%1 + 2*0.25%0.1428*1*(1 - 1))
9639 in™2

Area available
A1l = larger of the following = 1.447in"2
= d*(E1*t-F*1r) - 2*in*(E 1 *-F*tr)*(1-fr1)

13.5*%(1*%0.25-1*0.1428) - 2%0.25*%(1*0.25-1*0.1428)*(1-1)
1.447in"2

2%(1+m)*(E 1 *-F*tr) - 2*t*(E 1*t-Fatr)*(1-fr1)
2%(0.25+0.25)*(1*0.25-1*0. 1428) - 2%0.25%(1*0.25-1%0.1428)*(1-1)
.107 in*2

wnnu

A2 = smaller of the following = 0.276 in"2

= 5%(tn - tro)*fr2 %t
= 5%(0.25 - 0.02907)*1*0.25
276 in" 2

5¥(tn - trn) *fr2 *m
5%(0.25 - 0.02907)*1*0.25
.276in"2

I n K
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N4 16" CF {(14”0¢d)

A4l = Leg™2*%f12
=0.25"2*] = .063in"2

Area = Al + A2 + A4l
= 1.447 + 0.276 + 0.063
= 1.786 in"2

As Area > A the reinforcement is adequate for Pe = 14.7 a1 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.02907 in (E = 1)
Wall thickness per UG-45(b)(2): r2 = 0.0153 in

Wall thickness per UG-16(b): r3 =0.0625 1

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

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr5: w6 = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wali thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.
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4 16" C "od
lie oads
Radial load Pr= 4354 Ibf
Circumferential moment Mc = 378.5 Ibf-ft
Circumferential shear Ve = 126.51bf
Longitudinal moment ML = 378.5 Ibf-fi
Loagitudinal shear VL = 126.5 Ibf
Torsion moment Mt = O Ibf-fi
Internal pressure P= Opsi
tresses at the pozzle € lletin 107 i

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*(t/x)"2 + 3*(x/x)"4)
25%(4 + 3%(6.75/7.25)"2 + 3%(6.75/7.25)"4)

2.214

Local circ. pressure stress = I*P*Rm/t = 8. = 2002 05\ = >‘LS o Y 2.1\4’
.Local long. pressure stress = P*Rm/21 =—GFE 4852 P51 = (‘e 'l) ! \5 %"H)

Maximum combined stress =-32308=pyi 2Laf
Allowable combined stress = +-3*5 = +- 44100 psi 3219% x 2002 + 450 > 23S w40 o1

The maximum combined stress is within allowabile limits.

Maximum primary membrane siress =Bt
Allowable primary membrane stress = +-1.5%8 = +- 22050 psi oL\« 200~ asT = &5 £

The maximum primary membrane stress is within aliowable limits,
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{ From| Value | beta]

N4 16" CF (14"0d)

] Fig.| read | . | Au Al Bu Bl Cu cl Du Dl
{ } | |

] 3C* |1.5557 [0.398] -1762 -1762 -1762 -1762
jvdac* [4.3911 |0.398] -~4974 -4974 -4974 -4974

| 1¢ |0.0648 |0.398] ~27085 27085 -27085 27085
{ 2¢-1|0.0065 (0.398| -2717 27171 =217 2717

1 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

1 18-140.0079 |0.398] =562 562 562 -562

| pressure stress* | )

v |_-2o02. ~2002. ~2c02. -2ocR. 1o, -lool. -2cck, <2002,

Total circ stress | —|0T728 -4|80. -BLAS, -4%3B. -35(95. 271%%. -LLSH3. \D9509
Primary membrane |

cire stress* | =749, 1459 -(453, -LA93, -403. ~dod. =-3497, “3497.
I
3c* |1.5557 |0.398] -1762 -=1762 -1762 -1762
4C* |4.39171 |0.398]| -4974 4974 -4974 -4974
1Cc-1]0.0160 ]0.398| -6688 6688 -6688 6688
2C¢ |0.0300 |0.398) ~12540 12540 ~12540 12540
4A* |5.6652 |0.398] -1093 -1083 1093 1093
2A  10.0227 (0.398] -16.16 1616 1616 -1616
48% }11.4487 10.398]| -279 ~279 279 279

28-1]0.0158 {0.398] -1125 1125 1125 -1125
pressure stress* |

|_~45L.  -4sh,  -4E) 4R 4L, -4 -AS2,  -4S,

Total long stress | -10%00. $320. - 7498, DUL18. 20675, 3T —1S25T. S9N
Primary membrane |
long stress* | -2493. 2493, -19%5, ~1935. -LS5|9. -USi5. -4%3D ~43Bd,

]

torsion moment Mt |

Circ shear from vcl 23 23 -23 -23

Long shear from VLiL| -23 -23 23 23
]

Total Shear stress| 23 23 -23 -23 -23 -23 23 23

!

Combined stress =073, " S0, ~BLABR. A3 -35195. 17133, -26503. j950%

——-—u—u——n—numm_——.-n-—-“-an—_———

{
| i
‘{W &o.eds | 452 ~452, 452, 452 -4S%  -4%], !-451 47

—......-_......-._——__-.——.-.__..._——_....-_.-.——-—...—.--—

Mkﬁm%rw% oo, 1% "o 945, TIELA], UUBI, W5 19057,

.._,__________.______.____..___,__,,______.._._ — o — —

ﬂu.?&m{ Makeenoe 17455 ~1455, 1493 “LA93 LSS TLE9 438 A,

—._—.—————l. _——.——_——-—.—.———_—-. — o e — — — — ——

l ?&MM{AEMME‘T' j ~4s8L.  -4sl. “45), 452, Tipsl, “2ool, 108l Tlosl,

— e e — E— | — — — —— o — — —— e — — e— o — — — e —

M\m,?mmw{am 291, "9 “L945, TL945 TEALL TBEU, TL3IS. L3S,

P
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Stiffner Rings (A)

tiffeni ing Calculations Per UG-29 .

SME V111 Pivision 9 ition, A94 Addenda
Identifier: Stiffper Rings (A)
Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2
Distance first ring to datum line: &4 in
Ring spacing: 117 in
Ring description: 2x2x1/4 Equal Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 0.938in"2
Ring moment of inertia: Ir= 0.348in"4

Calculations for ring 64 in from datum

P
. Stiffener supported length: Ls

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14281 in
Cotroded shell thickness: ts = 0.25in
Shell outer diameter: Do = 3lin
Design temperature: = 400 deg F
Exlernal design pressure: = 14.7 psi

= 58.27083 in

B = .75%(P*Do/(t + As/Ls))
= .75%(14.7%31/(0.14281 + 0.938/58.27083))
= 2150.783
From table HA-3 (ring) A = 1.635851E-04

Required moment of inertia of the combined ring-shell section

Is= (Do™2*Ls*(t + As/Ls)*A)/10.9
= (3172*58.27083*+(0.14281 + 0.938/58.27083)*1.635851E-04)/10.9
= .1335474in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227

W = 1.1*8qr(Do*ts)
1.1*8qr(31*%0.25)
3.06227 in

W =Ls = 58.27083 in

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 Revision No. 1
Doc. No. V049-1-037
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Stiffner Rings (A)
. =1.533in
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%0.2573/12 + 0.7655676*0.8440339°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 =11 + 12 = 1.342617 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 181 in from datu

.Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14281in
Corroded shell thickness: ts = 0.25in
Shell outer diameter: Do= 31in
Design temperature: = 400 deg F
Externzl design pressore: P = 14.7psi
Stiffener supported length: Ls = 66in

B = .75*(P*Do/(t + As/Ls))
= .75%(14.7*31/(0.14281 + 0.938/66))
= 2176.604
From table HA-3 (ring) A = 1.655302E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
(3172%66%(0.14281 + 0.938/66)*1.655302E-04)/10.9
.1512443 in"4

Available- ent of inertia of the combined ring-shell section

Shell width contributing smzller of = 3.06227
W = 1.1*Sgr(Do*ts)

. 1.1*8qr(31%0.25)

3.06227 in

W =Ls = 66in

Revision No. 1
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Stiffner Rings {A
Shell area Al = W*ts = 0,7655676 in"2
Distance to the ring nentral axis
Y2 = Ring NA + ts/2
= 1.408 + 0.25/2
= 1.533in

Neutral axis of combined section

NA = As*Y2/(Al + As)
= 0,938+%1.533/(0.7655676 + 0.938)
= .8440839 in

Inertia of the she!l 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
= .793179% in"4
. Total available I = I1 + 12 = 1.342617 in~4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Revision No. 1
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Stiffener Rin B

.Stiffenln Ri alculations Per UG-29

SME Section VIII Division 1 Edition., A94 Addenda

Identifier: Stiffener Rings (B)
Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 292 in

Ring spacing: 108 in

Ring description: 2x2x1/4 Equal Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 0.938in"2

Ring moment of inertia: Ir= 0.343in"4

alculations for ring 292 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14281in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do= 31in
Design temperantre: = 400 degF
External design pressure: P = 14.7psi

. Stiffener supported length: Ls= 52in

B = .75*%(P*Do/(t + As/Ls))
= .75%(14.7*31/(0.14281 + 0.938/52))
= 2124.826
From table HA-3 (ring) A = 1.616295E-04

vired moment of inertia of the combined ring-shell section

Is= (Do“2*Ls*(t + As/Ls)*A)/10.9
= (3172*52%(0.14281 + 0.938/52)*1.616295E-04)/10.9
=,119189%4 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*8Sqr(31%0.25)
= 3,06227 in
W=1s=52in
Shell area Al = W#*1s = 0.7655676 in"2
. Distance to the ring neutral axis
Y2 = Ring NA + 1s/2

Do, No. V049-1-057
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Stiffener Rings (B)
. = 1.533in

Neutral axis of combined section

NA = As*Y2/(Al + As)
= 0.938%1.533/(0.7655676 + 0.938)
= .8440839%9in
Inertia of the shell about the combined section NA

I1 = W#t5"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=Ir + As*(NA-Y2)"2

= 0,348 + 0.938+%(0.8440839 - 1.533)"2

= ,7931799 in"4
Total available I = I1 + I2 = 1.342617 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 400 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14281in
Corroded shell thickness: ts= 0.25in

Shell outer diameler: Do = 31in

Design temperature: = 400 degF

External design pressure: P = 14.7psi

Stiffener supported length: Ls = 45.5in

= .75*(P*Do/(t + As/Ls))
= 75%(14.7*31/(0.14281 + 0.938/45.5))

= 2091.321
From table HA-3 (ring) A= 1.591049E-04
equired moment of i ia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
(31°2%45.5%(0.14281 + 0.938/45.5)*1.591049E-04)/10.9
.1043065 in~4

It H

Avaijlable moment of inertia of the combined ring-shell section

Sheli width contributing smaller of = 3.06227
W = 1.1*Sqr(Do*ts)
. = 1.1*8qr(31*0.25)
= 3.06227 in
W=Ls=453in Revision No, |
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Stiffener Rings (B)
.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
= 1.533in

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

11 = W#*1s™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

I2=1Ir + As*(NA - Y2)"2
= 0.348 + 0.938*(0.8440839 - 1.533)"2
= .,7931799 in"4
.Toml available I = I1 + 12 = 1.342617 in"4

The 2x2x1/4 Equal Angle vacunm stiffener is satisfactory.
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Support Rings (A}

.Stiffeni ing Calculations Per UG-29 -

ASME Secti VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Support Rings (A)
Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 112 in

Ring spacing: 236 in

Ring description: 3x3x1/4 Equal Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 1.44in"2

Ring moment of inertia: Ir= 1.24in"4
Calc fons for ring 112 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.142811in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 3lin

Design temperature: = 400 degF

External design pressere: P = 14.7psi

Stiffener supported length: Ls = 58.5in

B = .715*%(P*Do/(t + As/Ls))
= T5+%(14.7*31/(0.14281 + 1.44/58.3))
= 2041.357

From table HA -3 (ring) A = 1.553394E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
(31°2*53.5%(0.14281 + 1.44/58.5)*1.553394E-04)/10.9

= .1341392in"4

Available ent of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227
W = 1.1*8gr{Do*ts)
= 1.1%¥3qr(31%0.25)
= 3.06227 in
W=Ls=58.5in
Shell area A1 = W*ts = 0.7055676 in"2

.Dislance to the ring neutral axis

Y2 = Ring NA + ts/2
= 2, L2512 .
2.158 + 0.2 Revision No. |
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. =2.283 in

Neutral axis of combined section

NA = As*Y2/(Al + As)
1.44%2.283/{0.7655676 + 1.44)
1.490555 in

Support

Inertia of the shell about the combined section NA

Il = W*ts“3/12 + A1*NA"2

=
=

1.70489 in"4

3.06227*0.25°3/12 + 0.7655676*1.490555"2

Inertia of the ring about the combined section NA

I2 = I + As*(NA - Y2)*2

= 1.24 + 1.44%(1.490555 - 2.283)~2

= 2.144275in"4

Total available I = 11 + 12 = 3.849166 in"4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 348 in from datum

Shell material specification: SA 240 304L HIGH
Required skell thickpess: t = 0.14281in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 31in

Design temperature: = 400 deg F

External design pressure: P = 14.7psi

Stiffener supported length: Ls = 54in

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

= .75%(14.7*31/(0.14281 + 1.44/54))

2016.649

From table HA-3 (ring) A = 1.534769E-04

Required moment of inertia of the combined ring-shell section

Is= (Do 2*Ls*(t + As/Ls)*A)/10.9

= (31°2*54*(0.14281 + 1.44/54)*1.534769E-04)/10.9

= ,1238351 in“4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of
W = 1.1*8qr(Do*ts)

= 1.1*8gr(31*0.25)

= 3.06227 in

W=Ls=541in

= 3.06227

Kevision No. 1
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Support Rings (A)

. 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
= 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

Fl = W*is"3/12 + A1*NA"2
= 3.06227%0.2573/12 + 0.7655676%1.490555"2
= 1.7048% 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 ] = 11 + I2 = 3.849166in"4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
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Support Ring (B

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Ideatifier: Support Ring (B)
Ring material specification: SA 240 304L HIGH
Number of rings in this group: 1

Distance first ring to datum line: 244 in

Ring description: 3x3x1/2 Equal Angle
Ring is rolled; leg in (hard way)
Ring cross sectional area: As= 2.75in"2

Ring moment of inertia: Ir= 2.22in"4

Calculations for ring 244 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14281 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 31in

Design temperature = 400 deg F

External design pressure: P = 14.7psi

Stiffener supported length: Ls= 5%.5in

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

J75%(14.7*31/(0.14281 + 2.75/55.5))
1776.751

From table HA-3 (ring) A = 1.353823E-04

Reguired moment of inertia of the combined ring-shell section

Is= (Do*2*Ls*(t + As/Ls)*A)/10.9
= (3172*55.5*(0.14281 + 2.75/55.5)*1.353823E-04)/10.9
= .1274282 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227
W = 1.1*8gr(Do*1s)
= 1.1*8qr(31*0.25)
= 3.06227 in
W=Ls=555in
Shell area A1 = W#ts = 0.7655676 in"2

Distance to the ring neutral axis

. Y2 = Ring NA + ts/2

= 2.068 + 0.25/2
=2.1931in

Revision No. ]
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Support Ring (B)

Neutral axis of combined section

NA = As*Y2/(Al + As)

= 2.75%2.193/(0.7655676 + 2.75)

= 1.715441 in
Inertia of the shell about the combined section NA
11 = W*5°3/12 + A1*NA"2

= 3.06227%0.2573/12 + 0.7655676*1.715441°2
= 2.256853 in"4

Inertia of the ring about the combined section NA
12 =1Ir + As*(NA -Y2)"2

=2.22 + 2.75%(1.715441 - 2.193)"2

= 2,847172 in"4
Total available I = I1 + 12 = 5,104024 in"4

The 3x3x1/2 Eqnal Angle vacuum stiffener is satisfaclory.
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BELLOWS LUGS

. Lug material specification = SA 206 340L HIGH
Lug allowable stress = 24000 psi
Top plate width wp = 2in
Base plate width wb = 6 in
Top plate thickness t=0.3751in
Base piate thickness tb = 0.375 in
Lug length circ. direction L=6in
Gusset height h=6in
Gusset thickness tg = 0.375 in
Number of lugs =3
Angular position, first lug = 120 degrees
Fillet weld size tw = 0.25in
Force bearing width b= 3in
Distance to load d=4.5in
1 u late required thicknes ednar 153
|
| ta = 0,75*(VL*d*L)/(Sa*wp"2*h)

=0
= 0.75*(1604 *4 .5*6)/(24000*272%6)
= 0.251in

Lug gusset required thickness

S¢ = 18000/(1 + (1/18000)*(h/(0.289*1g))"2)
= 18000/(1 + (1/18000)*(6/(0.289*0.375))"2)
= 15380.89 psi

tg = VL*(3*d - wb)/(Sc*wb~2*SIN(Alpha)~2)
= 1604*(3*4.5 - 6)/(15380.89*6"2*5IN(56.31)"2)
= 0.0314 in

Lug base plate required thickness
From Escoe table 4-8
fc = VL/(Fb*L) = 89.11111 psi

Mx = Cx*fc*Gs"2
=0.1085*89.11111%5.25"2 = 266.4896

My = Cy*fc*wb"2
=-.124*89.11111*%6"2 =-397.792

tb = Sqr{6*Mmax / Sa)

= Sqr(6*397.792 / 24000)
=0.31541in

Check Ing attachment stresses

Radial load Pr= 0lbf
Circumferential moment Me = 0 Ibf-fi
Circumferential shear Ve = 0lbf
Longindinal moment ML = O Ibf-ft
Longitudinal shear VL = 1604 1bf

D
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BELLOWS LUGS

Internal pressure P= Opsi

Stresses at the lugr edg; per WRC bulletin 107 ( psi)

Mean radius Rm = 15.375 in
Rm/t = 61.5

Cl=3,C2=3.375in

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

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

Maximum combined stress = 950 psi
Allowable combined stress = +-1.5*8 = +- 22050 psi

The maximnm combined stress is within allowable limits.

Mazximum primary membrane stress = 0 psi
Allowable primary membrane stress = +-1.5%5 = +- 22050 psi

The maximum primary membrane stress is within allowable limits.

Rewision No. 1
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BELLOWS LUGS

From| Value | beta]
Fig.] read | |
! ] !

Au Al Bu Bl Cu

cl Du Dl

3C* 13,9083 10.222]
4c* [7.5544 {0.2134
1 [j0.D648 |0.203]|
2C~110.0257 |0.203]
3A* |2.3818 |0.203|
1A (0.0649 |0.223}
38* |5.3623 10.211]
18-110.0191 [0.208]
pressure stress* |

Total circ stress |
Primary membrane |
circ stress* ]

3c* [4.1149
4c* |7.3854
1C-110.0500
2C |0.0334
4a* |5,3293
24 ]0.0274
48* j2.3936 [0.211]
28-110.0268 |0.226]|
pressure stress* |

10.213]
10.222]
10.215]
10.215]
10.203]
10.237]

I
Total long stress |
Primary membrane |
long stress* I

|

torsion moment Mt |
Circ shear from vc|
Long shear from vL|

-475

-475 475 475

Total Shear stress|
|

-475

~47%5 475 475

Combined stress i

950

950 950 950
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-058

WESTBOROUGH, MA CALCULATIONS PAGE | OF 21

REV. | DEO# | DATE | BY: CHECK | TITLE:

0 8134 | /224 Wnb | RO _
-] |- : SPOOL B-6 (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 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 = 2250.0lbs
Mc= Ml = 45420 in-lbs
Ve = VI = 126.5 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.
3. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-6 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. 0
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING

NO: Vi49-1-058

WESTBOROUGH, MA CALCULATIONS PAGE 2 OF 21
' D ‘ BY: W. Bilynsky CHKD: R?2¢
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049
TABLE OF CONTENTS
Spool B-6 (48 in dia)
Spool B-6 (48 in dia) COMPRESS Plot 3
COMPRESS Output For Shell Design
Pressure Summary 4
Weight Summary 5
Nozzle Summary 6
Nozzle Schedule 7
Thickness Summary 8
Spool B-6 9
6” 0.d. CF i1
Support Rings 18
Loads @ 6~ Nozzle 21
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COMPRESS 5.53 C:ACOMPRESS\MANIFOLD\B-6.VSL

Pressure Summary

. Pressure summary for pressure chamber 1

Apr. 22, 1996

\ [ . | Mmawe | waP | Pe | 0Ge% | veS-66 | corrosion |
| Identifier | design | desigm | | |external| Ratioc | MDMT Exenption or lAllowance|
| | ¢psi) |(deg F} | (psi) | (psi) | ¢(psi) | | tdeg F) Stress Reduction |  (im) |
\ I ! I f ! f | ! I
| spool B-& | 0.0 | 0.0 | 146.1 | 146.1 | 34.6 | 1.000 | Not applicable | 0.000 |
| 6n 6" od CF | c.o | o.o | 0.0 | 0.0 | 14.7 | 1.000 | Not applicable ] 0.000 |
| 48.25 14 Flange | 0.0 | 0.0 | 24.2 | 24.a | | 1.000 | Not applicable | G.000 |
[ 48.25% ID FLANGE | 0.0 | 0.0 | 24.4 | 24.4 | | 1.000 | Not applicable | 0.000 |
| Support Rings | | ] | ] 6.7 | | | |
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*1 = 22 psi
Vessel hydrotest pressure is 22 psi.

|

Revision No. 0
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Weight Summary

. Conponent Welght (1lbs) Ceontributed by Vessel Elepents
" Metal Metal 'rréys Packed Insul Lining Piping Ladder Rings oper Test Wozzle
Hew Corx & sup Beds & plat & Misc¢ Liquid Liguid & flg
Spoal b-6 921 221 [+} [+] o vl [+] (4] 155 [4] 5504 2
48.25 id tlange 483 483 o [} [+] o o ] ] o o o
48._25" id flang 483 483 o ] Q o
1887 1887 o] o 0 o [} o 155 o 5504 2
Vessel operating weight, <orroded: 2,044 1bs
Vessel empty weight, corroded: 2,044 1lhs
Vessel eppty welght, new: 2,044 1bs
Vessel test weight, new: 7,548 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 2,044 Tbs
Center of gravity to seam: 41.41in

Revision No. 0
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Nozzle Summary
Nozzle oD tn Reg tn Hom t Reg t User t Corr AasAr
mark (in} fin)y (in) A1?  A27 (ip} (inm) (in) (imn) (%)
-0 6.00 0.1250 0.0525 b ¥ Q.2500 0.1530 ¢, 0000 145.2

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 + cortr 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
1 o B : ’ Materials
Nezzle Service Size s e rance
Nozzle Impact? Norm? Pad Impact orm?
nark ------------------------------------
[ od of 5.7 IDx0.12 S5 240 304L HIGH n n
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996

Thickness Summary
Comnpenent Ip Length Nom t Reg t Joint Governing Deflect
Identifier {in) (in) (in) {in}) E Load Status Stress £in)
Spool b-6 48.25 az.37 Q.2500 0.1529 0.85 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
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996
Spool B-6

. ASME Section VII Divis_i_on 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 = 921 corr = 921 ib
capacity: new = 659.945 corr = 659945 USga

ID = 4825 lengthLc=83.375 t=0.25 in (new)

MAP: (New & at 0 deg F) UG-27(c)(1)

P = S*E*/(R + 0.6*) - 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*t/(R + 0.6*) - 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 = 43.375/48.75 =0.8897 Do/t = 48.75/0.15297 = 318.6899
From table G: A = 0.000268
From table HA-3: B = 3540.3

Pa= 4*B/(3*Do/t)
= 4*3540 3/(3%48.75/0.15297)
= 14.8119 psi

Design thickness for external pressure Pa = 14.8119 psi:

t + Corrosion
0.15297 + 0
0.15297 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 43.375/48.75 =0.8897 Do/t = 48.75/0.25 = 195

From table G: A = 0.000559
From table HA-3: B =5073.4

Revision No. 0
| Doc. No. V049-1-058
| . 3.21.1996 ?H.Ee9of21



COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-6.VSL

. Pa= 4*B/(3*Dot)

= 4*5073.4/(3%48.75/0.25)

= 34.6899 psi

Spool B-6

Apr. 22, 1996
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COMPRESS 5.53

CACOMPRESS\MANIFOLD\B-6.VSL

6" od CF

. Opening 6" Reinforcement Calculations Per UG-37

Located on: o Spool B-6

Local vessel thickness: .25 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 shell center: 27.375 in

Nozzle offset from center Lo: Oin

Projection outside vessel Lpr: 3in

th =] |-
Tle=d |
twl—| [<
A \
N f_tw2 A/
A
—— L —>|

corrgsion allow = 0 in

noz thick new tn= .125 in
nozzle id. new d= 5.75 in
fillet weld twl .125 in
groove weld tw2

To datum L= 41.87 in

Reinforcement Calculations For Nozzle MAWP

. Limits of reinforcement UG-40

Parallel to the vessel wall d = 5.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .3125 1
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*_2.875/(16700*1 - 0.6%0)
=01m

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 8*_24.125/(16700*1 - 0.6%0)
=0in

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

. 3.21.1996
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COMPRESS 5.53 C:\A\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996
6" od CF
A = d*t*F + 2%n*tr*F*(1 - fr1)
= 5.75%0*1 + 2%0.125%0*1*%(]1 - 1)
=0in"2 ' '
Area available
Al = larger of the following =1438in"2

d*(E1#-FHr) - 2¥m*(E1*t-Frr)*(1-fr1)
5.75%(1%0.25-1%0) - 2*¥0.125%(1*0.25-1%0)*(1-1)
1.438 in"2

)
2

*(t+ tn)*(E1*-F*r) - 2*m*(E1*t-F*tr)*(1-fr1)
fé(g)‘-”{o‘ 125)*(1¥0.25-1%0) - 2*%0.125%(1*0.25-1%0)*(1-1)
. m

A2 = smaller of the following
g*(tn - trn)*fr2*t

*(0.125 - 0)*1¥0.25
156 in"2

o

= (0.078 in"2

o

5*(tn - trn)*fr2*n
5%(0.125 - 0)*1*0.125
.078 in"2

A4l = Leg™2*f12
= 0.12572*1 = 016 in"2

Area = Al + A2 + A4l
= 1.438 + 0.078 + 0.016
= 1.532 in"2
As Area > A the reinforcement is adequate for MAWP = 0 at 0 Deg F

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

[T

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
tlgactual) = 0.7*Leg = 0.7*%0.125 = 0.0875 in

t2(actual) = 0.1875 in

tl + 2 = 0.275 > = 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): tr4 = 0.245 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr3: tr6 = 0.0625 in

Revision No. 0
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-6.VSL
6" od CF

. 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 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*6*0.125*8183 = 9635.482 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*5.875*%0.125*%11690 = 13478.21 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57%6*0.1875%12358 = 21827.32 Ibf

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

W = (A - (d - 2*m)*(E1*t - F¥r))*Sv
. = (0 - (5.75 - 2%0.125)*(1%0.25 - 1*0))*16700

=-22962.5 Ibf

-1 = (A2 + A5 + A4l 4+ A42)*Sv
(0.078 + 0 + 0.016 + 0)*16700
1569.8 1bf

W2-2 = (A2 + A3 + A4l + A43 + 2*n*t*fr1)*Sv
.078 + 0 + 0.016 + 0 + 2*0.125%0.25*1)*16700

Load for path 1-1 lesser of W or W1-1 =-22962.5 Ibf
Path 1-1 Thru (1) & (3) = 9635.482 + 13478.21 = 23113.69 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 =-22962.5 1bf
Path 2-2 Thru (1), (4) = 9635.482 + 21827.32 = 31462.8 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 = 5.75 in i
Normal to the vessel wall outside 2.5%(n-Cn) + te = 3125 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

Apr. 22, 1996
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996

6" od CF
. Nozzle required thickness
L/Do=3/6=.5 ' Do/t = 6/0.01491 = 402.4145
From table G: A = 0.000337
From table HA-3: B = 4461.6

Pa= 4*B/(3*Do/t)
= 4*4461.6/(3*6/0.01491)
= 14.7828 psi
Nozzle required thickness trn = .01491 in

Required thickness tr from UG-37(d)}(1) = .153 in

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

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

A = 0.5%(@*r*F + 2**u*Fx(1 - frl))
=05 955 75%0.153%1 + 2%0.125%0.153*1%(1 - 1))

Area available

Al = larger of the following = 558 in"2
. = d*(B1*t-F*tr) - 2*mn*(E1*-F*w)*(1-fr1)

= 5.75%(1*0.25-1*%0.153) - 2*0.125%(1*0.25-1*0.153)*(1-1)
= .558in"2
2%t +m)*(E1 *-F*tr) - 2*m*(E1*-F*r)*(1-frl)
0({3) 25-50 125)*(1*0.25-1%0.153) - 2*0.125%(1*0.25-1%0.153)*(1-1)
in

smaller of the following = 0.069 in"2

A2

5*(tn - tr)*fr2*¢
5% go 125 - 0 01491)*1*0.25
138 in"2

5*(tn - trm)*fr2*tn
5%(0.125 - 0.01491)*1%0.125
069 in~2

A4l = Leg"2*fr2
= 0.125"2%1 = .016 in"2

Area = Al + A2 + A4l
= (.558 + 0.06% + 0.016
= .643in"2

g
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996
6" 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): trl = 0.01491in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = (0.0241 in

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

Std pipe wall per UG-45(b)(4): tr4 = 0.245 in

The greater of tr2 or tr3: trS = 0.0625 in

The lesser of tr4 or tr3: tr6 = (.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.
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996

6" od CF
. Applied Loads

Radial load =~ © Pr= 416 1bf
Circumferential moment Mc = 75 Ibf-ft
Circumferential shear Ve = 150 Ibf
Longitudinal moment ML =35 Ibf-ft
Longitudinal shear VL = 10 1bf
Torsion moment Mt = O Ibf-ft
Internal pressure P= 0psi

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

Mean radius Rm = 24.25 in
Rm/t = 97

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

Pressure stress intensity factor, Farr equation 11.5
I=.25%4 + 3*Erfx)“2 + 3*(r/x)"4
= .25%4 + 3*%(2.875/3.125)"2 + 3*(2.875/3.125)°4)
=2.172
Local circ. pressure stress = I*P*Rm/t = 0 psi
Local long. pressure stress = P*Rm/2t = 0 psi

. Maximum combined stress =-6976 psi
Allowable combined stress = +-1.5‘3"SS = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-1373 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:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996

6" od CF
I From| Value | beta ' '

Fig.| read Au Al Bu B1 Cu C1 Du D1
3C* [11.046 (0.108 -758 -758 -758 -758
4C* |14.634 10.108 -1004 -1004 -1004 -1004

1C 10.0833 (0.108 -3327 3327 -3327 3327
2C-110.0505 {0.108 -2017 2017 -2017 2017

3A* [3.8020 (0.108 -21% -215 215 215
1A |0.0813 |0.108 -2676 2676 2676 -2676
3B* {10.699 [0.108 -40 -40 40 40

1B-1)0.0315 |0.108 -69 69 69 -69

pressure stress*

Total circ stress -3130 1042 -2912 984 -6976 5030 -1194 108
Primary membrane

circ stress* -1044 -1044 -964 -964 -973 -973 -543 -H43
3C* (11.046 |0.108 -758 -758 -758 -75h8
4C* |14.634 (0.108 -1004 -1004 -1004 -1004
1C-110.0815 10.108| -3255 3255 -3255 325%
2C 10.0516 |0.108 -2061 2061 -2061 2061
4A* [6.5595 [0.108 -371  -371 371 371
2A |0.0417 |0.108 -1373 1373 1373 -1373
4B* 13.7815 0.108 -14 -14 14 14
2B-1]0.0439 |0.108 -96 96 96 -96

. pressure stress*
Total long stress -4123 2579 -3903 2415 -4809 2059 -1321 55
Primary membrane

long stress* -772  -772 -744 -744 -1375 -1375 -633 -633
torsion moment Mt

Circ shear from Vc 64 64 -64 -64

tong shear from VL -4 -4 4 4
Total Shear stress 64 64 -64 -64 -4 -4 4 4
Combined stress -4127 2582 -3907 2418 -6976 5030 -1321 108
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL
Support Rings

Stiffening Ring Calculations Per UG-29
ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Support Rings

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

Distance first ring to datum 20 in

Ring spacing: 43,375

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

Ring cross sectional area: As = 1.69in"2

Ring moment of inertia: Ir= 277in"4

Calculations for ring 20 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.15297 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 48.75in

Design temperature: = 400 deg F

External design pressure: P = 14

Stiffener supported length: Ls = 34. 6 792 in

B = .75*%(P*Do/(t + As/Ls))
= 75%(14.7%48.75/(0.15297 + 1.69/34.69792))
= 2665.01
From table HA-3 (ring) A = 2.022839E-04
Required moment of inertia of the combined ring-sheill section
Is—— (Do"2*Ls S,t + As/Ls)*A)/10.9
= (48.75°2%34.69792*(0.15297 + 1.69/34.69792)*2.022839E-04)/10.9
= 3086327 in"4
Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 3.840166
= 1.1*8qr( Do*ts&
= 1.1*Sqr(48.75*0.25)
= 3.840166 in
W = Ls = 34.69792 in

Shell area Al = W*ts = 0.9600415 in"2

Distance to the ring neutral axis

. 3.21.1996
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COMPRESS 5.53 = C:\COMPRESS\MANIFOLD\B-6_VSL Apr. 22, 1996
Support Rings

Y2 = Ring NA + ts/2
= 2.76 + 0.25/2
=2.885in =~
Neutral axis of combined section
NA = As*Y2/{Al + As)
= 1.69*2.885/(0.9600415 + 1.69)
= 1.839839 in
Inertia of the shell about the combined section NA
I1 = W*ts"3/12 + A1*NA"2
= 3.840166*0.25"3/12 + 0.9600415*%1.839839"2
= 3.254748 in"4
Inertia of the ring about the combined section NA
2=« + As*(NA-Y2)"2
= 2.77 + 1.69%(1.839839 - 2.885)"2
= 4.616091 in"4
Total available I = 11 + 12 = 7.870839 in"4
The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.

Calculations for ring 63.375 in from datum

Shell material ification: SA 240 304L HIGH
Required shell thickness: t = 0.15297 in
Corroded shell thickness: ts= 0.251n

Shell outer diameter: Do = 48.75 in

Design temperature: = 400 deg F

External design pressure: P = 147 psi

Stiffener supported length: Ls = 31.6875in

B = .75*(P*Do/(t + As/Ls))
= 75%(14.7%48.75/(0.15297 + 1.69/31.6875))
= 2605.235
From table HA-3 (ring) A = 1.977894E-04
Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (48.75"2*31.6875%(0.15297 + 1.69/31.6875)*1.977894E-04)/10.9

= 2819162 in"4
Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 3.840166

W = 1.1%Sqr(Do*ts)
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996
Support Rings

= 1.1*Sqr(48.75+0.25)
. = 3.840166 in

W =Ls=31.68751n
Shell area Al = W*ts = 0.9600415_in‘2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2
=2.76 + 0.2572
=2885in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.69*2.885/(0.9600415 + 1.69)
= 1.839839 in
Inertia of the shell about the combined section NA
I1 = W¥s"3/12 + A1*NA"2
= 3.840166%0.25°3/12 + 0.9600415%1.839839"2
= 3.254748 in"4
Inertia of the ring about the combined section NA
= 2.77 + 1.69%(1.839839 - 2.885)"2
= 4.616091 in"4

Total available I = I1 + 12 = 7.870839 in"4

. 2 = Ir + As*(NA - Y2)"2

The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-05%

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 21

REV. |DEO# | DATE |BY: CHECK | TITLE:

0 o136 |oz/slwe | RIC

SPOOL B-7 (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 VI, Division I,
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= Ml = 4542.0 in-ibs
Ve = V1l = 126.5 lbs

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. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-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.& 051
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-059
WESTBOROUGH, MA CALCULATIONS _ PAGE 2 OF 21
T B ' ' BY: W.Bilynsky CHKD:
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049
TABLE OF CONTENTS
Spool B-7 (48 in dia)
Spool B-7 -48 in (Conceptual Drawing) 3
Spool B-7 (48 in dia) COMPRESS Plot 4
COMPRESS Output For Shell Design
Pressure Summary 5
Weight Summary 6
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Nozzle Schedule 8
Thickness Summary 9
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
Pressure Summary

. Pressure summary fpr pressure chamber 1

Stiffner Ring |

\ \ I [ [ | i | I

| | e | T | HMAWE | MaPR |  Pe | we—9o | UCsS—66 |Corresion |
| Identifier | design | design | | | external| Ratio | MDMT Exemption or | Allowance|
| | (psiy |[(deg F) | (pmi) | (p=i) | (psi} | | (deg F) Stress Reduction | (in) |
\ f \ i | | | I | !
| Spool B-7 | 0.0 | 0.0 | las.1 | 1aeé.1 | 34.6 | 1.000 | | Mot applicable | o0.000 |
| 48.25" id Flange b Q.0 | 0.0 | 24.5 | 24.5 | | 1.c00 | ! Not applicable | o.000 |
| 48.25" id Flange | 0.0 | G.0 | 24.5 | 24.5 | | 1L.000 | | Mot applicable [ 0.0 f
i 12w 12" CF i 0.0 | C.0 | 0.0 | 0.0 | 14.7 | 1.000 | | Mot applicable | o000 |
| 1 | x | a7 | | | ! |
i \

Vessel MAWP hot & corroded is 0 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 is 22 psi.

Revision No. 0
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COMPRESS 5.53

CAACOMPRESS\MANIFOLD\B-7.VSL

Weight Summary

Apr. 22, 1996

3 . 3.21.1996
i

Component —————-—— - mm—m—— e Wzight (lbs) Contributed by Vessel Elements -
Hetal Hetai Triys Packed Insul Lining Piping Ladder Rings Oper Test HNozzle
New Corr & sup Beds & plat & Mise Liguid Liguid & Elg
Spool b-7 921 921 o o o o 188 5504 7
48.2%" id flang 472 472 Q [} o [} o o o
48.25" id flang 472 472 O o [+] o ] o o
1865 1865 o Qa o [+] o o 185 [} 5504 7
Vessel operating weight, covroded: 2,027 lbs
Vessel empty weight, corroded: 2,027 lbs
Vessel empty weight, new: 2,027 1lbs
Vessel test weight, new: 7:531 1lbs
Vessel center of gravity location (from right weld seam)
Vessel lift weight, new: 2,027 lbs
Center of gravity to seam: 41.61in
Revision No. 0
Doc. No. V049-1-059
Page 6 of 21



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996

Nozzle Summary

Nozzle oD tn Reg tn Nom t Reqg t User & Corx Aa/fAr
nark (in) (in) (inm) A1?  A27? (in) (in) (im) (in) (%)
1zv 10.00 0. 2500 0.062% ¥ Y Q.2800 Q.1530 0, 0000 174.7

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 allowance on nozzle id.

Revision No. ¢

Doc. No. V049-1-059
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996

Nozzle Schedule
l Nozzle Service ’ B Size ) Materials
mark Nozzle Impact? Norm?  Dad Inpact? Horm? Plange
12" of 9.50 IDx0.25 8A 240 304L HIGH n n

Revision No, 0
Doc. No. V049-1-059

. 3.21.1996 Page 8 of 21




COMPRESS 5.53 C\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
Thickness Summary

Component Ip Length Hom € Reg t Joint Governing Daflect
Identifiex (in) (iny (in} (in) E Load Status Stress (in)
Spool b-7 438.25 83.37 0.2500 0.152% ©0.85 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

Revision No. 0

Doc. No. V049-1-059
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-7.VSL

Spool B-7

. ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder
Material specification: SA 240 304L HIGH

External design pressure: Pe= 147 psi@ 400
Corrosion allowance: Inner C = 0 Outer= 0
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 = 921 corr = 921
capacity: new = 659.945 corr = 659.945

ID = 48.25 lengthLc= 83375 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/(24.125 + 0.6%0.25)- O
= 146.1895 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/(24.125 + 0.6%*0.25) - 0
= 146.1895 psi

deg F

Ib
US ga

External Pressure: (Corroded & at 400 deg F) UG-28

L/Do = 43.375/48.75 =0.8397 Do/t = 48.75/0.15297 = 318.6899

From table G: A = 0.000268
From table HA-3: B = 35403

Pa= 4*B/(3*Do/t)
= 4*3540.3/(3*48.75/0.15297)
= 14.8119 psi

Design thickness for external pressure Pa = 14.8119 psi:

t 4+ Corrosion
0.15297 + 0
0.15297 in

i

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

L/Do = 43.375/48.75 =0.8897 Do/t = 48.75/0.25 = 195
From table G: A = 0.000559
From table HA-3: B =5073.4

| . 3.21.1996

Apr. 22, 1996

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
Spool B-7

Pa= 4*B/(3*Do/t)
. = 4*5073.4/(3*48.75/0.25)
=34689psi - -

Revision No. 0
Daoc. No. V049-1-059
. 3.21.1996 Page 11 of 21



COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
12" CF
Opening 12" Reinforcement Calculations Per UG-37
Located on: ' Spool B-7
Local vessel thickness: .25 1in
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: 27.375 in
Nozzle offset from center Lo: Qin
Projection outside vessel Lpr: 3in
tn =] |«
_ _ corrosion allow = 0 in
<—d - noz thick new tn= .25 in
twl->] < nozzle id. new d= 9.5 in
/| 1v N fillet weld twl = .25 in
—_— i | - groove weld tw2 = .175 in
\_]_tw2 A
A
<—— L ——> To datum L= 30.625 in
Reinforcement Calculations For Nozzle MAWP
Limits of reinforcement UG-40
Parallel to the vessel wall d = 9.5 in )
Normal to the vessel wall outside 2.5*%(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(m-Cn-C) = .625 in
Nozzle required thickness
trn = P*Ro/(Sn*E - 0.6*P)
= 0*4.75/(16700*1 - 0.6*0)
=0in
Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)
= 0*24.125/(16700*1 - 0.6*0)
=(0Qin
Area required
Aliowable stresses: Sa = 16700, Sv = 16700, psi
fr1 = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so f12 =1
Reviston No. 0
Doc. No. V049-1-059
3.21.1996 Page 12 of 21



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996

12" CF
A = d*tr*F + 2*m*r*F*(1 - frl)
' = 9.5%0%] + 2*0.25*0*1%(1 - 1)
=0in"2 - - S
Area available
Al = larger of the following = 2.375in"2

= @*(E1*-F*r) - 2*tn*(E1*-F+r)*(1-frl)
= 9.5%(1*0.25-1#0) - 2*%0.25%(1*0.25-1%0)*(1-1)
=2.375in"2

= 2%(t+m)*(EL*-F*r) - 2*m*(BEL*-Fr)=(1-fr])
2;5(q.g52 +0.25)%(1#0.25-1%0) - 2*0.25%(1*0.25-1*0)*(1-1)
. m

n

A

[\ ]

= smaller of the following = 0.313in"2

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

5%(tn - trn)*fr2*m
5+(0.25 - 0)*1*0.25
313in"2

Adl = Leg 2%{12
= 0.2572*1 = .063 in"2

. Area = Al + A2 + A4l
= 2.375 + 0.313 + 0.063
=2.751in"2

[

As Area > A the reinforcement is adequate for MAWP = 0 at O 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, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7¥0.25 = 0.175 in

t2(actual) = 0.175 in

tl + 2 = 0.35 > = 1.25*min

The weld sizes for t] 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): 2 =0in
Wall thickness per UG-16(b): r3 = 0.0625 in
Std pipe wall per UG-45(b)(4): tr4 = 0.319375 in
The greater of tt2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or r5: tr6 = 0.0625 in

Revision No. 0
Doc. No. V049-1-059
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
12" 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 tengion = 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%0.175%12358 = 33953.61 Ibf

Loading on welds per UG-41(b)(1)
W = (A - (d - 2*m)*(E1*t - F*tr))*Sv
= (0 - (9.5 - 2%0.25)*(1*0.25 - 1*0))*16700
. =-37575 bf

Wl

1 = (A2 + A5 + A4l + A42)*Sv

30'313 + 0 + 0.063 + 0)*16700

279.2 1b

2 = (A2 + A43 + 2*m*tHrl)*Sv
+ 0 + 0.063 + 0 + 2%0.25%0.25%1)*16700

Load for path I-1 lesser of W or W1-1 =-37575 Ibf
Path 1-1 Thru (1) & (3) = 32118.28 + 44736.17 = 76854.45 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 =-37575 1bf
Path 2-2 Thru (1), (4) = 32118.28 + 33953.61 = 66071.88 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 = 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

Revision No. 0
Doc. No. V049-1-059
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COMPRESS 5.53 C\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996

12" CF
. Nozzle required thickness
L/Do = 3/10 = .3 © Do/t = 10/0.02218 = 450.8566
From table G: A = 0.0005
From table HA-3: B = 4974.8

Pa= 4*B/(3*Do/t)
= 4*4974.8/(3%10/0.02218)
= 14.7121 psi
Nozzle required thickness trn = 02218 in

Required thickness tr from UG-37(d)(1) = .153 in

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

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

A = 0.5%(d@*«c*F + 2*m*r*F él frl))
= 0732 9. 5*0 153*%1 + 2%0.25*%0. 153*1*(1 §)]

Area available

. Al = larger of the following =.922in"2
= @¥(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

=9, 5%(1%0.25-1%0. 153) - 2*0.25%(1*0.25-1*0.153)*(1-1)
= .922in"2

2*(t+tn) (()El*t—F*tr) 2*m*(El*t~F*tr)*g1—frl

=2 *(0 25+0.25)*(1%0.25-1%0.153) - 2*%0.25%(1%0.25-1*%0.153)*(1-1)
= .097 in"2
A2 = smaller of the following =0.285m"2

= 5%(tm - tn)*fi2*%t
= 5*(0 25 - 0.02218)*1*0.25
2851n"2

= 5*(tn - trn)*fr2*tn
5*%(0.25 - 0.02218)*1*0.25
.2851n"2

A4l = Leg"2+f12
= 0.25°2*1 = .063 in*2

Area = Al + A2 + A4l
= 0.922 + 0.285 + 0.063
=127in"2

Revision No. 0
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-7.VSL
12" CF

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

UG-45 Nozzie Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.02218in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0241 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 4 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 = (.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996

12" CF

Applied Loads

. Radial load - - Pr= 1155 Ibf
Circumferential moment Mc = 75 lbf-ft
Circumferential shear Ve = 150 Ibf
Longitudinal moment ML =35 Ibf-ft
Longitudinal shear VL = 10 Ibf
Torsion moment Mt = 0 Ibf-ft
Internal pressure P = Opsi

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

Mean radius Rm = 24.25 in
Rm/t = 97

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%(@x/x)"4)

= .25*%4 + 3*(4.75/5.25)"2 + 3*(4.75/5.25)"4)
= 2.117

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

. Maximum combined stress =-9285 psi
Allowable combined stress = +-1.5‘3“SS = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-2484 psi .
Allowable primary membrane stress = +-1.§§S = +- 25050 ps1

The maximum primary membrane stress is within allowable limits.

Revision No. (
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
12" CF

. From| Value | beta

Fig.| read Au Al Bu B1 Cu €1 Du D1
3C* 16.097]1 10.18 -1162 -1162 -1162 -1162
4C* {11.524 |0.18 -2196 -2196 -2196 -2196

1C [0.0610 |0.18 -6764 6764 -6764 6764
2C-1]0.0227 10.18 -2517 2517 -2517 2517

3A* 13.5774 [0.18 -121 -121 121 121
1A [0.0627 |0.18 -1238 1238 1238 -1238
3B* {8.1374 |0.18 -18 -18 18 18

1B-1{0.0166 {0.18 -22 22 22 -22

pressure stress*

Total circ stress -4753 325 -4673 317 -9285 6719 -6567 4485
Primary membrane

circ stress* -2214 -2214 -2178 -2178 -1283 -1283 -1041 -1041
3C* [6.0971 |0.18 -1162 -1162 -1162 -1162
4C* |11.524 |0.18 . -2196 -2196 -2196 -2196
1C-1{0.0487 |0.18 -5400 5400 -5400 5400
2C |0.0350 (0.18 -388] 3881 -3831 3881
ApA* (8.4746 {0.18 -288 -788 288 288
2A 10.0283 |0.18 -559 559 569  -559
4B* (3.6264 [0.18 -8 -8 8 8
2B-1]0.0221 |0.18 -29 29 29 -29

pressure stress*
. Total long stress -6599 4259 -6525 4217 -6924 1956 -5230 1414
Primary membrane

long stress* -1170 -1170 -1154 -1154 -2484 -2484 -1908 -1908
torsion moment Mt

Circ shear from Vc 38 38 -38 -38

Long shear from VL -3 -3 3 3
Total Shear stress 38 38 -38 -38 -3 -3 3 3
Combined stress -6600 4259 -6526 4217 -9285 6719 -6567 4485
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COMPRESS 5.53

C:\COMPRESS\MANIFOLD\B-7.VSL

Stiffner Ring

. 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:
Ring moment of inertia:

As =
Ir =

Stiffner Rin,

SA 240 304L HIGH
2

20 in

43.375 in

4x3x1/4 Un Equal Ang
leg in (hard way)
1.69in"2

2.77in"4

Calculations for ring 20 in from datem

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External design pressure:
Stiffener supported length:

B = 75%(P*Do/(t + As/Ls))
= 2605.235
From table HA-3 (ring)

= 75*%(14.7*48.75/(0.15297 + 1.69/31.6875))

A = 1.977894E-04

Required moment of inertia of the combined ring-shell section

Is= (DO“Z*LS*gt + As/Ls)y*A)/10.9

= (48.75"2%3
= 2819162 in"4

.6875%(0.15297 + 1.69/31.6875)*1.977894E-04)/10.9

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of

W = 1.1*Sgr(Do*ts
= 1.1*Sqr(48.75*0.25)
= 3.840166 in

W = Ls = 31.6875 in

= 3.840166

Shell area A1 = W#*ts = 0.9600415 in"2

Distance to the ring neutral axis

. 3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
Stiffner Ring
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/(0.9600415 + 1.69)
1.839839 in
Inertia of the shell about the combined section NA
I1 = W#ts"3/12 + AI*NA"2
= 3.840166%0.25"3/12 + 0.9600415*1.839839"2
= 3.254748 in" 4
Inertia of the ring about the combined section NA
I2=1Ir+ As*(NA-Y2)"2
= 2.77 + 1.69*(1.839839 - 2.885)"2
= 4.616091 in"4
Total available I = 11 + 12 = 7.870839 in"4
The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.

Calcs for ring 63.375 in from datum identical to ring 20 in from datum.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-060

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 11

REV. DEO# | DATE | BY: CHECK | TITLE:
0 ol2e 2% Wk | A

SPOOL B-8 (72 in)

BY: W. Bilynsky I DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V55049

PURPOSE:  Determine spool/adapter shell thickness. Additionally when applicable, evaluate
nozzie 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: None

INPUTS: 1. Vacuum Pressure = 14.7 psi
2. Design Temperature = 400 F.

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. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCUILATIONS: (SEE ATTACHED)

CONCILUSIONS: The requirements of the ASME Code are met for spool B-8 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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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING

NO: Vi49-1-060

CALCULATIONS

PAGE 2_OF _11

PROJECT: LIGO VACUUM EQUIPMENT

BY: W.Bilynsky

CHKD:

PROJECT NO: V35049

TABLE OF CONTENTS

Spool B-8 (72 in dia)

Spool B-8 - 72 in (Conceptual Drawing)

Spool B-§8 (72 in dia) COMPRESS Plot

COMPRESS Output For Shell Design

Pressure Summary
Weight Summary

Thickness Summary

Spool B-8

Stiffener Ring
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-8.VSL Apr. 22, 1996
Pressure Summary
. Pressure summary _for pressure chamber 1
| | P | T | oe—e9 | UCs—56 |Corrosion |
) Identifiexr | desicon | design | jexternal| Ratio | Exemption of |Allowance |
f [ {psi) [(deg F) | (ps=i) ] | (deg F) Stress Reduction |  (in) |
| | | i | | !
| Spool B-8 { 0.0 | a.o | 21.9 | 1.000 | | ¥ot applicable | 0.000 |
| 72.25™ id Flange | 0.0 | 0.0 | | 1.000 | | Wot applicable | 0.000 |
| 72.25" id Flange ] o.o | o.a | | 1.000 | | Hot applicable | S.000 |
| Stiffner Ring | | 14.7 | | \ | |
| | \ | | | i 1
Vessel MAWP hot & corroded is 27.27 psi @ 0 degrees F.
Vessel MAP new & cold is 27.27 psi @ O 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 = 40.9 psi
Vessel hydrotest pressure is 40.9 psi.
Note: vessel MAP rating not valid unless hydrotest pressure based on MAP.
Revision No. 0
. 3.21.1996 Doc. No. V049-1-060

Page Sof 11



COMPRESS 5.53 C:\ACOMPRESS\MANIFOLD\B-8.VSL Apr. 22, 1996

Weight Summary
. conp 't Weight (1lbs) Contributed by Vessel Elements

" Metal Metal Trays Packed Insul Lining Piping Ladder Rings oper Tast Nozzle
New Corr & sup Beds & plat & Misc Liguid Liguid & flg
Spool b-2 1374 1374 o o o o o o 63 o 12314 o
72.257 id flang a73 873 o o o 0 o o o o o o

72.25% id flang 8732 73 o o [ o o o o o o
3120 3120 o o o o o [°] 63 o 123143 0

Vesmsel operating weight, corroded: 3,183 1lbs

Vesszsel empty weight, corroded: 3,183 1bs
Vessel eapty weight, new: 3,183 1bs
vessel test weight, new: 15,497 1bs

Vessel center of gravity location (from right weld seam}

Vessel lift weight, new: 3,183 Ibs
Center of gravity to seam: 41.1in

Revision No. 0

3.21.1996 Doc. No. V049-1-060
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-8.VSL Apr. 22, 1996

Thickness Summary
Conponent IDp Length Nom + Reg t Joint Governing Deflect
Identifiax (in) (im) {in) (iny} E Load Status Stress {in)
Spool b-3 72.25 83.19 0.2500 0.2024 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

Revision No. 0

Doc. No. V049-1-060
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COMPRESS 5.53 CAACOMPRESS\MANIFOLD\B-8.VSL

Spool B-8

. ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: linder
Material specification: SA 240 304L HIGH
\ External design pressure: Pe= 14.7 psi@ 400 deg F
‘ Corrosion atlowance: Inner C = Outer= 0 in
PWHT is not performed
Radiography:  Category A joints -  Spot UW-11(b) type
Category B joints -  Spot UW-11(b) type l
Estimated weight: new = 1373.7  corr = 1373.7 lb
capacity: new = 1476.469 corr = 1476.469 US ga
ID =72.25 lengthlc=83.19 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) -
= 97.82909 psi
MAWP: (Corroded & at () deg F) UG-27(c)(1)
. P = S*E*/(R + 0.6%t) - Ps
= 16700*0.85*%0.25/(36.125 + 0.6*0.25)- O
= 97.82909 psi
External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 49.52083/72.75 =0.6807 Do/t = 72.75/0.20247 = 359.3125
From table G: A = 0.0003
From table HA-3: B = 3967.4

Pa= 4*B/(3*Do/t)
= 4*3967.4/(3%72.75/0.20247)
= 14.7222 psi

Design thickness for external pressure Pa = 14.7222 psi:

=t + Corrosion
= (020247 + 0
= 0.20247 in

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

L/Do = 49.,52083/72.'15 =0.6807 Do/t = 72.75/0.25 = 291
From table G: A = 0.000401
From table HA-3: = 4785.4

. 3.21.1996
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COMPRESS 5.53

Pa= 4*B/(3*Do/t)
. = 4%4785.4/(3%72.75/0.25)
=21.9262psi :

. 3.21.1996

CACOMPRESS\MANIFOLD\B-8_VSL
Spool B-8

Apr. 22, 1996
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-8.VSL
Stiffner Ring

. Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Stiffner Ring

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 1

Distance first ring to datum line: 41.5 in

Ring description: 2x2x1/4 Equal 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 41.5 in from datum

Shell material ification: SA 240 3041 HIGH
Required shell thickness: t = 0.20247 in
Corroded shell thickness: ts = 0.25in
Shell outer diameter: Do = 72.751n
Design temperature: = 400 deg F
External design pressure: P = 147 ps1
Stiffener supported length: Ls = 45.60542 in
B = .TS*SP*Dol(t + As/Lsz))

= 75%(14.7%72.75/(0.20247 + 0.938/45.60542))

= 3596.112

From table HA-3 (ring) A = 2.721819E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= 572.75‘2*45.60542*(0.20247 + 0.938/45.60542)*2_721819E-(4)/10.9

= 1.344292 in"4
Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 4691149

W = 1.1*Sqr(Do*ts
= 1.1*8?1‘572.75* .25)
= 4.691149 in
W = Ls = 45.60542 in
Shell area Al = W¥ts = 1.172787 in"2
Distance to the ring neutral axis -

Y2 = Ring NA + ts/2

. 3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-8.VSL Apr. 22, 1996

Stiffner Ring

1.408 + 0.25/2
1.533in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.533/(1.172787 + 0.938)
= 6812406 in
Inertia of the shell about the combined section NA
I1 = W*ts"3/12 + A1*NA"2
= 4.691149%0.25°3/12 + 1.172787%0.6812406"2
= .5503857 in"4
Inertia of the ring about the combined section NA
I2 =1Ir + As*(NA - Y2)"2
= 0.348 + 0.938*(0.6812406 - 1.533)"2
= 1.028513in"4
Total available I = 11 + 12 = 1.578899 in"4

The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory.

. Réi;'isionNo. 1)
. 3.21.1996 - Doc. No. V049-1-060
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-061

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 25

REV. | DEO# | DATE | BY: CHECK | TITLE.:

0 o3¢ t{//zz/% Woe | [P e _
17 . . SPOOL B-9 (72 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 VIIL, Division I,
are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS: None

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 Destgn, Codeware Computer
Systems, Inc.
3. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-9 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.& 031

Revision No. 0
Doc. No. V049-1-061
Page | of 25
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996

Pressure Summary

. Pressure summary for pressure chamt_)er 1

| . i T ! MAWP | MAP | Pe | ve—s9 | ucs-66 |Corrosion |
| Identifier | design | design | ] |external| Ratic | MDMT Exemption or | Allowance|
| I (psi) |[(deaq P) | ¢(psi) | (psi) | (psi) | | ¢aeg ¥) stress Reduction | {in)} |
| | | | | \ f l | [
| Spool B-% | 0.0 | a.0 | 97 .8 ] 97.8 | 16.6 | 1.000 | l HWot applicable l 0.000 |
| stiffner Rings | 1 | | ! 14.7 | | 1 | t
| Support Rings | | \ \ 147 | ] | | |
| REDUCING FLG I 0.0 | oc.o | 1 ] 1.9 | | o.880 | | Not applicable | o.o0c0 |
| ADAPTER FLG ! 0.0 ! ©.0 | 1.9 | 1.9 | | o.ss0 | | Hot applicable | o©.o00 |
| Btiffener Rings (B)} | | | | 14.7 | | | | |
{ |

f ! i | i I !

Vessel MAWP hot & corroded is 1.95 psi @ 0 degrees F.
Vessel MAP new & cold is 1.95 psi @ O degrees F.

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

= 1.5%Pe*0.88 = 19.4 psi

Vessel hydrotest pressure is 19.4 psi.

Revision No. 0
Doc. No. V049-1-061
. 3.21.1996 Page 4 of 25




COMPRESS 5.53 C:ACOMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Weight Summary

. Component e———— Weight (1lbs) Contributed by Veszsel Elerents —=—w==== -
Metal Metal Tx:ays Packed Insul Lining Piping Ladder Rings Ooper Test Nezzle
Nesw Corr & sup Beds & plat & His¢ Liguid Liguid & flg
Spool b-% 6737 6737 La] a} L+} o 0 o 550 o 60354 o]
Reducing flg 840 &40 [+} [+ Q ]
Adapter flg &40 840 ) Q 1] ) o La] 0 ] a
B417 417 (=] o o o o o 550 o] 60394 o

Vessel operating weight, corroded: 2,967 lbs

Vessal enpty weight, corroded: &,967 1b=n
Vessel empty weight, new: 8,967 lbs
Vessel test weight, new: 69,361 1lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 8,968 1bs
Center of gravity to seam: 204.2 in

Revision No. 0

. 3.21.1996 Doc. No. VO49-1-061
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Thickness Summary
Component o ---_ID Length Nom t Reg t Joint Governing Deflect
Identifiexr (iny (iny {in) (in) E Loadd Status Stress (in)
Spool b=9 72.25 408 .00 a 0. 2500 0.2386 0.85 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
Revision No. 0
Doc. No. V049-1-061
Pase 6 of 25
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Spool B-9

. 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 = O 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 = 6737.3  corr = 6737.3 Ib
capacity: new = 7241.248 corr = 7241.248 US ga

ID = 72.25 length Lc= 408 = 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
= §7.82909 psi

MAWP:  (Corroded & at 0 deg F) UG-27(c)(1)

. P = S*E*U/(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 = 71.02084/72.75 =0.9762 Do/t = 72.75/0.23867 = 304.8142
From table G: A = 0.000256
From table HA-3: B = 3380.3

Pa= 4*B/(3*Do/t)
= 4*3380.3/(3%72.75/0.23867)
= 14.7863 psi

Design thickness for external pressure Pa = 14.7863 psi:

=t + Corrosion
=0.23867 + 0
= 0.23867 in

Maximam Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 71.02084/72.75 =0.9762 Do/t = 72.75/0.25 = 291

From table G: A = 0.000275
From table HA-3: B = 3633.7

; Revision No. 0
| Doc. No. V049-1-061
| . 3.21.1996 Page 7 of 25




COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Spool B-9

= 4*3633.7/(3*72.75/0.25)

. Pa= 4*B/(3*Do/t)
— 16.6493 psi

Revision No. 0
49-1-061
. 3.21.1996 Doc. No, V0
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COMPRESS 5.53

CACOMPRESS\MANIFOLD\B-9.VSL

Stiffoer Rings

. Stiffening Ring Cal_culatiq_ns 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:
Ring moment of inertia:

Stiffner Rings
gA 240 304
63 in

119 in

2.5x2.5x1/4 Equal A
leg in (hard way)
1.19m"2

0.703 in"4

HIGH

As =

Calculations for ring 63 in from datum

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External design pressure:
Stiffener supported length:

B = .75%(P*Do/(t + As/Ls))
= 3127.846
From table HA-3 (ring)

ga~

Q
na g

e
n

= .75*(184.7*72.75/(0.23867 + 1.19/67.01041))

A = 2.370539E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (72.75°2%67.01041*(0.23867 + 1.19/67.01041)*2.370539E-04)/10.9

= 1.977858 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of

= 1.1*Sqr(72.75
= 4.691149 in

W = Ls = 67.01041 in

W = 1.1*Sqr(Do*ts
“g 25)

= 4.691149

Shell area Al = W*ts = 1.172787 in"2

Distance to the ring neutral axis

. 3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996

Stiffoer Rings
Y2 = Ring NA + ts/2
@ -0
= 1.908 in
| Neutral axis of combined section
1 NA = As*Y2/(Al + As)
| 1.19*1.908/(1.172787 + 1.19)
| .9609499 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*0.9609499°2
1.089089 in"4
Inertia of the ring about the combined section NA
12 =Ir + As*(NA - Y2)"2
= 0.703 + 1.19%(0.9609499 - 1.908)"2
= 1.770316 in"4
Total available I = I1 + 12 = 2.859405 in"4
The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 182 in from datum

lt "

. Shell material ification: SA 240 304L HIGH
Required shell thickness: t = 0.23867 in
Corroded shell thickness: ts= 025in
Shell outer diameter: Do = 72.75 in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 56in

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

= 75*(14 7%#72.75/(0.23867 + 1.19/56))

= 3085.829

From table HA-3 (ring) A = 2.338996E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

= €72 .75°2%56*(0.23867 + 1.19/56)*2.338996E-04)/10.9

653091 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)

Revision No. 0
Doc. No. V049-1-061

. 3.21.1996 Page 10 of 25




COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL
Stiffner Rings
= 1.1*8qr(72.75*0.25)
=4.691149 in
W =1Ls =56in

Shell area Al = W*ts = 1.172787 in"2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2
= 1.783 + 0.25/2
= 1.908 in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.19*1,908/(1.172787 + 1.19)
= 9609499 in
Inertia of the shell about the combined section NA
I1 = W*ts"3/12 + A1¥*NA"2
= 4.691149%0.25°3/12 + 1.172787%0.9609499"2
= 1.089089 in"4
Inertia of the ring about the combined section NA
12 =1Ir + As*(NA - Y2)"2

0.703 + 1.19*(0.9609499 - 1.908)"2
1.770316 in"4

Total available I = 11 + 12 = 2.859405 in"4
The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

1]

. 3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Support Rings

. Stiffening Ring Calculati(_)_ns Per UG-29
ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Support Rjn]%s

Ring material specification: SA }2)40 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 126 in

Ring spacing: 168 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= 277in"4

Calculations for ring 126 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.23867 in
Corroded shell thickness: ts= 0.251in
Shell outer diameter: Do=7275in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls= 395m
B = 75*%(P*Do/(t + As/Ls))
. = 75%(14.7%72.75/(0.23867 + 1.69/59.5))
= 3003.177
From table HA-3 (ring) = 2.276935E-04

Reguired moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
(72.7572%59.5%(0.23867 + 1.69/59.5)*2.276935E-04)/10.9

it

1.756862 in"4
Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 4.691149
W = 1.1*Sgr(Do*ts
= L.1*§ 1%7(2 5*{%.25)
= 4.691149 in

W =Ls =59.5in.
Shell area Al = W*ts = 1.172787 in"2
Distance to the ring neutral axis

Revision No. 0
Doc. No. V049-1-061
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-9.VSL

Support Rings
=2.76 + 0.2512
=288in
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¥ts*3/12 + AI*NA"2

. Y2 = Ring NA + ts/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
IZ:Ir-J—AséNA Y2)"

= 2.77 + 1.69%(1. 703113 2.885)°2

= 5.130688 in"4
Total available I = Ii + 12 = §.538576 in"4
The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.
Calculations for ring 294 in from datum

. Shell material specification: SA 240 304L HIGH

Required shell thickness: t = 0.23867 in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do=72.751in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 56.5m

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

= .75%(14.7%72.75/(0.23867 + 1.69/56.5))

— 2086314

From table HA-3 (ring) A = 2.26427E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

572 75°2%56.5*(0.23867 + 1.69/56.5)*2.26427E-04)/10.9
66837 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)

. 3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Support Rings

1.1¥Sqr(72.75%0.25)
4.691149 in

W =Ls = 56.5in
Shell area Al = W*ts = 1.172787 in"2

[l H

Distance to 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/(1.172787 + 1.69)
= 1.703113 in
Inertia of the shell about the combined section NA
I1 = W*s"3/12 + AI1*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*(NA - Y2)"2
. = 2.77 + 1.69%(1.703113 - 2.885)"2
= 5.130688 in"4
Total available I = I1 + 12 = 8.538576 in"4
The 4x3x1/4 Un Equal Ang vacuum stiffener is satistactory.

Révision No. 0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Stiffener Rings (B)

. Stiffening Ring Cal;:ulatio_ns Per UG-29
ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Stiffener Rings (B)
Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 238 in

Ring spacing: 113 in

Ring description: 2.5x2.5x1/4 Equal A
Ring is rolled: leg in (hard way)
Ring cross sectional area: As= 1.19in"2

Ring moment of inertia: Ir= 0.703in"4

Calculations for ring 238 in from datum

Shell material ification: SA 240 304L HIGH
Required shell thickness: t = 0.23867 in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do=72.75in
Design temperature: = 400 deg F
External design pressure: P = 147 psi
Stiffener supported length: Ls= 56in
B = .75%(P*Do/(t + As/Ls))
. = 75%(14.7%72.75/(0.23867 + 1.19/56))
= 3085.829
From table HA-3 (ring) A = 2.338996E-04

Required moment of inertia of the combined ring-shell section

Is= (D0‘2*Ls*((}t + As/Ls)*A)/10.9
= (72.75"2%56*(0.23867 + 1.19/56)*2.338996E-04)/10.9
= 1.653091 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.691149
W = 1.1*S¢}r Do*ts

= 1.1*8qr(72.75*0.25)

= 4.691149 in
W =1Ls = 56in
Shell area Al = W*ts = 1.172787 in"2
Distance to the ring neutral axis

Revision No. 0

Doc. No. ViD49-1-061
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C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996

Stiffener Rings (B)

COMPRESS 5.53

Y2 = Ring NA + ts/2
. = 1.783 4 0.25/2
=1908in -
Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.19*%1.908/(1.172787 + 1.19)
= 9609499 in
Inertia of the shell about the combined section NA
I1 = W¥s"3/12 + A1*NA"2
= 4.691149*0.25°3/12 + 1.172787*0.9609499"2
= 1.089089 in"4
Inertia of the ring about the combined section NA
I2 =1Ir + As*(NA - Y2)"2
= 0.703 + 1.19%(0.9609499 - 1.908)"2
= 1.770316 in"4
Total available I = 11 + 12 = 2.859405 in"4
The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 351 in from datum

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

. Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.23867 in
Corroded shell thickness: ts = 0.25in
Shell outer diameter: Do=7275in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 57in

= 75%(14.7%72.75/(0.23867 + 1.19/57))

= 3090.261
From table HA-3 (ring)

A = 2.342323E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

.682587 in"4

= E72.75‘2*57*(0.23867 + 1.19/57)*2.342323E-04)/10.9

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of

W = 1.1*Sgr(Do*ts)

. 3.21.1996

= 4.691149
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Stiffeper Rings (B)

. = 1.1%8qr(72.75%0.25)

= 4.691149in
W =Ls=57in
Shell area Al = WHts = 1,172787 in"2
Distance to the ring neutral axis

Y2 = Ring NA + ts/2
= 1.783 + 0.25/2
= 1.908 in

Neutral axis of combined section
NA = As*Y2/(Al + As)

1.19%1.908/(1.172787 + 1.19)
9609499 in

Inertia of the shell about the combined section NA

Il = W*ts"3/12 + A1*NA"2
4.691149%0.2573/12 + 1.172787%0.9609499"2
1.089089 in"4

Inertia of the ring about the combined section NA
12 =Ir + As*(NA - Y2)"2
. = 0.703 + 1.19%(0.9609499 - 1.908)"2
= 1.770316 in"4
Total available I = I1 + 12 = 2.859405 in"4

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.
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UG-20

UG-20 DESIGN TEMPERATURE

{a) Maximum. Except as reguired in UW-2(d)(3),
the maximum temperature used in design shall be not
less than the mean metal temperature (through the
thickness} expected under operating conditions for the
part considered (see 3-2). If necessary, the metal tem-
perature shall be determined by computation or by
measurement from equipment in service under equiv-
alent operating conditions.

(b) Minimum. The minimum metal temperature used
in design shall be the lowest expected in service except
when lower temperatures are permitted by the rules of
this Division (see UCS-66). The minimum mean metal
temperature shall be determined by the principles de-
scibed in (a) above. Consideration shall include the
lowest operating temperature, operational upsets,
autorefrigeration, atmospheric temperature, and any
other sources of cooling fexcept as permitted in (f)(3)
below].

{c) Design temperatures listed in excess of the max-
imum temperatures listed in the tables referenced in
UG-23 are not permitted. In addition, design temper-
atures for vessels under external pressure shall not ex-
ceed the maximum temperatures given on the external
pressure charts. '

{d) The design of zones with different metal tem-
peratures may be based on their determined tempera-
tures.

{e) Suggested methods for obtaining the operating
temperature of vessel walls in service are given in Ap-
pendix C.

{f) Impact testing per UG-84 is not mandatory for
pressure vessel materials which satisfy all of the fol-
lowing.

(1) The material shall be limited to P-No. 1, Gr.
No. 1 or 2, and the thickness, as defined in UCS-66(a),
shall not exceed that given in (a) or (b) below:

(a) '/, in. for materials listed in Curve A of
Fig. UCS-66;

(b} 1 in. for materals listed in Curve B, C, or
D of Fig. UCS-66.

{2) The completed vessel shall be hydrostatically
tested per UG-99(b), (¢). or (k).

(3) Design temperature is no warmer than 650°F
nor colder than —20°F. Occasional operating temper-
atures colder than —20°F are acceptable when due to
lower seasonal atmospheric temperature.

{4) The thermal or mechanical shock loadings are
not a controlling design requirement. (See UG-22))

{5) Cyclical loading is not a controlling design re-
quirement. (See UG-22.)

1992 SECTION VIII — DIVISION 1|

20

UuG-23

UG-21 DESIGN PRESSURE®

Vessels covered by this Division of Section VIII
shall be designed for at least the most severe condition
of coincident pressure and temperature expected in nor-
mal operation. For this condition and for test condi-
tions, the maximum difierence in pressure between the
inside and outside of a vessel, or between any two
chambers of a combination unit, shall be considered
[see UG-98, UG-99(c), and 3-2].

UG-22 LOADINGS

The loadings to be considered in designing a vessel
shall include those from:

(aj) internal or external design pressure {as defined
in UG-21};

{b) weight of the vessel and normal contents under
operating or test conditions (this includes additional
pressure due to static head of liguids);

{c) superimposed static reactions from weight of at-
tached equipment, such as motors, machinery, other
vessels, piping, linings, and insulation;

(d) the antachment of:

(1) internals {see Appendix D);
(2) vessel supports, such as lugs, rings, skirts,
saddles, and legs (see Appendix G);

(e} cyclic and dynamic reactions due to pressure or
thermal variations, or from equipment mounted on a
vessel, and mechanical loadings;

(f) wind, snow, and seismic reaciions, where re-
quired;

(g) impact reactions such as those due to fluid shock;

(h) temperature gradients and differential thermal ex-
pansion.

UG-23 MAXIMUM ALLOWABLE STRESS
VALUES’

(a) The maximum allowable stress value is the max-
imum unit stress permitted in a given material used in
a vessel constructed under these rules. The maximum
allowable tensile stress values permined for different
‘materials are given in Subpart | of Section Il, Part D.
A listing of these materials are given in the following
tables, which are included in Subsection C.

®Tt is recommended that a suitable margin be provided above the
pressure al which the vessel will be normally operated to allow for
probable pressure surges in the vessel up to the setting of the pressure
relieving devices (see UG-134}

“For the basis on which the tabulated stress values have been es-
tablished. see Appendix |oof Section 1, Pant D
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UG-23

Table UCS-23 Carbon and Low Alloy Steel (stress val-
ues in Section 1I, Part D, Table 3 for bolting, and
Table 1A for other carbon steels)

Table UNF-23 Nonferrous Metals (stress values in Sec-
tion II, part D, Table 3 for bolting, and Table 1B
for other nonferrous metals)

Table UHA-23 High Alloy Steel (stress values in Sec-
tion I1, Part D, Table 3 for bolting, and Table 1A
for other high alloy steels)

Table UCI-23 Maximum Alowable Stress Values in
Tension for Cast Iron

Table UCD-23 Maximum Allowable Stress Values in
Tension for Cast Ductile Iron

Table UHT-23 Femtic Steels with Properties Enhanced
by Heat Treatment (stress values in Section II, Pant
D, Table 1A)

Table ULT-23 Maximum Aliowable Stress Values in
Tension for 5%, 8%, and 9% Nickel Steels and
5083-0 Aluminum Alloy at Cryogenic Temperatures
for Welded and Nonwelded Construction
{b) The maximum allowable longitudinal compres-

sive stress to be used in the design of cylindrical shells

or tubes, either seamless or butt welded, subjected to
loadings that produce longitudinal compression in the
shell or tube shall be the smaller of the following val-
nes:
{1) the maximum allowable tensile stress value
permitted in (a) above;
{2) the value of the factor B determined by the
following procedure where
t=the minimum required thickness of the cylin-
drical shell or tube, in.
R,=outside radius of cylindrical shell or tube, in.
E=modulus of elasticity of material at design
temperature, psi. The modulus of elasticity to
be used shall be taken from the applicable ma-
terials chart in Section I, Part D, Subpart 3.
(Interpolation may be made between lines for
intermediate temperatures.)

The joint efficiency for butt-welded joints shall be tak-

€n as unity.

The value of B shall be determined as follows.

Step 1. Using the selected values of r and R, cal-
culate the value of factor A using the following for-
mula:

0.125

T (R,ID)

Step 2. Using the value of A calculated in Step I,
enter the applicable material chart in Section I, Part

" Note that the modubus of elasticity values listed in UF-27 of this
Division shall not be used for axial compression design.

PART UG — GENERAL REQUIREMENTS

21

UG-23

TABLE UG-23.1
MAXIMUM METAL TEMPERATURE FOR WHICH
FACTOR OF 1.2 IS APPLICABLE

Table in Which Material

Is Listed Temp., °F
Ucs-23 700
UNF-23.1 300
UNF-23.2 150
UNF-23.3 900
UNF-23.4 600
UNF-23.5 600
UHA-23 800
UHT-23

700

D, Subpart 3 for the material under consideration.
Move vertically to an intersection with the material/
temperature line for the design temperature (see UG-
20). Interpolation may be made between lines for in-
termediate temperatures.

In cases where the value at A falls to the right of
the end of the materialtemperature line, assume an in-
tersection with the horizontal projection of the upper
end of the material/temperature line. For values of A
falling to the left of the material/temperature line, see
Step 4.

Step 3. From the intersection obtained in Step 2,
move horizontzlly to the right and read the value of
factor B. This is the maximum allowable compressive
stress for the values of ¢+ and R, used in Step 1.

Step 4. For values of A fzlling to the left of the
applicable material/temperature line, the value of B,
psi, shall be calculated using the following formula:

AE

=3

Step 5. Compare the value of B determined in Steps
3 or 4 .with the computed longitudinal compressive
stress in the cylindrical shell or tube, using the selected
values of t and R,. If the value of B is smaller than
the computed compressive stress, a greater value of ¢
must be selected and the design procedure repeated un-
til a value of B is obtained which is greater than the
compressive stress computed for the loading on the cy-
lindrical shell or tube.

The joint efficiency for butt welded joints may be
taken as unity.

{c) The wall thickness of a vessel computed by these
rules shall be determined such that, for any combi-
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PART D — PROPERTIES

Figs. HA-3, HA-

i LA

1L H

I

LILLEL

. ~ GENERAL NOTE: See Table HA-3 for tabular values.

| | up to 100 F

= 400
|

A\

800 F

\

/e

28.0 x 106
25.9 x 108

245 x 108
231 x 108

[T I |

E
3
E
E

e
i

/

2

FIG. HA-3 CHART FOR DETERM!N!NG'SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE
WHEN CONSTRUCTED OF AUSTENITIC STEEL (18Cr—8Ni-0.035 MAXIMUM CARBON, TYPE 304L) [NCTE (1))

3

4 56789
0001

2

3

4 5 788 2 3

003
FACTOR A

A=D. D00 B0

4 56789
.01

2

3 4 56789

L]

LR BA 1

[~ GENERAL NOTE: See Table HA-4 for tabular values.

LI

up 1w 100 F

108

mmmm
4w wn
)

HYRE
- b o

"R x M

105~
106~

.00

3

4 56789
0001

2

3

4 5 6789 2 3
001

FACTOR A

317L) [NOTE (131

681

4 5 6789
01

2

Revision No. 0

2
3 4 56789

1

20.000
18000
16000

14,000
12.000
10,000
2.000
8,000
1.000

6,000

&:hﬂ—-—“
5000 5400 P

4,000
3,500
3.000

2.500

2.D00

0.000
18,000
16,000

14,000
12,000

10,000
9.000
8,000
7.000

6,000
5,000
4,000

3.500
3.000

2,500

FIG. HA-4 CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE
WHEN CONSTRUCTED OF AUSTENITIC STEEL {18Cr—8Ni—Mo0—0.035 MAXIMUM CARBON, TYPES 316L AND

Doc. No. V049-1-061

Page 24 of 25

FACTOR B

FACTOR B




|
o
=
)
3
i
)
=

PART D — PROPERTIES

Doc. No. V049-1-061

Revision No. 0
Pase 25 of 25

88L0 00+ oOOT0Q
88L0 0050
SL9'0 T0- 00T°Q
019’0 20~ 0050
Q0+ €L£0 €0-—~ 91c0 9gL’0 00+ 00T1°0 186’0 00+ 001D
€0+ 9110 PO~ 00T'D oog 6ZT'0 00+ 0010 909'0 10- 0010 vER'0 10— 0OT0
621°0 0050 SE¥'0 20— 051°0 2990 20— 0010 _ .
9€6’'0 00+ 0010 2110 10=- 0010 ¥o+ ZZE0 €£0- 0420 P00+ 89’0 €0 TGED 89- 6590
€60 0050 2010 0090 €0+ $IT'0 +O- QOTO 008 €0+ 8210 +0- 0010 0ot
¢1e’'0 10~ 0010 G0+ 2010 Z0- 0050
BELD 20~ 0050 0+ 8€9°0 €0- 990 €S0 00+ 0OT0
PO+ BEP'D €0 GSE0 E0+ €10 ¥0- 0OT0 00¢ SS8'0 00+ 0000 P10 10— 0010
€0+ ZEL0 w0~ 0010 00% e2Ln 10- 0010 3 b TA R 0090 ...,.m
9910 00+ 0010 pBY'0 20~ 00T°0 50+ €0T'0 20— 0020
#0T°0 00+ Q0T'O 991°0 00OS0 PO+ €6E0 €0- £1£0 YO+ 900 €0- ¥ESD
g0+ 80T'0 00v'D G410 0020 €0+ TZT0 v0O- O0T0 009 €0+ 610 O- 0010 [¢1) 8
8560 10- 0OT'C £¥T0 10— 0OTC
9160 20~ Q0L'0 g0+ SET0 20— 00L0 1sd v 3 y5d v 1
p0+ LPSO E0- ZOKO pO+ LG8°0 €0— L8SD ‘d dwia ‘g "dwa)
€0+ €£T'0 ¢0~ QOTI0 111 4 €0+ orT'0 v0-— 0010 00t
£VH '914 304 SINIVA dvinavl
tsd v 4. tsd v 4. £-YH 379VL
‘[ TET ‘q “dwa)

t-VH D14 ¥0d4 SANIVA UVINGYL

t-vYH 3718v1




PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-050

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 9

REV. |[DEQ# | DATE | BY: CHECK | TITLE:
0 o13¢ |y/e3/5L\h | o =
} , , ) . SPOOL BE-2 (60 in)
BY: W.Bilynsky ] DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: Evaluate outer shell of spool piece BE-2 for required thickness
per ASME Code, Section VIII, Division L.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.31.
Treat bellows sectioned cylinder as continuous.

ASSUMPTIONS:

INPUTS: 1. Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F.

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. Doc. No. V049-1-066 LIGO Vacuum Equipment Structurat Design Criteria

CALCULATIONS:

(See Attached)

CONCIL.USIONS:

The requirements of the ASME Code are met for spool BE-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,
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-050
WESTBOROUGH, MA CALCULATIONS PAGE 2 OF 9
' ) BY: W. Bilvnsky CHKD: 5L~

PROJECT: LIGO VACUUM EQUIPMENT

PROJECT NO: V595049

TABLE OF CONTENTS

Spool BE-2 (60 in dia)

Spool. BE-2 - 60 in (Conceptual Drawing)

Spool BE-2 (60 in dia) COMPRESS Plot

COMPRESS Output For Shell Design-

Pressure Summary

Weight Summary

Thickness Summary

Spool BE-2
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COMPRESS 5.53 C:\COMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996

Pressure Summary

. Pressure summary for pressure chamber 1

| | P ] T | Mawp | HAP | Pe | ve~99 | UesE—66 |Coxxrosion |
| Identifier | design | design | ! |external|{ Ratie | MDMT Exepption ox | Allowance |
| | tpsiy {(deg Fy | (psi) | (psi) | (psi) | I (deg F) Stress Reduction | (in) |
I i | \ i | | | | |
| BE=2 | | .0 | 118.7 | 118.7 | 27.1 | 1.000 |} | Hot applicable i 0.000 |
| 60-2/2" id Flange(R| 0.0 | 0.0 | 6.0 ; 6.0 | | 1.000 | | Hot applicable | o.000 |
| 60-1/2" id Flange | o.0 | 0.0 | 6.1 | 6.1 | | 1.000 | | Mot applicable i ©.000 |
!

: ! |
Vessel MAWP hot & corroded is 6.09 psi @ O degrees F.
Vessel MAP new & cold is 6.09 psi @ 0 degrees F.

Vessel allowable external pressure is 27.19 psi @ 400 degrees F.
Hydrotest pressure calculation based on Pe
= 1.5%Pe*1 = 40.8 psi

Vessel hydrotest pressure is 40.8 psi.

Revision No. 0
. 3.21.1996 Doc. No. V049-1-050
Page 50f 9




COMPRESS 5.53 CACOMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996

Weight Summary
. Conp L e e ———————— e ——— Weight (1bs) Contributed by Vessel Elenents B it
" Metal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Test HNozzle
Hew Corr & sup Beds & plat & Misc Liguid Liguid E flg
Be-2 502 502 Q o 0 4] o o o o 3769 o
60-1/2% id flan 639 639 1] ] =] 0 o [ ] [+ 0 1]
E0-1,/2" id flan &39 635 ] o o o o o o o ] 4]
1780 1780 [] ] o [+] G [ o o 3769 o
Vessel operating weight, corroded: 1,780 1lb=
Vessel enpty weight, corroded: 1,780 lbs
Vessel empty weight, new: 1,780 lbs
Vessel test welght, new: 5,549 1lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 1,780 Ibs
Center of gravity to seam: 17.7 in

Revision No. 0

. 3.21.1996 Doc. No. V049-1-050
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COMPRESS 5.53 CACOMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996
Thickness Summary

Conponent I Length Konm t Req t Joint Governing Deflect
Identifier (in) {iny (in) {in) E Load Status Strass (in)
Be-2 60 .50 36.31 0 .2500 Q.1730 0.8%5 axternal

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

Load:

mternal - 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. V049-1-050
. 3.21.1996 Page 7 of 9




COMPRESS 5.53 C:\COMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996
BE-2

@  2SME Section VI 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 = 502.4 corr = 502.4 Ib
capacity: new = 451.896 corr = 451.896  US ga

ID=60.5 lengthlc=36.312 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/(30.25 + 0.6%0.25)- 0

= 116.7352 psi
MAWP: (Corroded & at 0 deg F) UG-27(c)}1)
. P = S*E*Y/(R + 0.6%t) - Ps
= 16700%0.85%0.25/(30.25 + 0.6%0.25) - 0
} = 116.7352 psi
‘ External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 43.35367/61 =0.7107 Do/t = 61/0.17305 = 352.4993
From table G: A = 0.000296
From table HA-3: B = 3914

Pa— 4*B/(3*Do/t)
= 4*3914/(3*61/0.17305)

Design thickness for external pressure Pa = 14.8048 psi:

= t + Corrosion
=0.17305 + 0
= 0.17305 in

| Maximum Allowable External Pressure: (Corroded @ 400 deg F)
i L/Do = 43.35367/61 =0.7107 Do/t = 61/0.25 = 244

| From table G: A = 0.000501
From table HA-3: B = 4976.5

Revision No. 0
. 3.21.1996 Doc. No. V049-1-050
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COMPRESS 5.53 CACOMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996
BE-2

= 4%4976.5/(3*61/0.25)

. Pa= 4*B/(3*Dolt)
— 27.194 psi

. 3.21.1996 Doc. No. V049-1-050
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-049

WESTBOROUGH, MA CALCULATIONS PAGE 10F 15

REV. |DEO# | DATE |BY: CHECK [ TITLE:

) /39 4144l [idpe [ AGA
T T . . SPOOL BE-3 & BE-3A (60 in)

BY: W. Bilynsky | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:  Evaluate outer shell of spool piece BE-3/BE-3A for required thickness
per ASME Code, Section VIIL Division I. Additionally evaluate offset flanges.
BE-3 uses a single plate for eccentric matchup. BE-3A uses a flange connection
for eccentric matchup.

METHOD:  Thickness requirements per the ASME code, Section VIII, Division I,
are denved using the COMPRESS computer program, version 5.53.
Treat bellows sectioned cylinder as continuous. Localized stresses due to
eccentric flange matchup/alignment are reviewed per Roark Stress calculations.

ASSUMPTIONS:

See Calculation

INPUTS: 1. Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F.

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. Roark & Young’s Formulas for Stress and Strain 6th Edition
4. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: ,
V049-1-084 - Expansion Joint Tie-Rod Lug Design

CONCLUSIONS:

REQUIRED SHELL THICKNESS FOR BE-3 & BE-3A = 0.375”
The requirements of the ASME Code are met for spool BE-3/BE-3 A 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

CACOMPRESS\ADAPTER\BE-3_VSL

Apr. 24, 1996

i | P | T i MAWP | Map | Pe | ae—99 | UCsS—66 |Coxrosion|
f Identifier | design | design | ! |external| Ratic | MDMT Exemption or | Allowance |
| | (psi) |(deg F) | (psi) | (psi) | (p=i) | | ¢deg F) Stress Reduction | (imy |
| i E | | | [ [ I I
| BE-3Z | 0.0 | 0.0 | 11&6.7 | 116.7 | 26.7 | 1.000 | | Not applicable | a.o00 |
| s0=1/2" id Flange | 0.0 | o.o | 20.4 | 20.4 | | 1.000 | | Hot applicable ! o.000 |
| 80-172" id Flange | 0.0 | 0.0 | 20.4 | 20.8 | | 1.000 | | Not applicable | o.000 |

{ I \ i I f !

Vessel MAWP hot & corroded is 20.43 psi @ 0 degrees F.
Vessel MAP new & cold is 20.43 psi @ 0 degrees F.

Vessel allowable external pressure 1s 26.71 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe
= 1.5*Pe*1 = 40.1 psi

Vessel hydrotest pressure is 40.1 psi.

. 3.21.1996

Revision No. 0
Doc. No. V049-1-049
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COMPRESS 5.53

CACOMPRESS\ADAPTER\BE-3.VSL

Weight Summary

Weight (ibs) Contributed by Vessel Elements

Apr. 24, 1996

. 3.21.1996

" Matal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Test Nozzle

New Corr & sup Bads & plat & Misc Liguid Liguid & flg
Be-3 564 564 4] 0 o o 0 o 4230 o
60-1/2" id f£lan 668 €68 o [»] o o 0 L] o
60=1/2" id f£lan 668 s68 [ o o o [+] 4]

1900 1200 L4} o o o 1] (4] Le] [0 4230 o
Vessel operating weight, corroded: 1,900 lbs
Vessel enpty weight, corroded: 1,900 1lbs
Vessel enpty weight, new: 1,900 1bs
Vessel test weight, new: 6,130 lbs
Vessel center of gravity location (from right weld seam)
Vessel lift weight, new: 1,900 lbs
Center of gravity to seam: 19.9 in

Revision No. 0

Doc. No. V49-1-049
Page Tof 15




COMPRESS 5.53

C:A\COMPRESS\ADAPTER\BE-3.VSL

Apr. 24, 1996

Thickness Summary

Conponent ID Nom t Reg t Joint Governing Deflect

Identifier (in) ¢iny (in) E Load Status Stress (in)

Be-3 60.50 G, 2500 0.1804 Q.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
Revision No. ¢

3.21.1996 Doc. No. V049-1-049
Page 8 of 15



COMPRESS 5.53 C:A\COMPRESS\ADAPTER\BE-3.VSL Apr. 24, 1996

BE-3

@ sVE Scction VI Division 1, 1992 Edition, A%4 Addenda

Component: linder

Material specification: SA 240 3041 HIGH

External design pressure: Pe= 14.7 psi@ 400

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

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

Estimated weight: new = 563.8 corr = 563.8
capacity: new = 507.126 corr = 507.126

ID =60.5 lengthLc=40.75 t=10.25 in (new)

MAP: (New & at 0 deg F) UG-27(c)(1)

P = S*E*t/(R + 0.6%) - Ps
= 16700%0.85%0.25/(30.25 + 0.6*0.25) - 0
= 116.7352 psi

deg F

in

b
VS ga

Nore: Reavwen Svew

T Taee = 0. 215 WS
% Goveenes By
caae No oA - \-08%

Pa= 4*B/(3*Do/t)
= 4*3753.8/(3*61/0.18048)
= 14.8084 psi

Design thickness for external pressure Pa = 14.8084 psi:

= t + Corrosion
=0.18048 + 0
= ().18048 in

MAWP: (Corroded & at 0 deg F) UG-27(c)(1)
. P = S*E*/(R + 0.6%t) - Ps

= 16700%0.85%0.25/(30.25 + 0.6*0.25)- 0
= 116.7352 psi

External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 47.79167/61 =0.7835 Do/t = 61/0.18048 = 337.9876
From table G: A = 0.000284
From table HA-3: B = 3753.8

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

L/Do = 47.79167/61 =0.7835 Do/t = 61/0.25 = 244
From table G: A = 0.000452
From table HA-3: B = 4887.2

. 3.21.1996

Revision No. 0
Doc. No. V049-1-049
Pace90of 15




COMPRESS 5.53 CACOMPRESS\ADAPTER\BE-3.VSL Apr. 24, 1996
BE-3

Pa= 4*B/(3*Doft)
. = 4*4887.2/(3%61/0.25)
=26706 psi

Revision No. 0

. 3.21.1996 Doc. No. V049-1-049
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Pressure Summary

‘l’ Pr. r _ y_for pr . hamber 1

i i P | T | ™MaWP | MAP 1 Pe | ve—sg | oCsS—66 |Corrogieont
| Identifiex | design | design | | |external| Ratic | MDMT Bxemption or |alilowance |
| i tpet)  |{aeg ®} | (pei) | (pei} | (psi) | | (deg F) Strese Reduction | (in) |
| | | I I | | | | f
| EPOOL BE-4 ] p.o | ap0.0 | 1pa.a | 118.8 | 2.1 | 1.136 | [ Wot applicable | 0.000 |
| | I

Vessel MAWP hot & corroded is 104.47 psi @ 400 degrees F.

Vessel MAP new & cold is 118.69% psi @ 0 degrees F.

Vessel allowable extermal pressure is 25.16 psi @ 400 degrees F.

r lculati n

= 1.5% (MAWP + Operating Liquid Head)*1.136 = 178 psi

Vessel hydrotest pressure is 178 psi.

3.12.1996

Rev &
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Weight Summary

. Component ===-<-<w--------oo--ooo ---- Welght (lbe) Contributed by Veasel Elementg -----------cssssss~-cc=osm==---
Metal Metal Trays Packed Insul Liming Piping Ladder Rings Oper Test Hoz:zle
New Corr & gup Beds & plat & Miec Liquid Eigquid e flg
Spoal be-4 276 278 o 0 [1] 0 [1] V] o 1] 2033 D
278 276 4] a [} 0 1] o [} Q 2033 +]

Vessel operating weight, ceorroded: 276 1lbs

Vessel empky weight, corroded: 276 1lbs

Vessel empky weight, new: 276 lbe

Vessel test weight, new: 2,309 1lbs

Vessel center of it tion (from right weld
Vessel 1ift weight, new: 276 lbs
Center of gravity to seam: 18 in

. Rev o

Doc, No. voas-1-07¢
3.12.1996 Page S oF8




Component

Identifier

Nom t -
Reg t -
E -

Load:
internal
external
wind
seismic

3.12.199%96

Thickness Summary

1o Length

Nom t Reg t Joint Soverning beflect
{in} {in) fin} (in) E Load Status Stress (in}
44.62 3e.00 D.1875 0.1521 ©.85 external

vessel wall thickness

required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due to internal pressure governs

- external pressure governs

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

Raev O

Doc. No.vo4s-t -0
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SPOOL,_BE-4

.ASMEetinVIIIDivi_in:l_. 2 Rditi A94 Add
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 = 275.6 corr = 275.6 1b
capacity: new = 243.745 corr = 243.745 Us ga
ID = 44.625 length Lc= 36 t = 0.1875 in (new)
MAP: (New & at 0 deg F) 0G-27(c) {1}
P = S*E*t/(R + 0.6*t) - Ps
= 16700*0.85%0.1875/(22.3125 + 0.6*0.1875) - 0
= 118.6873 psi
. MAWP : (Corroded & at 400 _deg F) Ug-27(c) (1)
P = S*E*t/{(R + 0.6*t) - Ps
= 14700*0.85*0.1875/(22.3125 + 0.6*0.1875) - O
= 104.4732 psi
Extermal Pressure: @ (Corroded & at 400 deg F) UG-28
L/Do = 47.4375/45 =1.0542 Do/t = 45/0.15219 = 295.683
From table G: A = 0.000247
From table HA-3: B = 3260.4
Pa= 4*B/{3*Do/t)
= 4*3260.4/(3*%*45/0.15219)
= 14.7022 psi
Desi for 1 pr re Pa = 7022 iz
= t + Corrosion
= 0.15219 + 0
= 0,15219 in

/Do = 47.4375/45 =1.0542 Do/t = 45/0.1875 = 240
From table G: A = 0.000342
. From table HA-3: B = 4528.5 Ry o

Doc, Naw Vo645~ 07
3.12.1996 Page 7 mper 8




5 I. BE-4

4*B/ (3*Do/t)
4%4528.5/(3%45/0.1875)
25.1583 psi

® -

HoHn
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-085
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 47

REV. |[DEO# | DATE |BY: CHECK | TITLE:

0 0141 | 4/24/96 | WDB | AGR ,

1 6253 {209l {whes | RO & SPOOL BE-5 (72 in)

BY: W. Bilynsky |DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049
PURPOSE.

Determine spool minimum shell thickness. Additionally, evaluate nozzle openings,
calculate size and spacing of stiffener rings and support rings.

METHOD:
Thickness requirements per the ASME code, Section VIII, Division L,
are derived using the COMPRESS computer program, version 5.53.

ASSUMPTIONS: See Calculation

INPUTS: 1. Vacuum pressure = 14.7 psi
2. Design Temperature =400 F.
3. Unbalanced Loads at Roughing Pump Nozzles

6 dia = 382.1bs 10" dia = 1042.lbs [Rem Cnce VO«7-1 ~DE7
. A0

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIIL Div. 1, Pressure Vessels.
2. COMPRESS 5.53, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
3. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:

CONCLUSIONS: The requirements of the ASME Code are met for spocl BE-5’s outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinder’s
open end(s). For flange design and analysis see calculation numbers V049-1-016, 017, 018, & 019.




Calculation Check for Longitudinal Stresses in Shell

PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING NO: V049-1-085
WESTBOROUGH, MA CALCULATIONS | Rev. No. 1
- - ' Page 2 of 47
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NQ: V59049
CALCULATION TITLE: Spool BE-5 (72 in) Beam Tube Manifold Design
TABLE OF CONTENTS
Revision History 3
Spool BE-5 (72 in dia) COMPRESS Plot 4
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Nozzle Summary 7
Nozzle Schedule 8
Thickness Summary 9
Spool BE-5 10
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40




S

PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING NO: V049-1-085
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PROJECT: LIGO VACUUM EQUIPMENT

PROJECT NO: V39049

CALCULATION TITLE: Spool BE-5 (72 in) Beam Tube Manifold Design

REVISION HISTORY
Rev. 0 Original Issue
April 24, 1996
Rev. 1 Issue Date

September 19, 1996

Revised location of 6" dia. & 10” dia. nozzles

s Recalculated local and primary membrane stresses at the nozzles
Revised 27 x 2" x 1/4” stiffner rings to 2-1/2" x 2-1/2" x 1/4” stiffner rings

Relocated stiffner rings to accomodate revised nozzle locations.
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COMPRESS 5.5£:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

Pressure Summary

. Pressure summary for pressure chamber 1

| j P | T | mawP | MAP | Pe | LG99 | ucs—66 |corrosion]
] ldentifier | design | design | ] |external| Ratio | MDMT Exemption or  |Allowance|
| | ¢psi) |(deg Fy | tpsid | tpsid | tpsi) | | (deg F)  Stress Reduction | (im) |
| | l E I I | | l I
| BE-S | 0.0 | 400.0 | 8.1] 97.8| 21.4] 1.136 | | Not appticable | 0.000 |
| Flange @ B-1 | 00| 0.0 175 17.5| | 1.000 | | Not applicable | 0.000 |
| 6" é" Roughing Pmp | 0.0 | 400.0 | 0.0 | 0.0 |  14.7 | 1.136 | | Not applicable | ©.000 |
| 10" 10" Roughing Pmj 0.0 | 400.0 | 0.0 | 0.0 | 14.7 ] 1.136 | | Not applicable | o.00¢ |
| swpport Ring | | | ! | wr| | | |
| stiffner Rings (Fla} | | | | 6.7 ] | | i i
| stiffner Rings (Bel} | | i | 14.7 ] i | | |

| | J I | { ! |

[ |

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

Vessel MAP new & cold is O 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 is 22 psi.

Revision No. 1
Doc. No. V049-1-085
Page 5 of 47




COMPRESS 5.5L:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

Weight Summary

. Component ---------======c=ccmaseo- Weight (lbs) Contributed by Vessel Elements -<-----===-r----=====ss=cceo--
Metal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Test Nozzie

New Corr & sup Beds & plat & Misc Ligquid Liquid & flg

Be-5 5045 5945 ] 0 0 0 )] 0 597 0 53289 14

Flange & b-1 840 840 0 0 0 0 1} 0 0 0 Q 0

6785 6785 0 0 0 0 0 0 597 0 53289 14

Vessel operating weight, corroded: 7,396 lbs

Vessel empty weight, corroded: 7,396 lbs
Vessel empty weight, new: 7,396 tbs
Vessel test weight, neu: 60,685 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 7.395 1bs
Center of gravity to seam: 198.8 in

Revision No. |

Doc. No. V049-1-085
Page 6 of 47




COMPRESS 5.5L:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

Nozzle Summary

Nozzle L)) tn Req tn Nom t Req t User t Corr
mark ¢in) Cin)y (in)y  A1? A27  (im) {in) {in) (in)
& 6.00 0,1250 0.08625 vy y 0.2500 0.2135 0.0000
104 10.00  0.,2500 0Q.062% vy y 0.2500 0.2135 0.0000
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. 1
Doc. No. V049-1-083

Page 7 of 47




COMPRESS 5.5L:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

Nozzle Schedule

Nozzle Service N Size : Materials

mark : Nozzle Impact? Norm? Pad Impact? Norm? Flange
én roughing pmp 5.75 1Dx0.12 SA 240 304L KIGH n n SA 240 304L HIG n n

100 roughing pmp 9.50 1Dx0.25 SA 240 3040 HIGH n n SA 240 304L HIG n n

Revision No. 1
Doc. No. V(49-1-085
Page 8 of 47




COMPRESS 5.5 :\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

Thickness Summary

Component ID Length Nom t Reg £ Joint Governing
ldentifier (in) (in} {in} {in) E Load Status Stress
Be-5 72.25 360.00 0.250¢ 0.2135 0.85 external

Nomt - vessel wall thickness
Reg t -required vessel wall thickness due to governing loading
E - longimdinal 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

Deflect
(in)

Revision No. 1
Doc. No. V049-1-085
Page 9 of 47




COMPRESS 5.5L:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

BE-5

ASME Section VIII Division 1, 1995 Edition, A95 Addenda

Component : Cylinder

Material specification: SA 240 3041 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 = 5944.7 corr = 5944.7 Ib
capacity: new = 638%.336 corr = 6389.336 USga

OD = 72.75 lengthLc= 360 t =0.25 in (new)

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

P = S*E*/(Ro - 0.4%1) - Ps
= 16700%0.85*0.25/(36.375 - 0.4%0.25) - 0
= 97.82909 psi

MAWP: (Corroded & at 400 deg F) Appendix 1-1{a)

P = S*E*t/{(Ro - 0.4*t) - Ps
= 14700*0.85%0.25/(36.375-0.4*0.25)- 0
= 86.11303 psi

External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 56/72.75 =0.7698 Do/t = 72.75/0.21354 = 340.6856
From table G: A = 0.000286
From table HA-3: B =3780.5

Pa= 4*B/(3*Do/1)
= 4*3780.5/(3*72.75/0.21354)
= 14.7957 psi

Design thickness for external pressure Pa = 14.7957 psi:

t + Corrosion
0.21354 + 0
= 0.21354 in

Hnw

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

L/Do = 56/72.75 =0.7698 Do/t = 72.75/0.25 = 291
From table G: A = 0.000353
From table HA-3: B = 4675.5

Revision No. 1
Doc. No. V049-1-085
Page 10 of 47




996
COMPRESS 5.5L:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1
BE-5

Pa= 4%B/(3*Do/t)
. = 4*4675.5/(3+72.75/0.25)
=21.4227psi

Revision No. 1
Doc. No. V049-1-085
Page 11 of 47




COMPRESS 5.5C:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

6” Roughing Pmp

. Opening 6" Reinforcement Calculations Per UG-37

Located on: . ~ "BE-5
Local vessel thickness: 251in
Liquid static head included: 0 psi
Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH
Pad material specification: SA 240 304L HIGH
Nozzle orientation: 90 degrees
End of nozzle to shell center: 39.375 in
Nozzle offset from center Lo: Oin
Projection outside vessel Lpr: 3in
tn —>| |<— corrosion allow = 0 in
dp—> _ - <— nez thick new tn= .125 in
< d —> twl nozzle id. new d= 5.75 in
- [<tw2 > < pad diameter dp = 9 in
—_] - N pad thickness te= .25 in
te|/| [\ fillet weld twl = .25 in
Y ——— fillet weld tw2 = .25 in
J_|_tw3 AN groove weld tw3 = .25 in

. < L >| To datum L= 48 in

Reinforcement Calculations For Nozzle MAWP

Parallel to the vessel walld = 5.75 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .5625 in

|
Limits of reinforcement UG-40
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125in

Nozzle required thickness

trn = P*Ro/(Sn*E - 0.6*P)
= 0*2.875/(14700*1 - 0.6%0)
=0in

Required thickness ir from UG-37{a)

tr= P¥R/(S*E - 0.6*P)
= 0%36.125/(14700%1 - 0.6*0)
= 0in

Area required

|
. Allowable stresses: Sn = 14700, Sv = 14700, Sp = 14700 psi
‘ fr] = lesserof 1 or Sn/Svsofrl =1

Rewvision No. 1

Doc. No. V049-1-085

Page 12 of 47




COMPRESS 5.5€:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

6" Roughing Pmp

fr2 = lesser of 1 or Sn/Sv sofr2 =1
. fr3 = lesser of fr2 or Sp/Svsofr3 =1
fr4 = lesser of 1 or Sp/Svsofrd =1
A = d*ur*F + 2*n*ur*F*(1 - frl)
= 5.75%0*%1 + 2%0.125%0*1*(1 - 1)
=0in"2

Area available
Al = larger of the following = 1.438in"2
*(E 1*¥t-F*tr) - 2*tn*(E 1 *t-F*ur)*(1-fr1)

d
5.75%(1%0.25-1%0) - 2*0.125%(1%0.25-1*0)*(1-1)
1.438 in"2

2*(t+1tn) *(E 1*¥t-F*tr) - 2*%m*(E1*t-F*ir)*(1-fr1)
2%(0.25+0.125)*%(1*0.25-1%0) - 2#0.125*(1*0.25-1*0)*(1-1)
.188in"2

[T

A2 = smaller of the following =0.141in"2

= 5%(tn - tro)*fr2 *t
= 5%(0.125 - 0)*1%0.25
= .156 in"2

2%(0.125 - 0)*(2.5%0. 125 + 0.25)*1

. = 2%(tn - trm) *(2.5%n + te)*fr2
= .141in"2

Adl = Leg"2*fr3
= (,25°2*1 = .063in"2

A42 = Leg"2*frd
= 0.25°2%1 = .063 in"2

A5 = (Dp - d - 2¥tn)*te*fr4
=(9-5.75-2%0.125)*0.25*1
= .75in"2

Area = Al + A2 + A4l + A42 + A5
= 1.438 + 0.141 + 0.063 + 0.063 + 0.75
=2.455in"2

As Area > A the reinforcement is adequate for MAWP = 0 at 400 Deg F

Check the welds - From UW-16(c)(2)

Inner Fillet: tmin = lesser of 0.75 or tn or te, tmin = 0.125 in
tw(min) = 0.7*tmin = 0.0875 in
tw(actual) = 0.7*Leg = 0.7%0.25 = 0.175in

. Outer Fillet: tmin = lesser of 0.75orte or t, tmin = 0.25 in
tw(min) = 0.5*tmin = 0.125 in

Revision No. 1
Doc. No. V049-1-085
Page 13 of 47




COMPRESS 5.5€:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

6” Roughing Pmp

. tw(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in
UG-45 Nozzle Neck Thickness Check -
Wall thickness per UG-45(a): trl=0in(E=1)
Wall thickness per UG-45(bh)(1): tr2 = 0in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b){(4}: tr4 = 0.245 in
The greater of tr2 or r3: tr3 = 0.0025 in
The lesser of trd 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 = (.125 in

The nozzle neck thickness is adequate for MAWP.
Allowable stresses in joints UG-45(c) and UW-15(¢e)

Groove weld in tension = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7*%14700 = 10290 psi

Inner fillet weld in shear = 0.49%14700 = 7203 psi
Outer fillet weld in shear = 0.49% 14700 = 7203 psi

Strength of welded joints:

. (1) Inner fillet weld in shear
(Pif2)*Nozzle O.D.*Leg*Si = 1.57%6%0.25%7203 = 16963.00 Ibf

(2) Outer fillet weld in shear
(Pi/2)*Pad O.D.*Leg*So = 1.57*9*0.25*7203 = 25444.6 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*5.875%0,125%10290 = 11864 .05 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*6%0.25*10878 = 25617.69 Ibf

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

W =(A-Al + 2*n*fr1 *(E1%t - F¥tr))*Sv
= (0-1.438 + 2%0,125*%1%(1*0.25 - 1*0))*14700
=-20219.85 Ibf

W1-1 = (A2 + AS + Adl + Ad42)*Sy
= (0.141 + 0.75 + 0.063 + 0.063)*14700
= 14949 9 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*n*t*fr1)*Sv
=(0.141 + 0 + 0.063 + 0 + 2*0.125*0.25*1}* 14700
= 3917.55 Ibf

. W3-3 = (A2 + A3 + A5 + A4l + A42 + A43 + 2*m**fr1)*Sv
=(0.141 + 0 + 0.75 + 0.063 + 0.063 + 0 + 2*0.125%0.25%1)*14700

Revision No, 1
Doc. No. V049-1-085
Page 14 of 47




COMPRESS 5.5C:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

6” Roughing Pmp

= 15868.65 Ibf

Load for path 1-1 lesser of W or W1-1 =-20219.85 Ibf
Path 1-1 Thru (2) & (3) = 25444.6 + 11864.05 = 37308.65 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 =-20219.85 Ibf

Path 2-2 Thru (1), (4) = 16963.06 + 25617.69 = 42580.75 Ibf
Path 2-2 is stronger than W s0 it is acceptable per UG-41(b)(2).
Load for path 3-3 lesser of W or W3.3 =-20219.85 Ibf

Path 3-3 Thru (2), (4) = 25444.6 + 25617.69 = 51062.29 Ibf
Path 3-3 is stronger than W so it is acceptable per UG-4 1{b)(2).

Pad strength = AS*Sp = 11025 Ibf
Outer fillet weld strength is adeguate.

Reinforcement Caleulations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel walld = 5.75 in
Normal to the vessel wall ountside 2.5*(tu-Cn) + te = 5625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Nozzle required thickness

LDo =3/6 = .5 Do/t = 6/0.01491 = 402.4145
From table G: A = 0.000337
From table HA-3: B = 4461.6

Pa= 4*B/(3*Do/t)
= 4*4461.6/(3%6/0.01491)
= 14.7828 psi
Nozzle required thickness trn = .01491 in

Required thickness tr from UG-37(d)(1) = .2135 in

Area required

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

fri = lesser of 1 or Sn/Svsofrl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1
fr3 = lesser of fr2 or Sp/Svso fr3 =1
fr4 = lesser of 1 or Sp/Svsofrid =1

A = 0.5*%(d*tr*F + 2*wm*ir*F*(1 - fr1))
= 0.5*%(5.75%0.2135%1 + 2*0.125+%0.2135*1*(1 - 1))
= .6138in"2

Area available
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6" Roughing Pm
. A1l = larger of the following = .21in"2

= d¥(E1%t-F¥tr) - 2*tn*(E 1 *t-F¥)*(1-fr 1)
= 5.75%(1¥0.25-1%0.2135) - 2%0.125%(1%0.25-1+0.2135)*(1-1)
= .21in"2

= 2*(t+n)* (B 1 *t-F*tr) - 2%tn*(E 1 *1-F*tr)*(1-fr 1)
= 2%(0.25+0.125)*(1%0.25-1%0.2135) - 2*0. 125*(1*0.25-1%0.2135)*(1-1)
= .027 in"2

A2 = smaller of the following =0.124in"2
5%*(tn - trn)*fr2*t

5%(0.125 -0.01491)*1%0.25
.138in"2

= 2¥%(tn - trn)*(2.5*%n + te)*fr2
2¥(0.125-0.01491)*%(2.5*0.125 + 0.25)*1
.124in"2

A4l = Leg™2*fr3
=0.25"2%1 = .063in"2

A42 = Leg"2*%fr4
= 0.25°2*1 = .063 in"2

. A5 = (Dp - d - 2*tn)*te *fr4
= (9 -5.75 - 2%0.125)*0.25*1
= .75in"2

Area = A1 + A2 + A4l + A42 + A5
=0.21 +0.124 + 0.063 + 0.063 + 0.75
=1.21in"2
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] = 0.01491in (E = 1)
Wall thickness per UG-453(b)(2): tr2 = 0.0361 in

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

5td pipe wall per UG-45(b)(4): trd = 0.245in

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 tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for Pe.
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6” Roughing Pmp

. Applied Loads

Radial load Pr = 382 1bf
Circumferential moment Mc = O Ibf-fi
Circumferential shear Ve = DIbf
Longitudinal moment ML = 0 Ibf-ft
Longitudinal shear VL = O Ibf
Torsion moment Mt = O1bf-ft
Internal pressure P = Opsi

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

Mean radius Rm = 36.25 in
Rm/t = 72.5

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

Pressure stress intensity factor, Farr equation 11.5
I=.25%4 + 3*(r/x)"2 + 3%(1/x)"4)

25%(4 + 3%(2.875/3.25)72 + 3*(2.875/3.25)"4)
2.046

(l4-‘1 i mq ( %-15"\\

Local circ. pressure stress = [*P*Rm/t =fingmi = o = 058 */m'l' i, T
. Locai long. pressure stress = P*Rm/2t = ZEfE = e “A 25um = 527 B
ZL. = .4)
Maximum combined stress =-iERper X :
Allowable combined stress = +-1.5*S = +- 22050 psi — 424 ?5'\ + Sen ¥ 2'04(’(-10“’(’?9\
* ) .
The maximum combined stress is within allowable limits. = 4 5@ 7oL < 22050 e 0__‘5..
Maximum primary membrane stress = 2XEES. . .
Allowable primary membrane stress = +-1.5%8 = +- 22050 psi Zledpan * 5‘;‘5‘«;\.* ‘Zo%(lwb?'s
The maximum primary membrane stress is within allowable limits. = 3—] 75?%1 < 'L?-OQC’Q)%{ S 1T
pm—1
% 4ee Voo Prae
% 2.0 8% L ACCEPTAR T
F"'O/:—— F218 & v 7i e oF ¢ - Pl g
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Nl Avon

6" Roughing Pmp

From| value } beta}
Fig.| read | |
| l I

Al Al

Bu

B1 Cu Ccl

Du Dl

3c* |11.329 |0.072]
4C* |12.546 |0.072|
1 10.1292 |0.072]
2C-1(0.0941 |0.072]
3A* |2.1475 |0.072]
1A [0.0964 |0.072]
3B* |7.2821 |0.072|
1B-110.0472 10.072]

pressure stress* | .
|_-Z1%1

-264 =264

-863 863

Ay

-264

-863

A

-239 -239
-264
-1185 1185

863

“ZASL =248 2 B

-239 -239

-1185 1185

U 28

Total cire stress | -2230%,

Primary membrane |

circ stress¥* | -z44%
!

“s8z

-Za49s

- 3308

-244< 2445 -24z0

- 1582 -0O0%

—12%%

~2420 -24710

3605 - 1230

- 2420

3c* [11.329 -239  -239
4C* |12.546
1c-1{0.1318
2c  10.0921
4A* 13,0956
2A  10.0551
4B* [2.1329 ]0.072]
28-110.0753 [0.072]

pressure stress* |

[0.072]
[0.072]
[0.072}
[0.072]
j0.072]
10.072)

-1208 1208

RSk I i

-239

-1208

Tk

-239
-264 -264
1208

-844 844

XY I XY

-264 -264

-844 844

"5y T S3%

|
Tetal long stress |
Primary membrane | :
long stress* | =7 -Thu

-1980, 4% “1980

“nv

A% -4l 40

- -197 -7an

4

~ 14|
-9

=90

torsion moment Mt |
Circ shear from vel
Long shear from vi|

[

Total Shear stress]

Combined stress |

3308

Mg onae ‘A‘M‘) -4y T8

2405 T3%08

'-535

-2448 ~P0S -2420

R

-308 -2420

-5%%  -¥%Y

-3%4 O

-394\

91 4% ¥

-413%  -29%%
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6” Roughing Pmp
Stresses at the pad edge per WRC bulletin 107

Mean radius Rm = 36.25 in
Rm/t = 145

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

Pressure stress intensity factor, Farr equation 11.5

I=25%4 + 3%(t/x)"2 + 3*(x/x)"4)
= .25%(4 + 3%(2.875/4.75)"2 + 3%(2.875/4.75)"4)
= 1.375
7 , .
Local circ. pressure stress = [*P*Rm/t = Gdﬂ (“‘A (5" 26 = 2™ (‘-’ﬂb = 293\ por

L7 N
Local long. pressure stress = P¥Rm/2t = &6 (42 ;“"‘z\ 1(3;' 2¢) = -\OEENS X 1W0LG 2%

Maximum combined stress =-EReies . - . .
Allowable combined stress = +-1.5*S = +- 22050 psi ?’u’d‘?"‘\ + 2w + Rt ol 71{’{\0""

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = -SEEEST BB psn + 29w F 10U = 4BHO ?c,..Q
Allowable primary membrane stress = +-1.5%5 = +- 22050 psi

The maximum primary membrane stress is within allowable limils.
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6” Roughing Pm

From| Value | betal

Fig.| read | | Al Al Bu Bl Cu cl Du Dl
| | I

3c* 112.969 |0.109) ~-547 -547 -547 -547

4c* |19.996 [0.109} -843 -843 -843 -843

ic |0.0741 10.109] -2717 2717 -2717 2717

2C-1]10.0405 10.108} -148% 1485 -1485 1485
3A* |5.6709 |0.109]
1A 10.0761 10.109]
38* |14.48%1 |[0.109]
1B-1]10.0255 |0.109]
pressure stress* |

~29%( "2950 293\ -2931 29%% 293l 293 L
~5259 0289 -559 "28H) -6\9% Tl ~6®5 el

f
Total cire stress |
Primary membrane |

l

circ stress* : -37714 =3 -3¢ 4 C3AS - 34T -4 3478

I

|

[

I

I

|

[

|

|

I

|

]

I

I

|

|

I

| 3C* |12.969 [0.109[ -547 -547 -547  -547

| 4c* |19.996 ]0.109] -843 -843  -843  -843
| 1c-1]0.0726 |0-109| -2662 2662 -2662 2662

| 2¢ 10.0437 |0.109] -1603 1603 -1603 1603
| 4A* |11.040 [0.1709]
| 2A [0.0378 10.109]
| 4B* |5.5923 [0.109]
| 2B-1]0.0351 [0.109]
|

I

]

|

[

I

I

|

|

|

|

I

pressure stress* |
S\ Dlole O — {0t -6k  TloGY (Ol ~ 0L TiDLL

Total long stress | =-427% \c 45 -4271 1049 -38\L ~PWL -3S\2 30k

Primary membrane

|
|
l
long stress* [ =161, -lel?, —iels, —lutd, =1%09 -9ed -19% - 1999
I
i

+

torsion moment Mt
Cire shear from vel
Long shear from vL|

|

Total Shear stress|

| _ -
Combined stress | -5259 ~3774 -5259 ~ 3714 "G95 3418 LS ~348

l“\tubm%xtrbﬁb 0Ll -0l T~ D66 TioGlL T IOWw( — Dl IO D
IFH&G\&\“O aheees 16224 —4BA0 L35 -48A0 "2l -AMA, -2l -4g4d,
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10" Roughing Pmp

Opening 10” Reinforcement Calculations Per UG-37

Located on: . ' R "BE-5

Local vessel thickness: .25 in

Liquid static head included: 0 psi

Flange description: Not installed
Nozzle material specification: SA 240 304L HIGH

Pad material specification: SA 240 304L HIGH

Nozzle orientation: 90 degrees
End of nozzle to shell center: 39.375 in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 3in
en —>| |<- corrosion allow
dp—> _ <— noz thick new tn= .25 in
< d — twi nozzle id. new d= 9.5 in
—| {<tw2 | <— pad diameter dp = 12 in
S N pad thickness te= .25 in
tel/| |\ fillet weld twl = .25 in
—_] =V fillet weld tw2 = .1875 in
| _tw3 z\ groove weld tw3 = .25 in
Te datum L= 156 in

. < L > |

Reinforcement Calenlations For Nozzle MAWP
Limits of reinforcement UG-40

Paraliel to the vessel walid = 9.5 in
Normal to the vessel wall outside 2.5*(t-C) = .625 in
Normal to the vessel wall inside 2.5*%(1n-Cn-C) = .625 in

Nozzle required thickness
tre = P*Rn/(Sn*E - 0.6*%P)
= 0%4.75/(14700*1 - 0.6%0)

=0in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 0%*36.125/(14700*1 - 0.6*0)
= 0in

Area required

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

fr]l = lesserof 1 or Sn/Svsofrl =1
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COMPRESS 5.5L:\COMPRESS\MANIFOLD\BE-5R1.VSL Sept 19, 1996

10” Roughing Pm

fr2 = lesser of 1 or Sn/Sv so fr2 =1
. fr3 = lesser of fr2 or Sp/Svso fr3 =1
fr4 = lesser of 1 or Sp/Sv so fr4 =1

A = d¥r*F + 2¥m*uo*F*(1 - fr1)
=9.5*%0%1 + 2¥0.25*0*1*(1 - 1)
=0in"2

Area available
Al = larger of the following =2.375in"2
*(E1*1-F#1ir) - 2*m*(E 1 *t-F*tr)*(1-fr1)

d
9.5*%(1*%0.25-1*0) - 2*0.25*(1*0.25-1*0)*(1-1)
2.375in"2

2#(t+m)*(E1*t-F*tr) - 2*¥m*(E1*t-F*tr)*(1-fr 1)
2*(0.25+0.25)*(1%0.25-1*0) - 2*0.25*(1*0.25-1*0)*(1-1)
25in"2

Honn

A2 = smaller of the following =0.313in"2

= 5*(tn - irn) *fr2*t
5%(0.25 - 0)*1*0.25
.313in"2

nn

. = 2%(tn - trn) *(2.5%tn + te)*fr2
2%(0.25 - 0)*(2.5%0.25 + 0.25)%1
438 in"2

A4l = Leg 2*f13
= 0.25"2*%1 = .063 in"2

A42 = Leg"2*frd
= 0.1875°2%1 = .035 in"2

A5 = (Dp-d - 2*m)*te*ird
(12 -9.5 -2%0.25)%0.25%1
.5in"2

Area = Al + A2 + Adl + Ad2 + A5
=2.375 + 0.313 + 0.063 + 0.035 + 0.5
= 3.286in"2
As Area > A the reinforcement is adequate for MAWP = 0 at 400 Deg F

Check the welds - From UW-16(e){2)

Inner Fillet: tmin = lesser of 0. 75 or tn or te, tmin = 0.25 in
tw(min) = 0.7*tmin = 0.175 in
tw(actraly) = 0.7*Leg = 0.7%0.25 = 0.175 in

. Outer Fillet: tmin = lesser of 0.75 orte or t, tmin = 0.25 in

tw(min) = 0.5*min = 0,125 in Revision No. 1
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COMPRESS 5.5€:\COMPRESS\MANIFOLDBE-5R1.VSL
10" Roughing Pmp
tw(actual) = 0.7*Leg = 0.7%0.1875 = 0.13125 in

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 = 0.3193751in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr3: w6 = 0.0625 in

Req'd per UG-45 is the larger of tr]l or tz6 = 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-135(¢)

Groove weld in tension = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi

Inner fillet weld in shear = 0.49*14700 = 7203 psi
Outer fillet weld in shear = 0.49% 14700 = 7203 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*10%0.25%7203 = 28271.78 Ibf

(2) Outer fillet weld in shear
(Pi/2)*Pad O.D.*Leg*So = 1.57*12%0.1875%*7203 = 25444.6 1bf

(3) Nozzle wall in shear
(Pif2)*Mean nozzle dia.*tn*Sn = 1.57*9.75%0.25*10290 = 39378.55 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*10*(.25* 10878 = 42696.15 Ibf

Loading en welds per UG-41(b){1)

W =1{(A-Al + 2*tn*fr1*(E1*%t - F*tr))*Sv
= (0-2.375 + 2%0.25*1*(1*%0.25 - 1*0))*14700
=-33075 1bf

WI1-1 = (A2 + A5 + A4l + A42)*Sv
= (0.313 + 0.5 + 0.063 + 0.035)*14700
= 13391.7 Ibf

W22 = (A2 + A3 + A4l + A43 + 2*m*r*fr1)*Sv
=(0.313 + 0 + 0.063 + 0 + 2%0.25*0.25*1)*14700
= 7364.7 Ibf

W3-3 = (A2 + A3 + A5 + A4l + Ad42 + A43 + 2*m*t¥fr1)*Sv
=(0.313 + 0+ 0.5 + 0.063 + 0.035 + 0 + 2*0.25%0.25*1)*14700

Sept 19, 1996
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10" Roughing Pmp
= 15229.2 Ibf

Load for path 1-1 lesser of W or W1-1 =-33075 Ibf
Path 1-1 Thru (2) & (3) = 25444.6 + 39378.55 = 64823.14 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-4 1(b)(2).

Load for path 2-2 lesser of W or W2-2 =-33075 Ibf
Path 2-2 Thru (1), (4) = 28271.78 + 42696.15 = 70967.93 1bf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 3-3 lesser of W or W3-3 =-33075 Ibf

Path 3-3 Thru (2), (4) = 25444.6 + 42696.15 = 68140.75 Ibf
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).

Pad strength = A5*3p = 7350 Ibf
Outer fillet weld strength is adequate.

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%(t-C) = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickness

L/Do = 3/10 = .3 Do/t = 10/0.0222 = 450.4505
From table G: A = 0.000501
From table HA-3: B = 4976.5

Pa= 4*B/(3*Do/1)
= 4*4976.5/(3*10/0.0222)
= 14.7304 psi
Nozzle required thickness trn = .0222 in

Required thickness tr from UG-37(d)(1) = .2135 in

Area required

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

frl = lesser of 1 or Sn/Svsofrl =1
fr2 = lesserof I or Sn/Svsofr2 =1
fr3 = lesser of fr2 or Sp/Sv so fr3 =1
fr4 = lesser of 1 or Sp/Svsofrd =1

A = 0.5*(d*ur*F + 2*tn*r*F*(1 - fr1))
0.5%(9.5%0.2135%1 + 2%0.25%0.2135*1*%(1 - 1))
1.0141 in"2

. Area avaflable
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10” Roughing Pmp

Al = larger of the following = .347in"2

= d*(E1*t-F*tr) - 2*tn*(E 1 *-F¥r)*(1-fr1)
9.5%(1*0.25-1%0.2135) - 2%0.25*(1*0.25-1*%0.2135)*(1-1)
.347 in"2

Hon

2%(t + tn)*(E 1 *1-F*tr) - 2*m*(E 1 *t-F*tr)*(1-fr 1)
2%(0.25+0.25)%(1%0.25-1%0.2135) - 2*0.25%(1*0.25-1%0.2135)*(1-1)
.037 in"2

(LI (I

A2 = smaller of the following = 0.285in"2

= 5*%(tn - trn)*fr2*t
= 5%(0.25 -0.0222)*1*0.25
= .285in"2

= 2%¥{tn - rm)*(2.5%tn + te)*fr2
= 2%{(0.25 - 0.0222)*(2.5%0.25 + 0.25)*1
= .399in"2

A41 = Leg 2*fr3
=0.25"2*1 = .063 in"2

A42 = Leg"2*fr4
= 0.1875"2*1 = .035in"2

A5 = (Dp - d - 2*m)*te*ird
{12 -9.5 -2*0.25)*0.25*1
Sin*2

Area = Al + A2 + A4l + A42 + A5
= 0.347 + 0.285 + 0.063 + 0.035 + 0.5
= 1.23in"2
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): irl =0.0222in(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 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 trl or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

Sept 19, 1996
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10" Roughing Pmp

. Applied Loads

Radial load - " Pr= 1042 ibf
Circumferential moment Mc = 0 Ibf-ft
Circumferential shear Ve = 0Ibf
Longitudinal moment ML = O Ibf-ft
Longitudinai shear VL = 0bf
Torsion moment Mt = 0 lbf-ft
Internal pressure P = Opsi

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

Mean radins Rm = 36.25 in
Rm/t = 72.5

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

Pressure stress intemsity factor, Farr equation 11.5

I=.25%@4 + 3*%(/x)"2 + 3%(1/x)"4)

25%(4 + 3%(4.75/5.25)"2 + 3*(4.75/5.25)"4)

[ ]

2.117
Local ¢irc. pressure stress = [*P*Rm/t = o= 41 65@(.:;7-5 ¥ 2.\ = 228k Pl
Local long. pressure stress = P*Rm/2t =-gpee 147 (% 25) T KB 0ur
2.5 P
Maximum combined stress =-ZEEapst . . .
Allowable combined stress = +-1.5*%8 = +- 22050 psi b g,o?ca\, + 225 e +523pe T AEH Pl

The maximum combined stress is within aliowable limits.

~ Maximum primary membrane stress = S8R9 . . R ‘
Allowable primary membrane stress = +-1.5%8 = +- 22050 psi 944:?‘:\. * 2 28epee 03P = 2433 P

The maximum primary membrane stress is within allowable limits.
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10 Roughing Pmp

From| Value
Fig.! read
f

| beta|
| ! Au
| I

Al Bu

Bl Cu cl Du D1l

3c* |8.3260
4C* 11,196
¢ 10.0880
2Cc~-110.0550-
3A* |2.7955
1A 10.0836
3B* |7.8807
1B-110.0333

f0.121]
[0.121]
[0.127]
}0.121]
16.121]
10.121]
JO.121]
10.721]

-644

-1375

pressure stress¥*

- 2280

-644  -644

1375 -1375

2290 - 22%

-479  -479 -479 =479

~644

=2201 2201 -2201 2201

1375

225 ~22le 2% 2% -Zelé

[
|
Total circ stress |
Primary membrane |
]
|

circ stress¥*

~42714

-200

-1528 -427¢€

220D -4es

150 -492L -S54 -49

90 -3 -2 -2135 -2

3C* |8.3260
ac* |11.196
1c-110.0885
2Cc  |0.0565
4A* [4.8491
2A  10.0433
4B* |2.7447
28-1]0.0488

10.727]
(0.121]
10.121]
{0.121]
10.121]
10.121]
10.121]
10.121]

-479

-2213

pressure stress* |

-5%%

-479  -479

2213 -2213

-£3%  -5$3%

-479

-644 -644 -644 -644

2213

-1413 1413 -1433 1413

533 433 -3 -53%

I
Total long stress |
Primary membrane |
|
|

loeng stress*

-%22s

o

- oVt

2oy ~ve2d

-1ove-

2ot =2€% 2%, ~2%90

T L N e e 1 e B 1 i R L B |

torsion moment Mt |
Circ shear from vc|
Long shear from VL]

Total Shear stress|

Combined stress |

B raht

M emdovune. Srvess

9%

—4%%

- 2900

=479

&Y%

Doed -49%6 1IN - 49%6 -3

51y 5P -S533 -s3 533

My Cl}w\o:-é\ tes

"ABos ~HAYY

— 4205

~24%% "B

“S49 3B -‘54@
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10" Roughing Pmp

Stresses at the pad edge per WRC bulletin 107 si

Mean radius Rm = 36.251n
Rm/t = 145

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

Pressure stress intensity factor, Farr equation 11.5

1= .25%(4 + 3*(r/x)"2 + 3%(x/x)"4)
J25%(4 + 3%(4.75/6.1875)"2 + 3%(4.75/6.1875)"4)

1.702

I non

) 2.2€ _ -
Local circ. pressure stress = I*P*Rm/t = S5 (‘ 1 .(1.{ \ X 1oL = 215 Pt

Local long. pressure stress = P*Rm/2t =&pec ('4'2((%:;(3 = |Dipte ?-;%.
2

Maximum combined stress =-F2=tmp . ~ N .
Allowable combined stress = +-1.5%5 = +- 22050 psi T P + 5(9?"89?5L + 10e Fa~ \\9\'1.-3%

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = -FOPRspEr 9 e + Ve l® ¢ OLL = ([T ?«,:
Allowable primary membrane stress = +-1.5*S = +- 22050 psi :

The maximum primary membrane stress is within allowable limits.
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10" Roughing Pmp

From| Value | beta]

Fig.| read | | AU Al Bu Bl Cu cl Du Dl
[ f !

3C* |9.0084 |0.145] -1036¢ -1036 -1036 -1036

4C* |17.379 J0.145] -1998 -1998 -1998 -1598

1C |0.081718 |0.145] -6182 6182 -6182 6182

2C-1]0.0259 |0.145]| =2591 2591 =2591 2591

3A* |5.3595 |0.145]

1A 10.0853 |0.145]

3B* [12.060 |0.145]|

1B=-1|0.0175 |0.7145]

pressure stress* |

~ALE ~ME2E “WHhiB 2B -~ BelD TRIH 2B T3S

Primary membrane

|
Total ecire stress |
|
I

cire stress¥*

2211 P35 —8™ 3035 “lopl, SIS -0eAl 1613
—SLY, Skl ~Goe -Lole -8L64 -4Led -4Ld  Acth

3Cc* [9.0084
4c* [17.379
1C-110.0547
2Cc ]0.0370.
4A* [12.155
2A 10.0304
48* |5.0456
26-110.0232

[0.145]
[0.145]
[0.145]
10.145]
10.145]
10.145]
]0.145}
10.145]

pressure stress* |

-1036 -1036 -1036 -1036

-1998 -1998 -1998 -1998
-5472 5472 -5472 5472

-3701 3701 -=3701 3701

~ \Dule - Ok (O ~[D TIDWe  T06L T D 10U

i
Total long stress |
Primary memkbrane |
!
|

long stress¥*

-7574 BP0 75 RO -GS YT -L1S o

~2162 ~UNOL -LW2Z ~LOoZ “30pd - I064 -304 -30e4

torsion moment Mt |
Circ shear from vc|
Long shear from vL|

I

Total Shear stress|

Combined stress

'8‘2{1 —ELUe "B “SbA T \OBAe ALK T\OPAl A4

10LeL  “W0W, “WOLk Tl T0wl T0e T0GLL  TiO0We

T !

MO”\,.,\Q«.M; “heesd

“LOL “O9Y -LLYL- TUML TS -ual T530
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Support Ring

Stiffening Ring al‘culatiqns Pgr 1G-29

ASME Section VIII Division 1. 1995 Edition, A%5 Addenda

Identifier:

Ring material specification:
Number of rings in this group:
Distance first ring to datum line:

Ring description:

Ring is rolled:
Ring cross sectional area: As =
Ring moment of inertia: Ir =

Support Ring

SA 240 304L HIGH
1

200 in

4x3x1/4 Un Equal Ang
leg in (hard way)
1.69in"2

2.77in"4

Calculations for ring 200 in frorh datum

Shell material specification:

Required shell thickness: t =
Corroded shell thickness: s =

Shell outer diameter: Do =
Design temperature : =
External design pressure: P =
Stiffener supported length: Ls =

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

SA 240 304L HIGH
0.21354 in

0.25in

72.75in

400 deg F

14.7 psi

54 in

= .75%(14.7%72.75/(0.21354 + 1.69/54))

= 3275.939

From table HA-3 (ring)

A = 2.4816385E-04

Reguired moment of inertia of the combined ring-shell section

Is= (Do~ 2*Ls¥*(t + As/Ls)*A)/10.9

= (72.75°2*54*(0.21354 + 1.69/54)*2.481685E-04)/10.9

= 1.593146 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of

W = 1.1*Sgr{Do%*ts)
1.1*8qr(72.75%0.25)
4.691149 in

W =Ls =54in

= 4.691149

Shell area Al = W*is = 1.172787 in"2

Distance to the ring neutral axis

Y2 = Ring NA + t5/2
=2.76 + 0.25/2
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Support Ring
= 2.885in
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 = WHs"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

12 =1r + As*(NA-Y2)"2
77 + 1.69%(1.703113 - 2.885)"2

2.
5.130688 in“4

Total available I = 11 + I2Z = 8.538576 in"4

The 4x3x1/4 Un Equal Ang vacuum stiffener is satisfactory.
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Stiffner Rings (Flange End)

Stiffenin Rin_ Calculations Per UG-29

ASME Section VIII Division 1. 1995 Edition, A95 Addenda

Identifier: Stiffner Rings (Flange End)
Ring material specification: SA 240 304L HIGH
Number of rings in this group: 3

Distance first ring to datam line: 40 in

Ring spacing: 52 in

Ring description: 2.5x2.5x1/4 Equal A

Ring is rolled: leg in (hard way)

Ring cross sectional area: As = 1.19in"2

Ring moment of inertia: Ir= 0.703in"4

Calculations for ring 144 in from datum
Shell material specification: SA 240 304L HIGH

Required shell thickness: t = 0.21354in
Corroded shell thickness: ts = 0.25in
Shell onter diameter: Do=72.75in
Design temperature: = 400 deg ¥
External design pressure: P = 14.7psi
Stiffener supported length: Ls = 54in

B = .75%(P*Do/(t + As/Ls))
= ,75%(14.7%72.75/(0.21354 + 1.19/54))
= 3404.698

From table HA-3 (ring} A = 2.578282E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
(72.75°2%54%(0.21354 + 1.19/54)¥2.578282E-04)/10.9
1.592563 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.651149

o

W = 1.1*Sqr(Do¥*ts)
= 1.1*8qr(72.75*%0.25)

= 4.691149 in

W=Ls =51in

Shell area Al = W¥*ts = 1.172787in"2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
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Stiffner Rings (Flange End)

1.783 + 0.25/2
1.908 in

nn

Neutral axis of combined section

NA = As*Y2/(Al + As)
1.19%1.908/{1.172787 + 1.19)
9609499 in

|

Inertia of the shell about the combined section NA

I1 = W*s"3/12 + A1*NA"2
4.691149*%0.25°3/12 + 1.172787*0.9609495°2
1.08%089 in"4

Inertia of the ring about the combined section NA
12 =1Ir + As*(NA -Y2)"2

=0.703 + 1.19*%(0.9609499 - 1.908)"2

= 1.770316 in"4
Total available I = T1 + 12 = 2.859405 in"4

The 2.5%2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 92 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickaess: t = 0.21354in
Corroded shell thickness: ts = 0.251in

Shell ounter diameter: Do = 72.75in

Design temperature: = 400 degF

External design pressure: P = 14.7psi

Stiffener supported length: Ls = 521in

B = .75%(P*Do/{t + As/Ls))
= .75%(14.7*72.75/(0.21354 + 1.19/52))
= 3392.492

From table HA-3 (ring) A = 2.569126E-04

Required moment of inertia of the combined ring-shell section

Is= (Do "2*Ls*(t + As/Ls)*A)/10.9
= (72.75"°2*52%(0.21354 + 1.19/52)*2.569126E-04)/10.9
= 1.533632 in"4

Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of =4.091149
W = 1.1*Sqgr(Do*ts)

1.1*8qr(72.75*%0.25)
4.691149 in
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W =

Stiffoer Rings (Flange End)

Ls =52in

Shell area A1 = W*ts = 1.172787 in"2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2

0w

1.783 + 0.25/2
1.908 in

Neutral axis of combined section

NA

H

= As*Y2/(Al + As)
1.19%1.908/(1.172787 + 1.19)
9609499 in

Inertia of the shell about the combined section NA

11

W*t5"3/12 + A1*NA"2

4.691149%0.25°3/12 + 1.172787%0.9609495"2
1

.089089 in~4

Inertia of the ring about the combined section NA

I2=1Ir + As*(NA -Y2)"2
= 0.703 + 1.19*(0.9609499 - 1.908)"2

1.770316 in" 4

Total available I = 11 + 12 = 2.859405 in"4

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 40 in from daftum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21354in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 72.75in

Design temperatuse: = 400 degF

External design pressure: P = 14.7psi

Stiffener supported length: Ls = 47.56274 in

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

T5%(14.7%72.75/(0.21354 + 1.19/47.56274))
3362.132

From table HA-3 (ring) A = 2.546351E-04

Regquired moment of inertia of the combined ring-shell section
Is= (Do~2*Ls*(t + As/Ls)*A)/10.9

(72.75°2*47.56274%(0.21354 + 1.19/47 .56274)*2.546351E-04)/10.9
1.402884 in"4
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Stit’t‘n_er Rings (Flange End)

Available moment of inertia of the combined ring-shell section
Shell width coniributing smaller of = 4.691149
W = 1.1*Sqr(Do*ts)
= 1.1*8qr(72.75%0.25)
=4.691149 in
W = Ls = 47.56274 in
Shell area A1 = W*ts = 1.172787 in"2
Distance to the ring neﬁtral axis
Y2 = Ring NA + ts/2

1.783 + 0.25/2
1.908 in

Neutral axis of combined section

NA = As*Y2/(Al + As)
= 1.19*%1.908/(1.172787 + 1.19)
= 9609499 in

Inertia of the shell about the combined section NA
I1 = W*ts™3/12 + A1¥NA"2
= 4.691149%0.2573/12 + 1.172787%0.9609499"2
= 1.089089 in" 4
Inertia of the ring about the combined section NA
12 =Ir + As*(NA - Y2)"2
= 0.703 + 1.19*(0.9609499 - 1.908)"2
= 1.770316 in"4 ’
Total available | = 11 + 12 = 2.859405 "4

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.
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Stiffner Rings (Bellows End)

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1995 Editien, A95 Addenda

Identifier: : Stiffner Rings (Bellows End)
Ring material specification: SA 240 304L HIGH

Number of rings in this group: 3

Distance first ring to datum line: 252 in

Ring spacing: 48 in

Ring description: 2.522.5x1/4 Equal A

Ring is rolled: leg in (hard way)

Ring cross sectional area: As = 1.19in"2

Ring moment of inertia; Ir= 0.703in"4

Calculations for ring 348 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21354in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do= 72.751in

Design temperature: = 400 deg F

External design pressure: P = 14.7psi

Stiffener supported length: Ls = 32.44767 in

B = .75*(P*Do/(t + As/Ls))
= 75%(14.7%72.75/(0.21354 + 1.19/32.44767))
= 3205.525

From table HA-3 (ring) A = 2.428844E-04

Required moment of inertig of the combined ring-shell section

Is= (Do 2*Ls*(t + As/Ls)*A)/10.9
(72.75°2%32.44767%(0.21354 + 1.19/32.44767)*2.428844E-04)/10.9
= .9574919 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*8qr(72.75*0.25)
= 4.691149 in
W =Ls = 32.44767 in
Shell area Al = W¥ts = 1.172787 in"2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
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Stiffner Rings (Bellows End)

1.783 + 0.2572
1.908 in

Neutral axis of combined section

NA = As*Y2/(Al + As)
= 1.19%1.908/(1.172787 + 1.19)
= .9609499 in

Inertia of the shell about the combined section NA

= W*s"3/12 + A1*NA"2
4.691149*0.2573/12 + 1.172787%0.9609499"2
1.089089 in"4

I1

Inertia of the ring about the combined section NA

[2=1Ir + As¥*(NA - Y2)"2
= 0.703 + 1.19%(0.9609499 - 1.908)"2
= 1.770316 in" 4
Total available I = 11 + [2 = 2.859405 in"4
The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 300 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21354in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do = 72.75in

Design temperature: = 400 degF

External design pressure: P = 14.7psi

Stiffener supported length: Ls = 48in

B = .75*%(P*Do/(t + As/Ls))
= .75*(14.7*72.75/(0.21354 + 1.19/438))
= 3365.347

From table HA-3 (ring) A = 2.548763E-04

Required moment of inertia of the combined ring-shell section

Is= (Do "2*Ls*(t + As/Ls)*A)/10.9
= (72.75°2*48%(0.21354 + 1.19/48)*2.548763E-04)/10.9
= 1.415768 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

[
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Stiffner Rings (Bellows End)

W =Ls =48in

Shell area A1 = W*ts = 1.172787in"2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2

1.783 + 0.25/2
1.908 in

nn

Neutral axis of combined section

NA = As*Y2/(Al + As)
1.19*%1.908/(1.172787 + 1.19)
9609499 in

Inertia of the shell about the combined section NA
I1 = WHs™3/12 + A1*NA"2
= 4.691149*%0.25°3/12 + 1.172787*%0.9609499"2
= 1.08%089 in"4
Inertia of the ring about the combined section NA
I2=1Ir + As*(NA - Y2)"2
= 0,703 + 1.19*%(0.9609499 - 1.908)"2
= 1.770316 in"4
Total available ] =11 + 12 = 2.859405in"4

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 252 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21354in
Corroded shell thickness: ts = 0.251in
Shell outer diameter: Do = 72.75in
Design temperature: = 400 degF
External design pressure: P = 14.7psi
Stiffener supported length: Ls= 50in
B = .75*(P*Do/(t + As/Ls))

= .75%(14.7*72.75/(0.21354 + 1.19/50))

= 3379.408

From table HA-3 (ring) A = 2.559311E-04

Required moment of inertia of the combined ring-shell section

fs= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (72.75°2*50*(0.21354 + 1.19/50)*2.559311E-04)/10.9
= 1.4747 in"4

Sept 19, 1996
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Stiffner Rings (Bellows End}

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of - = 4.691149

W = 1.1*Sgr(Do*s)
= 1.1*8qr(72.75%0.25)
=4.691149 in

W =Ls =50in
Shell area A1 = W*is = 1.172787 in"2
Distance to the ring neutral axis

Y2 = Ring NA + ts/2

1.783 + 0.25/2
1.908 in

Neutral axis of combined section

NA = As*Y2/{Al + As)
= 1.19*1.908/(1.172787 + 1.19)
= .9609499 in

Inertia of the shell about the combined section NA
I1 = W*ts™3/12 + A1*NA"2
= 4.691149*0.25°3/12 + 1.172787*0.9609499"2
= 1.089089 in" 4
Inertia of the ring about the combined section NA
[2=1Ir + As*(NA -Y2)"2
=0.703 + 1.19*(0.9609499 - 1.908)"2
= 1.770316in"4
Total available I = I1 + 12 = 2.859405 in"4

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.
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uG-20

UG-20 DESIGN TEMPERATURE

{a) Maximum. Except as required in UW-2{d)3),
the maximum temperature used in design shall be not
less than the mean metal temperaiere (through the
thickness) expected under operating conditions for the
part considered (see 3-2). If necessary, the meial tem-
perature shall be determined by computation or by
measurement from equipment in service under equiv-
alent operating conditions.

(b) Mirimum. The minimum metal temperature used
in design shall be the lowest expected in service except
when lower temperatures are permitied by the rules of
this Division (see UCS-66). The minimum mean metal
temperature shall be determined by the principles de-
scribed in (a) above. Consideration shall include the
lowest operating temperature, operational upsets,
autorefrigeration, atmospheric temperature, and any
other sources of cooling fexcept as permitied in ()(3)
below].

(c} Design temperatures listed in excess of the max-
imum temperatures listed in the tables referenced in
UG-23 are not permitted. In addition, design temper-
atures for vessels under external pressure shall not ex-
ceed the maximum temperatures given on the external
pressure chans. '

{d) The design of zones with different metal tem-
peratures may be based on their determined tempera-
tures.

{e) Suggested methods for obtaining the operating
temperature of vessel walls in service are given in Ap-
pendix C.

{f) Impact testing per UG-84 is not mandatory for
pressure vesse]l materials which satisfy all of the fol-
lowing.

(1) The material shall be limited to P-No. 1, Gr.
No. | or 2, and the thickness, as defined in UCS-66(a),
shall not exceed that given in (a) or (b) below:

(a) '/, in. for materials listed in Curve A of
Fig. UCS-66;

() 1 in. for materials listed in Curve B, C, or
D of Fig. UCS:66.

{2} The completed vessel shall be hydrostatically
tested per UG-99(b), (c), or (k).

{3} Design temperature is no warmer than 650°F
nor colder than —20°F. Occasional operating temper-
atures colder than —20°F are acceptable when due to
lower seasonal atmospheric temperature.,

{4) The thermal or mechanical shock loadings are
not a controtling design requirement. (See UG-22.)

{5) Cyclical loading is not a controliing design re-
quirement. (See UG-22.}

1992 SECTION VIii — DIVISION

UG-23

UG-21  DESIGN PRESSURE"

Vessels covered by this .Division of Section VIII
shall be designed for at least the most severe condition
of coincident pressure and temperature expected in nor-
mal operation. For this condition and for test condi-
tions, the maximum difference in pressure between the
inside and outside of a vessel, or between any two
chambers of a combination unit, shall be considered
[see UG-98, UG-99(e), and 3-2].

UG-22 LOADINGS

The loadings to be considered in designing a vessel
shall include those from:

fa) internal or external design pressure (as defined
in UG-21);

(b) weight of the vessel and normal contents under
operating or test conditions (this includes additional
pressure due to static head of liquids);

{¢) superimposed static reactions from weight of at-
tached equipment, such as motors, machinery, other
vessels, piping, linings, and insulation;

{d} the attachment of:

(1) internals (see Appendix D),
{2) vessel supports, such as lugs, nngs, skirs,
saddles, and legs (see Appendix G);

(e} cyclic and dynamic reactions due to pressure or
thermal variations, or from equipment mounted on a
vessel, and mechanical loadings;

(/) wind, snow, and seismic reactions, where re-
quired;

{g) impact reactions such as those due to fuid shock;

(h) temperature gradieats and differential thermal ex-
pansion. '

{a) The maximum allowable stress value is the max-
imum unit stress permitted in 2 given material used in
a vessel constructed under these rules. The maximum
allowable tensile stress values permitted for different
‘materials are given in Subpart 1 of Section Ii, Part D.
A listing of these materials are given in the following
tables, which are included in Subsection C.

*It is recommended that a sunable margin be provided above the
pressure at which the vessel will be normally operated to allow for
probable pressure surges in the vessel up 1o the selting of the pressure
felieving devices (see UG- 1343 ..

“For the basis on which the tabulated” stress values have been es-
tablished. see Appendix 1 of Section 11, Pan D.
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UG-23

Table UCS-23 Carbon and Low Alloy Steel (stress val-
ues in Section II, Part D, Table 3 for bolting, and
Table 1A for other carbon steels) )

Table UNF-23 Nonferrous Metals (stress values in Sec-
tion II, part D, Table 3 for bolling, and Table IB
for other nonferrous metals)

Table UHA-23 High Alioy Steel (stress values in Sec-
tion Il, Part D, Table 3 for bolting, and Table 1A
for other high alloy stezls)

Table UCI-23 Maximum Allowable Stress Values in
Tension for Cast iron

Table UCD-23 Maximum Allowable Stress Values in
Tension for Cast Ductile Iron

Table UHT-23 Femtic Steels with Properties Enhanced
by Heat Treatment (stress values in Section If, Part
D, Table 1A)

Table ULT-23 Maximum Allowable Stress Values in
Tension for 5%, 8%, and 9% Nickel Steels and
5083-0 Aluminum Alloy at Cryogenic Temperatures
for Welded and Nonwelded Construction
{b) The maximum allowable longitudinal compres-

sive stress to be used in the design of cylindrical shells

or tubes, either seamless or butt welded, subjected to
loadings that produee longitudinal compression in the
shell or tube shall be the smaller of the following val-
ues:
{1) the maximim allowable tensile stress value
permitted in (a) above;
{2) the value of the factor B determined by the
following procedure where
r=the minimum required thickness of the cylin-
drical shell or tube, in.
R,=outside radius of cylindrical sheil or tube, in.
E=modulus of elasticity. of material at design
temperature, psi. The modulus of elasticity to
be used shall be taken from the applicable ma-
terials chart in Section IE, Part D, Subpart 3.*°
(Interpolation may be made between lines for
intermediate temperatures.)

The joint efficiency for butt-weided joints shall be tak-

en as unity.

The vaive of B shall be determined as follows.

Step 1. Using the selected values of ¢ and R, cal-
culate the value of factor A using the following for-
mula:

Step 2. Using the value of A calcwlated in Step 1.
enter the applicable material chant in Section I, Pan

" Mote that the modulus of elasticity values listed in UF-27 of this
Drasion shali not be used for axial compression design.

PART UG — GENERAL REQUIREMENTS

21

UG-23

TABLE UG-23.1
MAXIMUM METAL TEMPERATURE FOR WHICH
FACTOR OF 1.2 15 APPLICABLE

Table in Which Material

Is Listed Temp., °F
ucs-23 700
UNF-23.1 300
UNF-23.2 150
UNF-23.3 00
UNF-23.4 600
UNF-23.5 600
UHA-23 800
UHT-23

700

D, Subpart 3 for the material under consideration.
Move vertically to an intersection with the material/
temperature line for the design temperature (see UG-
20). Interpolation may be made between lines for in-
termediate temperatures.

In cases where the value at A falls to the right of
the end of the material/temperature line, assume an in-
tersection with the horizontal projection of the upper
end of the material/temperature line. For valves of 4
falling to the left of the material/temperature line, see
Step 4

Step 3. From the intersection obtained in Step 2,
move horizontally to the nght and rcad dfe"‘%'n’lﬁe of
factor B. This is’ : i : \PIeS:
stress for the values of7and -

Step 4. For valucs of A fallmg to the left of the
applicable material/temperature line, the value of B,
psi, shall be calculated using the following formula:

Jord4 wuh the " Gompated. &
stress in the cylindrical shell ‘or FUSIng
values of ¢ and R,. If the value of B is sma!lcr than
the computed compressive stress, a greater value of 1
must be selected and the design procedure repeated un-
til a value of B is oblained which is greater than the
compressive stress computed for the loading on the cy-
lindrical shell or tube.

The joint efficiency for butt welded joints may be
taken as unity. 2

fc) The wall@hicknéss of & vessel computed by these
rules shall be determined such that, for any combi-
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PART D — PROPERTIES

Fips. HA-3, HA-4

L L R A T T P T T el

GENERAL NOTE: See Table HA-3 for tabular values.
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FIG. HA-3 CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE
WHEN CONSTRUCTED OF AUSTENITIC STEEL (18Cr-8Ni-0.035 MAXIMUM CARBON, TYPE 304L) ENOTE (1))
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FIG. HA-4 CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE
WHEN CONSTRUCTED OF AUSTENITIC STEEL (18CP—8Ni~Mo-0.035 MAXIMYM CARBON, TYPES 316L AND

317L) (NOTE (1))
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Tables HA-3, HA-4

PART D — PROPERTIES
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Pressure Summary

. essure summa, for pressure chamber 1

| | = | T | mawp | mMaP | Pe | uUg-es | ucE—66 {Corrosicn]
| Identifier | design | design | | |external| Ratioc | MDMT Exewption or {aliowance|
| | (pei)} [(aeg ¥} | (pei)} | (psi) | {(pei) | | {deg ¥} Strese Reduction | tin} |
| I I | | | I |
| | 118.6 ] 16.4 | 1.136 | | Hot applicable |  o.oo00 |
! I

I I
SPOOL A-1 | 0.0 | 4900.0 | 104.a
| [

Vessel MAWP hot & corroded is 104.47 psi @ 400 degrees F.

Vessel MAP new & cold is 118.69 psi @ 0 degrees F.

Vessel allowable external pressure is 16.41 psi @ 400 degrees F.
Hydr t pre e calculation bas MAWP

= 1.5*%* {(MAWP + Operating Liquid Head)*1.136 = 178 psi

Vessel hydrotest pressure is 178 psi.

REVQ
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Weight Summary

Component -------sssmsmsmarreen ---- Weight (1bs} Contributed by Vessel Blements ~=====s=--------s---csssmmm-s
Metal Mekal Trays Packed Ingul Lining Piping Ladder Ringe Oper Test Nozzile
New toerr & sup Bede & plat & Miee Liguid Liguid & flg
Speel a-1 459 459 L] [+] *] a & 0 1] ¢ 3388 a
459 459 a 0 +] 0 a [»] 1] o 3388 L]
Vegsel operating weight, corroded: 459 1bs
VYessel empty weight, corroded: 459 1bse
Vessel empty weight, new: 45% lbsa
Vegsel teskt weight. new: 31,847 1bs
Vessel cent Vi lo ion righ 1 am
Vessel 1lift weight, new: 459 lbs
Center of gravity to seam: 30 in
REVO
3.12.1996 V049-1-077
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Cemponent

Identifier

Load:
internal
external
wind
seiswmic

3.12.199%¢6

Thickness Summary

ip Length Nom t Req t Joint Governing Deflect
(in) (in) tin) (in} E Loag Status Stredas (in}
44.62 8g.00 0.1875 0.1812 ©0.85 external

vessel wall thickness

required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due to internal pressure governs

- external pressure governs

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

t
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S L A-1

ME Section VIIT Divigi 1, 1992 Edition, A94 nda
Component : Cylinder
Material specification: SA 240 304L HIGH
External design pressure: Pe= 14.7 psi @ 400 deg F
Corrosion allowance: Inner C = 0 Cuter= 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 = 459.3 corr = 459.3 1b
capacity: ’ new = 406,242 corr = 406.242 Us ga
ID = 44.625 length Lc= 60 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/(22.3125 + 0.6*0.1875) - 0O
= 118.6873 psi
MAWP : at 400 deg F) UG-27(c) (1)
= S*E*t /(R + 0.6*t) - Ps
= 14700%0.85*0.1875/(22.3125 + 0.6*0.1875) - 0
= 104.4732 psi
External Pregsure: (Corroded & at 400 deg F) UG-28
L/Do = 71.4375/45 =1.5875 Do/t = 45/0.18126 = 248.2622
From table G: A = 0.00021
From table HA-3: B = 2767.7

Pa= 4*B/ (3*Do/t)
= 4%2767.7/(3*%45/0.18126}
= 14.8644 psi

hickness for e 1 pr re P 14 44 mpsi:

t + Corrosion
0.18126 + 0
0.18126 in

L/Do = 71.4375/45 =1.5875 Do/t = 45/03.1875 = 240
From table G: A = 0.000224
From table HA-3: B = 2954
REVO
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4%2954/(3*45/0.1875)

. Pa= 4*B/ (3*Do/t)
= 16.4111 psi

REVO
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Pressure Summary

‘I’ Pressur [ ry for pre chamber 1
| | P | T | #awp | map | Pe | ve-ss | UCE—66 Jcorrosion|
| Identifier | design | design | i |{external| Ratio } MDMT Exemption or lallowance |
| | (pai) | {deg F) | {psi) | {psi) | {psi) | ] tdeg F) §tress Reduction | fin) |
I 1 | 1 | | 1 ! |
| | 109.8 | 24.5 | 1.136 | | Not applicabie j  o.ooo |
I |

I
SPOCL A-2 | 0.0 | ao00.0 | 96.6
|

Vessel MAWP hot & corroded is 96.66 psi @ 400 degrees F,
Vessel MAP new & cold is 109.81 psi @ 0 degrees F.
Vessel allowable external pressure is 24.59 psi @ 400 degrees F.

Hydrotest pressure calculation based on MAWP
= 1.5*(MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.
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S

Component ------- e e - ----- Weight (lbs) Contributed by Vessel Blements ----------------ssscrmm==emnos
Metal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Test Nozzle
Hew Corx & Bup Beds & plat & Misc Ligquid Ligwid & flg
Spool a-2 224 224 o [ 0 a 4] L] Q 9 1781 *]
224 224 1} a o] 0 0 0 1] 0 1781 D
Vegsel operating weight, corroded: 224 1lbse
Vessel empLy weighkt, corrocded: 224 1bs
Vassel ewmpty weight, new: 224 lbs
TYeseel test weight, new: 2,015 lbs
Vessel vi 1 ion {from right 1 eam
Vessel l1ift weight, new: 224 1bs
Center of gravity to seam: 13.6 1n
REVO
3.12.1996 V049-1-077
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Compeonent

Identifier

Load:
internal
external
wind
seismic

3.12.19%6
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Thickness Summary

Ip Length Nom % Reqg t Joint Governing beflect
(in) {in) {in) {(in) B Load Status Strese (in)
48 .25 27.13 0.1875 0.1454 ¢©.85 external

vessel wall thickness
required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due to intermal pressure governs

- external pressure governs

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

REVO
Vi40-1-077
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SPOOL, A-2

. Section VIITI Divigion 1, 1992 Edition 4 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

PWHET 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 = 224.5 corr = 224.5 1b
capacity: new = 214,744 corr = 214.744 Us ga
ID = 48.25 length Lc= 27.13 t = 0.1875 in (new)
MADP: (New & at 0 deg F) 0G-27{(c) (1)
P S*E*t/(R + 0.6*t) - Ps

16700%0.85*%0.1875/(24.125 + 0.6*0.1875) - 0
109.8118 psi

4 F) oG-27(c) (1)

3

‘l'p MA]

S*E*t/{R + 0.6*t) - Ps

= 14700*0.85%0.1875/(24.125 + 0.6%*0.1875) - O
= 96.66065 psi

External Presgure: ~  (Corroded & at 400 deg F) UG-28
L/Do = 39.17167/48.625 =0.8056 Do/t = 48.625/0.14547 = 334.2614
From table G: A = 0.00028
From tablie HA-3: B = 3700.4

Pa= 4*B/ (3*Do/t}
4*3700.4/(3*48.625/0.14547)
14.7605 psi

hi for 1 P. 14.7 i:

t + Corrosion
0.14547 + 0
0.14547 in

L/Do = 39.17167/48.625 =0.8056 Do/t = 48.625/0.1875 = 259.3333
FProm table G: A = 0.0004
From table HA-3: B = 4783.3
REVO
3.12.1996 V049-1-077
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P -2
Pa= 4*B/(3*Do/t)
. = 4%4783.3/(3*48.625/0.1875)
= 24.5928 psi '
REVO
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Pressure Summary

‘I’ Pressur mnary for pr : r 1l

l | r | T | mMawer | map | pe | oe—-89 | UCs—66 |corrosion|
| Identifier | design | deesign | | |external | Ratie | MDMT Exemption or |aliowance |
| | (peiy Jigeg FY | (peil | {psi) | {peil | | taeg ) gtress Rednction | (in) |
1 i | I I I l ! }
i | 1es.8 | 20.5 | 1.326 | [ wet applicanle f o0.000 |
i I

|
SPOOL A-3 ! 0.6 | avo.0 | 96.6
|

I I I I | I [ i

Vessel MAWP hot & corroded is 96.66 psi @ 400 degrees F.

Vessel MAP‘new & cold is 109.81 psi @ 0 degrees F.

Vessel allowable external pressure is 20.54 psi @ 400 degrees F.
H test pr re ulation on_ MAWP

= 1.5*{MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

REVO
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Weight Summary

. Component -------- --e-sesasss-.---- Weight (lbs) Contributed by Vessel Blaments -------=-===-sro=sccssoo--o--es
Metal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Test NRozzle
Rew Corr & sup Beds & plat & Misc Liguid Liguid & flg
Spool a-3 326 328 D 0 1] [+ [+] o D ] 2599 b
326 326 D Q [} 1] 1] o +] 0 Z599 0
Yegsel operating weight, corroded: 326 1be
VeeEel empty weight, corroded: 326 1lbse
vessel empty weight, new: 326 1bs
Vessel tegt weight, new: 2,925 1lbs
. M N
Vi el e A" 1 ion (fx weld s
Vessel lift weight, new: 326 1bs
Center of gravity to seam: 19.7 1n

REVO
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Thi S

Component o) Length Nom t Req t Joint Governing Deflect
Identifier {in} (in} {in} {in} B Load status Stress (in)
Spool a-3 a8.25 39.37 0.1875S 0.16%51 0.8S external

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
3.12.19%9¢6 REVO

V049-1-077
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POOL A-3

ASME ion VIII Division 1, 1992 Editio 4 Addenda

Component : Cylinder

Material specification: SA 240 304L HIGH

External design pressure: Pe= 14.7 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 = 325.8 corr = 325.8 1b
capacity: new = 311.668 corr = 311.668 UsS ga
ID = 48.25 length Lc= 39.375 t = 0.1875 in (new)
MAP: (New & at 0 deg F) UG-27(c) (1)
P S*E*t/(R + 0.6*t) - Psg

16700%0.85%0.1875/(24.125 + 0.6*0.1875) - O
109.8118 psi

MAWP : (C 400 deg F) 0G-27(c) (1)
P = S*E*t/(R + 0.6*t) - Ps

= 14700%0.85*%0.1875/(24.125 + 0.6%*0.,1875) - O
= 96.66065 psi

External Presgssure: {(Corroded & at 400 deg F) UG-28
L/Do = 51.41666/48.625 =1.0574 Do/t = 48.625/0.16519 = 294.358
From table G: A = 0.000248
From table HA-3: B = 3273.7

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

= 4%*3273.7/(3*48.625/0.16519)
= 14.8287 psi

Degi. hickn for 1 Pa = 14 _ 8287 i:
= t + Corrosion
= 0.16519 + 0
= 0.16519 in
j Allowabl rnal re: 4 B
L/Do = 51.41666/48.625 =1.0574 Do/t = 48.625/0.1875 = 259.3333
From table G: A = 0.000302
From table HA-3: B = 3994.1

3.12.1996 REVO

v042-1-077
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SPOOL A-3
Pa= 4*B/(3*Do/t)
= 4*3994,1/(3*48,625/0.1875)
= 20.5352 psi
3.12.1996
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Pressure Summary

. Pressure sumna for pressure ch rl
| ] r i T | wmawe | MaP ] ra | ve—99 | TCS—66 |corrosion|
| Identifier | degign | design | | |external | ratie | MDHT Bxemption or |allowance|
| ! (pei} |tdeg B} | (pei) | (pei} | (pei) | | t(deg P} stress Reduction | {im}
I I I I | ] { | |
| | 109.8 | 18.0 | 2.136 | | Not applicable | 0.000 |
I |

|
5POOL A-§ | 0.0 | 400.0 | 96.6
|

Vessel MAWP hot & corroded is 96.66 psi @ 400 degrees F.
Vessel MAP new & cold is 109.81 psi @ 0 degrees F.
Vessel allowable external pressure is 18.07 psi @ 400 degrees F.

H otes ssure 1011 n MAWP

= 1.5* {MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

REVO
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Weight S
. COmMPONERt ===-==-=mmascmomoomoo ---- Weight (1bs} Contributed by Vessel Elements -----------c---u-sssassasscaus
Metal Metal Trays Facked Insul Lining Piping Ladder Rings Cper Teat FRozzle
New Corr & 8sup Beds & plat & Misc Liquid Liguid & flg
Spoel a-6 381 381 ¢ 4] o 1] 1] ] ] 1] 3037 0
381 381 L] [1] o 1] o 4] o 1] 3037 o
Veseel operating weight, corroded: 281 1bs
Vessel empty weight, ceorroded: 381 1lbs
Veseel empty weight, new: 381 1hbs
Vesgel test weight, new: 3,418 1lbs
Vessel center of avi 1 i from right weld s
Vessel 1lift weight, new: 381 1bs
Center of gravity to seam: 23 in
REV(Q
3.12.1996 V0491077

Page 29 of 56




Component

Identifier

Load:
internal
external
wind
gseismic

3.12.1996

.
Thickness Summary
Ip Length Nom t Reg t Joeint Governiag Deflect
{in) tin} (in) (in) B Load Status Stress tin}
48.25 46.00Q ¢.1875 0.1731 0.85 external

vessel wall thickness
required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due to internal pressure governs

- external pressure governs

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

REVO
V049-1-977
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SPOOL: A-6

. 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 Quter= 0 in

PWHT is not performed

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

Estimated weight: new = 380.6 corr = 380.6 1b
capacity: new = 364.108 corr = 364.108 UsS ga
ID = 48.25 length Le= 46 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/(24.125 + 0.6*0.1875) - O
109.8118 psi

{Corroded & at 400 deg F}) 0G-27(c) (1)

@ e
P S*E*t/(R + 0.6*t) - Ps
14700*%0.85*0.1875/(24.125 + 0.6%¥0.1875) - O

96.66065 psi

Honn

External Pressure: {Corroded & at 400 deg F) UG-28
L/Do = 58.04166/48.625 =1.1937 Do/t = 48.625/0.17311 = 280.8908
From table G: A = 0.000237
From table HA-3: B = 3127.1

Pa= 4*B/ (3*Do/t)
= 4%3127.1/(3%48.625/0.17311)
= 14.8437 psi
i 1 pr Pa = 14,8437 iz

t + Corrosion
0.17311 + 0
0.17311 in

Allowab

L/Do = 58.04166/48.625 =1.1937 Do/t
From table G: A
From table HA-3: B

REVQ
3.12.1996 v049-1-077
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el
V]
Wouon

4*B/ (3*Do/t)
4%3513,7/(3%48.625/0.1875)
18.0653 psi

3.12.1996
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Pr r

Pr: re for pressure chamber 1

| | P i T | MAWP | MAP | Pe | ug—as | UCs—66 |Corrosioni
| Identifiexr | design | design | | |external| Ratie | MDMT Bxemption or |aliowancel|
| | (psi) |(deg P} [ (psi} | (pei} | (pei} | [ tdeg =) Stress Reduction |

| | | | I | !

{ | 109.8 ! 1E.0 | 1.1238 |} | ¥ot applicable ]

| I

| !
SPOOL A-12 | 6.0 | 400.0 | 96.6
I i

| ! I [ i

Vessel MAWP hot & correded is 96.66 psi @ 400 degrees F.

Vessel MAP new & cold is 109.81 psi @ 0 degrees F.

Vessel allowable external pressure is 18.07 psi @ 400 degrees F.

Hydrotest pressure calculation based on MAWP
= 1.5*(MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

3.12.1996
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Weight Summary

Component ------- m————- e .---- Weight {lbe} Contributed by Vessel Elememnts ---------==+-=----=-=----------
Metal Metal Trays Packed Ingul Lining Piping Ladder Rings Qper Test Nozzle

New Corr & Bup Beds & plat & Miec [Liguwid Diguid & flg

Spool &-12 381 381 0 Q 1] +] o 4] 4] 1] 30327 b
381 381 o] Q [} ] o 4] o i) 3037 1]

Vessel operating weight, coryoded: 381 1bs

Vessel empty weight, corroded: 381 1bs

Vessel empty weight, new: 381 1b=s

Veseel test weight, new: 3,418 1bs

Vessel center of avity location ight weld se
Vessel 1lift weight, new: 381 lbs
Center of gravity to seam: 23 in

3.12,.1996 REVO

V049-1-077
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Tomponent

Edentifier

Load:
internal
external
wind
seismic

3.12.1996

Thicknegs Summary

I Length Nom € Reyg t Jeint Geoverning Deflect
{in) tin} {in} (in) B Load Sctatus Btress {in}
4B .25 45.00 D_1B75 0.1724 0.85 external

vessel wall thickness

required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- girce stress due to internal pressure governs

- external pressure governs

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

1
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SPOOL A-12

. ASME Section VIIT Division 1, 1992 Editio 4 Addend
Component : Cylinder
Material specification: SA 240 304L HIGH
External design pressure: Pe= 14.7 psi @ 400 deg F
Corrosion allowance: Inner C = 0 Quter= 0O 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 = 380.6 corr = 380.6 1k
capacity: new = 364.108 corr = 364.108 UsS ga
ID = 48.25 length Lc= 46 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/(24.125 + 0.6%0.1875) - 0
= 109.8118 psi
. MAWP: {(Corroded & at 400 deg F) UG-27(c) (1)
P = S*E*t/(R + 0.6*t) - Ps
= 14700%0.85*0.1875/(24.125 + 0.6*0.1875) - O
= 96.66065 psi
External Pregsure: {Corroded & at 400 deg F) UG-28
L/Do = 58.04166/48.625 =1.1937 Do/t = 48.625/0.17249 = 281.9004
From table G: A = 0.000236
From table HA-3: B = 3113.8

Pa= 4*B/ (3*Do/t)
= 4%3113.8/(3*48.625/0.17249)
= 14.7277 psi

i hi for T Pa = 14.7277 i:

= t + Corrosion
= 0.17249 + 0
= 0

.17249 in

L/Do = 58.04166/48.625 =1.1937 Do/t = 48.625/0.1875 = 259.3333
From table G: A = 0.000266
From table HA-3: B = 3513.7
REVO
3 - 12 - 1996 V049_1.[|'17

Page 37 of 56




Tl
W
I uwn

3.12.

38

SPQQL A-12

4*B/ (3*Do/t)
4%3513.7/(3%48.625/0.1875)
18.0653 psi

1996 REVO
V049-1-077
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Pressure Summary

Pressure summary for pressure chamber 1

i i P ] T [ mawp | MaP | Pe | vc—s9 | DCE—66 |Corrosion|
| Identifier | design | design | | {external]| Ratic | MDMT Exemption or |allowance |
| | tpei) |(deg #) | (psi) | (pei) | (psi) | | (deqg F) stress Reduction | (in} |
t i ; I I i i ! I |
| sPOOL A-13 [ 0.0 | 400.0 | 77.1 | 87.8 § 19.5 [ 1.136 | | Ner applicable | D.ODD/|
| | I

Vessel MAWP hot & corroded is 77.1€6 psi @ 400 degrees F.

Vessel MAP new & cold is 87.66 psi @ 0 degrees F.

Vessel allowable external pressure is 19.55 psi @ 400 degrees F.
B re cal ion n._MAWP

= 1.5* {MAWP + Operating Liquid Head)*1.136 = 131.5 psi

Vessel hydrotest pressure is 131.5 psi.

REVQ

Y049-1-077
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HWeight
. Component =-==-~r-+----=sc-~~c----- Weight (lbs) Contributed by Vessel Elemenrs cewmmessmmmmaroro—-r——— -
Mmetal Metal Trays Packed Insul Lining Piping Ladder Rings Cper Test Noz22le
New torr & sup Beds & plat & MiBe Liguid Liguid & Elg
Spocl a-13 238 238 0 4] o 4] o o »] 0 2387 o
238 234 o ] o 0 o o D Q 23487 o

Veesel operating weight, corrcded: 238 1bs

Vessel empty weight, corroded: 238 1bs
Vaeesel empky weight, new: 238 1bs
Veggel test weight, naw: 2,625 1bs

\'i 1 nter of vi 1 i £ right weld s

Vessel 1lift weight, new: 238 lbs
Center of gravity to seam: 11.5 in

REVO
3.12.1996 V049-1.077
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Component
Identifier
Spoel a-13
Nom t -
Reg £ -
E -
Load:
internal
external
wind
seismic
3.12.199¢

Thickness Summary

D Length Nom t Reg t Joeint Governing Deflect
(im) (in) {in} {in) B Lead Status Stress (in})
60.50 23.00 0.1875 D.1627 @.85 external

vegsel wall thickness

required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- ¢ir¢ stress due to internal pressure governs

- external pressure governs

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

REVO
V049-1-077
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A-1

. ME ion VIII Divigion 1, 1992 Editi 4 Addenda
Component : Cylinder
Material specification: SA 240 304L HIGH
External design pressure: Pe= 14.7 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 = 238.4 corr = 238.4 1b
capacity: new = 286.231 corr = 286.231 US ga
ID = 60.5 length Lc= 23 t = 0.1875 in (new)
MAP: (New & at 0 deg F) 0G-27(c) {1)
P = S*E*t/(R + 0.6*t) - Ps
= 16700%0.85*0.1875/(20.25 + 0.6*0.1875) - O
= 87.65953 psi
. MAWP - at 4 F) UG-27(c) (1)
= S*E*t/(R + 0.6*t) - Ps
= 14700%0.85*0.1875/(30.25 + 0.6%*0.1875) - O
= 77.16138 psi
External Pressgure: {(Corroded & at 400 deg F) UG-28
L/Do = 37.08333/60.875 =0.6092 Do/t = 60.875/0.1627 = 374.1549
From table G: A = 0.000315
From table HA-3: B = 4167.7
Pa= 4*B/(3*Do/t)
= 4%4167.7/(3*60.875/0.1627)
= 14.852 psi
Desi hi for T Pa = 14.852 i.
= t + Corrosion
= 0.1627 + 0
= 0.1627 in

L/Do = 37.08333/60.875 =0.6092 Do/t = 60.875/0.1875 = 324.6667

. From table G: A = 0.000389
From table HA-3: B = 4759.9

3.12.199%96

REVO
v049-1-077
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SPCOL,_A-1

4*B/ (3*Do/t)
4*%*4759.9/(3*60.875/0.1875)
19.5478 psi

3.12.1996
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Pregsure Summary

. Pressure summary for pr re chamber 1

| | P | T | ™awr | maPp | Pe | ve—es | vOS—66 |corresion|
I Identifier | design | design | i |external | Ratie | MDMT Exemption or |Alicwance |
| | (pei} |(deg F} | (pai} | (pei} | (psi} | | tdeg B} Strese Reduction | tin} |
I | I | | | | I I |
| SPOOL A-14 0.0 | 4000 | 104.4 | 11B.5 | zp.9 | 1.138 | [ Not applicable | 0.000 |
I !

Vessel MAWP hot & corroded is 104.47 psi @ 400 degrees F.

Vessel MAP new & cold is 118.69 psi @ 0 degrees F.

Vessel allowable external pressure is 20.93 psi @ 400 degrees F.
Bydrotest pressure calculation based on MAWP

= 1.5 (MAWP + Operating Liquid Head)*1.136 = 178 psi

Vessel hydrotest pressure is 178 psi.

N : 1 MAP rati not lid ess h bas n_MAP.
REVQ
3.12.1996 V049-1-077
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Weight Summary

. Component «------- ~==s-s~ec-=------ Weight (lbe) Contributed by Vessel Elements B T Rt
Metal Metal Traye Packed Insul Lining Pipiag Ladder Rings oper Test Nozzle

Hew Corr & Bup Bede & plat & Misc Liguid Liguid & fig

Spool a-14 146 346 5} P 0 =] [ 0 0 0 2552 0

346 346 0 =} Q 0 [+ Q 0 0 2552 ]

Vessel operating weight, corroded: 346 1lbE

Vassel empty weight, corroded: 346 lhs
Vessel empty weight, Dpew: ’ 346 1lbs
Vessel test weight, new: Z,896 lhe
Vi enter of avity location (fr right wel
Vessel 1lift weight, new: 346 1lbs
Center of gravity to seam: 22.6 in
3.12.1996 REVO

V049-1-077
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Component
Identifier
Spocl a-14
Nom £t -
Regq t -
B -
Load:
internal
external
wind
seismic
3.12.1996

48

Thickness Summary

o Length Necm t Reqg t Joint Governing Deflect
(in) (inm) {in) {in} ] Load Status Strees fin)
£4.62 45.19 D.1875 0.1633 0.85 external

wvessel wall thickness

required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due to internal pressure governs

- external pressure governs

- combined long stress due to STATUS + wind governs

- cowbined long stress due to STATUS + seismic governs

REVO
V049-1-077
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SPOOL, A-14

ASME Secti I Divigion 1, 1992 EBditiomn 4 enda
Component: Cylinder
Material specification: SA 240 304L HIGH
External design pressure: Pe= 14.7 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 = 345.9 corr = 345.9 1b
capacity: new = 305.968 corr = 305.968 US ga
ID = 44.625 length Lc= 45.19 t = 0.1875 in (new)
MAPD: F) 0G-27(c) (1)
P = S*E*t/(R + 0.6*t) - Ps
= 16700*0.85*0.1875/{(22.3125 + 0.6*0.1875) - O
= 118.6873 psi
MANWP : 4 F) UG-27(c) (1)
P = S*E*t/(R + 0.6*t) - Ps
= 14700*0.85*0.1875/(22.3125 + 0.6*0.1875) - O
= 104.4732 psi
External Pressure: (Corroded & at 400 deg F) uG-28
L/Do = 56.6275/45 =1.2584 Do/t = 45/0.16331 = 275.5496
From table G: A = 0.000231
From table HA-3: B = 3047.2
Pa= 4*B/(3*Do/t)
= 4%3047.2/(3*%45/0.16331)
= 14.7448 psi
i thi s regssure Pa = 14,7448 i:
= t + Corrosion
= 0.16331 + 0
= 0.16331 in
i 2Allowable External P re: (C 4 F
L/Do = 56.6275/45 =1.,2584 Do/t = 45/0.1875 = 240
From table G: A = 0.000285
From table HA-3: B = 3767.1
3.12.1996 REVO
v49-1-077
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SPOOL, _A-14

4*B/ (3*Do/t)
4*3767.1/{3*%45/0.1875)
20.9283 psi

o
W
{1 T

3.12.199¢6 REVQ
V049-1-077
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Pregsure Summary

Pressure summary for pre re ch r i

i | P | T | wmawp | Map I Pe | vG—99 | UCS—66 |corromion|
] Identifier | design | deaign | | [external} Ratioc | MDMT Exemption or |atlewance|
| | tpsir |tdeg F} | (pei} | (p=i) | (psi} | | {aeg F} Stress Reduction | (iny |
f I | | | i ! i 1
| [ 1c8.8 |} 24.9 | 1.136 | | Nee applicable | 0.000 |
i }

I
SPOCL A-15 | 6.0 | a00.0 | 86.6
|

I ' [ I I I | i

Vessel MAWP hot & corroded is 96.66 psi @ 400 degrees F.

Vessel MAP new & cold is 109.81 psi @ 0 degrees F.

Vegsel allowable external pressure is 24.94 psi @ 400 degrees F.
te r o 1 tion n_MAWP

= 1.5% (MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

Note: vegsel MAP rating not valid unlegs bhydrotest pressure based on MAP,

REVO
3.12.199%6 V049-1.077
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53

Weight Summary

. Component ----------=-- aiaiataiadeke ==~ HWeight (1lbs) Contributed Dby Veggel Elements --------s+=ssssvemrrec----co-=--
Metal Matal Trays Packed Insul Lining Piping Ladder Rings gper Test Hozzle
Naw Corr & sup Bedg & plat & Misc Liguid Liguid &z flg
Spocl a-15% 201 201 0 [+] 0 ] ] o} 0 Q 1605 o
201 201 0 a 0 ¢ o ] »] 0 1605 o
Veseel operating weight, corroded: 201 1bs
Veesel empty weight, corroded: 201 1bs
Vessel empty weighb, new: 201 1iks
Vessel test weight, Bbew: 1,806 lbe
Vi el r of avi 1 ion ht wel e.
» .
Vessel l1ift weight, new: 201 1bs
. '
Center of gravity to seam: 12.2 in

REVO
3.12.1996 V049-1-077
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Component

Identifier

Nom t -
Reg t -
Ig -
Load:
internal
external
wind
seismic
3.12.1996

S«
Thickness Summary
e Length Nom t Req t Joint Governing Deflect
{in) {in) f{in) {in} E Lead Status Strese (in)
48.25 24.31 0.1875 0.1412 0.85 external

vessel wall thickness
required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due to intermal pressure governs

- external pressure governs

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

REVO
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A-1

. ME ion VIII pivision 1, 1992 Edition, A94 Addend
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 = 201.1 corr = 201.1 1b
capacity: new = 192.423 corr = 192.423 Us ga
ID = 48.25 length Le= 24.31 t = 0.1875 in (new)
MAP: (New & at 0 deg F) 0G-27(c) (1)
P = S*E*t/(R + 0.6*t) - Ps

16700*%0.85*0.1875/(24.125 + 0.6*0.1875) - O
109.8118 psi

. : rr & at 4 d ) UG-271{c) (1)
P = S*E*t/(R + 0.6*%t) - Ps
= 14700*0.85%0.1875/(24.125 + 0.6%0.1875) ~ O
= 96.66065 psi
e 1 Press : Y F -28

L/Do = 36.35167/48.625 =0.7476 Do/t 48.625/0.14122 = 344.3209

From table G: A = 0.0002%
From table HA-3: B =~ 3833.9
Pa= 4*B/{3*Do/t)

= 4*3833,9/(3%48.625/0.14122)

= 14.8462 psi

i thic r 1 pr re Pa = 14.84 iz

= t + Corrosion

= 0.14122 + 0

= 0.14122 in

Maxi Allowable o 1l Pr ure : (o) 4 F

| L/Do = 36.35167/48.625 =0.7476 Do/t = 48.625/0.1875 = 259.3333
| From table G: A = 0.000433
| From table HA-23: B = 4850.4
3.12.1996 REVO
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Pa= 4*B/ (3*Do/t)
= 4%*4850.4/(3%48.625/0.1875)
= 24.9378 psi

3.12.1996

L, A-1
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-062
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 20
REV. |DEO# | DATE | BY: CHECK | TITLE:
0 0023 4/12/96 RDC WDB
1 2252 | 1iefoewi RI“T wres Design of Flexible Support (A-7)
BY: R. D. Ciatto | DEPT.: 744
PROJECT: LIGO Vacuum Equipmemt PROJECT NO: V59049

PURPOSE:
Analyze and evaluate supports for thermal expansion, weight, and seismic forces.
Ensure that requirements of AISC Specification are met.

METHOD:
Classical hand calculation methods are used to determine moments and forces in
members. The evaluation is performed in accordance with the AISC Code, Ninth Edition.

ASSUMPTIONS:
Standard assumptions of linear structural analysis are included in this calculation.

INPUTS:

1. The weight of spool A-7 is taken from another calculation (V049-1-052).

2. The seismic acceleration is 0.05625 g.

3. The temperature rise during bakeout is from 70°F to 400°F.
REFERENCES:

1. AISC Steel Manual, Ninth Edition.

2. Doc. No. V049-1-066, LIGO Vacuum Equipment Structural Design Criteria
CALCULATIONS:

( SEE ATTACHED )

CONCLUSIONS:

The requirements of the AISC Code are met. Axial growth of the shell is allowed
by bending of the support leg columns without imposing stresses that are beyond the limits
of the Code.

NOTES:
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WESTBOROUGH, MA CALCULATIONS Rev. No: 1
Page 2 of 20
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049
CALCULATION TITLE: : Desigli of Flexible Support { A-7)
TABLE OF CONTENTS
Revision History 3

Support legs at Adapter A-7 (sketch)

Adapter Weight Summary

Thermal Displacement

Design/Analysis of Support Legs
Normal Operating Loads
Normal Plus Seismic Loads

Design of Anchor Bolis

Design of Belted Connections

Reaction of Nozzle Unbalanced Force

10

13

15

17

18

20




PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING NO: V049-1-062
WESTBOROUGH, MA ‘ CALCULATIONS Rev. No. 1

Page 3 of 20
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049 "

CALCULATION TITLE: __ Design of Flexible Support (A-7)

REVISION HISTORY
Rev. 0 Original Issue
April 12, 1996
Rev. 1 Issue Date

September 18, 1996

» Revised the nozzle loads to incorporate the vacuum force + valve weight

o Changed the tube steel from 3" x 2" x 3/16" to 4" x 2" x 3/16"

» Revised the support leg calculation




{'l_,-—’

N

BAIE  PeArE

| 28 % /2" 6"

/7 ¢ e 7 s

/gu/-/ 2t 2

H A

Revision No. 1
Doc. No. V049-1-062
Page 4 of 20

T
®
- B .- . l
.{u AP ST FAE- RV s~ F e R ¥ :
A oerssr, -7 |
F
=zs L 3 ‘é ¥ 3 é X /,;,
223 SR g
€3 / p— “‘\-.___\\ ;;-—/ PSS A -
§§§ | ke . oy 5K
™A N
25
&, )/a;-' & (LN BT AN
w0 g™ :
% | I c7A L
] 1 FmBL L B etd s T O
f Vi St FF T
i %
| Y
. / <« TE 4xe e T,
® \ S e
T e 7 |
| ==
o IR # ‘
: : }




-
Wl o ) :
E,A l ] (5)//2_ I B Lo TS /4«,?25‘) ‘
‘ |
| Sra g 4" A,
2 ' L P
= St ‘L A
wEE y [ I 1 . )
geg g bl VA lE s P ie L Bfe
- )/r/’fd « - T /A 3 L Fap oo T i O Sl
—_eNe ’. - ) :
'E!‘EE.: :
s
™ A
o : [
=5
RN

1. 5
Revision No. 1 -
Doc. No. V049-1-062
Page 5 of 20




lr:;_:r,?-,r;:‘qrqf I — W'x“ £~ /ﬂ%ﬁrg’/g ﬂ»,«'

VY P > S0 72 .25 snd i eAwE D
Fan o BN & o ot

A s 6w~ //V:’ = 7T /?’az‘— v e 2)(’/)/ 25)
o

d‘/tta\/é,_:;&_

Vie D42 s
4.&‘.1’ ot ot LF L AR VPN -~ P . A RO 7
- & Tt 2D 2 = A AT E A S et el Ted bt ;
. T . - . - ?
CRFTZ wrb oV E EP RN & i B BT PP g
7 n e et s
P AT S, oLE o Pt B F e Dmis VN : Fa ¢
(9\/\1‘3’45/1/.47'( [ E_{;-,M,ﬁ i B,:'{ € Seed b!---""’"
Z = & O
D = &y, L3

€ - 2
Wy ~ 77'/%:43)/34,)’(¢05(.2?)
= v 77 ¢ a
ity »  yoso = &I T7= ST 7
Ao D 20 ve PR SN & oe S /E B E T e

v, = .2:3//#0‘,’)=-.29/ ¢ =

X3 W = +7357 2357
= /77?’ g “2

~
-
N

Revision No. 1
Doc. No. V049-1-062
Page 6 of 20




W o= A7

P e St Crce
nA;,,;;r:'?{ A-7"

]

S5
N
0
N

B

I - P A/ -;: AF 7

L, = I7VE + Tiv3

= 929/ 8

Few o P SPe et

fl

: 7 s OUFA A & tEA & &
A (A
Loy = 767

. | Ly = sV rCom 227 .

A/’J"'»&X, L t? g St AL D vl Tt B r ol &S el T
L
ZZ?/ !
22 7 ;

T rsiz O At Betd T B sPo0Ls Ar s A7 , et A L AR
SoPRPPoars n A Fre & 25C  Gand G »E i
Sp Lo >ad AT WIvTN4 R E < PEnTFD e
ik £ S PP D ot ek T gy Wl I E S el fﬁ'.:”

7 e BPLe £ 2erd “J 2/ PRV AT — :
A 7 , =3 s £ <

PR D s s or w#r? 7 L

je— 227 o p b Tei $5 AL G A ot
Fgecoms ——y T ;
® BT = A f
Y A A7
- I :
e : .
Saspoes T £y |
e Revision No. 1

Doe. No. V(49-1-062
Page 7 of 20

by



5l

5005

160
O GHERES

22447
22142
22-34

Y

g F'.l\|>

P

C}.
I

@;AJQ/A/C,. St it At 5 - D A7 ot E L L st T
O oras i LB A

*
M~ = w/;;,_-; - c_PY) FoA Cdas 1 Bure
2.
=
= </ (22?——«4”*’)

= &/9260 S

AT oap e 5~ S AR T4 L o7 7 b oE P2 .25 ond

Vo e

N
\
»
W
Y

= ,yp

ra
G = 72.25 + ,37)
e

F6 .3/

3
o = = (26.3/) (/,374')

- féf-/ﬂﬁ ;,UV

R A ) D s rfmnsss

;,.,“’\
1t

i ———

s~ g
p=

—

fl

yrreeo (2627 < -3?f)

—
-

J¢& o0

= > 7o /_sf.:

L owu

Revision No. 1
Doc. No. V049-1-062
Page 8 of 20




50 SHEETS

E;.
==
W u
(-2~
=
-
=
s
=
:
o
a3

22.111
22.112

<>
FLLYTE/AN )

7/#0'12”#*‘( L":-;t;.f:’-;_a_-.» i SE - S Al =R 2ey
& Fow 75 A 2 =~ B e,
AT e 7 E et

Fae 47 S8 0 L5y A2
AT = oo ~78 = Tzoa T
o m g &L PP @& st Sl Fa Rra
-t VAN S R oS
S JrR7Y Risre Duwy wvevyew
———-""
pri
- ST s
T eTAL L Far L T JF DT . B £ f =)
A & FAS TS £ o ﬂ 7

é." ey .»;«5/ Y T

T 4 5D pmasi e DE TeFEeTsoN Dunrnsd AR E gl T
= w7 Fo de/fo'fc
=
— < BP0 C 2m
st =

{ =~ G5/ Flv)330)

= . 0P Py

s Armr e CE Sger FE

L T FE = -
rE Cr - £

Revision No. 1
Dec. No. V049-1-062
Page Gof 20

swpRI AT




. ' Assoms Fhla T FHE S Al gr— . T TAE
: pFA SE & < A~ 7 REL L u g T .
sl  cean  $£297 ¢ . oo yuz Zod oup

Mo+ Vaeoum Ceempae™ 4o6klbs. . Loy = 729/« 42654 = 3645 ¢

P JadE - LB22.5 e
-

//U ,IEA, f’:”{.—f
= G.B2 k.
Ty A L v s Dt gt S , 75 G 2w g

VAT PP PR P R I et? 2% A e 2 g
\1? Zf = /.29,11.!4
g = = I ) - = o =
et Fer = 26 et =>
Rags ALl 748
!

— a3
. ; -‘ 0 a(_r /",57

F& <

N ¢
\ 7 & ;
o= 225003 (/-29/‘(___5’3)
‘ 3
i ¥ 70
x/
= /4. <=
o ;:._,{u /4}(79)* 957@ JN
Arz T Rpick FIE L Py P Srom T gL S a3 e
Py ST AT S e E O TE A el D SR T DS, Fak 2=
B gl P At p At o S e 2y A NI a3
e~ §
# ’?’[ M~ = ‘& = g Jeis o G F AL el
| z Tawe: By
L

\
" - (/;«?)f//;j:(ZZ?Ms«.?)

3
. | | 7o

T

R ot

"
\
O
S,
o
$
5
%
(N

Revision No. |

Doc. No. V049-1-062
Page 10 of 20




™

b
<
[~
o
=
<
=
=

#2741
22042

< é ‘.‘a)
AT

B EA D AT

=~ /.29,,°

/5 3 ks

/46985 100-los =
/.25 )?

Foa WA A R Al o At P deE 7RSI e

¥ = F

l—;g e oy

Fa . € s Fet Ared el 2

Féer = .e¢/ V)

= 3 5?«/ "0l

)C_.-f,_g - 20 A L . = |

;? 3o .y !
flerwoe ~ et L ArsAAL Sy < ot & :
7 Ay e R Ll L B s s af e S mprttne — 1
L £ 65 AR A & s s AR vy AB4E gt P, )
YR et A rrE

& W
Jlie (reg Mo VOS5-1-03/
/364 % : j

= Losé25 ( )304s5.)
7o%. 3.

.

Revision No. 1
Doc. No. V(49-1-062
Page 11 of 20



Foer  EdL0 S # o L& L TwE LA TEAA R

r= o m i & & 2t

F =+ 74 . 3 &4, L=
&

i
T== /ore W N PR T s gD L, St ALy — L
22
- M = 284 7o
-
o
Pt = 2 L8O, 4 - A
I~ 2 ST s L Yo B S AR E e sl F e

Sy 193 e 7S 4z 2og

" P N — W TH
/9% w3

= }3127- /ﬂ.rcl
A LA TERAL ’?fF/:cé-'cT"f-*-‘J

mamp——

;3
A<~ FL
-

N
il
o
%

LY
i

I 4 /’79},’,9 = /3r87)
’%9; Py M

W

Revision No. 1
Doc. No. V049-1-062
. Page 120f20




530 SHEEYS
100 SHEETS
22-184 200 SHEEYS

22.141
22.142

@)

/d(//z—e IER W fu:-s B S e L £ ot A R Lr= &S )
ézgﬂ.ﬂﬁ.‘{, AT LIy ) O g DA s (’/ It SBA L i ™ b ot :
f/‘pAH’LL /é:_;.,‘ ‘(’5&"?#3-’(9-«1‘ a&_ T {’454__:_‘_ l
T sy g R At D S 4—.«2-«.)4 L oL J£ IE TS o E.
/2 oo F o= PN T = Y.y Ly o,y Pt LT YITF S
o= Jhedy - er2. (.+3)
= /9Ty + 2934,
= 22032,
-f = Vol
by~ £
=4
~ 2232 -
H &g
s (7.594 s = 7.5 sy
i'i_ -~ j - (;__S’_g, - 2 > .su
;@ offr_ Ze
L Vass B s LS~/ A /2 o= LS E Toegs
- - T L AD vs-2)
s b .»va ‘é,\.- }:;_‘? ;
C ;
(R |
7
- 2,02
‘?(Q. w L. ¥ L 22w S
.00
sl vé) 10.Y i
= 12+ 0+ §& = .70 < /0 2y

A

Revision No. 1
Dec. No. V049-1-062
Page 13 of 20




/ér'?f‘.{tri/ P WS Y

Ford & el

AT O £ = AL S -y

r.0 ((2e)

IC= /. O ¢owsftvAr A

r 798
= F, Ffal Paawsd g
BED )
L. ex
£y
P/~ /425 < TaesesE | ATIC
.
T = IB-B% = ff7‘5,
p
/- o o s-d= g2y
Fé‘é«‘
_ (ﬂ-\_ ? — / o
o . )
:{:g_ e »‘.ﬂ—v q“:—" e L :{ﬁr el }!0
o . fa _{h - -
N G- L A R
Ll , /r (4
Feg
2+ o /D (/S
(,gg{) e WY
Y R N W 2
a’- 7 'y 4’ ¢ 2 ¥ ?//‘:5 /S AR R RE s IO R
AT D ft A £ Dot Pt P R o - Y
Revision No. 1

Doc. No. V(49-1-062
Page 14 of 20



50 5i1
100 5H4

@
=
=
[
=
=
-

:
=
EN

2041
22142

)

a
i
R

G

E//La o T A e S 5ot B ST £ -

= A G e
o mARA AL e s SFIE A o L oG
Ao =& BT E e T Tt SEr LA A Eos # 2
e P iE

ST = PeSED + ‘3045 (&P )

zZL850 ~ 4274 /‘
LR TR
L1159 der A = 2%

P. -
Fi - 2Li5Y
/93

= /5755’, f..ccf

ft

i?

wly . tmfre) L £2.7

. /.3

Fe = ¢§p

;ff_. _ 3.370L . A
Fey i

Feo,
Az - _ Jo. 7 < [F2 - /5T _ o4
z 2y VE? Ve
J~ st AII’C’J T A F- f’ -z 4_.¢.2,¢ 3,4:_,. E PR AT
Feorm £ 75¢ , & F3-2
4
Ve = 48,0 = = 87 =) 4
C e /’é
&g
)(_; - 70
"' —jy S A F}

Revision No. 1
Doc. No. V049-1-062
Page 15 of 20



‘ - - - - /::_L?, = . cZ6 /*/4 ) = Ared L S 1
| = Fo.y  wis

A =
(1= f= s (- £« | 5
Fepl &7 ;;) J
S

Te A L HE £ 7l = /&l > 1 32

Ir arny PRg SxPta ratr  Co & L&ss Tox 2 d
. ' IO osre.z T FAq ez e BAAEE D

PNy MY B ~ 0 el T T RONE Lol T af A Py & 2P0 4
Lr Bl T ezl P e T A D gl TE AN T
Qs wEeE7e ot 0 A CsFAaAr Shes mFE A

-7 _

{ = ¢ CJ - * V H

)’ //"f,a_

Somes e N s LE L P SREeS st

fmp_, = ¢ = Wlio2y=:2 L2

2l +6€ + 270 = o0& < , 23 =d

Areo AZOTHE = T PACSA LS 20 7Y po= A
FE R SR R S e 2 (S XV ST VIEN Vo e N £S5
FX g Emae ¥ é. Fraa?
Revision No. 1

Doc. No. V045-1-062
Page 16 of 20



/2

22324 200 &k

“TFAD

C :
AN

Au fsd S

7-/{ =

I VAFE N

A i Es el

A
1
=

7/

/s

i'- / 1 . /M
@ Ble gveT
A A S a2s A0
b L2
i0.Te

K oe T

o D2

TA{L =

ﬂf;!l:r_{ T,(E _('7475‘:# £o ﬁ-x..JJ

-
R S o

1= Bl 15S o [bs. P37
b = 7
7 = 55065 e

1 oo
F £ i"tv-—

20 7,
RS pAT

-~ o AL e S T

7~ 42 (5563,

=l

Hoe rs

s e F Gl
Lo % T > TLuTS

Sgz  CTace VOYFE- /-2 p 27

V= »¥47_ /92 ~

/{'
v << z/A“ - Fvex 7 Py
Wak

Remsmn No. 1
Doc. No. V049-1-062
Page 17 of 20




505
10

231472
2144 290§

2-10

ko
7]
LRGSR

f

[2 s ms L.

BFe 0

27 DT R L DRIAEE T T L - FAY .

Ry Loy 200 i B g
T 2 N & SR e T / a7 e L A T S
L 4 A Tl 23 TN R g S e S iGacc i
Pl pmi
2.
A, = 7 (ar)
= A I Sed Rt AR AL
= =~ PPSY. A

£- £
2 A

= | &.¥T
370/5¢)
W.le Ks/

A 2324

< A7 51

2 e e

»
»
o

L2 o2 o [fTen < 9 B A
3'//24“)

Srerstmee £ etr5 53

Revision No. 1
Doc. No. V049-1062
Page 18 0f 20




e

50 SHEETS
100 SHEETS

29.144 200 SPEETS

22.111
22.142

,"?Of f;’-é' s
oo SBEADr g o ) —a TR e pt T £ o
A= )95 F Fwe A AT 5o
e/ L& é.)
ot 5 et I R P P I A P RN TEASA L s s

A R s e s

Vs S & A226 BouTs

Revision No, 1
Doc. No. V049-1.062
Page 19 of 20




20 G

ing

Ay
PYRED
WA

3\

%)

&3
nwrn

.

Qz?—q.—é’ e ol & =

2L A
V7Tl

&54"—”—#

Liid B & As #

Hozzes

= (UJU RAcANCSD

/_: oA & PF

F o t s

[
N

W

NPT

T W

Hsm D /'/ "/f') = /ﬁ;""r“”{ﬁ T

G oal & PN DTt T e T

2
7 50T
3
7 (30, 257) f= Fis5é/
’i__,r-. - /5 &ETD /_?c..}‘j
- FeSe/ +
#.a f__"?
oaf
» ,") P
) s

7Lt

i? - = P /.5&'_.- ,47
/

3

f:f 1 4?;‘

A FAer. &A-’)

I T

Revision No. 1
Doc. No. V04%-1-062
Page 20 0f 20



PROCESS SYSTEMS INTERNATIONAL, INC. .|
WESTBOROUGH, MA
REV. | DEO#

ENGINEERING
DATE BY: CHECK
. @) 0014 4-11-%6

TITLE

NO:Vo4¥-1- 08¢,
CALCULATIONS
AGR 0 Cr

PAGE10F9

49" GATE. VAWE SUPROAT

PROJECT: | 1GO

By: ART" KoUSSOPRoXOS] DEFT.: 747

PURPOSE:

PROJECT NO: V59049

REIIGY A GROUND QUPRARTT FoR. THE
A4 GATE VALE

METHOD:

CLASSICAL - STRESS ANALRIS

ASSUMPTIONS: SEE CAalcs

INPUTS: G ATE
FoR.

[ YAWE VENOOR, DWG'S Dio327% +Diw3z225-0) |
ASSEMBED DwW = ’?oadi‘- — SuPRSAT™ LACQT?OMS/xaI-‘-OHwRY
REFERENCES: ATsc - MSc - .80

BLODGRETT - "DESIGA) oF: WEWOED STRUCTURES -
Ppn . Mo, Voye- f- -066 |
EER T T

L/6D Vaevwm Eou,b  SrRuerdAsc Disians
CALCULATIONS: (SEE ATTACHED)

CONCLUSTONS:

Kev

NOC. No Voiqs-i- 034-
P.\ 6089



50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

&
ANIPAD

TAeL:  oF CouTENTS

- DESian  ISkes

2.« DEADWEIGRT Cucs

3 - Hepizontac 4 113 Beat SuProrT™
4.- Verneac W4 xin Cowstns Suproaa

& - Aucwa. DBours

Rev o
Doc. No. V045-1-086
P 2ZorR g




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22141

.o~ DESIGN JSKETCH
. SK-V04G-1—- 086, REVO

B7%q" 2 Y4 " TOBE ST ASDoGR B TYP

K =T L AR ATRNER.
a’ / | gg Ea.su_am To Suptadr
i T 4 =N
] : /4\1',_.) #4”
' THE Gussery > ™
: 45'” . E‘I/ \BDTH-SM z
! 4071. |
' G |
! .
oMWansea 36,376 "
| |
s
!
1R I
i
g
i
i
a
A3 oL Posagt ANCHoee. Dou y N
/6 By | 1 4 g \
A N S S

| |
iT_JE__'H . ﬁ |
' AXG X -mzs . |
- Siucor Fuo | - | ..._?.
' ) )| |

(TTTTT ==

£2° gy TYFP
/T 78

ol
i

4
s34 -0 Al THREAD
- Bor
,‘.—-—n.z'r_i’ 4%’ Nawe Ra
T L MuorHom N |
g - \Wiheneh. G

e ARANGE.
q ¥

Secriony A-A

REv &
Doc. Np.V0o4-i-086
P.3 orYg




e~ 22-144 200 SHEETS

°

2. - Deadbweis

HT Care

Rer: Dwi, \/o4s-$ 004 ~ Foio

\pase Casa
Toss. Loans

'Ammmc-‘:

- !... JE

44 " VaoviE Vemcod Rwé:
GNR 10327F RAevd AL
ASSEMEEL Vawe \WEiGaHT

!

_ 44,625 Ip X 25" THK wAL—

|

4&-“ —_—

2 Lﬁxea\_

L

M, = T4 (45 125044025 0B 208 = |8OF

Wzz oo™ (Asseréeo Vaeve \JW\

N = T4 (45,125 - 44, ez Y (2. 288) = 231 %

AN/ = 180+ 000+ 235 741 ¥

- UsE 7500 Pa. SupRorT  LOESIGU

x Nerg: ¥4~

48" G.&. Locanion
Ra.qa " \Vawe |s
Paa TELECOD 0w 4t
WiiTw GUR Swawy Hela

2 Sge Ussiand
SKERew Poa, Agude
QuelpaT™ BT,

Fs

S

-Vawve £y = L0868 (7509 - 4™

C.&,

R

Wy = T500 7 [

28"

J —t- W4 KIS

= H;- Az 383 In™

l : 3= od N4
xSx-—'»f.‘iéaLHz
11 z 3.8 i1n4
Sy <} g3
.r;’__: (.0

Rev O
Doc. No . Vog5- 086
P4 oFg




50 SHEEYS

22-142 100 SHEETS
22-142 200 SHEETS

22.141

&

3. - Hoﬂqz—au‘rm_. W4 XD  BEAm  JulPecAd”

MopEw:
s DeapweiciH
Jiso* . 3750
. .
1‘[ TS ~ T
kN »

ReF: mecax-:rz;’

CASE SAC./ P &8.1-6

Mrax = 11 (3750) = 4,250 0 -

Thax = '(48‘1 :.é(&(ajoaa) =Z.II&=00PS?
o Seea = Muax - 4250 _ 30N
Trax 24,600

SAcTvac = 5246 wd 2 L w? L, oK

Tacma = 4LZSO o 7555 RSt = Vow

S.406

- Lateran Sgismic

F, -
48" (a") M " \de Me 48 (410 = 20, 2.5 1N~
[+]
l m Jv ez Fseqn®
L& ‘
| ___4 *
7" R=te/L 220250/M1 > 28|
3 w a Wr = 78194 - 28| =—.3428"'(Couﬁkesma})
Rer BubeerT, CASE 3Eb, P. -0 -
Mrgx = Hoan . (20 256)l26) - 10128 u-i-
L (7
q-sels = 10ILs - LSS\S'PSf
S 46 ‘

Rev O

Doc. No. Vo439-1-086
P. § oFg




50 SMEETS

22-142 100 SHEETS
22-144 200 SHEETS

22.141

)
AMPAD.

Ao_’i |‘_ F_ AG - F:L.3

. Torsion R lo [HEAMA L Sx pansion) LoAnS

|
A,-—a—i '—‘ 536" ———‘
? \S(le_zh\
| - =
AL _}
U

A, = ALAT = qigxics (5‘3.&(3'30\ = 163"

-
\&\
i —

L2y Tz 4428 <4425 (2294) 4386 w¢

—

-
» -

MiEeas: K = 0% X160~ 1sfin/*~ AT 400°F

MopEL' - REFLEcTIoNn RDur To breEarde MoveHaNT . 3™
— )3 Rer: BuneerT, CAse IAO-, P, 8.4-3

=
vl E=3EL A4 = 20@0d(@x38001 = 22494 %
36,387 § L-.3 (36-35\3' .

2o - lotaiondc SrEss

———
(@) '
“_— 3(.‘_:!1," _I
[ (LY '
REm Blotwers CASE 3, P. 82—

f7 « Ta _ 3380 (39 _ 4650 .PS
. L T ‘

Rev O i
Doc. No. VOA4AT-1-086 |
P.corg :




50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

22-141

N

. ComBinne, Srresses - Faac HomzolTAL (RRAx1  SurPAAT

- By SursiAPosiTiow
T =2 Upw +Fsiismic = 7553 + 188§ < F410 £.65y -2 0K

T = 4,650 Ps | L. 48y =;4’4MP\SI SOOK

4, - NzaTieal W 4xi3  ColoMn  SUFRCAT™
FDW

Mooer: ¥
lFD\M
,_r | y
, =
3¢.38" (L) . :

L

777

KL . (1.o\W3e38) - 3c¢.a8

r .o

Rev o
Nec. No. Vo45-1-0 86
P 7 org




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

&
AMPAD)

A - ComeT

e Axiac - QComPARESSIVE  STRESS

Jr =

Fow = T2o__. 13RSI = fe

A

2.(32.83)

o ALiowrBia  LomPLESSIVE SiRess Rer ALSC Ez P.S-42-

>

KL - 3c.28
r‘
Ce = ZTI"‘ Z.(Tr'\(‘l-ﬁiﬂo") = 126
}-\, (36 000)
[ FQ‘ =

[1 - (KL/r\j;

2. Ce

& 3k (Kur‘ﬁ‘
3 8<Cc 8c2

(3638
‘JT (36,000
[; 2 Q2o 3 - quo PSi >m =377 7s)

=S+~ =3 3 Fed8) o (Se. 8:

3

BN sk

Rev &
Cee. No, Y04%-1-086
P-a O ?




50 SHEETS

22-142 100 SHEETS
22144 200 SHEETS

22-.141

&

G- Awcnsd..  Bogs

« Verncte Loan ComiAZssion Ouur . Swexd
Lol Lsaa Fedal It Dia Awnwcrwot Bour Desican

o Speai LokA'
~ Sesswmie Spesa. = s = 422% (sE& P.5)
- Tibmal Suesll = jzo) ®
ToTaL [nEdi = a2+ 12010 = je23 %
- Sueal. Loan Pea Jwoy AncrHA- IBoTs |

161> . 812% £ 4p00% Poee Jrg thuri HVA fiok
.L .

Ravoe :
Doc, Na., Vod5-1-08¢
F.g oF %




PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-087
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 57
REV. |DEQO# | DATE [BY: CHECK | TITLE:
0 0025 4/5/96 | WDB AGR - Design of Generic Support Scheme for;
1 g292 1 901%% | Wbk RY Y Mode Cleaner Tubes B-5, B-2 & B-3
BY: W, Bilvnsky | DEPT.. 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPQSE:. The purpose of this calculation is to design a generic support scheme for the Mode Cleaner
Tubes (MCT’s) B-5, B-2 & B-3. The support scheme for the MCT’s is designed allowing thermal axial
growth due to ‘bakeout’. Thermal growth occurs in opposite directions from an anchor at midpoint of
the MCT, therefore to facilitate this concept, the support scheme is made up of an anchor and two flexible
supports. MCT B-5 was used for the generic design. The anchor location for B-5 was chosen based on
the free area around the pipe bridge. The flexible supports were located using 0.50 in. as the maximum
allowed thermal displacement.

METHOD: A STAAD model of MCT B-5 was developed and used for design. Baseplates, anchor bolts
and thru-bolted connections at the support to MCT interface were designed based on STAAD design
output. From previous design, the MCT’s weight was determined including weight of flanges, and nozzle
loads. A uniform load representing the MCT’s deadweight was applied to the model, additionally this
load was factored for seismic accelerations and applied as a uniform horizontal load. A thermal load of
330 F was applied along the length of the Mode Cleaner Tube.

ASSUMPTIONS: See Calculation

INPUTS: Vessel wght = 6437.0 lbs, Flange wght = 1539.0 lbs
External Nozzle Loads:
Pr = 4354.0 Ibf, Mc = My = 4542.0 in-Ibf, V¢ = VL = 126.5 Ibf, (ref V049-1-045)
Seismic Acceleration = 0.05625 g
Unbalanced Vacuum Forces: @ Jt 200 = 3821bf. @ Jt 500 = 1042. Ibf
@ It 7 = 33780. Ibf (conservative force;
actual force = 32600. Ib ref V049-1-108)

REFERENCES: 1. STAAD-III release 21, Research Engineers
2. COMPRESS - Computer Aided Vessel Design program - version 5.53
3. ASD - AISC 9th edition
4. V049-1-066, LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:
V049-1-057 rev1l - Mode Cleaner Tube B-5

CONCLUSIONS:
The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Design Criteria are met.

NOTES: STAAD-ITI Computer file: BSMCTR1.*
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING NO: V049-1-087

WESTBORQUGH,MA CALCULATIONS | Rev.No. 1

PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049

CALCULATION TITLE: Design of Generic Support Scheme for Mode Cleaner Tubes B-5, B-3, & B-2

REVISION HISTORY
Rev. 0 Oniginal Issue
April 5, 1996
Rev. 1 Issue Date

September 19, 1996
« Reversed Location of 10" and 6" & nozzles
¢ Added unbalanced vacuum load to ion pump nozzle loads.
» Added unbalanced vacuum load (33.78 k) due to the bellows at the HAM.
+ Revised baseplates to Plate 127 x 12" x 1-3/8" and 6" x 12" x 1-3/8".
+ Revised Structural Tube Steel members to 4” x 4” x 1/2" thk.
» Revised body of calc to reflect changes due to new vacuum load.
¢ Added additional weld calculations
» Revised design details to reflect change in members.

» Revised stiffener/support ringsto 3" x 3" x 144" ¢ 3¢ 3 /2
{ HZ= €ree S oyg -y 057 ,/. '/)

PAGE 3 OF 57 |
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PROJECT: LIGO VACUUM EQUIPMENT

PROJECT NO: V59049

CALCULATION TITLE; Design of Generic Support Scheme for Mode Cleaner Tubes B-5, B-3, & B-2

DISCUSSION
Mode Cleaner Tubes

Support Scheme

Step 1 - Based on the external loading of the ion pumps and portable roughing pumps, B-5 was used

for designing the generic support scheme for all the mode cleaner tubes i.e. B-5, B-2 & B-3. Anchorage
was preferred at midspan but due to limiting space (i.. “stay clear zone™) the anchor was relocated

as near to the pipe bridge(midspan) as was permissible.

Step 2 - Flexible supports were located based on a maximum allowable thermal displacement of
1/2 inch. This in turn determined the maximum spacing between anchor and flexible support.

Step 3 - A finite element model which includes the properties of the mode cleaner tube shell and the
support frame was generated using the STAAD structural design computer program.

Step 4 - Applicable loading conditions were determined. These included; deadweight for vessel and
flanges, unbalanced vacuum pressure loads at pump nozzles and at the HAM beliows, uniform thermal
load for the Mode Cleaner Tube, and seismic factors.

Step 5 - Computer output results were evaluated.

Step 6 - Using computer generated forces and reactions, anchors, baseplates, welds and bolted
connections (support legs to vessel stiffener rings) were designed.
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STAAD- III
Revision 21.0
Proprietary Program of
Research Engineers, Inc.
Date= SEP 20, 19%6
Time= 14: 7:27

* * * * 4 * *

*

USER ID: PRQCESS SYSTEMS INTERNATIONAL IN *

hkddkokhkhhkdkddkhkhkh bk khhk bk khk bk kdhhkdkhddkddkkdkdhhdihk

* % F 4 % % % * *

STAAD SPACE BS5 MODE CLEANER TUBE SUPPORT
INPUT WIDTH 72
*%% REV., 1 INPUT FILE BSMCTRIL

. UNIT INCHES POUND

JOINT COORDINATES

1 -24. 0. 0.; 2 48. 0. 0.; 3 96. 0. 0.; 4 108. 0. 0.; 5 244. 0. O.
6 348, 0. 0.; 7 439. 0. 0.; 8 108. 0. -17.25; 9 108. -21.125 -17.25
10 108, -21.125 -14.75; 11 108. -70. -14.75; 12 108. 0. 17.25

13 108. -21.125 17.25; 14 108. -21.125 14.75; 15 108. -70. 14.75

16 244. 0. -17.25; 17 244. -9. -17.25; 18 244. -70. -17.25

19 244. 0. 17.25; 20 244. -9, 17.25; 21 244. -70. 17.25

22 348. 0. -17.25%; 23 348. -70. -~17.25; 24 348. 0. 17.25

25 348. -70. 17.25; 200 72. 0. 0.; 500 314. 0. 0.

. MEMBER INCIDENCES

112; 334; 445; 66 7; 748; 138 9; 14 12 13; 15 9 10; 10 4 12
19 14 15; 18 10 11; 17 13 14; 16 14 10; 8 5 16; 20 16 17; 22 19 20
23 20 21; 9 6 22; 24 22 23; 12 6 24; 25 24 25; 26 17 23; 27 20 25
21 17 18; 11 5 19; 2 2 200; 200 200 3; 5 5 500; 500 500 6

MEMEER PROPERTY AMER

13 TO 19 24 25 TABLE ST TUB30203

20 TO 23 26 27 TABLE ST TUB40408

7 TO 12 TABLE ST TUBBOSOS

1 TO 6 200 500 TABLE ST PIPE OD 31. ID 30.5

MEMBER RELEASE

13 14 20 22 24 25 START M MY M2

CONSTANTS

E STEEL ALL

POISSON STEEL ALL

DENSITY STEEL ALL

BETA %0. MEMB 13 14 18 19 24 25

ALPHA 0.00000519 MEMB 1 TO & 200 500 7 TO 12

SUPPORTS

11 15 FIXED BUT MZ

18 21 23 25 FIXED

Sededk kg kb khk ko kdk kg Ak khdkdddkdkdokdd

LOAD 1 DW

JOINT LOAD

1 7 FY -1539.

2 3 FY -2250.

MEMBER LOAD

1 TO 6 200 500 UNI Y -14.66
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B5 MODE CLEANER TUBE SUPPORT

42.
43,
44,
45.
486.
47.
48.
49.
50.
51.
52.
53.
54.
55,
56.
57.
58.
59.
€0.
6l.
62.
63.
64.
65.
66,
67.
68,
69.
70.
71.
72.
73.
74,
75.
76.
17.
78.
79.
80,
81.
82.
83.
84,
85,
86.
87.
88.
89,
3q.
91.
82,
93.
94.

khkkdhkdkhkkkhkk ket hdkdhrkbkkdkhkdedkdkddddhdh

LOAD 2 DW+TH+VACUUM

JOINT LOAD

1 7 FY -1539,

2 3 FY -4354.

*** UNBALANCED VACUUM LOAD W/DW @ ION PUMPS
500 FZ 1042.

*%% UNBALANCED VACUUM LOAD @ PUMP
200 FZ 382,

**%* UNBALANCED VACUUM LOAD @ PUMP
7 FX 33779.996

**% UNBALANCED VACUUM LOAD @ BELLOWS
MEMBER LOAD

1 TO 6 200 500 UNI Y -14.66
TEMPERATURE LOAD

1 TO 6 200 500 7 TO 12 TEMP 330.
hhkhkhhkhkdhdkhkkkhkh kb hkhdkdtrdkhhdhkhkdkdbhdeddid
LOAD 3 DW+TH+VACUUM+SEIS-AXIAL
JOINT LOAD

1 7 FY -1539.

2 3 FY -4354.

500 Fz 1042.

200 Fz 382.

2 3 FX -126.5

2 3 M2 4542,

1 FX -86.5

7 FX 33779.996

MEMBER LOAD

1 TO 6 200 500 UNI Y -14.66

1 TO 6 200 500 UNI X -0.825
TEMPERATURE LOAD

1 70 6 200 500 7 TO 12 TEMP 330.
kdkdkkhkhhkkhk kb hrhkhkhkdkdhkhkkhhkdhkhbdhkhdrrhdd
LOAD 4 DW+TH+VACUUM+SEIS-LAT

JOINT LOAD

1 7 FY -1539.

2 3 FY -4354.

500 FZ 1042.

200 FZ 382.

2 3 Fz 126.5

2 3 M 4542.

1 7 FZ 86.5

7 FX 33779.996

MEMBER LOAD

1 TO 6 200 500 UNI Y -14.66

1 TO 6 200 500 UNI 2% 0.825
TEMPERATURE LOAD

1 TO 6 200 500 7 TO 12 TEMP 330.
R L A A R R R AR AR R L L
LOAD 5 THERM DISPL "BAKEOUT"
TEMPERATURE LOAD

1 TO 6 200 500 7 TO 12 TEMP 330.
PERFORM ANALYSIS

-- PAGE NO. 2

Revision No. 1
Doc. No. V049-1-087
Page 15 of 57




B5 MCODE CLEANER TUBE SUFPPORT -- PAGE NO. 3

PROBLEM STATISTICSES

e e . o =y o . " ———

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 27/ 29/ 6
ORIGINAL/FINAL BAND-WIDTH = 24/ 5
TOTAL PRIMARY LOAD CASES = 5, TOTAL DEGREES OF FREEDOM = 128

SIZE OF STIFFNESS MATRIX = 3840 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.07/ 954.3 MB, EXMEM = 14.83 MB

++ PROCESSING ELEMENT STIFFNESS MATRIX. 14: 7:29
++ PROCESSING GLOBAL STIFENESS MATRIX. 14: 7:29
++ PROCESSING TRIANGULAR FACTORIZATION. 14: 7:28
++ CALCULATING JOINT DISPLACEMENTS. 14: 7:29
++ CALCULATING MEMBER FORCES. 14: 7:29

$5. PRINT MATERIAL PROPERTIES ALL
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B5 MODE CLEANER TUBE SUPPORT

MATERIAL PROPERTIES.

ALL UNITS ARE - POUN INCH

200

500

E

29000000.90
25000000.0
28000000.0
29000000.0
23000000.0
25000000.0
23000000.0
290090000.0
29000000.0
25000000.0
29000000.0
29000000.0
29%000000.0
29000000.0
29000000.0
29400000.0
29000000.0
28000000.0
29000000.0
29000000.0
25000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
28000000.0
28Q00000.0

G

11153846.0
11153846.90
111538486.0
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
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
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, 4

ATPHA

0.00000919
0.00000819%
0.00000819%
0.0000081%
{.00000918
0.00000000
0.00000000
0.00000000
0.00000819
0.00000000
0.00000Q00
0.00000000
0.00000000
0.0000091%
0.00000000
0.00000000
0.00000000
0.00000819
0.00000000
0.00000819
0.00000000
0.00000000
0.00000000
0.00000000
0.000003919%
0.00000919
0,00000919
0.0600009192
0.00000919

#dkkkwkv*k***x END OF DATA FROM INTERNAL STORAGE *¥***xiiidds

96, PRINT MEMBER INFORMATION ALL
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B5 MODE CLEANER TUBE SUPPORT

MEMBER INFORMATION

MEMRER START

JOINT
1 1
3 3
4 1
6 6
7 4
13 8
14 12
15 9
10 4
19 14
18 10
17 13
16 14
8 5
20 16
22 19
23 20
9 6
24 22
12 6
25 24
26 17
27 20
21 17
11 5
2 2
200 200
5 5
500 500

END
JOINT

LENGTH
{INCH}

72.000
12.0Q00
136.000
91.000
17.250
21.125
21.125
2.500
17.250
48.875
48.875
2.500
29.500
17.250
9.000
9.000
61.000
17.250
70.000
17.250
70.000
120.568%
120.569
€1.000
17.250
24.000
24.000
70.000
34.000

BETA
(DEG)

0.00
0.00
0.00
0.00
0.00
90.00
90.00
0.00
G.00
90.00
90.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
90.00
0.00
80.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-~ PAGE NO. 5

RELEASES

000111000000
000111000000

000111000000
000111000000

000111000000

000111000000

kkkkkkkkkhkk* EN[ OF DATA FROM INTERNAL STORAGE ¥ &%k

97. PRINT JOINT COORDINATES ALL
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B5 MODE CLEANER TUBE SUPPORT -- PAGE NO. ]

JOINT COORDINATES

COORDINATES ARE INCH UNIT

JOINT X Y Z
1 -24.000 0.000 0.000
2 48.000 0.000 0.000
3 96.000 0.000 0.000
4 108.000 0.000 0.000
3 244.000 0.000 0.000
6 348.000 0.000 0.000
7 439.000 0.000 0.000
8 108.000 0.000 -17.250
9 108.000 -21.125 -17.250
10 108.000 -21.125 -14.730
11 108.000 ~-70.000 -14.750
12 108.000 0.000 17.250
13 108.000 -21.125 17.250
14 108.000 -21.125 14.750
15 108.000 ~70.000 14.750
i 244,000 0.000 -17.250
17 244,000 -3.000 -17.250
18 244,000 -70.000 -17.250
18 244,000 0.000 17.250
20 244,000 -9.9000 _ 17.250
. 21 244,000 -70.000 ‘ 17.250
22 348.000 0.000 -17.250
23 348.000 -70.000 -17.250
24 348,000 0.000 17.250
25 348.000 -70.000 17.250
200 72.000 0.000 0.000
500 314,009 0.000 0.000

*kkk4xkhkhk* END OF DATA FROM INTERNAL STORAGE *****#¥xwws

98, PRINT SUPPORT INFORMATICN ALL

SUPPORT INFORMATION (1=FIXED, O=RELEASED)

UNITS FOR SPRING CONSTANTS ARE POUN INCH DEGREES

JOINT FORCE-X/ FORCE-Y/ FORCE-2/ MOM-X/ MOM-Y/  MOM-Z/
KFX KFY KF2 KMX KMY KMZ

11 1 1 1 1 1 0
0.0 0.0 0.0 0.0 ¢.0 0.0
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B5 MODE CLEANER TUBE SUPPORT -- PAGE NO. ki

15 1 1 1 1 1 0

0.0 0.0 0.0 - ‘0.0 - 0.0 - 0.0
18 1 1 1 1 1 1

0.0 0.0 0.0 0.0 0.0 0.0
21 1 1 1 1 1 1

0.0 .0 0.0 0.0 0.0 0.0
23 1 1 1 1 1 1

.0 0.0 0.0 0.0 0.0 c.0
25 1 1 1 1 1 1

0.0 0.0 0.0 0.0 0.0 0.0

wukkxkx***x+ END OF DATA FROM INTERNAL STORAGE *¥**>¥iiwisd

99. PRINT ANALYSIS RESULTS
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B5 MODE CLEANER TUBE SUPPORT —-- PAGE NO. 8

JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE TYPE = SPACE

JOINT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z—-ROTAN

1 1 0.00026 ~0.10593 0.00000 0.04000 0.00000 0.00072
2 -0.71987% -0.15027 0.02723 0.00006 -0.00032 0.00098
3 -0.721%1 =-0.15157 0.02723 0.00006 -0.00032 0.00089%
4 -0.71979 -0.15027 0.13331 0.00014 -0.00008 0.00098
5 -0.81323 -0.00583 -0.00001 0.00000 0.00000 0.00002
2 1 0.00026 -0.05452 0.00000 0.00000 0.00000 0.00066
2 -0.50144 -0.08021 0.05009 0.00006 -0.00032 0.00092
3 -0.50354 -0.08081 0.05008 0.00006 -0.00032 0.00083
4 -0.50144 =-0.08021 0.13946 0.00014 -0.00008 0.00082
5 ~0.59488 -0.0041% -0.00001 0.00000 0.00000 0.00002
3 1 0.00026 -0.02444 0.00000 0.00000 g.00000 0.000350
2 -0.35587 -0.03754 0.06528 0.00006 -0.00032 0.00073
3 -0.35795 -0.03774 0.06528 0.00006 -0.00032 0.00074
4 -0.35587 -0.03754 0.14374 D.00014 -0.00010 0.00073
5 -0.44931 -0.00310 0.00000 0.00000 0.00000 0.00002
4 1 0.00026 -0.01818 0.00000 0.00000 0.00000 0.00044
2 -0.31848 -0.026831 0.08909% 0.00006 -0.00032 0.00065
3 -0.32155 -0,02843 0.06508 0.00006 -0.00032 0.00066
4 -0,31948 -0.02831 0.14489% 0.00013 -0.00010 0.00065
5 -0.412%2 -0.00283 0.00000 0.00000 0.00000 0.00002
5 1 0.00026 0.00150 0.00000 0.00000 0.00000 0.00000
. 2 0.05297 0.00521 0.11442 0.060003 -0.00035 0.00001
3 0.0909% 0.00519 0.11442 0.00003 -0.00035 0.00001
4 0.092%97 0.00521 0.16429 0.00006 -0.0001S8 0.00001
5 -0.00047 -0.00019 0.00000 0.00000 0.00000 0.00001
) 1 0.00026 -0.00569 0.00000 6.00000 0.00000 -0.00017
2 0.41336 -0.00468 0.15286 0.00002 -0.00037 -0.00021
3 0.41136 -0.00462 0.15285 0.00002 ~-0.00037 -0.00021
4 0.41336 -0.004¢68 0.18789 0.00004 -0.00024 -0.00021
5 0.31491 0.00017 0.00000 0.00000 0.00000 0.00000
7 1 0.00026 -0.02865 0.00000 0.00000 0.00000 -0.00027
2 0.69372 -0.03117 0.1g651 0.00002 -0.00037 -0.00031
3 0.69172 -0.0311%6 0.18650 0.00002 -0.00037 =-0.00031
4 0.69372 -0.03117 0.20982 0.00004 -0.00024 -0.00031
5 0.59088 0.00029 0.00000 0.00000 0.00000 0.00000
8 1 0.00026 -0.01247 -0.00002 0,00034 0.00000 0.00044
2 -0.3139% ~0.0188%7 0.01676 0.00055 -0.00032 0.00065
3 -0.31603 -0.019205 0.01675 0.00055 -0.00032 0.00066
4 -0.31769 -0.01733 0.09255 0.00064 -0.00010 0.00065
5 -0.41292 -0.00288 -0.05223 0.00000 0.00000 0.00002
9 1 0.00018 -0.00982 0.00008 -0.00095 0.00000 0.00000
2 -0.21%69 -0.01512 0.04414 -0.00200 -0.00018 0.00445%
3 -0.22114 -0.01518 0.04414 -0.00200 -0.00018 0.00452
4 -0.22197 -0.01331 0.09254 -0.00121 -0.00006 0.00454
5 -0.288320 ~0.00290 -0.0001% -0.00137 0.00000 0.005%0
190 1 0.00018 -0.00613 0.00007 -0.00094 0.00000 0.00000
2 -0.2201% -0.00850 0.04413 =-0.00175 ~-0.00018 0.00450
3

-0.22160 -0.00854 0.04413 -0.00175 -0.00018 0.00453
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RS MODE CLEANER TUBE SUPPORT

JOINT DISPLACEMENT

JOINT LOAD

11
12
13
14
® .
le
17
18
19

20

i—‘U‘lwhwI\)l-"U'I-hUJNHLH.&WNI—‘U"J-%Wl\)l—‘(ﬂohwl\)l—'(ﬂtb-wml—'wahUJNI—‘LnowaHLﬂoh-wNi—'LJ'IJ:-

X-TRANS

-0.22212
-0.28830
0.00000
0.00000
0.00000
0.00000
0.00000
0.00026
-0.32500
-0.32708
-0.32127
-0.41292
0.00018
-0.22644
-0.22789
-0.22416
-0.28830
0.00018
-0.22597
-0.22742
-0.22401
-0.28830
0.00000
0.00000
0.003000
0.00000
0.00000
0.00026
0.08186
0.08023
£0.07963
-0.00039%
0.090022
0.02084
0.02043
0.02034
-0.00012
0.00000
06.00000
0.00000
0.00000
0.00000
0.006026
0.07190
0.07027
0.07413
-0.00039
0.00022

Y-TRANS

-0.00840
0.00006
0.00000
0.00000
0.00000
¢.00000
0.00000

-0.01247

-0.02175

-0.02183

-0.02339

-0.00288

-3.00982

-0.01823

-0.0182%

~-0.02003

-0.002%0

-0.00613

-0.00856

-0,00860

-0.00866
0.00006
0.00000
0.00000
0.00000
0.00000
0.00000
0.00042
0.00465
0.00458
0.00470

-0.004007
0.00037
0.00459
0.00452
0.00462

-0.00006
0.00000
0.00000
0.00000
0.00000
0.00000
0.00042
0.00397
0.00330
0.00391

-0.00007
0.00037

(INCH RADIANS)

z

OO0 OO0 OoOO0OOOO0O0OCOCO0O

OO0 0o
. e

[
OO0 O0O0000000O00D0 0000000

STRUCTURE TYPE

-TRANS

.09252
,00017
. 00000
. 00000
.00000
. 00000
.00000
00002
.12139
.12139
.19719
.05228
.00008
.04428
. 04427
.09267
00018
00007
04427
04427
. 09266
. 00016
00000
.00000
.00000
.00000
.00000
.00000
.06209
. 06209
11194
. 05230
00000
. 05069
05068
.09138
04269
. 00000
. 00000
. 00000
.00000
. 00000
.00000
.16669
.16669
0.21654
0.05230
0.00000

.

-

-

X-ROTAN

-0.00111
-0.00100
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00034
-0.00039
-0.00039
-0.00029
0.00000
0.00085
0.00342
0.00343
0.00421
0.00137
0.00094
0.00289
0.00250
0.00353
¢.00100
0.00000
0.00009
0.00000
0.00000
0.00000
-0.00006
-0.00003
-0.00004
-0.00003
0.00001
0.00000
0.00124
0.00124
0.00224
-0.00105
0.00000
0.00000
0.00000
0.00000
0.00000
0.00006
0.00007
0.00007
g.o0008
-0.0000L
0.00000

-—~ PAGE NO.

= SPACE

Y-ROTAN

-0.00006
0.00000
0.00000
0.00000
0.00000
0.00000
0.00G00
0.00000

-0.00032

-0.00032

-0.00010
0.00000
0.00000

-0.00018

-3.00018

-0.00006
0.00000
0.00000

-0.00018

-0.00018

-0.00006
0.00000
0.00000
0.00000
0.00000
¢.0Q000
0.0Q000
0.00000
0.00066
0.00064
0.00073
0.00000
0.00000
0.00008
0.00008
0.00015

-0.00007
0.00000
0.00000
¢.00000
0.00000
0.00000
0.00000

-0.00124

-0.00121

-0.00111
0.00000
0.00000

Z-ROTAN

0.00454
0.0053%0
0.00000
0.00451
0.00454
0.00455
0.005%0
0.00044
0.00065
0.000686
0.00065
0.00002
0.00000
0.00464
0.00467
0.00459%
0.00590
0.00000
0.00463
0.00466
0.00458
0.005%0
0.00000
0.00462
0.00465
0.00458
0.00590
C.00000
0.00001
0.00001
0.00001
0.00001
-0.00001
-0.00503
-0.00493
-0.00489
0.00002
0.00000
0.00000
0.00000
0.00000
0.00000
¢.00000
0.00001
0.00001
0.00001
0.00001
-0.00001

9
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B5 MODE CLEANER TUBE SUPPORT

JOINT DISPLACEMENT (INCH RADIANS)

JOINT LOAD

21

22

23

24

25

200

500

MW R GBWNRPOBRBWNRPOBWRNEREUEWNDNROBWNDRPOeWRREPERWON

X-TRANS

0.0182&
0.01786
0.01877
-0.00012
0.00000
0.00000
0.00000
0.006000
0.00000
0.00026
0.41963
0.41764
0.41733
0.314383
0.00000
0.00000
0.00000
0.00000
0.00000
0.00026
0.40688
0.40488
0.40918
0.31483
0.00000
0.00000
0.00000
0.00000
0.00000
0.000286
-0.428635
-0.43075
-0.42865
-0.52209
0.0002¢
0.30861
0.30662
0.308é&l
0.21180

Y-TRANS

0.00394
0.00387
0.003%0
-0.00006
0.00000
0.00000
0.00000
0.00000
0.00000
~0.00345
-0.00260
-0.00z261
-0.00238
0.00011
0.00000
0.00000
0.00000Q
0.00000
0.00Ca0
-0.00345
-0.00307
-0.00308
-0.0032%
0.00011
0.00000
¢.00000
0.00000
0.00000
¢.00000
-0.0385%7
-0.0577¢%
-0.05817
-0.05779
-0.00365
-0.00145%
0.0009¢
0.00083
0.00096
0.00015%

STRUCTURE TYPE = SPACE

Z-TRANS

=Rl R=ReR=R=R=ReR=RoNoReReNoNoloNoNalaloleleNelwielolelelelle=llela oo e

. 13607
.13607
.17676
.04269
. 00000
.00000
. 00400
. 00000

00000

.00000
.10054
.10054
.13557
.05231
. 00000
. 00000
. 00000
.00000
.00000
. 00000
.20516
.20516
.24019
.05231
. 00000
. 00000
. 00000
. 00000
. 00000
.00000

-

05771

.05770
.14157
.00000
. 00000
.14030
.14030
.17993
. 00000

X-ROTAN

00334
.00334
. 00433
.G0105
.00000
Qo000
. 00000
. 00000
00000
.00013
.00012
.00012
000613
00000
00000
. 00000
.00000
. 00000
. 00000
-0.00013
-0.00010
-0.00010
-0.00008
.00000
00000
.00000
.Q0000
. 00000
. 00000
. 00000
. 00006
.00006
.00014
.Q0000
00000
.00003
.00003
0.00005
0.00000

OO 0O O0OO0OC OO OO0 00C0O0O00CO0
« & e -

*

»

OO0 QOoOCOOoOCOoOO OO

-- PAGE NO. 10

Y-ROTAN

0.00022
0.00022
0.00025
0.00007
0.00000
0.009000
0.00000
0.00000
0.00000
0.00000
-0.00036
-0.00036
-0.00023
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00038
-0.00038
-0.00024
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00032
-0.00032
-0.00008
0.00000
0.00000
-0,00037
-0.00037
-0.00023
0.00000

Z-ROTAN

—-0.00442
-0.00432
-0.00456
0.00002
0.00000
G.00000
0.00000
G.00000
0.00000
-0.,00017
-0.00021
-0.00021
-0.00021
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.,00017
-0.00021
-0.00021
-0.00021
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.000860
0.00085
0.00086
0.00085
0.00002
-0.00010
-0.00013
-0.00013
~0.00013
0.00000
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B> MODE CLEANER TUBE SUPPORT

SUPPORT REACTIONS

13

LOAD

B WNEFROEWNDPOLBWNDEOEBWNEOLE WD O WD

FORCE-X

0.00
0.12
0.12

0.04_

¢.00
¢.00
-0.12
-0.12
-0.04
0.00
-1.01

~UNIT POUN INCH

FORCE-Y

59860.82
8270.78
8308.23

..8177.02

-54.65
5960.82
8333.535
B372.00
8427.31

-54.64

-1119.863

2436.00 -13876.25
2386.84 ~13664.87
2365.65 -13982.56

-10.75
-1.01

182.70
-1119.63

2141.97 -11905.02
2092.81 -11693.68
2212.31 -11798.70

~10.76
1.01
-20406.73
-19996.96
-19823.21
10.75
1.01
-17951.24
-17541.46

~18534.73

©10.20

182.75
2341.60
14483.24
14233.43
13967.93

-128.03

2341.80
13267.28
13017.46

13782.58 .

-128.14

PAGE NO.

MOM Z

.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00
61.78
-44898.11
-43989.33
-43582.10
193.43
61.78
-39490.16
-38581.38
-40806.12
193.75

. 36.45
-19908.13
-19390.
-19150.
5690.51
36.
-16839.85
-16322.24
-17597.72

STRUCTURE TYPE = SPACE
FORCE-Z MOM-X MOM-Y
-127.81 -2062.40 0.00
-481.19 -9788.79 91.89
-482.01 -9801.83 91.89
 -662.98 -14950.03 29.74.
-134.68 -2162.30 0.01
127.81  2062.40 0.00
146.57  319.15 91.89
147.40  332.72 91.89
-35.22 -4B42.08 29.74
134,70 2162.88 0.01
0.00 0.00 0.00
-235.24 -14439.37 -331.71
-235.23 -14438.51  -331.69
-424.10 -26031.64  -598.01
198.14 12162.38  279.40
0.00 0.00 0.00
-631.52 -38763.48  -890.49
-631.51 -38762.61  -890.48
-820.38 -50355.74. ~1156.80.
“198.13 -12161.73  -279.39
0.00 0.00 0.00
-68.87 -6848.31 -1805.11
-68.87 -6847.98 -1805.01
-102.20 -10809,24 -3254.31
© 42.45  4679.21  1520.46
0.00 0.00 0.00
-153.77 -16206.61 -4845.96
~153.76 -16206.28 -4845.85
~187.10.220167.54-6295.14
-42.45 4679009 -1520.38

5690.70

RevisionNo. 1
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B5 MODE CLEANER TUBE SUPPORT -— PAGE NOQ. 13

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE —-- POUN INCH

MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-2
2 4 -252.69 -8679.79 5.24 0.01 -90.50 -149726.41

8 252.69 8679.79 -5.24 -0.01 -0.86 0.07

3 4 -254.76 -8718.23 5.22 0.01 -90.20 -150389.39

8 254.7¢6 8718.23 -5.22 -0.01 0.17 -0.03

4 4 -433.84 -9038.10 1.77 0.01 -29.74 -155907.41

8 433,84 9038.10 -1.77 -0.01 -1.01 0.13

5 4 392.82 54,87 0.02 0.00 0.20 943.08

8 ~-392.82 -54.867 -0.02 .00 -0.03 0.00

13 1 8 59460.82 340.90 0.00 0.00 0.00 6.00
9 -59860.82 -340.90 0.00 0.00 0.00 7201.57

2 8 8679.79 252.45 -5.23 0.00 0.00 0.00

9 -8679.79 -252.45 5.23 0.040 110.3% 5333.00

3 8 8718.23 254.64 -5.23 0.00 0.00 G.00

S -8718.23 -254.64 5.23 0.00 110.39 5379.27

4 8 Q038,11 434,24 =1.69 0.00 0.00 0.00

9 -9038.11 -434.24 1.69 0.00 35.73 9173.30

5 8 -54.67 -3592.80 0.00 0.00 0.00 0.00

"] 54.867 392.80 0.00 0.00 -0.01 -8297.98

. 14 1 12 5960.82 -340.8%0 0.00 0.00 0.00 6.00
13 -5960.82 340.90 0.00 0.00 0.00 -7201,57

2 1z 7924.53 82.18 5.22 0.00 0.00 0.00

13 -7924.53 -82.18 -5.22 0.00 -110.38 1735.85

3 12 7963.00 79.327 5,22 0.00 0.00 0.00

13 -7963.00 -79.97 -5.22 0.00 -110.37 1689.30

4 12 7566.21 263.96 1.69 0.00 0.00 0.00

13 -7566.21 -263.96 -1.69 0.00 -35.72 5576.24

5 12 -54.62 3%82.748 0.00 0.00 0.a0 0,00

13 54.62 -392.78 0.00 0.00 -0.01 8297.54

15 1 9 340.90 -5860.82 0.00 0.00 0.00 ~7201.57
10 -340.90 5960.82 0.00 0.00 0.00 ~7700.48

2 9 252.51 -8679.79 -5.22 -110.38 -0.05 ~5332.99

10 -252.51 §679.79 5.22 110.38 13.01 -16366.47

3 8 254.69 -8718.22 -5.26 ~110.39 0.02 -537%9.27

10 -254.69 g8718.:22 5.26 110.39 13.09 -16416.29

4 9 434,00 -9038.11 -1.68 -35.73 -0.03 -9173.29

190 -434.00 9038.11 1.68 35.73 4.19 -13422.00

5 9 -392.80 54,867 -0.03 -0.01 0.07 8297.98

10 382.80 -54.67 0.05 ¢.01 0.05 -8161.30

10 1 4 -340.90 -5960.82 0.00 0.00 0.00 -102824.15
12 340.90 5960.82 0.00 0.00 0.00 0.00

2 4 g2.21 -7%24.51 5.10 0.01 -88.83 -136698.03

12 -82.21 7924.51 -5.10 -0.01 0.93 0.12

3 4 79,96 -7963.01 5.16 -0.01 -89,.56 -137361.89

1z -79.96 7963.01 -5.1% 0.01 0.71 -0.10

Revision No. 1
Dac. Mo. V049-1-087

Page 26 of 57




B5 MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

ALL UNITS ARE —- POUN INCH

MEMBER LOAD JT

19

18

17

16

4

5

4
12
4
12

14
15
14
15
14
15
14
15
14
15

19
11
10
11
10
11
10
11
10
11

i3
14
13
14
13
14
13
14
i3
14

14
10
14
10
14
i0
14
10
14
10

AXTAL

263.55
-263.55
382.82
-3%2.82

5960.82
-5960.82
8333.55
-8333.55
8372.00
-8372.00
8427.31
-8427.31
-54.64
54.64

5960.82
-5960.82
8270.78
-8270.78
8309.23
-8309.,23
8177.02
-8177.02
~-54.865
54.65

340.990
-340.90
-82.11
gz2.11
-79.93
79.93
-263.88
263.88
-382.78
392.78

213,08
-213.08
-228.74

228.74
-227.38

227.38
-228.75

228.75
-527.48

527.48

STRUCTURE TYPE

SHEAR-Y

~-7566.19
7566.18
34.62
~-54.62

-127.81
127.81
-146.57
146.37
-147.40
147.40
35.22
-35.22
-134.70
134.70

127.81
-127.81
481.19
~481.19
432.01
-482.01
662.98
-662.98
134.68
-134.68

~-5960.82
5260.82
~-7524.53
7924.53
-7963.01
7363.01
-7566.19
7566.19
54.62
-54.62

0.00
0.00
409.02
-409,02
408.99
-408.99
861.10
-861.10
-0.02
0.02

= SPACE

SHEAR-Z

1.69
-1.69
-0.03

0.03

0.00
0.00
-0.12
0.12
-0.12
0.12
-0.04
0.04
0.00
0.00

0.00
0.00
0.12
-0.12
0.12
-0.12
0.04
-0.04
0.00
0.00

0.00
0.00
-5.31
5.31
-5.28
5.28
-1.66
1.66
-0.01
0.01

0.00
0.00
-5.34
5.34
-5.34
5.34
-1.73
1.73
0.00
0.00C

TORSION

0.00
0.00
0.00
0.00

¢.00
0.00
91.89
-91.89
91.89
-91.89
29.74
-29.74
0.01
~0.01

0.00
0.00
91.89
-91.88
91.89
-91.89
29.74
-29.74
0.01
-0.01

0.00
0.00
-110.38
110,38
-110.37
110.37
-35.71
35.71
0.00
0.00

0.00
0.00
-104.56
104.596
-104.56
104.56
-33.84
33.84
-0.01
0.01

-~ PAGE NO. 14

MOM-Y

-28.51
0.1%8
-0.03
-0.09

0.00
0.00
5.82
¢.00
5.82
0.00
1.88
0.00
0.00
0.00

0.00
0.00
-5.82
0.00

-5.83

0.00
-1.89
0.00
.00
0.00

0.00
0.00
0.06
13.12
0.08
13.15
-0.03
4.22
0.0&
0.06

0.00
0.00
78.82
78.82
78.82
78.82

25.51.

25.51
0.01
0.01

MOM-7

-130516.98

6.16
942.15
0.00

~4184.54
-2062.40
~6844., 37
-319.15
-6871.56
~-332.72
-3120.6%
4842.08
-4420.63
-2162.88

4184.54
2062.40
13729.56
9788.79
13756.36
9801.83
17453.24
14850.03
4420.21
2162.30

-7201.57
-7700.48
1735.96
-21547.28
1689.30
-21596.84
5576.26
-24491.76
8297.54
-8161.00

3515.93
-3515.93
14702.91
-2636.592
14725.26
-26598.93
21371.08

4031.25

3740.37
-3741.10
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BS5 MODE CLEANER TUBE SUPPORT -— PAGE KO. 15

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE —— PCUN INCH

MEMBER LOAD JT AXIAL  SHEAR-Y SHEAR-Z  TORSION MOM-Y MOM-2
8 1 5 0.00 1120.58  -0.07 0.00 1.15  19329.99
16 0.00 -1120.58 0.07 0.00 0.00 0.00

2 5 -255,86 1157.43 17864.58 0.00-308164.63 19965.62

16  255.86 =-1157.43-17864.58 0.00 0.37 -0.01

3 5 -255.68 1202.48 17504.55 0.00-301953.38 20742.69

16  255.68 -1202.48-17504.55 0.00 -0.03 0.01

4 5 -461.00 1629.09 17352.06 0.00-299323.22 28101.73

16 461.00 -1629.09-17352.06 0.00 -0.11 0.01

5 .5  215.45 -126.12 -79.63 0.00 1373.48 -2175.64

16 -215.45 126.12  79.63 0.00 0.19 0.01

20 1 16 -1120.58 -0.07 0.00 0.00 0.00 0.00
17  1120.58 0.07 0.00 0.00 0.00 -0.60

2 16 -1157.43 17864.64 255.79 0.00 0.00 0.00

17  1157.43 -17864.64 =-255.79 0.00 -2302.11 160781.72

3 16 -1202.47 17504.54  255.77 0.00 0.00 0.00

' 17  1202.47 -17504.54 -255.77 0.00 -2301.97 157540.78

4 16 -1629,10 17352.04  461.13 0.00 0.00 0.00

; 17 "1629.10 ~17352.04 -461.13 0.00 -4150.25 156168.41

. 5 16 126.12 ~79.61 -215.45 0.00 0.00 0.00
17 -126.12 79.61 215.45 0.00 1939.03  -716.48

22 1 19 -1120.58 -0.07 0.00 0.00 0.00 0.00
20  1120.58 0.07 0.00 0.00 0.00 -0.60

2 16 -722.54 15706.40 686.67 0.00 0.00 0.00

20 722.54 -15706.40 -686.67 0.00 ~-6180.07 141357.53

3 19 -767.63 15346.29  686.67 0.00 0.00. 0.00

20 767.63 -15346.29 -686.67 0.00 =-6179.94 138116.63

4 19 -250.88 16218.96 892.05 0.00 0.00 0.00

20 _250.88 -16218.96 -892.05 0.00 -8028.44 145970.64

5 19 126.07  -79.74 215.44 0.00 0.00 0.00

20 -126.07 79.74 -215.44 0.00 =-1938.95  -717.64

23 1 20 -1119.63 1.01 0.00 0.00 0.00 0.05
21  1119.63 ~1.01, 0.00 0.00 0.00 61.78

2 20 -11905.02 -2141.97 631.52 -890.49 240.74 -91169.57
21 11905.02 2141.97 -631.52 890.49 -38763.48 -39490.16
3 20 -11693.68 -2092.81 631.31 -890.48 240.74 -88079.74
21 11693.68 2092.81 -631.51 890.48 -38762.61 -38581.38
4 20 -11798.70 -2212.31 820.38 -1156.80 312.75 -94145.08
21 11798.70 2212.31 -820.38 1156.80 -50355,74 =-40806.12

5 20 182.75 10.76 198.13 -2798.39 75.53 462.89
21 -182.75 -10.76 =198.13 279.39 -12161.73 193.75
g 1 3 0.00 =-2342.3%5 0.07 0.00 -1.15 -40408.9%4
22 Q.00 2342.55 -0.07 0.00 0.00 0.00
Revision No. 1
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B5 MODE CLEANER TUBE SUFPORT -- PAGE NO. 16

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT AXIAL  SHEAR-Y SHEAR-Z  TORSION MOM-Y MOM-2
2 & -48.28 -1764.42  106.10 0.00 -1830.79 -30436.28

22 49.28 1764.42 -106.10 6.00 -0.40 -0.01

3 6 -48,40 =1771.04  105.63 0.00 -1821.88 -30550.42

22 48.40 1771.04 -105.63 0.00 -0.29 0.01

4 6 -65.12 -1614.45 105.57 0.00 -1820.47 -27849.33

22 65.12 1614.45 -105.57 0.00 -0.43 0.00

5 6 25,15 71.45 79.59 0,00 =1372.64 1232.56

22 -25,1% ~71.45 -79.59 0.00 0.41 0.00

24 1 22 2342.55 0.00 -0.07 0.00 0.00 0.00
23 -2342.55 0.00 0.07 0.00 - 4.66 0.00

2 22 1764.42 48,32 -106.10 0.00 G.00 0.00

23 -1764.42 -48.32 106.10 0.00  7426.98 3382.57

3 22 . 1771.04 . ...4B.32 -105.60 0.00 0.00 0.00

23 -1771.04 -48.32  105.60. 0,00 7391.865 3382.45

4 22 1614.45 65.16 -105.52 0.00 0.00 0.00

23 -1614.45 -65,16 105.52 0.00 7386.28 4561.13

5 22 -71.45 -25.14 -79.60 0.00 0.00 ¢.00

23 71.45 25.14 79.60 0.00 5572.12 -1759.99

. 12 1 6 0.00 -2342.55 -0.07 0.00 1.15 -40408.93
24 0.00 2342.55 0.07 0.00 0.00 0.01

2 6 98.45 ~-2084.80 -102.88 0.00 1774.91 -35962.76

24 -98,45 2084.80 102.88 0.00 0.49 0.00

3 6 98.51 -2091.40 ~102.40 0.00 1766.00 -36076.66

24 -98.51 2091.40 102.40 0.00 0.19 -0.01

4 6 115.36 -2234.76 -103,36 0.00 1783.94 -38549.69

24 -115.36 2234.76 103,36 0.00 -0.74 -0.01

5 G 25,09 71.46  -79,54 0.00 1372.72 1232.72

24 -25.09 -71.4%6 79.54 0.00 -0.39 0.00

25 1 24  2342.55 0.00 -0.07 0.00 0.00 0.00
25 -2342.55 0.00 0.07 0.00 4.66 0.00

2 24  2084.80 98.61 -102.87 0.00 0.00 0.00

25 —2084.80 -58.61 102.87 0.00  7201.23 6902.60

3 24  2091.40 98.61 -102.37 0.00 0.00, 0.00

25 -2091.40 -98.61  102.37 0.00  7165.90 6902.48

4 24 29234 14 115,45 -103.46 0.00 0.00 0.00

25 ~2234.76 -115.45 103.46 0.00 7241.92 8081.15

5 24 -71.46 25.14 -79.60 0.00 0.00 0.00

25 71.46 -25.14 79.60 0.00 5572.11 1760.03

26 1 17 -1.41 D.27 0.00 0.00 0.00 0.55
23 1.41 -0.27 0.00 0.00 0.00 31.78

2 17 239%945.64 -700.17 20.55 2076.19 833.21 -57083.81
23 -23945.64 700.17 -20.55 -2076.19 -3310.47 -27335.11
3 17 23462.88 -686.04 20.55 2076.06 833.16 -55933.15
23 -23462.88 686.04 -20.55 -2076.06 -3310.28 -26782.18B
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B5 MCDE CLEANER TUBE SUPPORT

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH

STRUCTURE TYPE = SPACE

-- PAGE NO. 17

MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-2Z TORSION MOM-Y MOM-2
4 17 23257.98 -679.96 37.04 3743.00 1502.12 -55445.77

23 ~23257.98 £79.96 -37.04 -3743.00 -5968.20 -28536.52

5 17 -106.57 3.08 -17.31 -1748.79 -701.82 254.34

23 106.57 -3.08 17.31 1748.79 2788.432 118.38

27 1 20 -1.41 0.27 0.00 0.00 G.00 0.55
25 1.41 ~0.27 0.00 .00 0.00 31.7¢

2 20 21053.10 -615.65 55.16 5573.66 2236.80 -50187.57

25 -21053.10 615.65 -55.16 -5573.66 -8887.19 -24041.08

3 20 20570.34 -601.52 55.1¢ 5573.54 2236.75 -—49036.90

25 -20570.34 601.52 -55.16 -5573.54 -8886.9% -23488.15

4 20 21740.74 ~635.86 71.65 7240.48 2905.72 -51825.55

25 =-21740.74 635.86 -71.65 -7240.48 -11544.91 -24839.064

5 29 -106.74 3.10 17.31 1748.69 701.78 254.75

25 106.74 -3.10 -17.31 -1748.692 -2768.28 118.5¢9

21 1 17 -111%.83 1.01 0.00 0.00 Q.00 0.05
18 1119.863 -1.01 0.00 0.00 0.00 €1.78

2 17 -13876.25 -2436.00 235.24 -331.71 89.68 -103697.87

, 18 13876.25 2436.00 -235.24 331.71 =-14439.37 -44898.11

. 3 17 -13664.87 -2386.84 235.23 -331.869 89.67 -101607.64
18 13664.87 2386.84 -235.23 331.6% -14438.51 -43989.33

4 17 -13%982,.56 -2365.65 424.10 -5588.01 161.67 —-100722.64

18 13982.56 2365.65 -424.10 598.01 -26031.64 -43582.10

5 17 182.70 10.75 -1%98.14 279.40 -75.54 462.14

18 -182.70 -10.75 198.14 -278.40 12162.38 193.43

11 1 5 0.00 1120.58 ¢.07 0.00 -1.15 19329.99
19 0.00 -1120.58 -0.07 0.00 0.00 0.00

2 5 686.71 722.54-15706.38 0.00 270935.03 12463.80

19 -686.71 ~722.54 15706.39 0.00Q 0.26 0.01

3 5 686.71 767.61-15346.26 0.00 264723.28 13241.39

18 -686.71 -767.61 15346.26 0.00 -0.11 -0.03

4 5 891.351 250.88-16218.97 0.00 279777.34 4327.67

19 -851.,91 -250.88 16218.97 0.00 0.03 0.01

5 3 215.45 -126.08 79.72 0.00 -1375.21 -2174.87

1¢ -215.45 126.08 -79.72 0.00 0.0¢ -0.01

2 1 2 0.00 -4844.51 0.00 0.01 0.00 148806.33
200 0.00 5196.35 0.00 -0.01 0.00 -269297.47

2 2 0.73 -6948.55 ~0.01 -0.01 0.06 148806.34

200 -0.73 7300.3% 0.01 0.01 -0.28 -319793.97

3 2 -273.19 -69%48.53 0.03 -0.03 0.07 153348.03

200 292.97 7300.37 -0.03 .03 -0.16 -324335.44

4 P 0.73 -6348.53 272.498 4542.06 8365.39° 148806.78

200 -0.73 7300.37 -292.29 -4542.06 -15142.68 —-319793.73

5 2 1.71 0.GO 0.00 0.00 0.01 -0.01

200 -1.71 0.00 0.00 0.00 ~0.01 0.03
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BS MODE CLEANER TUBE SUPPCRT -- PAGE NO. 18

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE -- POUN INCH
MEMBER LOAD JT RXTAL SHEAR-Y SHEAR-2Z TORSION MOM-Y MOM-Z
200 1 200 0.00 -5156.37 0.00 0.03 D.00 269297.09
3 0.00 5548.21 0.00 -0.03 0.00 -398231.84
2 200 -0.49 -7300.38° 382.03 -0.07 -0.53 319783.086
3 0.49 7652.23 -382.03 0.07 -9167.61 -4895225,03
3 200 -291.99 ~-7300.34 382.04 0.01 0.39 324335.22
3 311.77 7652.18 -382.04 -0.01 -9168.50 -503765.72
4 200 -1.46 -7300.40 674.24 4541.95 15139%.85 319792.63
3 1.46 7652.24 -694.04 -4541.95 -31559.80 -499225.03
5 200 -0.24 0.900 0.00 0.00 -0.086 0.00
3 0.24 0.00 0.00 0.00 0.14 -0.05%
5 1 5 0.13 -287.39 0.00 0.00 0.00 91578.41
50C -0.13 1313.59 0.00 0.00 0.00 -147613.03
2 5 -33571.04 548.48 -~895.0¢ 5526.48 57603.73 178509.39
500 33571.04 477.72 895.06 -5526.48 5051.29 -176032.75
3 5 -33411.13 535.26 -895.07 5526.25 57604.52 177134.55
. 500 33468.99 490.94 895.07 -5526.25 5051.24 -175583.31
4 5 -33571.04 548,48 -1108.77 10700.35 86676.05 178509.42
. 500 33571.04 477.72 1051.02 -10700.35 -11082.44 -176032.78
. 5 5 159.18 142.92 0.00 -0.16 0.07 14863.18
500 -159.18 -142.92 0.00 0.16 0.06 -4859.12
500 1 500 0.13 -1313.59 0.00 0.00 0.00 147613.03
6 -0.13. 1812.03 0.00 0.00 0.00 -200748.69
2 500 -33570.80 -477.72 146.88 5526.4% -5050.80 176032.78
6 33570.80 976.16 -146.88 -5526.49 54.86 -200748.70
3 500 -33468.99 -480.94 146.93 5526.25 -5051.62 175583.30
6 334%7.07 989,38 -146.93 -5526.25 55.53 -200748.70
4 500 -33570.55 -477.72 -9.05 10700.35 11082.52 176032.80
6 33570.55 976.16 -19.00 -10700.35 -11252.36 -200748.70
5 500 159.81 142.8%2 .oz -0.16 -0.44 485%.12
6 -159.91 -142.52 -0.02 0.16 -0.20 0.060

dhkdedkkdkkdrkd itk END OF LATEST ANALYSIS RESULT grd kb d ok kdkhkkokdkok

100. PRINT MEMBER STRESSES ALL
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B> MODE CLEANER TUBE SUPPORT —— PAGE NO. 1%

MEMBER STRESSES

ALL UNITS ARE POUN/3Q INCH

MEMB LD SECT AXTAT BEND~-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
101 .0 0.0 € 0.0 0.0 0.0  106.2 0.0
1.00 0.0 C 0.0 808.0 808.0  179.0 0.0

2 .0 0.0 T 0.0 0.0 0.0  106.2 0.0

1.00 0.0 T 0.0 808.0 808.0  179.0 0.0

3.0 3.6 T 0.0 0.0 3.6  106.2 0.0

1.00 6.0 T 0.0 808.0 814.0  179.0 0.0

4 .0 0.0 T 0.0 0.0 0.0  106.2 6.0

1.00 0.0 T 45.4 808.0 809.3  179.0 10.1

5 .0 0.0 T 0.0 0.0 0.0 0.0 0.0

1.00 0.0 T 0.0 0.0 0.0 0.0 0.0

3 1 .0 0.0 T 0.0  2162.2  2162.2  538.2 0.0
1.00 0.0 T 0.0  2676.1  2676.1  550.3 0.0

2 .0 0.1 T 19.8  2710.6  2711.1  828.6 26.4

1.00 0.1 T 74.7  3498.6  3499.5  840.7 26.4

3.0 18.1 T 49.8  2759.9  2778.5  828.5 26.4

1.00  18.6 T 74.7  3547.9  3567.3  840.7 26.4

4 .0 0.0 T 171.3  2710.6  2716.0  828.6 56.6
1.00 0.0 T  225.1  3498.6  3505.8  B40.7 57.3
‘l" 5 .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

4 1 .0 0.0 C 0.6 2676.1  2676.1  272.4 0.0
1.00 0.0 C 0.0 497.2 497.2  134.8 0.0

2 .0 0.0 75.6  3498.6  3499.4  305.2 3.3

1.00 0.0 110.6 969.2 975.5  167.6 3.3

3.0 18.5 T 75.6  3547.9  3567.3  310.5 3.3

1.00 23.2 T  110.6 961.8 991.3  172.9 3.3

4 .0 0.0 225.5  3498.6  3505.8  305.2 9.1

1.00 0.0 364.5 969.2  1035.5  167.6 16.9

5 .0 0.0 0.0 0.0 0.0 7.5 0.0

1.00 0.0 0.0 80.7 80.7 7.5 0.0

6 1 .0 0.0 T 0.0  1090.0  1090.0  198.3 0.0
1.00 0.0 T 0.0 0.0 0.0  106.2 0.0

2 .0 1398.7 T 0.0  1090.0  2488.7  198.3 0.0

1.00 1398.7 T 0.0 0.0  1398.7  106.2 0.0

3 .0 1395.6 T 0.0  1090.0  2485.6  198.3 0.0

1.00 1398.7 T 0.0 0.0  1398.7  106.2 0.0

4 .0 1398.7 T 61.3  1090.0  2490.4  198.3 11.2

1.00 1398.7 T 0.0 0.0  1398.7  106.2 .0

5 .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

7 1 .0 36.4 T 0.0  4524.7  456l.1 1192.2 0.0
1.00  36.4 T 0.0 0.0 36.4  1192.2 0.0

2 .0 27.0 T 1.0  6588.6  6619.6 1736.0 1.0

T 0.0 0.0 27.0 1736.0 1.0

. 1.00 27.0
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B5 MODE CLEANER TUBE SUPPORT -=- PAGE NO. 20

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
3 .0 27.2 T 4.0 6617.8 6649.0 1743.6 1.0

1.00 27.2 T 0.0 0.0 27.2 1743.6 1.0

4 .0 46.4 T 1.3 6860.6 6908.3 1807.6 0.4

1.00 46.4 T 0.0 0.0 46.4 1807.6 0.4

5 .0 42.0 C 0.0 41.5 83.5 10.9 0.0

i.00 42.0 C 0.0 0.0 42.0 10.9 0.0

13 1 .0 3634.6 C 0.0 0.0 3634.6 303.0 0.0
- 1.00 38634.6 C ¢.0 5685.5 9320.1 303.0 0.0

2 .0 52%82.6 C 0.0 0.0 5282.6 224.4 10.5

1.00 52%82.6 C 110.4 4210.3 9613.2 224.4 10.5

3 .0 B3l6.0 C 0.0 0.0 5316.0 226.3 10.5

1.00 5316.0 C 110.4 4246.8 9673.2 226.3 10.5

4 .0 5511.0 C 0.0 0.0 5511.0 386.0 3.4

1,00 5511.0 C 35.7 7242.1 12788.8 386.0 3.4

5 .0 33.3 T 0.0 0.0 33.3 349.2 0.0

1.00 33.3 T 0.0 6551.0 6584.4 349.2 0.0

14 1 .0 3634.¢6 C 0.0 0.0 3634.6 303.0 . 0.0
. 1.00 3634.6 C 0.0 5685.5 9320.1 303.0 6.0

. 2 .0 4832.0 C 0.C ¢g.0 4832.0 73.0 10.4
1.00 4832.C0 C 110.4 1370.5 6312.9 73.0 10.4

3 .0 4855.5 C 0.0 0.0 4855.5 71.1 10.4

1.00 48535.5 C 110.4 1333.7 6299.5 71.1 10.4

4 .0 4613.5 C 0.0 0.0 4613.5 234.6 3.4

1.00 48613.5 C 35.7 4402.3 9051.8 234.6 3.4

5 .0 33.3 T 0.0 0.0 33.3 346.1 0.9

1.00 33.3 T 0.0 6550.7 6584.0 34%.1 0.0

15 1 .0 207.9 C 0.0 5685.5 5893.3 5298.5 0.0
1.00 207.89 ¢ 0.0 6079.3 6287.2 5298.5 0.0

2 .0 154.0 C 0.1 4210.3 4364.3 7715.4 10.4

1.00 154.0 C 13.0 12920.9 13087.9 7715.4 10.4

3 .0 155.3 C 0.0 4246.8 4402.1 7749.3 10.5

1.00 155.3 C 13.1 12960,2 131238.6 7749.5 10.5

4 .0 264.6 C 0.9 7242.1 7506.7 8033.9 3.4

1.00 264.6 C 4.2 10596.3 10865.1 8033.8 3.4

5 0 239.5 T 0.1 6551.0 6790.6 48.6 0.1

1.00 239.5 7T 0.1 6443.1 €682.7 48.6 0.1

10 1 .0 36.4 T 0.0 4524.7 4561.1 11%82.2 0.0
1.00 36.4 T 0.0 0.0 36.4 1192.2 0.0

2 .0 8.8 C 3.9 6015.3 6028,0 1584.9 1.0

1.0¢ 8.8 C 0.0 0.0 8.8 1584.9 - 1.0

3 .0 8.5 ¢C 3.9 6044.5 6057.0 1592.6 1.0

1.60 8.5 ¢C 0.0 0.0 B.& 15%2.6 1.0

4 .0 28.2 C 1.3 5743.3 5772.7 1513.2 0.3

1.00 28.2 C 0.0 0.0 28.2 1513.2 0.3

5 .0 42.0 C 0.0 41.5 83.4 10.9 .0

. 1.00 42.0 C 0.0 0.0 42,0 10.9 Q.0
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MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB
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BEND-2Z

3303.8
1628.2
5403.5

252.0
5424.8

262.7
2463.7
3822.7
3450.0
1707.5

3303.86
1628.2
10839.1
7728.0
10860.3
7738.3
13778.9
11802.7
3489.6
1707.1

5685.5
6079.3
1370.5
17011.0
1332.7
17050.1
4402.3
18335.6
6550.7
6442.9

2775.7
2775.7
11607.6
2081.8
11625.2
2099.9
16871.9
3182.6
2952.9
2953.5
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6
0
6
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COMBINED

£938.2
5262.9
10490.7
5333.4
10535.6
5367.6
7604.2
8961.3
3523.3
1740.9

6938.2
5262.9
15888.1
12771,2
15932.7
12804.9
18766.8
16788.6
3523.0
1740.4

5893.3
6287.2
1420.6
17074.2
1382.5
17112.0
4563.2
19500.7
£790.3
6682.5

2905.7
2905.7
11825.9
2300.1
11842.7
2317.4
17036.9
3347.6
3274.6
3275.1

850.7
0.0
14466.5
27.4

—- PAGE NO. 21

SHEAR-Y SHEAR-Z

113.6 . 0.0
113.6 0.0
130.3 0.2
130.3 0.2
131.0 0.2
131.0 0.2
31.3 C.1
31.3 0.1
119.7 0.0
118.7 0.0
113.8 0.0
113.6 0.0
427.1 0.2
427.7 0.2
428.5 0.2
428.5 0.2
589.3 0.1
589.3 0.1
119.7 Q.0
1192.7 6.0
5298.5 0.0
5298.5 0.0
7044.0 10.6
7044.0 - 10.6
7078.2 10.¢&
7078.2 10.¢6
6725.5 3.3
6725.5 3.3
48.5 0.0
48.5 D.o
0.0 0.0
0.0 0.0
363.6 10.7
363.¢ 10.7
363.6 10.7
363.6 10.7
765.4 3.5
765.4 3.5
0.0 .0
0.0 0.0
224.1 0.0
224.1 0.0
231.5 3572.9
231.5 3572.9
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B5 MODE CLEANER TUBE SUPPORT -~ PAGE NO. 22

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND~Y BEND-Z COMBINED SHEALR-Y SHEAR-Z
3 .0 27.3 T 13287.3 912.8  14227.4  240.5 3500.9

1.00  27.3 T 0.0 0.0 27.3  240.5 3500.9

4 .0 45.3 T 13171.5  1236.6 14457.4  325.8  3470.4

1.00  49.3 T 0.0 0.0 49.3  325.8 3470.4

5 .0 23.0 C 60.4 95.7 179.2 25.2 15.9

1.00  23.0 ¢ 0.0 0.0 23.0 25.2 15.9

20 1 .0 176.2 T 0.0 0.0 176.2 0.0 0.0
1.00 176.2 T 0.0 0.1 176.3 0.0 0.0

2 .0  182.0 T 0.0 0.0 182.0  4466.2 .  63.9

1.00 182.0 T  374.3 26143.4 26699.7 4466.2 63.9

3 .6 189.1 T 0.0 0.0 189.1 4376.1 63.9

1.00 189.1 T  374.3 25616.4 26179.8 4376.1 63.9

4 .0  256.1 T 0.0 0.0 256.1 4338.0  115.3

1.00 256.1 T  674.8 25393,2 26324.2 4338.0  115.3

5 .0 19.8 C 0.0 0.0 19.8 19.9 53.9

1.00 19.8 ¢ 315.3 116.5 451.6 19.9 53.9

22 1 .0 176.2 T 0.0 0.0 176.2 0.0 0.0
1.00 176.2 T 0.0 0.1 176.3 0.0 0.0

. 2 .0  113.6 T 0.0 0.0 113.6 3926.6  171.7
1.00 113.6 T 1004.9 22985.0 24103.5 3926.6  171.7

3 .0 120.7 T 0.0 0.0 120.7 3836.6  171.7

1.00 120.7 T 1004.9 22458.0 23583.6 3836.6  171.7

& .0 39.4 T 0.0 0.0 39.4 4054.7  223.0

1,00  39.4 T 1305.4 23735.1 25079.9 4054.7  223.0

5 .0 19.8 C 0.0 0.0 19.8 19.9 53.9

1.00 19.8 ¢  315.3 116.7 451.8 19.9 53.9

23 1 .0  176.0 T 0.0 0.0 176.1 0.3 0.0
1.00 176.0 T 0.0 10.0 186.1 0.3 0.0

2 .0 1871.9 T 39.1 14824.4 16735.4  535.5  157.9

1.00 1871.9 T 6303.0  6421.2 14596.0  535.5  157.9

3 .0 1838.6 T 39.1 14484.5 16362.3  523.2  157.9

1.00 1838.6 T 6302.9  6273.4 14414.9  523.2 - 157.9

4 .0 1855.1 T 50.¢  15308.1 17214.1  553.1  205.1

1.00 1855.1 T 8187.2  6635.1 16678.2  553.1  205.1

5 .0 28.7 ¢ 12.3 75.3 116.3 2.7 49.5

1.00  28.7 ¢ 1977.5 31.5  2037.8 2.7 49.5

s 1 .0 0.0 T 0.1  1778.2  1778.2  468.5 0.0
1.00 0.0 T 0.0 0.0 0.0  468.5 0.0

2 .0 5.2 T 80.6  1339.3  1425.1  352.9 21.2

1.00 5.2 T 0.0 0.0 5.2  352.9 21.2

3 .0 5.2 T 80.2  1344.4  1429.7  354.2 21.1

1.00 5.2 T 0.0 0.0 5.2  354.2 21.1

4 .0 7.0 T 80.1  1225.5  1312.6  322.9 21.1

1.00 7.0 T 0.0 0.0 7.0  322.9 21.1

. 5 .0 2.7 C 0.4 54.2 117.3 14.3 15.9
1.00 2.7 ¢ 0.0 0.0 2.7 14.3 15.9
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B> MODE CLEANER TUBE SUPPORT -— PAGE NO. 23

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXTIAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
24 1 .0 1428.4 C 0.0 0.0  1428.4 0.0 0.1
1.00 1428.4 € 4.7 0.0  1433.0 0.0 0.1

2 .0 1075.9 ¢ 0.0 0.0  1075.9 43.0  212.2

1.00 1075.9 ¢  7427.0  2670.5 11173.3 43.0  212.2

3 .0 1079.9 C 0.0 0.0  1079.9 43.0  211.2

1.00 1079.9 ¢ 7391.7  2670.4 11141.9 43.0  211.2

4 .0 98a.4ac 0.0 0.0 984.4 57.9  211.0

1.00 984.4 C  7386.3  3600.9 11971.6 57.9  211.0

5 .0 43.6 T 0.0 3.0 43.6 22.3  159.2

1.00  43.6 T 5572.1  1389.5  7005.2 22.3  159.2

12 1 .0 0.0 T 0.1  1778.2  1778.2  468.5 0.0
1.00 0.0 T 0.0 0.0 0.0  468.5 0.0

2 .0 10.5 C 78.1  1582.5  1671.1  417.0 20.6

1.00  10.5 C 0.0 0.0 10.5  417.0 20.6

3 .0 10.5 ¢ 77.7  1587.5  1675.8  418.3 20.5

1.00  10.5 C 0.0 0.0 10.5  418.3 20.5

4 .0 12.3 ¢ 78.5  1696.4  1787.2  447.0 ~  20.7

. 1.00 12.3 ¢ 0.0 0.0 12.4  447.0 20.7

. 5 .0 2.7 ¢ 60.4 54,2 117.3 14.3 15.9
1.00 2.7 ¢ 0.0 0.0 2.7 14.3 15.9

25 1 .0 1428.4 C 0.0 0.0  1428.4 0.0 0.1
1.00 1428.4 C 4.7 0.0  1433.0 0.0 0.1

2 .0 1271.2 € 0.0 0.0  1271.2 87.7  205.7

1.00 1271.2 ¢ 7201.2  5449.4  13921.9 §7.7  205.7

3 .0 1275.2 C 0.0 0.0  1275.2 87.7  204.7

1.00 1275.2 ¢ 7165.9  5449.3  13890.5 87.7  204.7

4 .0 1362.7 ¢ 0.0 0.0  1362.7  102.6  206.9

1.00 1362.7 ¢ 7241.9  6379.9 14884.%  102.6  206.9

5 .0 43.6 T 0.0 0.0 3.6 22.3  159.2

1.00  43.6 T 5572.1  1389.5  7005.2 22.3  159.2

26 1 .0 0.2 T 0.0 0.1 0.3 0.1 0.0
1.00 0.2 T 0.0 5.2 5.4 0.1 0.0

5 .0 3765.0 ¢ 135.5  9281.9 13182.4  175.0 5.1

1.00 3765.0 ¢ 538.3  4444.7  B748.1  175.0 5.1

3 .0 3689.1 ¢  135.5  9094.8 12919.4  171.5 5.1

1.00 3689.1 ¢  538.3  4354.8  8582.2  171.5 5.1

4 .0 3656.9 ¢  244.2  9015.6 12916.7  170.0 9.3

1.00 3656.9 C  970.4  4314.9  8942.2  170.0 9.3

5 .o 16.8 T  114.1 41.4 172.2 0.8 1.3

1.00  16.8 T  453.4 19.3 489.4 0.8 4.3

27 1 .0 0.2 T 0.0 0.1 0.3 0.1 0.0
1.00 0.2 T 0.0 5.2 5.4 0.1 0.0

> .0 3310.2 ¢  363.7  8160.6 11834.5  153.9 13.8

2 ¢ 1445.1  3909.1  8664.4  153.9 13.8

. 1.00 3310.
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B5 MODE CLEANER TUBE SUPPORT -- PAGE NO. 24

MEMBER STRESSES

ALL UNITS ARE PCUN/SQ INCH

MEMBE LD SECT AXTAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
3 .0 3234.3cC 363.7 7973.5 11571.5 150.4 13.8

1.00 3234.3 C  1445.0 3819.2 8498.6 150.4  13.8

4 .0 3418.4 C 472.5 8426.9  12317.7 159.0 17.9

1.00 3418.4 C  1877.2 4039.0 9334.5 159.0 17.9

5 .0 16.8 T 114.1 41.4 172.3 0.8 4.3

1.00 16.8 T 453.4 19.3 489.4 0.8 4.3

21 1 .0 176.0 T 0.0 0.0 176.1 0.3 0.0
1.00 176.0 T 0.0 10.0 186.1 0.3 0.0

2 .0 2181.8 T 14.6 16861.4 19057.8 609.0 58.8

1.00 2181.8 T 2347.9 7300.5 11830.2 609.0 58.8

3 .0 2148.6 T 14.6 16521.6 18684.7 596.7 58.8

1.00 2148.6 T 2347.7 7152.7 11649.0 596.7 58.8

4 .0 2198.5 T 26.3 16377.7 18602.5 591.4 106.0

1.00 2198.5 T 4232.8 7086.5 13517.8 591.4 _ 106.0

5 .0 28.7 ¢ 12.3 75.1 116.2 2.7 43,5

1.00 28,7 ¢ 1977.6 31.5 2037.8 2.7 49.5

11 1 .0 0.0 C 0.1 850.6 850.7 224.1 0.0
1.00 0.0 C 0.0 0.0 0.0 224.1 0.0

. 2 .0 73.4 ¢ 11922.3 548.5 12544.2 144.5 3141.3
1.00 73.4 C 0.0 0.0 73.4 144.5 3141.3

3.0 73.4 C 11649.0 582.7 12305.0 153.5 3069.3

1.00 73.4 C 0.0 0.0 73.4 153.5  3069.3

4 .0 95.3 ¢ 12311.4 190.4  12597.2 53.2  3243.8

1.00 95.3 C 0.0 0.0 95.3 50.2  3243.8

5 .0 23.0 C 60.5 95.7 175.2 25.2 .  15.9

1.00 23.0 C 0.0 0.0 23.0 25.2 15.9

2 1 .0 0.0 C 0.0 808.0 808.0 334.3 0.0
1.00 0.0 C 0.0 1462.2 1462.2 358.6 0.0

2 .0 0.0 C 0.0 808.0 808.0 479.5 0.0

1.00 0.0 C 0.0 1736.4 1736.4 503.8 0.0

3.0 11.3 T 0.0 832.6 843.9 479.5 0.0

1.00 12.1 T 0.0 1761.0 1773.1 503.8 0.0

4 .0 0.0 C 45.4 808.0 809.3 479.5 18.8

1.00 0.0 C 82.2 1736. 4 1738.3 503.8 20.2

5 .0 0.1 C 0.0 0.0 0.1 0.0 0.0

1.00 0.1 ¢ 0.0 0.0 0.1 0.0 0.0

200 1 .0 0.0 T 0.0 1462.2 1462.2 358.6 0.0
1.00 0.0 T 0.0 2162.2 2162.2 382.9 0.0

2 .0 0.0 T 0.0 1736.3 1736.4 503.8 26.4

1.00 0.0 T 49.8 2710.6 2711.1 528.1 26.4

3 .0 12.1 T 0.0 1761.0 1773.1 503.8 26.4

1.00 12.9 T 49.8 2735.2 2748.6 528.1 26.4

4 .0 0.1 T 82.2 1736.3 1738.4 503.8 46.5

1.00 0.1 T 171.4 2710.6 2716.1 528.1 47.9

1"' 5 .0 0.0 T 0.0 0.0 0.0 0.0 0.0
1.00 0.0 T 0.0 0.0 0.0 0.0 0.0
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103.
104. WSTR 21000. MEMB 13 TO 2
105. LY 70. MEMB 18 TO 27
106. UNL 70. MEMB 13 TO 27
107. WMIN 0.18% MEMB 13 TO 27
iog. cB 1. MEMB 12 TO 27

109, CMY 1. MEMB 13 TO 27
110. MAIN 0. MEMB 13 TO 27
111. RATIO 1. MEMB 13 TO 27
112. CHECK CODE MEMB 13 TO 27

B5 MODE CLEANER TUEE SUPPORT

MEMBER STRESSES

ALL UNITS ARE POUN/S5Q INCH

5 1 .0 0.0 C
1.00 0.0 C

2 .0 1390.0 T

1.00 1390.0 T

3 .0 1383.4 T

1.00 1385.8 T

4 .0 1390.0 T

1.00 1390.0 T

5 .0 6.6 C

1.00 6.6 C

500 1 .0 0.0 ¢
1.00 0.0 ¢

2 .0 1390.0 T

1.00 1390.0 T

3 .0 1385.8 T

1.00 1387.0 T

4 .0 13%0.0 T
~1.00 13%0.0 T

5 .0 6.6 C

1.00 6.6 C

101. PARAMETER
102. CODE AISC
FYLD 459898.96% MEMB 13 TO 27

MEMB LD SECT AXIAL BEND-Y

O o
.
o O

LR ]

312.8
312.8
27.4
470.8
60.2

0.9

~

3%
OO DO =)0 1O O

P

> N
OOFMDWRWE OO

khkkkrkkkkkkrks END OF LATEST ANALYSIS

7

BEND-2

497.2
801.5
969.2
955.8
961.8
953.3
969.2
955.8

80.7

26.4

801.5
1490.0
§55.8
10%0.0
853.3
10%0.0
$55.8
1080.90
26.4
0.0

-— PAGE NO. 25

COMBINED SHEAR-Y SHEAR-Z

497.2
801.5
2408.5
2346.2
23%4.8
2339.6
2467.5
2347.7
87.3
33.0

801.5
1080.0
2346.2
2480.0
2339.¢6
2477.0
2347.7
2481.7

33.0
6.6

19.8 0.0
50.7 0.0
37.9 6l.8
33.0 61.8
36.9 61.8
33.9 61.8
37.9 76.5
33.0 72.5

9.9 0.0

9.9 - 6.0
80.7 0.0
125.0 0.0
33.0 10.1
67.4 10.1
33.9 10.1
68.3 10.1
33.0 0.6
67.4 1.3

9.9 0.0

9.9 0.0

RESULT de gk e de de sk o ek e ok ol e K
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B5 MODE CLEANER TUBE SUPPORT -- PAGE NO. 26
. STAAD-III CODE CHECKING - (AISC)
dAhkhhkd kb hkkhkkdhddkdkdhdh it
ALL UNITS ARE - POUN INCH (UNLESS OTHERWISE NOTED)
MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
FX MY M7 LOCATION
13 ST TUB 30203 PASS AISC- H1-2 0.463 4
9038.11 C 35.73 9173.30 21.13
14 ST TUB 30203 PASS AISC- H1-3 0.349 1
‘ 5960.82 C 0.00 -7201.57 21.12
15 ST TUB 30203 PASS AISC~ H1-3 0.476 3
254.69 C 13.08 -16416.29 2.50
16 ST TUB 30203 PASS AISC- H2-1 0.617 4
228.75 T 25,51 21371.08 0.00
17 ST TUB 30203 PASS AISC- H2-1 0.707 4
263.88 T 4.22 -24491.76 2.50
18 ST TUB 30203 PASS AISC- H1-1 0.761 4-
8177.02 C -1.89 17453.24 0.00
19 ST TUB 30203 PASS AISC- Hi-1 0.492 3
8372.00 C 5.82 -6871.56 0.00
20 ST TUB 40408 PASS AISC- H2-1 0.967 "2
1157.43 T -2302.11 160781.72 9.00
21 ST TUB 40408 PASS AISC- H2-1 0.691 2
. 13876.25 T 89.68 ~103697.87 0.00
22 ST TUB 40408 PASS AISC- H2-1 0.909 4
250.88 T -8028.44 145970.64 9.00
23 ST TUB 40408 PASS AISC- H2-1 0.624 4
11798.70 7T 312.75 -94145.08 0.00
24 ST TUB 30203 PASS AISC- H1-3 0.458 4
1614.45 C 7386.28 4561.13 70.00
25 ST TUB 30203 . PASS AISC- H1-3 QTETT, 4
2234.76 C 7241.92 BOBTTIS 70.00
26 ST TUB 40408 PASS AISC- H1-1 0.581 2
23945.64 C 833.21 ~57083.81 0.00
27 ST TUB 40408 PASS AISC- H1l-1 0.534 4
21740.74 C 2905.72 -51825.,55 0.00
113. SELECT WELD MEMB.13 TO 27
Revision No. 1
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B5 MODE CLEANER TUBE SUPPORT

STAAD-III WELD DESIGN

e o ode sde e ok ok e ol e e e ke ok ke ok de kb ko

ALL UNITS ARE - INCH POUN

-- PAGE NO. 27

MEMBER  LOCATICN/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS
13 STA 1 3/1¢ 4825.89
4 0.90 231.59 4820.233
13 END 1 3/16 10284.94
4 0.90 231.59 10282.34
14 STA 1 3/16 4247.15
3 2.79 42,65 4246,93
14 END 1 3/16 7448.92
1 0.00 181.81 7446.70
15 STA 1 3/16 7446.12
4 14.62 4829.48 5667.51
15 END 1 3/16 10925.75
3 45.19 4677.98 9873.53
16 STA 1 3/16 12813.45
4 13,92 467.91 12804.90
16 END 1 3/16 2572.39
4 13.92 467.51 2529.44
17 STA 1 3/16 5468.45
1 0.00 3178.10 4449.41
17 END 1 3/16 15205.21
4 14.60 4044.45 14657. 44
18 STA 1 3/16 14709.55
4 11.44 361.20 14705.11
18 END 1 3/16 13225.29
4 11.44 361.20 13220.35
19 STA 1 3/16 §542.02
3 35,35 102.14 8541.34
12 END i 3/16 7364.00
4 11.44 26.40 7363.95
20 STA 1 3/16 5967.97
2 B5.26 5954.88 385.81
20 END 1 6/16 20792.71
2 42.63 2977.44 20578.38
vision No. 1
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B5 MODE CLEANER TUBE SUPPORT

STAAD-IIY WELD DESIGN

Fkhkddkhkdkhkdkkhkkkkdhdkkkd

ALL UNITS ARE - INCH POUN

-- PAGE NO.

MEMBER  LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

21 STA 1 5/16 18350.67
2 71.83 512.08 18343.38

21 END 1 4/16 16561.67
4 162,09 647.48 16548.22

22 STA 1 3/16 5415.14
4 287.35 5406.32 B3.63

22 END 1 6/16 19480.73
4 148.67 2703.16 19291.70

23 STA 1 4/16 20673.48
4 313.54 661.53 20660.52

23 END 1 4/16 20055.89
4 313.54 661.53 20042.52

24 STA 1 3/16 1249.38
1 0.04 0.00 1249.36

24 END 1 3/1¢ 8936.02
4 56.28 34.75 8935.78

25 STA 1 3/16 1249.36
1 0.04 0.00 1249.36

25 END 1 3/186 11247.86
4 35.18 61.57 11247.56

26 S5TA 1 4/16 16851,09%
2 189.78 369.68 16845.85

26 END 1 3/16 15901.27
4 480.22 694.53 15878.84

27 STA 1 3/16 20980.09
4 928.54 1117.01 20929.73

27 END 1 3/16 16407.50
4 ©29.94 1117.01 16343,05

EEA SR L ER LR E RS E RS END OF TABULATED WELD

DESTGN hdedkkokdokkdhhkk ok kdkdoh
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B5 MODE CLEANER TUBE SUPPORT -- PAGE NO. 29
. 114. LOAD LIST ALL
115, FINISH ~ b

dhkkkkkkhkhkkkkrrd FEND OF STAAD-III do 3k % dr ook e vk ek o e ko

**** DATE= SEP 20,1996 TIME= 14; 7:3]1 ****

e ok e e e e o do 3k deok do e o ok vk ke e ok S ok ek ok ok e e ok ok e ok e sk ok ke ok e e o o e ok o ke o ke ke e ke ke ok

* For questions on STAAD-III, contact: *
* Research Engineers, Inc at *
* Ph: (714} 574-2500 Fax: (714) 921-2343 *

Y L2222 222222 E R TR R S R S L AL R L bl
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Filename: B-5 ANCHOR
ALL ARCUND RECTANGULAR OR SQUARE FILLET WELD

Between part MEM 21 & 23 and BASEPLTS

ey

-
1

—t 4+ -

Qe q’n

e

LOAD INPUT ( LBS., INCH-LBS. )
Fl F2 F3 Ml M2 M3
2212.00 11799.00 820.00 50356.00 1157.00 40806.00

GEOMETRIC DIMENSIONS
a b WELD STRESS (PSI) SKEWED ANGLE (90e>&<120@)
4.000 4.000 21000 20.000

SECTION PROPERTIES
A Swl Sw3 J Ccl c3
16.000 21.333 21.333 85.333 2.000 2.000

EFFECTIVE THROAT CORRECTION FACTOR
ME
1.00

MAXIMUM WELD LOAD (f) - #/INCEH
f=
5014

REQUIRED FILLET WELD SIZE (INCHES)

w;.sss vee Yo a,(,(avow—Q QL}
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. HORIZCONTAL FILLET WELDS PARALLEL TO Fl AXIS

Between part BASEPLATE & JT 23/MEM24 JT 25/MEM 25

filename:

B-5,3,&2

X |
! FS CFE
5 .75 ;
g i
LOAD INPUT ( LBS., INCH-LBS. )
Fl P2 F3 M1
18535.00 0.00 187.00 20168.00
GEOMETRIC DIMENSIONS
a ‘ b WELD STRESS (PSI)
4.000 8.750 21000
SECTION PROPERTIES
A Swl Sw3 J
17.500 35.000. 25.521 181.654

MAXIMUM WELD LOAD (f) - #/INCH
£
1704

REQUIRED FILLET WELD SIZE (INCHES)
w
0.115

- :\ (‘Fx
M2 M3
6295.00 175%8.00
cl c3
2.000 4,375
i
wewvision MO
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Filename:
ALL AROUND RECTANGULAR OR SQUBRE FILLET WELD

Between part MEM 18 & 19 and BASEPLTS

L b

LOAD INPUT ( LBS., INCH-LBS. )}
Fl F2 F3 M1
663.00

GECMETRIC DIMENSIONS

a : b WELD STRESS (PSI)
3.000 2.000 21000

SECTION PROPERTIES
A swl Sw3 J
10.000 9.000 7.333
V-

EFFECTIVE THROAT CORRECTION FACTOR
Mf
1.00

MAXIMUM WELD LOAD (f) - #/INCH
f=
1662

REQUIRED FILLET WELD SIZE (INCHES)

UG 5!’1(; C-M‘;Q

0.112

14950.00

20.833

B~5 SUPPORT

M2 M3

SKEWED ANGLE (90e>8<1200)

90.000
Cl Cc3
1.500 1.000
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-088
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 53
REV. DEQ# | DATE | BY: CHECK | TITLE:
0 0139 4/24/96 WDB AGR Design of Generic Support Scheme for;
1 pz32 |4/ Woulwny | P& Beam Tube Manifold BE-5
BY: W. Bilynsky | DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:. The purpose of this calculation is to design a generic support scheme for the Beam Tube
Manifold (BTM) BE-5 and the related spool pieces i.e. B-1,and B-8. The support scheme as designed
allows for thermal axial growth. The axial growth is restricted by means of a flexible support.

METHOD: Supports were located based on acceptable thermal displacements. The “flex-support” was
designed for the AISC code allowable stresses, additionally the bellows on A-13 and BE-5 are designed
for a max displacement of +/- 2-1/4 inches. A STAAD model of BTM BE-5 was generated and used for
design. Baseplates, anchor bolts and thru-bolted connections were designed using classical hand
calculations and STAAD computer output. Load cases included; DW, Thermal, Vacuum and Seismic
(static g load). DW included the weight of the vessel and its flanges, Thermal included a temperature loa
along the length of the vessel, unbalanced vacuum loads occur due to the difference in size between
the bellows spool pieces at A-13 and spool B-8. Seismic factors were applied for horizontal loads.

ASSUMPTIONS: See Calculation

INPUTS: 1. Vessel wght = 16.15 Ib/in,
2. Thermal Coeff of Expansion = 9.19E-06 in/in F
3. Seismic Acceleration = 0.05625 g.
4. Unbalanced Vacuum Load = 18640. lbs

REFERENCES: 1. STAAD-II release 21, Research Engineers
2. ASD - AISC 9th edition
3. COMPRESS computer aided design Version 5.53
4. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:

V049-1-085 - Beam Manifold Tube BE-5 (Vessel Design)
V049-1-032 - Component Interface Loads

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Design Criteria are met.

NOTES: STAAD-III Computer file: BESBTMRI1.*
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PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049

CALCULATION TITLE: Design of Generic Support Scheme for Beam Tube Manifold BE-5

REVISION HISTORY

Rev. 0 Original Issue
April 24, 1996

Rev. 1 Issue Date
September 19, 1996

s Added unbalanced vacuum axial load to all pertinent load cases.

» Released moments at pinned connections to stiffener ring in STAAD model.
Revised Structura! Tube Steel members from 4” x 27 x 5/16” thk
to4” x 4”7 x 1/2” thk,
Revised body of calc to reflect changes due to new vacuum load.
Added additional weld calculations
Revised design details to reflect change in members.
Revised stiffener/support ring to 47 x 3" x 3/8” £ 7 X3 %2
Revised anchor bolts and base plate sizes
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DISCUSSION

Beam Tube Manifold (BE-5)
Support Scheme

Step 1 - BE-5 support/anchorage assembly includes BE-5, B-1 and B-8 and portions of A-13.
Anchorage was preferred at the midspan of BE-5, however due to the overall length of the BE-3
support/anchorage assembly, the anchor and flexible support locations were selected to facilitate
the expected thermal growth.

Step 2 - Flexible supports were located based on a maximum allowable thermal displacement
A maximum allowable displacement of 1/2” was established. This in turn determined the
maximum spacing between anchor and flexible support.

Step 3 - A finite element model which includes the properties of the beam tube manifold shell and
the support frame were generated using the STAAD structural design computer program.

Step 4 - Applicable loading conditions were determined. These included; deadweight for vessel and
flanges, uniform thermal load for the Beam Tube Manifold, unbalanced vacuum ioads at the
roughing pumps and seismic factors. Additionally,an unbalanced vacuum load acts on the Beam
Tube Manifold due to the disparity at the A-13 bellows to B-8 Manifold interface.

Step 5 - Computer output results were evaluated.

Step 6 - Using computer generated forces and reactions, anchors, baseplates, boited
connections (support legs to vessel stiffener rings), and welded connections were designed.
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STAAD POST=-PLOT (REV:
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DATE:
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PAGE NO. 1

********'-k*****************************************

STAAD- III
Revision 21.0
Proprietary Program of
Research Engineers, Inc.
Date= SEP 26, 1996
Time= 15:71:41

* + % * ¥ * F

*

USER ID: PROCESS SYSTEMS INTERNATIONAL IN *

kkkhkdkdkkdkhddkhdkhkdkkkkhkdhhhhhkdhdhdhkddhhkdhddhhdhkdk

* & o F % A N F* *

1. STAAD SPACE BE-5 BEAM TUBE MANIFOLD SUPPORT
2. INPUT WIDTH 72
3. UNIT INCHES POUND
4. JOINT CCORDINATES
5,1 0. 0. 0.,; 223, 0. 0.; 3106.187 0. 0.; 4 186.187 0. 0.
6. 5 226.187 0. 0.; 6 274.187 0. 0.; 7 362.187 0. 0.; 8 426. 0. 0.
7. 9 596. 0. 0.; 10 186.187 0. -38.625; 11 186.187 -9. -38B.625
8. 12 186.187 -70. -38.625; 13 246.187 -70. -38.625; 14 186.187 0. 38.625
9. 15 186.187 -9. 38.625; 16 186.187 -70. 38.625; 17 246.187 -70. 38.625
10. 18 426. 0. -38.625; 19 426. -70. -38.625; 20 426. 0. 38.625
11. 21 426. -70. 38.8625
12. MEMBER INCIDENCES
13, 1 1 2; 22 3; 33 4; 4465; 556; 667; 7 78; 8829; 94 10; 10 8 18
14. 11 4 14; 12 8 20; 13 11 10; 14 12 11; 15 15 14; 16 16 15; 17 19 18
15, 18 21 20; 19 13 11; 20 17 15
1l6. MEMBER PROPERTY AMER
17. 17 18 TABLE ST TUB40203
18. 13 TO 16 15 20 TABLE ST TUB40408B
19. 9 TO 12 TABLE ST TUBB0805

20. 1 TO 8 TABLE ST PIPE oD 72.75 ID 72.25
21. MEMBER RELEASE

22. 13 15 17 18 END MX MY MZ

23. CONSTANTS

24, E STEEL ALL

25. PCISSON STEEL ALL

26, DENSITY STEEL ALL

27. BETA %0. MEMB 13 TO 18

28. ALPHA (¢.00000919 MEMB 1 TO 12

29. SUPPORTS

30. 19 21 FIXED BUT M2

31. 12 13 16 17 FIXED

32‘ dekdkkdk kv dedkddkkhdkhohkhkhddd kb kkk
33. LOAD 1 DW

34. JOINT LOAD

35, 2 FY -1751.

36, ** FLG WT = 370.# + 1381# = 1751.#
37. 3 5 FY -740.

38. ** FLG WT = 2 (370#)= 740.#%

39. MEMBER LOAD

40, 1 TO 8 UNI Y -16.15

41 . dedkkkkkdrd ok kh Ak kkhdkkdhdhhdk

Revision No. 1
Dioc. No, V049-1-083
Page 11 of 53



BE-5 BEAM TUBE MANIFOLD SUPFORT

42.
43.
44,
45,
46,
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
58.
60,
6l.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
15.
76.
7.
78.
79.
80.
8l.
82.
83.
84.
85.
86.
87.
88,
89.
90.
9.
9z.
a3.
%4.

LOAD 2 DW+TH+VACUUM(+)

JOINT LOAD ) ’

1 F¥X 18639.992

** UNBALANCED VACUUM LOAD @ BELLOWS

2 FY -1751.

3 5 FY -740.

6 FZ 382,

*% UNBALANCED VACUUM LOAD @ &" NOZILE
7 FZ 1042,

** UNBALANCED VACUUM LOAD @ 10" NOZZILE
MEMBER LOAD

1 T0 8 UNI Y -16.15

TEMPERATURE LOAD

1 TO 12 TEMP 330.

e e g e ok ke e o ok ok e e e T Ao gk 3k e de ok ok ok ke e e e vl ok ke ok e ok
LOAD 3 DW+TH+VACUUM({+)+SEIS~AXIAL
JOINT LOAD

1 FX 18639.992
2 FY -1751.

2 FX 98.5

** SEISMIC LOAD
3 5 FY -740.

3 5 FX 42.

** SEISMIC LOAD
6 FZ 382,

7 FZ 1042.
MEMEER LOAD

1 TO 8 UNI Y -16.15

1 TO 8 UNT X 0.9208

*% SEISMIC LOAD = 0.05625(16.15)=0.908
TEMPERATURE LOAD

1 TO 12 TEMP 330.
dededekhhkdkhkhkdhhhhhkthhddhkhdddddihdihid
LOAD 4 DW+TH+VACUUM(+)+3EIS-LAT

JOINT LOAD

1 FX 18639,9982
2 FY -1751.
2 FZ 98.5

3 5 FY -740.
3

6

7

0.05625(17514)=98.5%

0.05625(740.#)=42.4#

5 F2 4Z.

FZ 382.

FZ 1042Z2.
MEMBER LOAD
1 T0 8 UNI Y -16.15
1 TO 8 UNT 2 0.3%08
TEMPERATURE LOAD
1 TO 12 TEMP 330.
hddkdkdhkhkddkhkhhkhhkhkkhkkkdhkhhdkdhdhtid
LOAD 5 THERMAL DISP "BAKEOUT™
TEMPERATURE LOAD
1 TO 12 TEMP 330.

dddkedekkkhhkdkhkkdkdhkhkhkhkhkhkhk bk bk khkdritd

PERFORM ANALYSIS

-- PAGE NO. 2
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BE-5 BEAM TUBE MANIFOLD SUPPORT —— PAGE NO. 3

PROBLEM STATISTTICS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 21/ 20/ 6

ORIGINAL/FINAL BAND-WIDTH = 12/ 4
TOTAL PRIMARY LOAD CASES = 5, TOTAL DEGREES OF FREEDOM = 92
SIZE OF STITFNESS MATRIX = 2208 DCUELE PREC. WORDS
REQRD/AVAIL, DISK SPACE = 12.05/ 951.8 MB, EXMEM = 14.83 MB
++ PROCESSING ELEMENT STIFFNESS MATRIX. 15:11:43
++ PROCESSING GLOBAL STIFFNESS MATRIX. 15:11:43
++ PROCESSING TRIANGULAR FACTORIZATION. 15:11:43
++ CALCULATING JOINT DISPLACEMENTS. 15:11:43
++ CALCULATING MEMBER FORCES. 15:11:43

95. PRINT MATERIAL PROPERTIES ALL

Revision No, 1
Doc. No. V(049-1-088
Page 13 of 53



BE-5 BEAM TUBE MANIFOLD SUPFORT

MATERIAL PROPERTIES.

ALL UNITS ARE

MEMBER

WOy~ e k-

- POUN INCH
E G
28000000.0 11153846.0
29000000.0 11153846.0
29000000.0 11153846.0
29000000.0 11153846.0
29000000.0  11153846.0
29000000.0 11153846.0
29000000.0 11153846.0
28000000.0 11153846.0
29000000.0 11153846.0
29000000.0 11153846.4Q
29000000.0 11153846.0
29000000.0 11153846.0
29000006.0 11153846.0
29000006G.90 11153846.0
28000000.0 11153846.0
29000000.0 11153846.0
23000000.0 11153846.0
29000000.0 11153846.0
25000000.0 111538456.0
29000000.0 11153846.0

DEN

0.2829999%
0.28299999
0.28289999
0.2829%995
0.28299999
0.28299959
0.28298995
0.28299998
0.2B828599%
0.2825999%
0.28259599
0,.28299999
0.28299989
0.282999399
0.28299999
0.282998%9
0.282999%99
0.28299999
0.28299999
0.28295999

-- PAGE NO.

ALPHA

0.00000%919
0.00000819
0.00000818
0.00000919
0.00000919
0.00000918
0.0000Q00919
0.00000219
0.00000%918
0.00000818
0.00000919%
0.0000065918
0.00000000
0. 00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

*kkdkkkhkkkk END OF DATA FROM INTERNAL STORAGE ****k**kkis

96. PRINT MEMBER INFORMATION ALL

4




BE-5 BEAM TUBE MANIFOLD SUPPORT

MEMBER INFORMATION

MEMBER START END LENGTH
JOINT JOINT (INCH)

1 1 2 23.000
2 2 3 83.187
3 3 4 80.000
4 4 5 40.000
5 5 6 48.000
6 & 7 88.000
7 7 8 63.813
8 8 9 170.000
9 4 10 38.625
10 8 18 38.625
11 4 14 36.625
12 8 20 38.625
13 11 10 ' 9.000
14 12 Sl 61.000
15 15 14 9.000
16 leé 15 61.000
17 19 18 70.000
18 21 20 70.000
19 13 11 85.563
20 . 17 15 85.563

BETA
(DEG)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-~ PAGE NO. 5

RELEASES

0000400000111
0060000000111

000000000111
000000000111

$4kk%kkddxs* END OF DATA FROM INTERNAL STORAGE *****#kki ik

97. PRINT JOINT COORDINATES ALL
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BE-5 BEAM TUBE MANIFOLD SUPPORT

JOINT COORDINATES

COORDINATES ARE INCH UNIT

JOINT

WW-IddDpNpP

X

0.000
23.000
106.187
lse.187
226.187
274.187
362.187
426.000
596.000
186.187
186.187
186.187
246.187
186,187
186.187
186.187
246.187
426.000
426.000
426.000
426.000

—-—- PAGE NO. 6

Y Z
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 -36.625

-5.000 -38.625
-70.000 -38.625
-70.000 -38.625

0.000 38.625

-9.000 38.625
-70,000 38.625
-70.000 38.625

0.000 -38.625
-70.000 -38.625
0.000 38.625
=70.000 38.625

kkskkkkkdkk® END OF DATA FROM INTERNAL STORAGE ****#kkdkhuk

9g.

SUPPORT INFORMATION

UNITS FOR SPRING CONSTANTS ARE POUN INCH DEGREES

JOINT

18

21

12

i3

FORCE-

KFX

1

1

(1=FIXED,

X/ FORCE-Y/

KFY

1

1

PRINT SUPPORT INFORMATION ALL

0=RELEASED)

FORCE-Z/  MOM-¥/ MOM-Y/  MOM-Z/

KFZ KX KMY KMZ

1 1 1 0
0.0 0.0 0.0 0.0

1 1 1 0
0.0 g.0 0.0 0.0

1 1 1 1
0.0 0.0 0.0 0.0

1 1 1 1
0.0 0.0 0.0 0.0

Revision No. 1
Doc. No., V049-1-088
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BE-5 BEAM TUBE MANIFOLD SUFPPORT -- PAGE NO. 7

16 1 1 1 1 1 . 1
v Q.0 : 0.0 0.0 0.0 0.0 0.0

17 1 1 1 1 1 1
6.0 0.0 0.0 0.0 0.0 0.0

**#%kkhkkkk* END OF DATA FROM INTERNAL STORAGE ****s*xxkwid

89, PRINT ANALYSIS RESULTS
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BE-5 BEAM TUBE MANIFCLD SUPPORT

JOINT DISPLACEMENT (INCH RADIANS}

JOINT LOAD

10

WRNEHE OB WREFRE S WNE MBS WR P WS WM W W W OB WRNEE O WN e WD P

X-TRANS

-0.00197
-0.44606
-0.44145
-0.44606
-0.56465
~0.00187
-0.37657
-0.371%6
-0.37657
-0.459490
-0.00197
-0.12522
-0.12062
-0.12522
-0.24262
-0.001%7
0.11649
0.12108
0.11649
0.00000
-0.00187
0.23780
0.2424¢0
0.23780
0.12131
-0.00197
0.38337
0.38797
0.38337
0.26688
-0.00197
0.65025
0.65487
0.65025
0.5337¢6
-0.00197
0.84377
0.84840
0.84377
0.72728
-0.00197
1.35933
1.36337
1.35933
1.24284
-0.00197
0.04902
0.05073

Y-TRANS

-0.07671
~0.06897
-0.06971
-0.06927

0.00000
-0.07218
-0.06581
-0.086558
~0.06581

0.00000
-0.0554¢6
-0.05040
-0.05021
-0.05040

0.00000
-0.04047
-0,03667
~-0.03653
~0.03667

0.00000
-0.03502
-0.03186
-0.03174
-0.0318¢6

0.00000
-0.02822
-0.02682
-0.,02673
-0.02682

0.00000
-0.02019
-0.01918
~0.01814
-0.01918

0.00000
-0.01455
—0.01455
-0.01455
—0.01455

0.00000
-0.00283
-0.00551
-0.00562
-0.00551

0.00000
-0.00183

0.00254

0.00z69

Z-TRANS

0.00000
0.01436
0.01436
0.06874
0.00000
£.00000
0.02541
0.02541
0.0B062
0.00000
0.00000
0.06537
0.06537
0.12359
0.00000
0.00000
0.10381
0.10380
0.16498

. 0.00000

0.00000
0.12320
4.12320
0.18598
0.00000
0.00000
0.148661
0.14661
0.21137
0.00000
0.00000
0.18955
0.18955
0.25805
0.00000
0.00000
6.22045
0.22045
0.29173
0.00000
0.00000
0.30293
0.30282
0.38179
0.00000
0.00000
-0.01332
-0.01333

STRUCTURE TYPE

X-ROTAN

0.00000
0.00001
0.00001
0.00001
0.00000
0.00000
0.00001
0.00001
0.00001
0.00000
0.00000
0.00001
0.00001
0.00001
0.00000
0.00000
0.00001
0.00001
0.00001
0.00000
0.00000
4.00001
0.o0001
0.00001
¢.00000
¢.00000
0.00001
0.00001
0.00001
¢.00000
0.00000
0.00001
0,00001
0.00001
0.00000
0.00000
0.00001
0.00001
0.00001
0.00000
0.00000
0.00001
0.00001
0.00001
0.00000
0.00137
0.0013%
0.00139%

-~ PAGE NO.

= SPACE

¥-ROTAN

0.00000
-0.00048
-0.00048
-0.00052

0.00000

0.00000
-0.00048
~0.00048
~-0.00052

0.00000C

0.60000
~0.00048
-0.00048
-0.00052

0.00000

0.00000
-0.00048
-(0.00048
-0.00052

0.00000

0.00000
-0.00048
~0.00048
-0.00052

0.00000

0.00000
-0.00049
-0.00049
-0.00053

0.00000

0.00000
-0.00049
-0.00049%
-0.00053

0.00000

0.00000
-0.,00049
—-0.00049
-0.00053

0.004000

0.00000
-0.00049
-0.00049
-0.00053

0.00000

g.00000

0.00257

0.00267

Z-ROTAN

0.00020
0.00018
0.00018
0.00018
0.00000
0.00020
0.00018
0.00018
0.00018
0.00000
0.00019
0.00017
0.00017
0.00017
0.00000
0.00016
0.00014
0.00014
0.00014
0.00000
0.00014
0.00012
0.00012
0.00012
0.00000
0.00012
0.00010
¢.00010
0.00010
0.00000
0.00010
0.00008
0.00008
¢.00008
0.00000
0.00008
0.00007
0.00007
0.00007
0.00000
0.00007
0.00005
0.00005
0.00005
0.00000
0.00016
0.00014
0.00014
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 9

JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE TYPE = SPACE

JOQINT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z—ROTAN

0.04558 0.00255% 0.04781 0.00139 0.00256 0.00014
0.00000 0.00000 -0.11706 0.00000 0.00000 0. 00000

11 -0.00161 -0.00160 0.00000 0.00000 0.00000 0.00004
0.01468 0.00278 -0.01087 -0.00027 -0.00003 -0.00276
0.01522 0.00293 -0.01087 -0.00027 -0.00003 -0.00285
0.01486 0.00283 0.03901 0.00095 0.00010 -0.00279
0.00000 0.00000 -0.09552 -0.00234 -0.00025 0.00000
12 0.00000 0.00000 G.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 0.000aG0 0.00000 0.00000 0.00000 0.00000
0.0Q0000 0.00000 0.00000 0.00000 0.00000 0.00000
13 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 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 ¢.00000
0.00000 0.000090 0.00000 0.00000 0.00000 0.00000
14 -0.00197 -0.00183 0.00000 -0.00137 0.00000 G.00016

0.03522 0.00138 0.22079 -0.00135 -0.00270 0.00014
0.03693 0.00152 0.22079 -0.00135 -0.00281 0.00014
0.03467 0.00133 0.28193 -0.00135 -0.00271 0.00014
0.00000 0.000600 0.117086 0.00000 0.00000 0.00000
-0.00161 -0.00160 0.00000 0.00000 0.00000 0.00004
0.01028 0.00161 0.18017 0.00441 0.00047 -0.00200
0.01083 0.00176 0.18017 0.00441 0.00047 -0.00209
0.01010 0.00156 0.23006 0.00563 0.00060 ~0.00197
0.00000 0.00000 0.09552 0.00234 0.00025 0.00000

o .

HmwaHw-ﬁ-le—-‘Lﬂwal—‘U'I-hI'.Dl\.)I—'U'ldthl—'U'lbwaHLﬂ\bWNHU‘-thI—lLﬂpwar—'w-h

16 0.00000 §6.00000 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.0000Q0 0.00000 0.00000
0.00000 0.00000 o.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
17 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 0.00000
0.00000 0.00000 0.00000 ¢.00000 £0.00000 0.00000
0.00000 0.00000 0.00000 0.006000 0.00000 0.00000
18 -0.00197 -0.001%0 ¢.00000 0.00045 0.00000 0.00008
0.86251 -0.00186 0.10330 0.00045 -0.00049 0.00007
0.86714 -0.00186 0.10330 0.00045 -0.00049 0.00007
0.86420 -0.00185 0.17457 0.00045 -0.00053 0.00007
0.72728 0.00000 -0.11712 0.00000 0.00000 0.00000
i9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00003
0.00000 0.00000 0.00000 0.00000 0.00000 -0.01232
0.00c000 0.00000 0.00000 0.00000 0.00000 -0.01239
0.00000 0.00000 0.00000 0.00000 0.00000 -0.01235
0.00000 ¢.00000 0.00000 0.00000 0.00000 -0.0103%
20 -0.00197 -0.006190 0.00000 -0,00045 0.00000 0.00008
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 10

JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE TYPE = SPACE

JOINT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN

0.82503 -0.00183 0.33754 -0.00045 -0.0004% 0.00007
0.82966 -0.00143 0.33754 -0.00045 -0.00049 0.00007
0.82334 -0.0019%4 0.40881 -0.00045 -0.00053 0.00007
0.72728 0.00000 0.11712 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00003
0.00000 0.00000 0.00000 0.00000 0.00000 -0.01179
0.00000 0.00000 0.00000 0.00000 0.00000 -0.01185
0.00000 0.00000 0.00000 0.00000 0.00000 -0.01176
¢.00000 0. 00000 0.00000 0.000060 0.00000 -0.01039

21

s D B = U N
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JOINT LOAD

13

21

iz

13

1&

17

BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO.
SUPPORT REACTIONS —UNIT POUN INCH  STRUCTURE TYPE = SPACE

FORCE-X FORCE-Y  FORCE-Z MOM-X MOM-Y MOM 2
0.00 1586.45 0.00 0.00 0.00 0.00
0.00 1554.13 -101.76 =-7123.49 0.00 0.00
0.00  1554.13 =~101.76 -7123.39 0.00 0.00
0.00 1551.53 -171.98 -12038.33 0.00 0.00
0.00 0.00 115.38 8076.84 0.00 0.00
0.00 1586.45 0.00 0.00 0.00 0.00
0.00 1618.77 -332.53 -23276.78 0.00 0.00
0.00 1618.77 -332.52 -23276.69 0.00 0.00
0.00 1621.37 -402.74 -28191.63 0.00 0.00
0.00 0.00 -115.38 -8076.45 0.00 0.00
7.50  4828.55 0.00 0.00 0.00 -460.01
1276.65 -8400.25 50.66 3101.16  112.09 -22809.53
1319.14 -8844.31 50.67  3101.67 112.11 -23557.82
1290.48 -8542.19 ~181.79 -11128,71 _ -402.23 -23053.33
0.00 0.02  445.10 27247.65 984.83 0.03
-7.50 13.20 0.00 0.00 0.00 -331.93
-12057.81 13274.32 12.90 1347.70  661.69 -18968.28
-12461.32 13718.38 12,90  1347.92 661.80 -19592.26
-12189.15 13418.86  -46.28 -4836.32 -2374.53 -19171.55
0.02 -0.02 113.31 11841.30 5813.82 © 0.03
7.50  4828.55 0.00 0.00 0.00 -460.01
932.59 -4870.66 -839.55 -51394.09 -1857.57 -16746.98
975.09 -5314.70 -839.54 -51393.59 -1857.55 -17495.23
918.76 -4728.74 -1072.00 -65623.96 -2371.89 -16503.20
0.01 ~0.06  —445.10 -27247.60 -984.83 ~0.11
-7.50 13.20 0.00 0.00 0.00 -331.93
-8791.80 9680.09 -213.73 -22334.88 -10965.95 -13913.56
-9195.30 10124.13 -213.72 -22334.66 -10965.84 -14537.51
- 7. _9535.56 -272,90 -28518.90 -14002.17 -13710,31
~0.06 0.07 <113.31 -11841.28 -5813.81 Z0.09

Aol L B B g L0 B 2 LA s G DY 2 O s G DO e L B D L DO
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MEMBER END FQRCES

ALL UNITS ARE —- POUN INCH

MEMBER LOAD JT

1 1 1
2

2 1

2

3 1

2

4 1

2

5 1

2

2 1 2
3

2 2

3

3 2

3

4 2

3

® .
3

3 1 3
4

2 3

4

3 3

4

4 3

4

5 3

4

4 1 4
3

2 4

5

3 4

5

4 4

5

5 4

5

5 1 5
6

AXIAL

0.00

0.00
18638.67
-18638.67
18642.09
-18662.60
18640.13
-18640.13
-0.49
0.49

0.01
-0.01
18641.11
-18641.11
18758.76
-18834.96
18641.11
~18641.11
0.00

0.00

0.00

0.00
18641.11
-18641.11
18876.85
-18549.22
18640.62
-18640.62
0.93
-0.98

0.00
0.00
0.49%
-0.49
-413.09
376.95
0.00
0.00
0.98
-0.98

BE-5 BEAM TUBE MANIFOLD SUPPORT

SHEARR-Y

0.09
371.36
-0.09
371.54
0.02
371.43
0.03
371.42
6.00
0.00

-2122.44
3465.81
-2122.43
3465.%0
-2122.45
3465.92
-2122.43
3465.90
0.00
0.00

-4205,.95
5497.95
-4205,82
5497.92
-4205.91
5497.91
-4205.94
5497.94
0.00
0.00

4185.57
-3539.57
4185.58
-3539.58
4185.56
-3539.56
4185.58
~3539.58
0.00
0.00

2799.59
-2024.39

STRUCTURE TYPE = SPACE

SHEAR-2Z

0.00
0.00
-0.04
0.04
-0.02
6.02
0.02
-20.91
0.00
0.00

0.00
0.00
0.00
0.00
0.01
-0.01
118.27
-194.80
0.00
0.00

0.00
0.00
~0.02
¢.02
-0.03
0.03
236.90
~309.54
0.00
0.00

0.00
0.00
-589.64
989.64
~989.78
989.78
-1263.25
1226.93
0.02
-0.02

TORSION

0.00
0.00
-0.04
0.04
0.02
-0.02
-0.02
0.02
0.00
0.00

0.00
0.00
-0.01
0.01
0.00
¢.00
¢.00
0.00
.00
0.00

0.00
0.00
0.01
-0.01
-0.01
0.01
0.00
0.00
0.00
0.00

.00
0.00
2496.686
-2496.66
2496.69
-2496.69
2697.49

-2697.49-

-0.06
0.06

-0.01
0.01

—-— PAGE NO. 12
MOM-Y MOM-2Z
0.00 1.01

0.00 -4271.04

3.03 -0.88

0.11 -4271.73
-0.65 2.04
1.82 -4269.75

1.41 0.58
-240.37 -4269.77
-0.086 -0.01
0.10 0.01

0.00 4271.54

0.00 -236711.19
-1.56 4273.11
1.27 -236708.94
-0.17 4270.59
-1.37 -236711.69
247,13 4272.93
-13311.55 -236710.00
-0.14 -0.01
-0.27 0.00
0.00 236709.42

0.00 -624865.88

0.58 236711.33

1.14 -624865.50

1.02 236712.23

1.07 -624864.25
13313.71 236710.25
-35168.86 -624865.19
0.52 0.00
-0.81 -0.01
0.00 624865.81

0.00 -470363.28
112860.13 ©624864.94
-73275.72 -470362.84
112859.82 624865.13
-73269.63 -470362.72
157102,.39 624865.25
107296.86 -470362.66
-1.86 ¢.01
0.95 -0.01

0.00 470362.72

0.00 -354586.97
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BE-5 BEAM TUBE MANIFOLD SUPPORT —-- PAGE NO. 13

MEMEER END FORCES STRUCTURE TYPE = SPACE

ALL UNIT3 ARE ~- POUN INCH

MEMBER LOAD JT AXTAT, SHEAR-Y SHEAR-Z TORSION MOM~-Y MOM-Z
2 S -0.98 2799.54 -989.88 2496,69 73272.34 470361.56

6 0.98 -2024.34 989.86 -2496.69 -25762,29 -354588.13

3 5 -338.38 2799.54 -989.71 2496.71 73273.55 470362.22

6 294,43 -2024.34 989,71 -2496.71 -25765.56 -354588.88

4 5 -0.49 2789,58 -1184.79 2697.48 107300.30 470362.56

6 0.4% -2024.38 1141.20 =-2697.48 -51473.47 -354587.13

5 5 0.49 0.00 0.01 -0.06 -2.01 0.01

6 -0.49 0.00 -0.01 0.06 1.30 -0.01

€ 1 6 0.00 2024.37 0.00 0.00 0.00 354587.63
7 0.00 -603.17 0.00 0.00 0.00 -238975.75

2 6 0.00 2024.3% -607.71 2496.71 25766.02 354588.00

7 0.00 -603.19 607.71 -2496.71 27715.12 -238974.73

3 & -291.50 2024.39 -607.75 2496.71 25764.40 354588.06

7 211.43 -603.19 607.75 -2496,71 27713.20 -238975.02

4 3 0.98 2024.37 -759.47 2697.50 51460.80 354587.00

7 -0.98 -603.17 679.57 =-2697.50 11857.90 -238975.70

5 6 0.00 0.00 0.01 -0.08 -1.47 0.01

7 0.00 0.00 -0.01 0.06 0.24 -0.01

7 1 7 0.00 603.17 0.00 0.00 0.00 238575.28
8 0.00 427.41 0.00 0.00 0.00 -233367.66

2 7 -0.98 603.17 434.34 2496.71 -27713.45 238875.25

8 0.98 427.41 -434.34 -2496.71 -1.53 -233367.08

3 7 -213.38 603.17 434.30 2496.70 -27715.13 238975.55

' 8 135.76 427.41 -434.30 -2496.70 0.21 -233367.58

4 7 ~0.49 603.18 362.53 2697.48 -11860.19 238975.56

8 0.49 427.40 -420.48 -2697.48 -13125.60 -233366.84

5 7 ~-0.98 0.00 0.01 -0.08 -0.37 -0.10

8 0.98 0.00 -0.01 0.06 -0.11 0.09

8 1 g 0.00 2745.50 Q.00 0.00 0.00 233367.36
g 0.00 0.00 0.00 0.00 0.00 0.17

2 8 ~0.49 2745.50 0.00 .01 -1.90 233367.359

9 0.49 ¢.00 0.00 -0.01 1.44 D.0¢6

3 8 -153.81 2745.50 0.00 .01 -2.95 233367.30

9 ~0.49 0.00 0.00 -0.01 1.16 -0.07

4 8 0.49 2745.50 -154.33 0.00 13120.28 233367.59

9 -0.49 0.00 -06.03 0.00 -1.87 0.11

5 8 0.00 0.00 0.00 0.00 -0.47 -0.02

8 0.00 0.00 0.00 0.00 -0.12 0.02

9 1 4 0.00 -4841.75 0.00 0.00 0.00 -187012.44
10 0.00 4841.75 0.00 0.00 0.00 0.01

2 4 63.60 -4874.07 10781.1¢ 0.00-416422.44 -188260.83

10 -63.60 4874.07-10781.16 0.00 -0.03 -0.01

3 4 63.54 -4874.07 11142.18 0.00-430366.72 -188260.81

10 -63.54 4874.07-11142.18 ¢.00 -0.04 0.03
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BE-5 BEAM TUBE MANIFOLD SUPPORT —-- PAGE NO. 14

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT AXIAL. SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-2Z
4 4 -228.09 -4876.67 10898.467 0.00-420961.00 -188361.25

10 228.08 4876.67-10898.67 0.00 0.02 -0.02

5 4 558.47 0.00 -0.01 0.00 0.57 0.02

10 -558.47 0.00 0.01 0.00 0.00 0.00

10 1 B8 0.00 -1586.45 0.00 0.00 0.00 -61276.76
18 6.00 1586.45 0.00 0.00 0.00 0.00

2 8 -101.68 -1554.13 0.08 0.00 -0.68 -60028.42

18 101.68 1554.13 -0.08 0.00 -0.96 0.01

3 8 -101.87 -1554.13 0.05 0.00 -1.10 -60028.45

18 101.87 1554.13 -0.05 0.00 -0.84 0.00

4 8 -171.87 -1551.54 0.04 0.00 -0.%8 -59%28.03

18 171.87 1551.54 -0.04 0.00 -1.18 0.00

5 B 115.36 0.00 0.00 0.00 -0.15 -0.02

18 -115.36 0.00 0.00 g.00 -0.08 .00

11 1 4 0.00 -4841.75 0.00 0.00 0.00 -187012.44
14 0.00 4841.75 0.00 0.00 0.00 0.01

2 4 1053.22 -4805.43 -7855.20 0.00 303561.94 -185764.14

. 14 -1053.22 4809.43 7859.20 0.00 ~0.27 0.02
. 3 4 1053.22 -4809.43 -8220.19 0.00 317505.34 -185764.09
14 -1053.22 4809.43 8220.19 0.00 -0.40 -0.03

4 4 1344.79 -4806.83 -7741.71 0.00 299023.88 -185663.77

14 -1344.79 4806.83 7741.71 0.00 -0.08 -0.01

5 4 558.41 0.00 -0.05 0.00 2.07 -0.03

14 -558.41 0.00 0.05 0.00 0.05 0.00

12 1 8 0.00 -1586.45 0.00 .00 0.00 -61276.75
20 0.00 1586.45 0.00 0.00 ¢.00 g.0l

2 8 332.64 -1e618.77 -0.02 0.00 0.36 -62525.10

20 -332.64 1618.77 0.02 0.00 0.25 0.01

3 8 332.70 -1618.77 -0.06 0.00 0.54 -62525.15

20 -332.70 1618.77 0.06 0.00 G.89 -0.01

4 8 402.65 -1621.37 -0.05 0.00 0.87 -62625.52

20 -402.65 1621.37 0.05 0.00 0.54 -0.01

5 g 115.36 0.00 -0.03 0.00 0.50 0.03

20 -115.36 0.00 0.03 0.00 0.61 0.00

13 1 11 4841.74 0.00 0.00 0.00 0.00 0.00
10 -4841.74 0.00 0.00 0.00 .00 0.00

2 11 4874.07 63.56-10781.16 0.00 97030.48 572.00

10 -4874.07 -63.56 10781.16 0.00 0.00 0.00

3 11 4874.07 63.57-11142.18 0.00 100279,63 572.09

10 -4874.07 -63.57 11142.18 0.00 0.00 0.00

4 11 4876.67 -228.07-10898.67 0.00 98088.03 -2052.64

10 -4876.67 228.07 10898.67 0.00 0.00 0.00

5 11 0.00 558.42 0.01 0.00 -0.13 5025.67

10 0.00 -558.42 -0.01 0.00 0.00 .00
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BE-5 BEAM TUBE MANIFOLD SUFPORT

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

14

15

16

17

18

12
11
12
11
12
11
12
11
12
11

15
14
15
14
135
14
15
14
15
14

16
15
16
15
16
15
16
15
16
15

19
18
19
18
19
18
19
18
19
18

21
20

AXTAL

4828.55
-4828.55
-8400.25

8400.25
-8844.31

8844.31
-8542.19

8542.19

0.02
-0.02

4841.75

-4841.75

4809.43
-4809.43
4809.42
-4809.42
4806.83
-4806.83
0.00
0.00

4828.55
-4828.55
-4870.66

4870.66
~-5314.70

5314.70
-4728.74

4728.74

~0.06
0.06

1586.45
-1586.45
1554.13
-1554.13
1554.13
-1554.13
1551.53
-1551.53
0.00
0.00

1586.45
-1586.453

STRUCTURE TYPE

SHEAR-Y

0.00
0.00
50.66
-50.66
50.67
-50.67
-181.79
181.79
445.10
—-445.10

0.00
0.00
-1053.26
1053.2¢6
-1053.27
1053.27
-1344.96
1344.586
-558.41
558.41

0.00
0.00
-§39.55
839.55
~-835.54
839.54
-1072.00
1072.00
-445.10
445.10

0.00
0.090
-101.7¢
101.7¢
-101.76
101.76
-171.98
171.88
115.38
~115.38

= SPACE

SHEAR-Z

7.50
-7.50
1276.65
-1276.65
1319.14
-1319.14
12%0.48
-1290.48
0.00
0.00

0.00
0.00
-7859.21
7859.21
-8220.21

£220.21
-7741.70
7741.70
-0.05
0.05

7.50
-7.50
932.59
-932.5%
975.09
-975.09
918.76
-918.76
0.01
-0.01

0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00

TORSION

0.00
0.00
112.09
-112.09
112.11
-112.11
-402.23
402.23
984.83
-984,83

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
-1857.37
1857.57
-1857.55
1857.55
-2371.89
2371.89
-984.83
984.83

0.00
0.00
0.00
0.00
¢.00
0.00
0.09
0.00
0.00
0.00

0.00
G.00

-- PAGE NO. 15

MOM-Y

-460.01
2.32

-22808.53

-55065.82
-23557.82
~56909.83
-23053.33
-55666.02

0.03

0.07

0.00
0.00
70732.88
0.00
73981.21
0.00
69675.31
0.00
0.48
0.00

-460.01
2.32
-16746.98
-40141.09
-17495.23

-41985, 00

-16503.20
-39540.96
-0.11
-0.27

0.006
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
J.00

0.00
0.00

MOM-2

0.00

0.00
3101.16
-10.97
3101.467
-10.97
-11128.71
39.37
27247.65
~-96.38

0.00

0.00
-9479.43
0.00
-9479.38
0.00
-12104.64
.00
-5025.68
0.00

0.00

0.00
-51394.09
181.80
-51393.59
181.79
-65623.96
232.13
-27247.60
96.40

0.00

0.00
-7123.49
0.00
-7123.39
0.00
-12038.33
0.00
8076.84
.00

0.00
0.00
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BE-5 BEAM TUBE MANIFOLD SUFPPORT -- PAGE NO. 16

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE —-- POUN INCH

MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-Z
2 21 1616.77 -332.53 0.00 0.00 0.00 -23276.78

‘ 20 -1618.77 332.53 0.00 0.00 0.00 0.00

3 21 1618.77 -332.52 g.00 0.00 0.00 -23276.69

20 -1618.77 332.52 0.00 0.00 0.00 0.00

4 21 1621.37 -402.74 ¢.00 0.00 0.00 -2B191.&3

20 -1621.37 402.74 0.00Q 0.00 0.00 0.00

5 21 0.40 -115.38 0.00 0.00 0.00 -8076.45

20 0.00 115.38 0.00 0.00 0.00 0.00

18 1 13 14.67 3.91 0.00 0.00 0.00 331.93
11 -14.67 -3.91 0.00 ¢.00 0.00 2.32

2 13 17%81%.01 712.14 -12.380 -473.32 1424.82 18968.28
11 -17919.01 -712.14 12.90 473.32 -321.37 41964.64
3 13 18518.56 735.86 -12.90 -473.40 1425.05 18552.26
11 -18518.56 -735.886 12.90 473.40 -321.42 43369.79
4 13 18114.16 719.86 46.28 1698.55 -5113.06 19171.55
11 -18114.16 -719.86 -46,28 -169B.55 1153.26 42422.00

5 13 Z0.02 0.00 -113.31 -4158.75 12518.85 20.03

11 0.02 0.00 113.31 4158.75 -2823.65 -0.06

. 20 1 17 14.67 3.91 0.00 0.00 0.00 331.93
15 -14.67 -3.91 0.00 0. 00 0. 00 2.32

2 17 13066.35 520.15 213.73 7844.18 -23612.87 13913.5¢6
15 -13066.35 -520.15 =-213.73 -7844.18 5325.93 30591.84
3 17 13665.86 543.86 213.72 7844.10 -23612.64 14537.51
15 -13665.886 -543.86 -213.72 -7844.10 5325.87 319%96.92
4 17 12871.22 512.43 272.90 10016.05 -30150.74 13710.31
15 -12871.22 -512.43 -272.980 -10016.05 6800.56 30134.54
5 17 0.09 0.00 113.31 4158.75 -12518.83 0.09
15 -0.09 0.00 -113.31 -4158.75 2823.65 0.21

*kkkkkkkkNhkd* END OF LATEST ANALYSIS RESULT *¥+**sxdskaiisk

100. PRINT MEMBER STRESSES ALL
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. i

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
1 1 .0 0.0 C 0.0 0.0 0.0 0.0 0.0
1.00 0.0 ¢C 0.9 4.2 4.2 10.9 6.0

2 .0 327.3 C G.0 0.0 327. 0.0 6.0

1.00 327.3 C c.0 4.2 331.5 10.9 .0

3 .0 327.4 C c.0 0.0 327.4 0.0 0.0

1.00 327.8 C 0.0 4.2 331.9 10.9 0.0

4 -0 327.4 C 0.0 0.0 327.4 0.0 0.0

1.00 327.4 C 0.2 4.2 331.5 10.% 0.6

5 .0 c.0T 0.0 0.0 0.0 0.0 0.0

l1.00 0.0 T 0.0 0.0 0.0 C.0 0.0

2 1 .0 0.0 C 0.0 4.2 4.2 62.1 0.0
1.00 0.0 cC 0.0 230.1 230.1 101.4 0.0

2 .0 327.4 C 0.0 4.2 331.5 62.1 0.0

1.00 327.4 C 0.0 230.1 557.5 101.4 0.0

3 .0 329.5 C 0.0 4.2 333.6 62.1 0.0

1.00 330.8 C 0.0 230.1 560.9 101.4 0.0

4 .0 327.4 C 0.2 4.2 331.5 62.1 3.5

: 1.00 327.4 C 12.39 230.1 557.%9 101.4 5.7
. 5 .0 0.0 0.0 0.0 0.0 0.0 g.0
1.00 0.0 0.0 0.0 0.0 0.0 0.0

3 1 .0 ¢.0 C 0.0 230.1 230.1 123.1 0.0
1.00 0.0 C 0.0 607.5 607.5 160.9 0.0

2 .0 327.4 C 0.0 230.1 557.5 123.1 0.0

1.00 327.4 C 0.0 607.5 934.9 160.9 0.0

3 .0 331.5 C 0.0 230.1 561.7 123.1 0.0

l1.00 332.8 C 0.0 607.5 940.3 160.9 0.0

4 .0 327.4 C 12.9 230.1 557.9 123.1 6.9

1.00 327.4 C 34.2 607.5 935.9 160.9 2.1

5 .0 0.0 C ¢.0 g.0 0.0 0.0 0.0

1.00 0.0 C 0.0 g.0 0.0 0.0 0.0

4 1 .0 0.0 C 0.0 607.5 607.5 122.5 c.0
1.00 0.0 C ~ 0.0 457.3 457.3 103.6 0.0

2 .0 g.0 C 108.7 607.5 617.4 122.5 2%.0

1.00 0.0 ¢C 71.2 457.3 462.8 103.6 28.0

3 .0 7.3 7T 109.7 607.5 624.5 122.5 29.0

1.00 6.6 T 71.2 457.3 469.5 i03.6 29.0

4 .0 0.0 152.7 607.5 626.4 122.5 37.0

1.00 0.0 104.3 457.3 459.1 103.6 35.9

] .0 0.0 C 0.0 0.0 0.0 ¢.0 0.0

1.00 0.0 ¢C 0.0 0.0 0.0 Q.0 0.0

5 i .0 G.0 C 0.0 457.3 457.3 gl.9 0.0
1.00C 0.0 C 0.0 344.8 344.8 59.3 0.0

2 0 0.0 T 71.2 457.3 462.8 8l1.9 29.0

0.0 T 25.0 344.8 345.7 58.3 29.0

. 1.00
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 18

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB LD SECT  AXTAL  BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
3.0 5.9 T 71.2 457.3 468.8 81.9 29.0

1.00 5.2 T 25.1 344.8 350.8 59.3 29.0

4 .0 0.0 T  104.3 457.3 469.1 81.9 34.7

1.00 0.0 T 50.0 344.8 348 .4 59.3 33.4

5 .0 0.0 ¢ 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

& 1 .0 0.0 T 0.0 344.8 344.8 59,3 0.0
1.00 0.0 T 0.0 232.3 232.3 17.7 0.0

2 .0 0.0 25.1 344.8 345.7 59,3 17.8

1.00 0.0 26.9 232.3 233.9 17.7 17.8

3.0 5,1 T 25.0 344.8 350.8 59.3 17.8

1.00 3.7 T 26.9 232.3 237.6 17.7 17.8

4 .0 0.0 C 50.0 344.8 348.4 59.3 22.2

1.00 0.0 C 11.5 232.3 232.7 17.7 19.9

5 .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

7 1 .0 0.0 C 0.0 232.3 232.3 17.7 0.0
O 1.00 0.0 C 0.0 226.9 226.9 12.5 0.0
. 2 .0 0.0 T 26.9 232.3 233.9 17.7 12.7
1.00 0.0 T 0.0 226.9 226.9 12.5 12.7

3.0 3.7 T 26.9 232.3 237.7 17.7 12.7

1.00 2.7 7T 0.0 226.9 229.6 12.5 12.7

4 .0 0.0 T 11.5 232.3 232.6 17.7 10.6

1.00 0.0 T 12.8 226.9 227.3 12.5 12.3

5 .0 0.0 T 0.0 0.0 0.0 0.0 0.0

1.00 0.0 T 0.0 0.0 0.0 0.0 0.0

8 1 .0 0.0 ¢ 0.0 226.9 226.9 80.4 0.0
1.00 0.0 ¢ 0.0 0.0 0.0 0.0 0.0

2 .0 0.0 T 0.0 226.9 226.9 80.4 0.0

1.00 0.0 T 0.0 0.0 0.0 0.0 0.0

3 .0 2.7 T 0.0 226.9 229.6 80.4 0.0

1.00 0.0 T 0.0 0.0 0.0 0.0 0.0

4 .0 0.0 C 12.8 226.9 227.3 80.4 4.5

1.00 0.0 C 0.0 0.0 0.0 0.0 0.0

5 .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

s 1 .0 0.0 T 0.0  8229.4  8229.4  968.3 0.0
1.00 0.0 T 0.0 0.0 0.0  968.3 0.0

2 .0 6.8 C 18324.4  8284.3 26615.5  974.8 2156.2

1.00 6.5 C 0.0 0.0 6.8  974.8 2156.2

3.0 6.8 C 18938.0  8284.3 27229.1  974.8  2228.4

1.00 6.8 C 0.0 0.0 6.8  974.8 2228.4

4 .0 24.4 T 18524.1  8288.7 26837.2  975.3  2179.7

1.00  24.4 T 0.0 0.0 24.4  975.3  2179.7

"I' 5 .0 5%.7 ¢ 0.0 0.0 59.7 0.0 0.0
1.00  59.7 C 9.0 6.0 59.7 0.0 0.0
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 19

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB LD BSECT AXIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
10 1 .0 0.0 C 0.9 2696.4 2696.4 317.3 0.0
1.00 0.0 C 0.0 0.0 0.0 317.3 0.0

2 .0 10.9 T 0.0 2641.5 2652.4 310.8 0.0

1.00 1i0.9 T 0.0 0.0 10.9 310.8 0.0

3 .0 10,9 T 0.0 2641.5 2652.4 310.8 0.0

1.00 10.9 T 0.0 0.0 10.9 310.8 0.0

4 .0 18.4 T 0.0 2637.1 2655.5 310.3 0.9

1.00 18.4 T 0.1 .0 18.4 310.323 0.0

5 0 12.3 C 0.0 0.0 12.3 0.0 0.0

1.00 12.3 ¢C 0.0 0.0 12.3 0.0 0.0

11 1 .0 0.0 ¢C 0.0 8229.4 8229.4 968.3 0.0
1.00 0.0 C 0.0 0.0 0.0 968.3 0.0

2 0 112.5 ¢ 13358.1 B174.4 21645.0 961.9 1571.8

1.90 112.5 € 0.0 0.0 112.5 961.9 1571.8

3 .0 112.5 ¢ 13971.6 8174.4 22258.6 961.9 1644.0

1.00 112.5 C 0.0 0.0 112.5 961.9 1644.0

4 .0 143.7 C 13158.4 81706.0¢ 21472.1 961.4 1548.3

. 1.00 143.7 C 0.0 0.0 143.7 961.4 1548.3

. 5 0 56.7 C 0.1 0.0 559.8 0.0 0.0
1.00 59.7 C 0.0 0.0 598.7 0.0 0.0

12 1 .0 0.0 T 0.0 2696.4 2696.4 317.3 0.0
1.00 0.0 T 0.0 0.0 0.0 317.3 0.0

2 .0 35.5 C 0.0 2751.4 2786.9 323.8 0.0

1.00 35.5C 0.0 0.0 35.5 323.8 0.0

3 .0 35.5 C 0.0 2751.4 2787.0 323.8 0.0

1.00 35.5 C 0.0 0.0 35.6 323.8 0.0

4 .0 43.0 C 0.0 2755.8 2798.9 324.3 0.0

1.00 43.0 C 0.0 0.0 43.0 324.3 0.0

5 .0 12.3 C 0.0 0.0 12.3 0.0 0.0

1.00 12.3 C g.0 0.0 12,4 D.0 0.0

13 1 .0 76l.3 C 0.0 0.0 761.3 0.0 0.0
1.00 761.3 C 0.0 0.0 761.3 0.0 0.0

2 .0 766.4 C 15777.3 83.0 16636.7 15.9 2695.3

1.00 766.4 C 0.0 0.0 766.4 15.9 2695.3

3 .0 766.4 € 16305.6 93.0 17165.0 15.9 2785.5

1.00 766.4 C 0.0 0.0 766.4 15,9 - 2785.5

4 .0 766.8 C 15949.3 333.8 1704%.8 57.0 2724.1

1.00 766.8 C 0.0 0.0 766.8 57.0 2724.7

5 .0 0.0 T 0.0 817.2 817.2 132.6 0.0

1.00 0.0 T 0.0 0.0 0.0 139.6 0.0

14 1 .Q 758.2 C 74.8 0.0 834.0 0.0 1.9
1.00 7859.2 C 0.4 0.0 759.6 0.0 1.9

2 0 1320.8 T 3708.¢ 504.3 5533.9 12.7 319.2

T §953.8 1.8 10276.4 12.7 318.2
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BE-5 BEAM TUBE MANIFOLD SUPPORT

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB

15

186

17

1ls

LD SECT
K .0
1.00

4 .0
1.00

5 .0
1.00

1 .0
1.00

2 -0
l.00

3 .0
1.00

4 .0
1.00

S 0
1.00

1 .0
: l.00

2 -0
1.00

3 -0
1.00

4 .0
: 1.00
5 0
1.00

1 .0
1.00

2 .0
1.00

3 .0
1.00

4 .0
1.00

3 .0
1.00

1 .0
1.00

2 .0
1.060

3 .0
1.00

4 .0
1.00

5 .0
l.00

AXTIAL

1380.6
1390.6
1343.1
1343.1
0.0
0.0

761.3
761.3
156.2
156.2
756.2
756.2
755.8
755.8

0.0

0.0

759.2
759.2
765.8
T785.8
835.¢6
835.6
743.5
743.5

0.0

0.0

785.4
785.4
769.4
768.4
769.4
769.4
768.1
768.1

0.0

0.0

785.4
785.4
801.4
801.4
801.4
801.4
802.7
802.7

0.0

0.0

a3
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A3 aoaoaaaoaQ

BEND-Y
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- BEND-Z

504.3
1.8
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6.4
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15.7

[
w
S

e
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oONOoOIORORODSO

.
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L
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8356.8
29.6
8356.7
29.6
10670.86
37.7
4430.5
15.7

w

h

o
OO0 OQCOKHOO
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= 2}
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K
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1183

11983

1445

S

=
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QR OO MNO OO
ODWONO®RO®WO O

COMBINED

5725.5
10646.0
6901.2
10400.9
4430.5
15.7

7€l.3
761.3
13798.8
756.2
14327.1
756.2
14053.3
755.8
817.3
0.0

834.0
759.6
11845.7
7322.4
12037.1
7692.0
14087.5
7210.7
4430.5
15.7

785.4
785.4
4422.4
769.4
4422.4
769.4
£941.6
768.1
4142.0
0.0

785.4
785.4
12738.2
801.4
12738.1
80l1.4
15259.9
802.7
4141.8
0.0

-- PAGE NO.

SHEAR-Y SHEAR-Z

12.7
12.7
45.4
45.4
111.3
111.3

oo
o0

221.
221.7
221.7
221.7
268.5
268.5
76.9
76.9
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BE-5 BEAM TUBE MANIFOLD SUFEORT -- PBAGE NO. 21

MEMBER STRESSES

ALL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-3Z
19 1 .0 2.3 ¢ 0.0 54.0 56.3 1.0 c.c
1.00 2.3 ¢C 0.0 0.4 2.7 1.0 0.0

2 .0 2B17.5 C 231.7 3084.3 6133.4 178.0 3.2

1.00 2817.5 C 52.3 6823.5 9693.2 178.0 3.2

3 .0 2811.7 C 231.7 3185.7 6£329.2 1g4.0 3.2

1.00 2%11.7 C 52.3 7052.0 10016.0 184.0 3.2

4 0 2848.1 C 831.4 3117.3 6796.9 180.0 11.¢6

1.00 2848.1 C 187.5 6897.9 8933.5 180.0 - 11.6

5 . 0 0.0 T 2035.6 0.0 2035.6 0.0 28.3

1.00 0.0 T 459.1 0.0 459.1 0.0 28.3

20 1 .0 2.3 ¢C 0.0 54.0 56.3 1.0 0.0
1.00 2.3¢C ¢.0 0.4 2.7 1.0 0.0

2 .0 2054.5 C 3838.5 2262.4 B136.3 130.0 53.4

1.00 2054.5 C 866.0 4974.3 7894.7 130.0 52.4

3 .0 2148.7 C 3839.5 2363.8 8352.0 136.0 53.4

1.00 2148.7 C 866.0 5202.8 8217.5 136.0 53.4

4 .0 2023.8 C  4902.6 2229.3 9155.7 128.1 68.2

: 1.00 2023.8 C 1105.8 4895.9 8029.5 128.1 68.2

. 5 .0 0.0 C 2035.6 0.0 2035.6 0.0 28.3
1.00 0.0 C 459.1 0.0 459.2 ¢.0 28.3

dedde ok gk ddk ok k END QF LATEST ANALYSIS RESULT FET R L L R X2 2 &)

101. PARAMETER

102. CODE AISC

103, FYLD 45999.9%6% MEMB 13 TC 20
104. WSTR 21000. MEMB 13 TO 20
105. WMIN 0,188 MEMB 13 TO 20
106, CB 1. MEMB 13 TO 20

107. CMY 1. MEMB 13 TO 20

108. MAIN 0. MEMB 13 TO 20

109. RATIO 1. MEMB 13 TO 20

110. CHECK CODE MEME 13 TO 20
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BE-5 BEAM TUBE MANTFOLD SUPPORT -—- PAGE NO. 22

STAAD-III CODE CHECKING - (AISC)

sl dk ke kdkdk ok kkdhok ok

ALL UNITS ARE - POUN INCH (UNLESS OTHERWISE NOTED)

MEMEER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION
13 ST TUB 40408 PASS ATISC- H1-3 0.622 3
4874.07 C 100279.63 572.08 0.00
14 ST TUB 40408 PASS3 ATSC- H2-1 0.386 3
8844.31 T -56909.83 -10.97 61.00
15 ST TUB 40408 PASS AISC- HI-3 0.520 3
4809.42 C 73981.91 -9479.38 0.00
16 ST TUB 40408 PASS AISC- H2-1 0.511 4
4728.74 T -16503.20 -65623.96 G.00
17 ST TUB 40203 PASS AISC- H1-3 0.269 4
1551.53 C 0.00 -12038.33 0.00
18 ST TUB 40203 PASS AISC- H1-3 0.572 4
1621.37 ¢ 0.00 -28191.63 0.00
19 ST TUB 40408 PASS AISC- H1-3 0.396 3
18518.56 C -321.42 43369.79 85.56
20 ST TUB 40408 PASS AISC- H1-3 0.355 4
. 12871.22 C -30150.74 13710.31 0.00
. 111. SELECT WELD MEMB 13 TO 20
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BE-5 BEAM TUBE MANIFOLD SUPPORT

STAAD-III WELD DESIGHN

ok v e o e e e e e e e ek ok e ok ok ok

ALL UNITS ARE - INCH POUN

—— PAGE HNO.

MEMBER  LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

13 STA 1 4/16 20320.05
3 2785.54 15.89 20128.21

13 END 1 3/16 4053.92
3 3714.06 21.19 1624.69

14 STA 1 3/16 11403.57
4 480,44 110.88 11392.91

14 END 1 3/16 17184.32
3 453.73 30.90 17178.30

15 STA 1 4/16 16978.23
.03 2055.05 263.32 16851.35

15 END 1 3/16 3193.95
3 2740.07 351.09 1603.14

16 STA 1 4/16 16594.43
4 452.05 490,36 16581.03

16 END 1 3/16 12336.50
3 557.22 512.04 12313.26

17 STA 1 3/16 5505. 44
4 0.00 76.43 5504,91

17 END 1 3/16 705.09
1 0.00 0.00 705,09

18 STA 1 3/16 11998.60
4 0.00 178.99 11997.26

18 END 1 3/16 742.51
4 0.00 178.99 720.61

19 STA 1 3/16 12119.79
4 227.75 452.27 12109.21

19 END 1 3/16 17098.48
3 63.47 304.46 17095.65

20 STA 1 3/16 15380. 62
4 1342.97 1422 .82 15255.67

20 END 1 3/16 13974.13
3 1051.75 1161.80 13£85.98

23
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 24

STAAD-III WELD DESIGHN

Fhkkkkokkkhkkrkhkkhkk ok
ALL UNITS ARE - INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ CCMB STRESS/
LOADING HOR STRESS VERT STRESS DIR 3TRESS

e o e ok e e ke e ok o ok e e e ok e ek END OF TABULATED WELD DESIGN e v o e e T o e e o e vk e ook e e e

112. STEEL TAKE OFF
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BE-5 BEAM TUBE MANIFOLD SUPPORT

STEEL TAKE-OFF

PROFILE
ST FPIP
ST TUB
ST TUB
ST TUB

BOBOS
40408
40203

LENGTH (INCH)

596,00
154.50
311.13
140.00

-— PAGE NO.

WEIGHT { POUN)

9604.186
409,252
559,288

80.032

*#dkxkk++xks END OF DATA FROM INTERNAL STORAGE ¥¥*kdkiias

113.

FINISH

F*hkkkrhkkhkkkdkhk PND QF STAAD-IIT dhkkkk ki hkkkhk

***% DATE= SEP 26,1996

TIME= 15:11:45 *+**

ok kkdekdkkdrkdhhkhdkhkhkhhhhdhhhhkkdekdhdddhdddhhddddddddddhddddktid

*

*
*

For questions on STAAD-III,
Research Engineers,

Ph:

(714) 974-2500

Fax:

contact:
Inc at
{714) 921-2543

*
*
*

dhkkdhdkdkdk ok khhhdkhhkd bk hdkd ko khdhhhkhhhdhddhkdhdddbdhd
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Filename: BE-5 SUPPORT
ALL AROUND RECTANGULAR OR SQUARE FILLET WELD
Between part Joint 1%/21 and BASEPLTS
b
:‘szh-,
a
! %
|
— r = F =P
I
| |
! |
Feiop)
F1 vo=Tetson
LOAD INPUT { LBS., INCH-LBS. }
Fl F2 F3 M1 M2
1552.00 403.00 28192.00 .00
GEOMETRIC DIMENSIONS
a b WELD STRESS (PSI)
4.000 2.000 21000 90.000
SECTION PROPERTIES
A Swl Sw3 g Cl
12.000 13,333 9.333 36.000 2.000

EFFECTIVE THROAT CORRECTION FACTOR
ME
1.00

MAXIMUM WELD LOAD (f) - #/INCH
t=
2244

REQUIRED FILLET WELD SIZE (INCHES)
w=

0.151 we Vh Q\,C\zfq c;i,f\_-mamg

4xZ2 7.5,

SKEWED ANGLE (90p>a<1202)

C3
1.000
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Filename: BE-5 SUPPQRT

ALL AROCUND RECTANGULAR OR SQUARE FILLET WELD

Between part Jts.

12 & 16 and BASEPLTS

| —— + —F
r i
£~
A —
4.1
LOAD INPUT ( LBS., INCH-LBS. )
Fl F2 F3 M1 M2 M3
919.00 4729.00 1072.00 65624.00 2372.00 16503.00
GEOMETRIC DIMENSIONS
a b WELD STRESS (PSI) SKEWED ANGLE(20¢>a<1200)
4.0Q0 4.000 21000 90.000
SECTION PROPERTIES
A Swl Sw3 J ¢l c3
16.000 21.333 21.333 85.333 2.000 2.000

EFFECTIVE THROAT CORRECTION FACTOR
Mf
1.00

MAXIMUM WELD LOAD (f) - #/INCH
f=
4149

REQUIRED FILLET WELD SIZE (INCHES)
w=
0.279

vee VA" LBt Gﬁ&m“"g
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Filename: BE-5 SUPPORT
. ALL AROUND RECTANGULAR OR SQUARE FILLET WELD

Between part Jts. 13 & 17 and BASEPLTS

i
-
L8| —— + ———==
b -
_ N
A
5.65%"
LOAD INPUT ( LBS., INCH-LBS. )
. Fl F2 F3 M1 M2 M3
273.00 8661.00 13710.00 14002.00 28519.00
GEOMETRIC DIMENSIONS
a b WELD STRESS (PSI) SKEWED ANGLE (900>8<1200)
5.658 4.000 21000 90.000
SECTION PROPERTIES
A Swl Sw3 J c1 c3
19.316 33.303 27.965 150.145 2.829 2.000

EFFECTIVE THROAT CORRECTION FACTOR
Mf
1.00

MAXIMUM WELD LOAD (f) - #/INCH
fe=
1590

REQUIRED FILLET WELD SIZE (INCHES)

®
0.107 E ‘Iﬂc m&( JJJ ﬁ(aﬂg’
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-089
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 46
REV. |DEO# | DATE | BY: CHECK | TITLE:
0 0139 4/24/% | WDB AGR Design of Generic Support Scheme for;
1 22523 7| OM] 9% {1wo® g7 Beam Tube Manifold B-9
BY: W, Bilynsky [ DEPT.; 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPQSE:. The purpose of this calculation is to design a generic support scheme for the B-9 Beam
Tube Manifold (BTM). The design of BTM B-9 is governed by the thermal axial growth which occurs
during “bakeout” conditions and the unbalanced vacuum load due to the disparity of bellows at A-1 and.
BE-5. The support scheme for BTM B-9 is made up of one anchor and one flexible support

METHOD: Thermal growth is one of the governing design factors. Therefore, support locations were
established using a maximum displacement of 1/2” at the flex support. Additionally, the bellows at BE-5
is limited to an overall displacement of +/- 2-1/2”. A STAAD model of BTM B-9 was generated and used
for design. Baseplates, anchor bolts and thru-bolted connections were designed using AISC standards
and STAAD computer output. Load cases included; DW, Thermal, Vacuum and Seismic (static g load).
DW included the weight of the vessel and its flanges, Thermal included a temperature load along the
length of the vessel, Vacuum loads occur due to the difference in size of bellows spool pieces at A-1 &
BE-$§

ASSUMPTIONS Assume anchor points are fixed but released for Mz ( about the out-of-plane moment)

INPUTS: Vessel wght = 6437.0 Ib.
Seismic Acceleration = 0.05625 g.
Unbalanced vacuum load = 38.13 kips
Flange wght = 1539.0 [b.

REFERENCES: 1. STAAD-III release 21, Research Engineers
2. ASD - AISC 9th edition
3. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Crteria
4. COMPRESS - Computer Aided Vessel Design version 5.53

CALCULATIONS:
V049-1- 088  Design of Generic Support Scheme for Beam Tube Manifold BE-5
V049-1- 061 Beam Tube Manifold B9
V049-1- 032 Component Interface Loads
V049-1- 042  Bolted Flange Analysis for Tensile Forces

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Design Criteria are met.

NOTES: STAAD-III Computer file;: BOBTMRI.*
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PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049

CALCULATION TITLE: Design of Generic Support Scheme for Beam Tube Manifold B-9

REVISION HISTORY
Rev. 0 Original Issue
April 24, 1996
Rev. 1 Issue Date

September 17, 1996
o Added unbalanced vacuum axial load.
» Released moments at pinned connections to stiffener ring in STAAD model.
Revised Structural Tube Steel members from 4” x 27 x 5/16” thk
to 47 x 4” x 1/2” thk.
Checked for punching shear using STAAD analysis.
Revised body of calc to reflect changes due to new vacuum load.
Added additional weld calculations to calculation text.
Revised design details to reflect change in members.
Revised stiffener/support ring to 4” x 3” x 1/2”
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PROJECT: LIGO VACUUM EQUIPMENT

PROJECT NO: V55042

CALCULATION TITLE: Design of Generic Support Scheme for Beam Tube Manifold B-9

DISCUSSION

Beam Tube Manifold (B-9)
Support Scheme

Step 1 - B-9 due to its length which includes portions of BE-5 and A-1 experiences a large overall
thermal growth. Anchorage was preferred at midspan but due to the potential large thermal
displacements, an optimum location for anchors and flexible supports was required.

Step 2 - Flexible supports were located based on max allowable displacement (due to thermal
growth). A maximum allowable displacement of 1/2” was established. This in turn determined the
maximum spacing between anchor and flexible support.

Step 3 - A finite element model which includes the properties of the beam tube manifold shell and
the support frame was generated using the STAAD structurai design computer program.

Step 4 - Applicable loading conditions were determined. These included; deadweight for vessel and
flanges, uniform thermal load for the Beam Tube Manifold, and seismic factors. Additionally,

an unbalanced vacuum load acts on the Beam Tube Manifold due to the disparity of bellows at

A-1 and BE-5.

Step 5 ~ Computer output results were evaluated.

Step 6 - Using computer generated forees and reactions, anchors, baseplates, bolted
connections (support legs to vessel stiffener rings), and welded connections were designed.
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