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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-057

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 56
REV. |DEO# | DATE |BY: CHECK | TITLE:
0 Cii g/ﬁ/% WDB | ROC

SPOOL B-5 (30 in)

BY: {up AL ﬁ | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V}9049

PURPOSE:  Determine spool/adapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
1ngs.

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,
3. Ion Pump Nozzle Loads
Pr = 2250.0lbs
Mc = Ml = 4542.0 in-lbs
Ve = VI = 126 51bs

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

Systems, Inc.
3 Vevs -/-pel, £76 O Vac, ’.:F;;J.r.»e Sttver. Drg.cu ('?? R )

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-5 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
Doc. No. V049-1-057
Page 1 of 56
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COMPRESS 5.53 C:\COMPRESSYMODECLNR\B-5.VSL Apr. 19, 1996

Pressure Summary

Pressure summary for pressure chamber 1

i | P | T | HMAWP |  MAP | Pe | uG—99 | UC5—66 |corcosion|
| Identifier | design | design | | |external| Ratio | MDMT Exemption or tAllowance |
| { (psi) |(deg F) | (psi) | (psl) b (psd) | | (Aeg F) Stress Reduction | {in) |
| ! | | | | | | { |
| spocl B-5 | 0.0 | 9.0 | 230.4 | 220.4 | 51.5 | 1.000 | { Mot applicable | 0.000 |
| CF 16-1/2" od | 0.0 | 0.0 | 148.2 | 148.1 | 14.7 | 1.000 | | Mot applicable | o.o000 |
| ©F 16-172" o.4d. | 0.0 | 0.0 | 148.2 | 1a3.1 | 14.7 | 1.000 | | Not applicable | o.oco |
| €F B%od CF | 0.0 | 0.0 | 136.2 | 136.2 | 14.7 | 1.000 | | Not applicable | 6.000 |
| CF 12"oa CF | o.0 | 0.0 | 154.4 | 154.8 | 14.7 | 1.000 | | Not applicable | 0.000 |
| Stiffner Rings | | | | i 14.7 | | 3 | |
{ Support Rings ! | ! | | 1a.7 | { i | |
| Support Ring | | | ] | 14.7 | ) | | |
| WiAM-5 ¥ND CONN. | 0.0 | v.o | 0.2 | 10.2 | | 1.000 | | Hot applicable j 0,000 |
| WHAM-6 END CONW. ] o.0 | o | 10.2 | 10.2 |} | 1.000 | | Hot applicable | o.000 |
| | i

Vessel MAWP hot & corroded is 10.26 psi @ 0 degrees F.
Vessel MAP new & cold is 10.26 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

Doc. No. V049.1-057
3.21.1996 Page 5 of 56




COMPRESS 5.53

C:A\COMPRESS\MODECLNR\B-5.VSL

COnponent -—=--memc e ——————
Hetal Metal
Yew Corr
Spool b-§ 3075 3075
¥Whaa-5 end conn 1539 1539
Whan-& end conn 1539 1539
€153 6153

Vessel operating weight, corroded:

Vessel empty weight, corroded:

Weight Summary

Weight [1Dbs) Contributed by Vessel Elements

Apr. 19, 1996

Trays Packed Ingul Lining Piping Ladder Rings Oper Test HMHozzle

& Bsup Beds & plat & Misc Liquid Liguid & flg

o [} [¢] 4] [+] 239 -] 11580 24

o o o ] ] ] o o] <]

o o o o o (] o

o [#] 4] [+ (4] o - 238 [+] 11580 24
6,416 lbs
6,416 1lbs
6,416 lbs

Vesscl empty weight, new:

Vagsel test weight, new:

17,996 lbs

Vessel center of gravity location (from right weld seam)

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

3.21.1996

6,416 1bs
219.4in

Revision No. O
Doc. No. V049-1-057
Pasge & of 56




COMPRESS 5.53 CACOMPRESS\MODECLNR\B-5.VSL Apr. 19, 1996

Nozzle Summary
Nozzle an tn Req tn Nom t Req t Ueer t Corxr AajfAr
nark (iny {in) (in) ArZ  A27 (in) (in) {in) (iny (1)
<F i4.00 0.2500 0.1361 ¥ ¥ ©. 2500 0.1446 00,2500 ©. 0000 100.0
<F 14.00 0.2500 0.1361 Y y 0. 2500 0.1445 0.2500 0.0000 100.0
oF 6.00 0.1250 O.12%0 ¥ ¥ 0. 3500 0.1446 a.2500 O.0000 117.6
CF 10.00 G. 2500 0.1418 Y Y <, 2500 0.14456 0. 2500 @, 0000 100.1

tn -  nozzle thickness

Req tn - nozzle thickness required per UG-45/16

Nomt - vessel wall thickness

Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near opening)

Aa -  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.

Revision No. 0
3.21.1996 Doc. No. V049-1-057
Page 7 of 56




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL Apr. 19, 1996
Nozzle Schedule

Nozzle Service Size Materials

mark Nozzle Impact? Horm? Pad Inpact? Horm? Flange
F 16-1/2" od 13.50 IDw0, 25 SA 240 3041 HIGH n n

CF 16=1/2" o.4. 13.50 IDxQ.2% SA 240 204l HIGH n n

CF 8"cd cf 5.75 IDxD.12 S5A 240 304L HIGH n n

CF 12"0d cf 9.%0 IDbx0.25 SA& 240 304L HIGH n n

Revision No. 0
Doc. No. V049-1-057
3.21.1996 Pace B of 56




COMPRESS 5.53 C:A\COMPRESS\MODECLNR\B-5.VSL Apr. 19, 1996
Thickness Summary
compoment 1 temgtn  womt  mest semm coverming betiect
Identifier (in) (iny (1n) (in} E Load Status Strecs (in)
spost b5 050 sa.o0 om0 ot o exewmad

Nom t - vessel wall thickness i .
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

3.21.1996

Revision No, 0
Doc. No. V049-1-057
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C:A\COMPRESS\MODECLNR\B-5.VSL
Spool B-5

COMPRESS 5.53

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 3041 HIGH

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

PWHT is not performed

Spot UW-11(b) type 1

Radiography:
Spot UW-11(b) type 1

Category A joints -
Category B joints -

Estimated weight: new = 3074.7  corr = 3074.7 1b
capacity: new = 1388.487 corr = 1388.487 US ga
ID =30.5 length Lc= 439 t=10.25 in (new)
MAP: (New & at 0 deg F) UG-27(c)}(1)
P = S*E*/(R + 0.6*%t) - Ps
= 16700*0.85*0.25/(15.25 + 0.6%0.25) - 0
= 230.4383 psi
MAWP: (Corroded & at 0 deg F) UG-27(c)(1)
P = S*E*t/(R + 0.6*t) - Ps
= 16700%0.85*0.25/(15.25 + 0.6%*0.25) - 0
= 230.4383 psi
External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 71/31 =2.2903 Do/t = 31/0.14461 = 214.3697
From table G: A = 0.000181
From table HA-3: B = 2382.1

Pa= 4*B/(3*Do/t)
= 4¥2382.1/(3*31/0.14461)
= 14.8162 psi

Design thickness for external pressure Pa = 14.8162 psi:

= t + Corrosion
= (.14461 + 0O
= (.14461 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 71/31 =2.2903 Do/t = 31/0.25 = 124
000404

From table G: A=0.
From table HA-3: B = 4791.6

3.21.1996

Apr. 19, 1996

Revision No. 0
Doc, No. V049-1-057
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL Apr. 19, 1996

Spool B-5

Pa= 4*B/(3*Do/t)
= 4*4791 6/(3%31/0.25)
= 51.5226 psi

Revision No. 0
211 - Doc. No. V049-1-057
3 796 Paee 11 of 56




COMPRESS 5.53

C:\COMPRESS\MODECLNR\B-5.VSL

16-1/2" od

Opening CF Reinforcement Calculations Per UG-37

Located on:

User input vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:

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

tn —>| |<-
T le=d = |
twl-> <
/ v \
Nt
A
<— L —>

Spool B-3
.25 1n

0 psi

Not installed

SA 240 304L HIGH

0 degrees
18.125in .
Qin
2.625 in

0 in

.25 in
13.5 in
.25 in
L1875 in

corrosion allow
noz thick new tn
nozzle id. new d
fillet weld twl
groove weld tw2

T i

To datum L= 48 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 13.5 in
Normal to the vessel wall outside 2,5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .625 in

Nozzle required thickness
trn = P*Rn/(Sn*E - 0.6*P)

= 148.293%6.75/(16700*1 - 0.6*148.293)

= (.0603 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)

= 148.293*¥15.25/(16700*1 - 0.6*148.293)

= 0.1361 in
Area required

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

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

3.21.1996

Apr. 19, 1996

Revision No. 0
Doc. No. V049-1-057
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL Apr. 19, 1996

16-1/2" od

A = d¢*ur*F 4+ 2*tn*ur*F*(] - fr1)
13.5%0.1361*1 + 2*0.25*0.1361*1*(1 - 1)
1.8373in"2

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

d*(E1*t-F*tr) - 2*%tn*(E1*t-F*r)*(1-frl)
{3%;(1*0225 -1%0.1361) - 2*0.25*(1%0.25-1*0.1361)*(1-1)
in

2%¢(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
2*(0, 25-50 .25y%(1%0.25-1*%0.1361) - 2*0.25*(1*%0.25-1*0.1361)*(1-1)
114 in

= smaller of the following = 0.237in"2
3*(tn - trn)y*fr2*t

5%(0.25 - 0.0603)*1%0.25
.237in"2

o

Ii o

A

3

5%(tn - trn)*fr2*tn
5*%(0.25 - 0.0603)*1%0.25
2371in"2

Adl = Leg'Z*frE
= 0.2572*%1 = .063in"2

Area = Al + A2 + A4l
= 1.538 + 0.237 + 0.063
= 1.838in"2
As Area > A the reinforcement is adequate for MAWP = 148.293 at 0 Deg F

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

o

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in
tl or €2(min) = lesser of 0.25 or 0.7*tmin, tl1(min) = - 0.175 in
tl actual) = 0.7*Leg = 0.7%0.25 = 0. 175 in
2(actual) = 0.18751n
tl + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t] and {2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0603 in (E=1)
Wall thickness per UG-45(b)(1): tr2 = 0.1361 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std plpe wall 1‘pvf:r UG-45(b)(4) tr4 = 0.328125 in

eater of &r2 or tr3: tr5 = 0.1361 in
The esser of tr4 or trS: tr6 = 0.1361 in

Revision No. 0

3.21.1996 Doc. No. V049-1-057

Page 13 of 56




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL
16-1/2" od

Req’d per UG-45 is the larger of tr] or tr6 = 0.1361 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.
Allowable stresses in joints UG-45(c) and UW-15(c)
Groove weld in tension = 0.74*16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690 psi

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

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*14%0.25%8183 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1,57*13.75%0.25%11690 = 63089.47 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*14*0.1875*12358 = 50930.41 Ibf

Loading on welds per UG-41(b)(1)
W = (A - (d - 2*tny*(E1*t - F*tr))*Sv
1.(.8375 - (2 )

(13.5 - 2%0.25)*(1*%0.25 - 1*0.1361))*16700
= 5955.218 Ibf

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

2 = (A2 + A3 + A4l + A43 + 2¥tn*t*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 or W1-1 = 5010 Ibf
Path 1-1 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Iof
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 = 5955.218 Ibf
Path 2-2 Thru (1), (43 = 44965.59 + 50930.41 = 95896 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

I Hg

W

[\S]

Reinforcement Calculations 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 = .625 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .625 in

3.21.1996

Apr. 19, 1996

Revision No. ¢
Doc. No. V049-1-057
Page 14 of 56




COMPRESS 5.53 C:A\COMPRESS\MODECLNR\B-5.VSL
16-1/2" od
Nozzle required thickness
trn = P*Rn/(Sn*E - 0.6*P)
= 148.1006%6.75/(16700*%1 - 0.6*148.1006)
= 0.0602 in
Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)

= 148.1006*%15.25/(16700*1 - 0.6*148.1006)
=0.136 in

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

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

A = d*r*F + 2*t*tr*F(1 - frl)
13.5%0.136%1 + 2*0.25%0.136*1%(1 - 1)
1.836 in"2

ol

Area available
Al = larger of the following = 1.539in"2
= d*(EI*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

= 13.5%(1%0.25-1*0.136) - 2*0.25%(1*0.25-1*0.136)*(1-1)
= 1.5391n"2

= 2¥%(t+tm)*(E1 *t-F*tr} - 2*tn*(E1*t-F*tr)*(1-frl
= 2*(0.25-!-(8. ( ) !
= .114in"2

A2 = smaller of the following ={.237 in"2
= 5*(tn - trn)*fr2*t

5%(0.25 - 0.0602)*1*0.25
237 in"2

Hol

= 5*(tn - trn)*fr2%tn
= 5%(0.25 - 0.0602)*1*0.25
= 237in"2

A4] = Leg 2%fr2
= 0.2572%1 = .063 in"2

Area = Al 4+ A2 + A41
= 1.539 + 0.237 + 0.063
= 1.839in"2

As Area > A the reinforcement is adequate for MAP = 148.1006 at 0 Deg F

3.21.1996

25)y%(1*0.25-1*%0.136) - 2*0.25*(1*0.25-1*0.136)*(1-1)

Apr. 19, 1996

Revision No, 0

Doc. No. V049-1-957
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL
16-1/2" od
Check the welds - From UW-16(d):

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

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

t2(actual) = 0.1875 in

tl + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0602in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.136 in

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

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

The greater of tr2 or tr3: tr5 = 0.136 in

The lesser of tr4 or tr§: tr6 = 0.136 in

Req’d per UG-45 is the larger of trl or tr6 = 0.136 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adeguate 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 i)
Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded joints:

(1) Inper fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*14%0.25*8183 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*in*Sn = 1.57*13.75%0.25%11690 = 63089.47 Ibf

(4) Groove weld in tension
(P1/2)*Nozzle O.D.*tw*Sg = 1.57*14%0.1875%12358 = 50930.41 Ibf

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

gl .836 - (13.5 - 2*0.25)*(1*0.25 - 1¥0.136))*16700
911.801 1bf

-1 = (A2 + A5 + A41 + A42)*Sv
(0.237 + 0 + 0.063 + 0)*16700
5010 lbf

= (A2 + A3 + A4l + A43 + 2*tn*t*fr1)*Sv

S I flg ] II
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= (0.237 + 0 + 0.063 + 0 + 2%0.25%0.25*1)*16700
= 7097.5 ibf

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

Load for ‘Fath 2-2 lesser of W or W2-2 = 5911.801 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-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

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

Nozzle required thickness
L/Do = 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*Doft)
= 4*5338.9/(3*14/0.02907)
= 14.7811 psi
Nozzle required thickness trn = ,02907 in

Required thickness tr from UG-37(d)(1) = .1446 in

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

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

A = 0.5%(d*tr*F + 2*tn*tr*F*(] - fr1))

0.5*513.5*0.1446*1 + 2*0.25%0.1446*1%(1 - 1))
9761 in"2
Area available
A1l = larger of the following = 1.423 in"2

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

}33;(_1*92.25-1*0.1446) - 2%0.25*%(1%0.25-1%0.1446)*(1-1)
. in

= 2%(t+n)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
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16-1/2" od
= 21*(2 .25+0.25)*(1*0.25-1*%0.1446) - 2*0.25*(1*0.25-1*0.1446)*(1-1)
= in"2
A2 = smaller of the following = (0.276 in"2

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

5*(tn - tra)*fi2*m

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

Ad] = Leg 212
= 0.2572*1 = .063 in"2

= Al + A2 + A4l
1423 + 0.276 + 0.063
1.762 in"2
As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Are

Il H"’

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

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

Std pipe wall Per UG-45(b)(4): tr4 = (.328125 in

The greater of tr2 or tr3:; try = 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 adeguate for Pe.
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16-1/2" od
Applied Loads
Radial load Pr = 2250 Ibf
Circumferential moment Mc = 378.5 1bf-ft
Circumferential shear Ve = 126.5 Ibf
Longitudinal moment ML =378.5 Ibf-ft
Longitudinal shear VL = 126.5 Ibf
Torsion moment Mt = O Ibf-ft
Internal pressure P= 0Opsi

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

Mean radius Rm = 15.375 in
Rm/t = 61.5

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

Pressure stress intensity factor, Farr equation 11.5
[ = .25%4 + 3*(z/x)"2 + 3*(r/x)"4)

.223‘;&4 + 3%(6.75/7.25)"2 + 3%(6.75/7.25)"4)

[T

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

Maximum combined stress =-19254 psi
Allowable combined stress = +-3*§ = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3663 psi
Allowable primary membrane stress = +-1,5*§ = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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From{ Value | beta
Fig.| read Au Al Bu B1 Cu C1 Du D1
3C* {1.5557 [0.398 -911 -911 -911 -911
4C* 14,3911 {0.398| -2570 -2570 -2570 -2570

- 1C [0.0648 ]0.398 -13997 13997 -13997 13997
2C-1]0.0065 |0.398| -1404 1404 -1404 1404
3A* [1.3830 [0.398 -267  -267 267 267
1A |0.0573 |0.398 -4079 4079 4079 -4079
3B* {2.5018 {0.398 -483  -483 483 483
1B-110.0079 10.398 -562 562 562 -562

pressure stress*

Total circ stress -5019 -1087 -2929 -1245 -19254 16898 -10562 9274
Primary membrane

circ stress* -3053 -3053 -2087 -2087 -1178 -1178 -644 -644
3C* [1.5557 [0.398 -911  -911 -911 -9il
4C* 14.3911 [0.398 -2570 -2570 -2570 -2570
1C-1/0.0160 |0.398| -3456 3456 -3456 3456
2C 10,0300 {0.398 -6480 6480 -6480 6480
4A* 15.6652 [0.398 -1093 -1093 1093 1093
2A |0.0227 {0.398 -1616 1616 1616 -1616
48* 11.4487 10.398 -279  -279 279 278
2B-1/0.0158 [0.398| -1125 1125 1125 -1125

pressure stress*

Total long stress -5771 3391 -2963 1699 -11759 4433 -6341 3387
Primary membrane

long stress* -1190 -1190 -632 -632 -3663 -3663 -1477 -1477
torsion moment Mt

Circ shear from Vc 23 23 -23 -23

Ltong shear from VL -23 -23 23 23
Total Shear stress 23 23 -23 -23 -23 -23 23 23
Combined stress -6772 4478 -2975 2944 -19254 16898 -10562 9274
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Opening CF Reinforcement Calculations Per UG-37

Located on: Spool B-5
User inpyt vessel thickness: .25 1n
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: 0in
Projection outside vessel Lpr: 2.625 in
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
— | |— - groove weld tw2 = .1875 in
N tw2 N VA
A
&— L ——>| To datum L= 96 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

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

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 148.293%6.75/(16700*1 - 0.6*148.293)
= 0.0603 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)

= 148.293*15.25/(16700*1 - 0.6*148.293)
= 0.1361 in

Area required

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

frl = lesser of 1 or Sa/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so f12 =1
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A = ¢*r*F + 2¥n*tr¥F*(1 - frl)
13.5*%0.1361*1 + 2*0.25*0.1361*1*(1 - 1)
1.8373 in"2

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

d*(E1*t-F*tr) - 2*tn*(E1%t-F*tr)*(1-fr1)
{3523(1 *.02'25“]*0'1361) - 2%0.25%(1*%0.25-1*0.1361)*(1-1)
538 in

= 2%(t+in)*(E1*t-F*tr) - 2%n*(E1%t-F*tr)*(1-fr])
2%(0.25+0.25)*%(1%0.25-1%0.1361) - 2¥0.25%(1*0.25-1%0.1361)*(1-1)
114 in™2

tn

A

(%]

= smaller of the following = 0.237 in"2

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

(|

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

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

Area = Al + A2 4+ A4l
= 1.538 + 0.237 + 0.063
= 1.838 in"2
As Area > A the reinforcement is adequate for MAWP = 148.293 at Q0 Deg F

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

il

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in )
tl or 2(min) = lesser of (.25 or 0.7*tmin, t1(min) = 0.175 in
ti(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actual) = 0.1875in

tl + 12 = 0.3625 > = 1.25%tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

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

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

The greater of tr2 or tr3: tr5 = 0.1361 in

The lesser of te4 or tr5: te6 = 0.1361 in
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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

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
(P1/2)*Nozzle O.D.*Leg*Si = 1.57%14*0.25*8183 = 44965.59 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*13.75%0.25*11690 = 63089.47 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*14*0.1875%12358 = 50930.41 Ibf

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

W= (A - gd - 2%tn)*(E1*t - F*tr))*Sy
= (1.8373 - (13.5 - 2%0.25)*(1%0.25 - 1*0.1361))*16700
= 5955.218 Ibf

WIi-1 = (A2 + AS + A4l + A42)*Sy
= §0.237 + 0 + 0.063 + 0)*16700
= 5010 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr1)*Sy
= (0.237 + 0 + 0.063 + 0 + 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 Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for path 2-2 lesser of W or W2-2 = 5955.218 Ibf
Path 2-2 Thru (1), (4‘?l = 44965.59 + 50930.41 = 95896 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 13.5 in ]
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .625 in
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Nozzle required thickness
trn = P*Rn/(Sn*E - 0.6*P)
= 148.1006*6.75/(16700*1 - 0.6*148.1006)
= (.0602 in
Required thickness tr from UG-37(a)
tr= P*R/(S*E - 0.6*P)
= 148.1006*15.25/(16700*1 - 0.6*148.1006)
=0.136in
Area required

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

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

A = d*r*F + 2%m*r*F*(l - frl)
= 13.5%0.136*1 + 2*0.25%0.136*1*(1 - 1)
= 1.836 in"2

Area available

Al = larger of the following = 1.539in"2
d*E1*t-F*tr) - 2*m*(E1*t-F*tr)*(1-frl)
13.5%(1*0.25-1*0.136) - 2*0.25*(1*0.25-1%0.136)*(1-1)
1.539 in"2

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

2*(0.25-5 .25)*(1*0.25-1*0.136) - 2*0.25*(1*0.25-1*0.136)*(1-1)
114 m”

il

A

(o8 ]

= smaller of the following = 0.237in"2

5*(tn - trn)*fr2*t
5*%(0.25 - 0.0602)*1*0.25
237in"2

5*%(tn - tro)*fr2*n
5%(0.25 - 0.0602)*1*0.25
237 in"2

A4l = Leg 2*fr2
= 0.2572%1 = .063 in"2
Area = Al + A2 + A4l
= 1.539 + 0.237 + 0.063
= 1.839 in"2

As Area > A the reinforcement is adequate for MAP = 148.1006 at 0 Deg F

ot

3.21.1996

Apr. 19, 1996

Revision No. 0
Doc. No. V049-1-057
Page 24 of 56




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL
16-1/2" o.d.

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

2(actual) = 0.1875 in

tl + 2 = 0.3625 > = 1.25%tmin

The weld sizes for t1 and t2 are satisfactory,

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0602 in (E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.136 in

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

Std pipe wall per UG-45(b)(4): trd = (.328125 in

The greater ot tr2 or tr3: tr5 = 0.136 in

The lesser of tr4 or r5: tr6 = 0.136 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.136 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is ﬁdequate for MAP. |
Allowable stresses in joints UG-45(c) and UW-15(c)
Groove weld in tension = (.74*16700 = 12358 psi

Nozzle wall in shear = 0.7*16700 = 11690 psi
Inner fillet weld in shear = 0.49%16700 = 8?83 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(P1/2y*Nozzle O.D.*Leg*Si = 1.57*14*(0.25%8183 = 44965.59 ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*%13.75%0.25*11690 = 63089.47 Ibf

{4) Groove weld in tension
(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*tn)*(E1*t - F*tr))*Sv
= g1.836 - (13.5 - 2%0.25)*%(1*0.25 - 1%0.136))*16700
= 5911.801 Ibf
WIi-1 = (A2 4+ A5 + A4l + A42)*Sy
= (0.237 + 0 + 0.063 + 0)*16700
= 5010 Ibf

W22 = (A2 + A3 + A4l + A43 + 2¥tn*t*fr1)*Sy
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(0.237 + 0 + 0.063 + 0 + 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 {zhru (1) & (3) = 44965.59 + 63089.47 = 108055.1 Ibf
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(1).

Load for _Fath 2-2 lesser of W or W2-2 = 5911.801 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-41(b)(2).

nn

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vesse]l 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

Required thickness tr from UG-37(d)(1) = .1446 in

Area required

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

frl = lesser of 1 or Sn/Sv so fri =1
= lesser of 1 or Sn/Svso f12 =1
A = 0.5%@**F + 2**r*F(1 - frl))
0.5%(13.5%0.1446%1 + 2%0.25%0.1446*1+(1 - 1)
9761 in"2

Area available

A1l = larger of the following = 1.423in"2

= AXE1*-F*r) - 2*n*(E1*t-F*tr)*(1-fr1)
= }33;(_1*%2 -1%0.1446) - 2*0.25%(1*0.25-1%0.1446)*(1-1)
= 1. m

= 2*(t+m)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
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2*%(0.25+0.25)*(1*0.25-1*0. 1446) - 2*0.25*(1*0.25-1*0.1446)*(1-1)
105 in”"2 :
A2 = smaller of the following = 0.276 in"2

3*(tn - trn)*fr2*t

5%(0.25 - 0.02907)*1*0.25

276 in"2

5*(tn - tm&*frZ*tn

5%(0.25 - 0.02907)*1%0.25

276 in"2

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

ea = Al + A2 + A4l
1.423 + 0.276 + 0.063
1.762 in"2 |
As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Nl

i

A

ey

Wall thickness per UG-45(a): trl = 0.02907 in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0153 in

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

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

The greater of tr2 or tr3: try = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

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

The nozzle neck thickness is adequate for Pe.
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Applied Loads
Radial load Pr = 2250 Ibf
Circumferential moment Mc = 378.5 Ibf-it
Circumferential shear Ve = 126.5 Ibf
Longitudinal moment ML =378.5 ibf-ft
Longltudinal shear VL = 126.5 Ibf
Torsion moment Mt = ( 1bf-ft
Internal pressure P = 0Opsi

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

Mean radius Rm = 15.375 in
Rm/t = 61.5

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

Pressure stress intensity factor, Farr equation 11.5
I = .25%(4 + 3*(r/x)"2 + 3*(1/x)"4)

.223‘;‘54 + 3%(6.75/7.25)"2 + 3%(6.75/7.25)"4)

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

Maximum combined stress =-19254 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3663 psi
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within aliowable limits.
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From| Value | beta
Fig.| read Au Al Bu Bl Cu C1 Du D1
3C* 11,5557 {0.398 -911  -911 -911 -911
4C* 14,3911 |0.398( -2570 -2570 -2570 -2570
1C |0.0648 [0.398 -13997 13997 -13997 13997
2C-110.0065 |0.398] -1404 1404 -1404 1404 ,
3A* |1.3830 [0.398 -267  -267 267 267
1A |0.0573 |0.398 -4079 4079 4079 -407%
3B* [2.5018 {0.398 -483  -483 483 483
1B-110.0079 |0.398 -562 562 562  -562

pressure stress*

Total circ stress -5019 -1087 -2929 -1245 -19254 16898 -10562 9274
Primary membrane

circ stress* -3053 -3053 -2087 -2087 -1178 -1178 -644 -644
3C* |1.5557 [0.398 -911  -911  -911 -911 °

4C* [4.3911 [0.398 -2570 -2570 -2570 -2570
1C-110.0160 0.398| -3456 3456 -3456 3456

2C 10.0300 |0.398 -6480 6480 -6480 6480
4A* |5.6652 |0.398 -1093 -1093 1093 1093
2A 10.0227 (0.398 -1616 1616 1616 -1616
4B* 11.4487 |0.398 -27%  -27% 279 279

2B-1{0.0158 |0.398| -1125 1125 1125 -1125

pressure stress*

Total long stress -5771 3391 -2963 1699 -11759 4433 -6341 3387
Primary membrane ‘

long stress* -1190 -1190 -632 -632 -3663 -3663 -1477 -1477
torsion moment Mt

Circ shear from Vc 23 23 -23 -23 .

Long shear from VL -23 -23 23 23
Total Shear stress 23 23 -23 -23 -23 -23 23 23
Combined stress -5772 4478 -2975 2944 -19254 16898 -10562 9274
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Opening CF Reinforcement Calculations Per UG-37

Located on;

User input vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:

Nozzle orientation:

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

th —>| |-
Tle=d -5
twl->] [<
/v \
Noftwe |/
A
<— L —>|

Spool B-5

25 1in

0 psi

Not installed

SA 240 304L HIGH

90 degrees

18.125 in

0in

2.625 in
corrosion allow = 0 in
noz thick new tn= .125 in
nozzle id. new d= 5.75 in
fillet weld twl = .25 in
groove weld tw2 = .1875 in

To datum L= 288 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 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

Nozzle required thickness
trn = P*Rn/(Sn*E - 0.6*P)

= 136.2469%2.875/(16700*1 - 0.6*136.2469)

= 0.0236 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)

= 136.2469*15.25/(16700*1 - 0.6*136.2469)

=0.125 in
Area required

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

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

3.21.1996
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A = ¢*r*F + 2*in*tr*F*(1 - frl)
= 5.75%0.125*%1 + 2*%0.125%0.125%1*%(1 - 1)
= 7188 in"2

Area available

Al = larger of the following = .719in"2

d¥(E1*-F*r) - 2*tn*(E1*t-F*tr)*(1-fr1)
5%3*_({*20.25-1*0.125) - 2%0.125%(1*0.25-1*0.125)*(1-1)
719 in

= 2*(t+t)*(E1*t-F*tr) - 2*ta*(E1*t-F*tr)*(1-fr1)
2(’)"50.25-50.125)*(1*0.25-1*0.125) - 2%0,125%(1*0.25-1%0.125)*(1-1)
.094 in"

A

%)

= smaller of the following = 0.063 in"2

5%(tn - trn)*fr2*t
5%(0.125 - 0.0236)*1*(.25
A27in"2

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

A4l = Leg 2*fi2
=0.2572%1 = .063 in"2

Area = Al + A2 + A4l
= 0.719 + 0.063 + 0.063
= .845in"2
As Area > A the reinforcement is adequate for MAWP = 136.2469 at 0 Deg F

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

nan

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in

t1 or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7%0.25 = 0.175 in

t2(actual) = 0.1875 m

tl + 12 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and 12 are satisfactory.
UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0236in (E = I)
Wall thickness per UG-45(b)(1): tr2 = 0.125in

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

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

The Frcater of tr2 or tr3: tr5 = 0.125in

The lesser of tr4 or trS: tr6 = 0.125 in
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Req’d per UG-45 is the larger of trl or tr6 = 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*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%0.25*%8183 = 19270.96 Ibf

(3) Nozzle wall in shear
(P1/2)*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)

&d 2*m)*(E1*t - F*tr?)*Sv

= ( 718 (5.75 - 2%0.125y*(1*0.25 - 1*%0.125))*16700

= 522.7101 Ibf
-1

= (A2 + A5 + A4l + A42)*Sv
g .06 3+0+0063+O)*16700
104.2 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr])*Sv
= 50 076 5+lbof+ 0.063 + 0 + 2*%0.125*0.25*1)*16700

Load for path 1-1 lesser of W or W1-1 = 522.7101 1bf
Path 1-1 Thru (1) & (3) = 19270.96 + 13478.21 = 32749.17 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 = §22.7101 Ibf
Path 2-2 Thru N, (42]3 19270.96 + 21827.32 = 41098.28 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Parallel to the vessel walid = §.75 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

3.21.1996
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Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P) .
= 136.2634*2.875/(16700*1 - 0.6%136.2634)
= (.0236 in

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

= 136.2634%15.25/(16700*1 - 0.6%136.2634)
= 0.125 in

Area required

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

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

A = d*r*F + 2*tn*a*F*( - frl)
5.75%0.125*%1 + 2%0.125%0.125%1*%(1 - 1)
.7188 in"2

Area available

Al = larger of the following = .7191n"2

d*E1*t-F*tr) - 2%m*(E1*-Ftr)*(1-frl)
5_}'17?‘_(1:"20.25-1*0.125) - 2%0.125%(1%0.25-1*0.125)*(1-1)
. mn

= 2%(t+tn)*(E1*-F*r) - 2*tn*E1*-FHr)*(1-fr1)
= 26‘9(0.2542-0.125)*(1*0.25-1*0.125) - 2¥0.125%(1*0.25-1*0.125)*(1-1)
= .09 in"

A2 = smaller of the following = 0.063 in"2

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

5*(tn - trn)*fi2*m
5%(0.125 - 0.0236)*1*0.125
063 in~2

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

Area = Al + A2 + Adl
= 0.719 + 0.063 + 0.063
= 845in"2

As Area > A the reinforcement is adequate for MAP = 136.2634 at 0 Deg F

i

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

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in .
tl or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actual) = 0.1875 in

tl + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t] and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0236in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.125 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: tr5 = 0.125in

The lesser of tr4 or tr3: tr6 = 0.125 in

Req’d per UG-45 is the larger of trl 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-15(c)
Groove weld in tension = 0.74*16700 = 12358 psi

Nozzle wall in shear = 0.7*16700 = 11690 PSi
Inner fillet weld in shear = 0.49*16700 = 8183 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(P1/2y*Nozzle O.D.*Leg*Si = 1.57%6*0.25*%8183 = 19270.96 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
(P1/2)*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*%tn)*(E1*t - F*tr))*Sy
= (0.7188 - (5.75 - 2*%0.125)*(1%0.25 - 1*0.125))*16700
= 522.7101 Ibf
Wi1-1 = (A2 + A5 + Adl + A42)*Svy
= (0.063 + 0 + 0.063 + 0)*16700
= 2104.2 Ibf

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

3.21.1996
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= (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 = 522.7101 Ibf
Path 1-1 'Fhru (1) & (3) = 19270.96 + 13478.21 = 32749.17 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for _Fath 2-2 lesser of W or W2-2 = 522.7101 Ibf
Path 2-2 Thru (1), (4) = 19270.96 + 21827.32 = 41098.28 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calcnlations for External Pressure

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

Nozzle required thickness

L/Do = 2.625/6 = .4375 Do/t = 6/0.01409 = 425.8339
From table G: A = 0.000361
From table HA-3: B = 4697.7

Pa= 4*B/(3*Do/t)
= 4*4697.7/(3%6/0.01409)
= 14.709 psi
Nozzle required thickness tm = .01409 in

Required thickness tr from UG-37(d)(1) = .1446 in

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

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

A = 0.5%(@*r*F + 2%n*tr*F*(1 - frl))
= 03; 5_.7:5;0.1446*1 + 2%0.125%0,1446%1*(1 - 1))
=, mn

Area available

Al = larger of the following = .606 in"2

= g* El*t-F*trS) - 2*m*(El*t-F*tr)*(1-fr13
5.75%(1*0.25-1*0.1446) - 2*0.125%(1*0.25-1*%0.1446)*(1-1)

606 in"2

= 2¥(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
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= 2%(0.25+0.125)*(1*0.25-1%0.1446) - 2%0.125%(1*0.25-1%0.1446)*(1-1)
= .079in"2
A2 = smaller of the following = 0.06% in"2

5¥(tn - trn)*fr2*t
5+(0.125 - 0.01409)*1*0.25
.139'in"2

5*%(tn - trn)*fr2*%tn

5*&0.125 - 0.01409)*1*0.125
069 in"2

1 = Leg 2*{r2

—025 2*1 = .063in"2

Arez = Al + A2 + A4]
= 0.606 + 0.069 + 0.063
= .738in"2

i

A

'y

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 = 0.01409in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0153 in

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

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

The greater of tr2 or tr3: tr3 = 0.0625 in

The lesser of tr4 or tr5: tré6 = (.0625 in

Req’d per UG-45 is the larger of trl or r6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.125 in

The nozzle neck thickness is adequate for Pe.
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Opening CF Reinforcement Calculations Per UG-37

Located on:

User input vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification:
Nozzle orientation:

End of nozzle to shell center:
Nozzie offset from center Lo:

Projection outside vessel Lpr:
tn —>| |<=
e d -]
twl—>| (<
/I v \
Njtwe |l
A
G | ——>]

Spoo! B-5
0 psi
Not instatled

SA 240 304L HIGH

90 degrees
18.125 in
Oin
2.625in

0 in

.25 in
8.5 in
.25 in
.1875 in

corrosion allow
noz thick new tn
nozzle id. new d
fillet weld twl
groove weld tw2

[T

non

To datum L= 72 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Paralle! to the vessel walld = 9.5 in
Normal to the vesse!l wall outside 2.5*%(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .625 in

Nozzle required thickness

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

= 154.4154*4,75/(16700*1 - 0.6*154.4154)

= 0.0442 in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)

= 154.4154*15.25/(16700%1 - 0.6*154.4154)

=0.1418 in
Area required

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

fr1 = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1
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A = d*r*F + 2*n*ar*F*(1 - frl)
= 9.5%0.1418*1 + 2*0.25*0.1418*1*(1 - 1)
= 1.3471 in"2

Area available

Al = larger of the following = 1.028 in"2
d*(E1*t-F*tr) - 2*tm*(E1*t-F*tr)*(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+tn)*(E1*t-F*tr) - 2*m*(E1*t-F*tr)*(1-fr1)

2*60.25;0.25)*(1*0.25-1*0. 1418) - 2*0.25*(1*0.25-1*0.1418)*(1-1)
.108 in”

A

[\ ]

= smaller of the following = 0.257 in"2

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

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

Ad] = Leg 2*fr2
= 0.25°2%1 = .063 in"2

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

As Area > A the reinforcement is adequate for MAWP = 154.4154 at 0 Deg F
Check the welds - From UW-16(d):

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

t1 or 12(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tléactuai) = 0.7*Leg = 0.7%0.25 = 0.175 in

t2(actual) = 0.1875 in

tl1 + t2 = 0.3625 > = 1.25%tmin

The weld sizes for t] and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

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

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

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

The greater of o2 or tr3; tr5 = 0.1418 in

The lesser of tr4 or tr5: tr6 = 0.1418 in
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Req’d per UG-45 is the larger of trl or tr6 = (.1418 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.
Allowable stresses in joints UG-45(c) and UW-15(c)
Groove weld in tension = 0.74*16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690 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*8183 = 32118.28 Ibf

(3) Nozzle wall in shear
(P1/2)*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*0.1875*%12358 = 36378.86 ibf

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

= (1.3471 - (9.5 - 2%0.25)*(1*0.25 - 1%0.1418))*16700
234.11 Ibf

Adl + A43 + 2*in*t¥frl)*Sv
0 + 2%0.25*0.25*1)*16700

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 W1-1 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), (43: 32118.28 + 36378.86 = 68497.14 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Paraltel to the vessel walld = 9.5 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .625 in
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Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 154.4724*4.75/(16700*1 - 0.6%154.4724)
= 0.0442 in

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

= 154.4724*15.25/(16700*1 - 0.6*154.4724)
= (.1418 in

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

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

A = @*tr¥F + 2*tn*tr*F*(1 - frl)
= 9.5%0.1418*1 + 2#0.25%0.1418*1%(1 - 1)
= 1.3471 in"2

Area available

Al = larger of the following = 1.028 in"2
= d¥(E1*t-F*tr) - 2*tn*(E1*t-F*try*(1-fr1)
?.8;%1?‘[{.%5—1*0.1418) - 2%0.25*%(1*0.25-1*0.1418)*(1-1)
.028 in

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

108 in"2

>
D

= smaller of the following = 0.257 in"2

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

5*%&1 - trn)*fr2*tn
53*(0.25 - 0.0442)*1%0.25
= 257 in"2

A4l = Leg2*r2
= 0.2572*1 = .063 in"2

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

(e

i

2%(0.25+0.25)*(1*0.25-1*%0.1418) - 2*0.25%(1*0.25-1*0.1418)*(1-1)

Apr. 19, 1996

As Area > A the reinforcement is adequate for MAP = 154.4724 at 0 Deg F
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Check the welds - From UW-16(d):

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in )
tl or 2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0. 175 in

t2(actual) = (.1875 1n

tl + £ = 0.3625 > = 1.25%tmin

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

Wall thickness per UG-45(a): trl = 0.0442in(E = 1)
Wall thickness per UG-45(b)(1): 2 = 0.1418 in

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

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

The greater of tr2 or tr3: tr5 = (.1418 in

The lesser of tr4 or trS: tr6 = 0.1418 in

Req’d per UG-45 is the larger of tr] or trt6 = 0.1418 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAP.
Allowable stresses in joints UG-45(c) and UW-15(c)
Groove weld in tension = 0.74*16700 = 12358 psi

Nozzle wall in shear = 0.7*¥16700 = 11690F
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*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%0.1875%12358 = 36378.86 Ibf

Loading on welds per UG-41(b)(1)
(d - 2*tn)*(E1*t - F*tr))*Sv
gl 3471 (9.5 - 2*%0.25)*(1%0.25 - 1*0.1418))*16700
234.11 Ibf
1=(7 + A5 + A4l +A42*Sv
(0.257 + 0 + 0.063 + 0)*16700
5344 Ibf
2=

(A2 + A3 + A4l + A43 + 2*t*t*fr])*Sv

wi-

W2
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(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 W1-1 so it is acceptable per UG-41(b)(1).

Load for ¥am 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).

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
Normatl to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickness
L/Do = 2.625/10 = .2625 Do/t = 10/0.02173 = 460.1933
From table G: A = 0.00056
From table HA-3: B = 5075
Pa= 4*B/(3*Do/t)
= 4*5075/(3*10/0.02173)
= 14.704 psi
Nozzle required thickness trn = .02173 in

Required thickness tr from UG-37(d)(1) = .1446 in

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

frl = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fI2 =1

A = 0.5%(d*r*F + 2*tn*tr*F*(1 - fr1))
= 06.3; 9_.51"5).1446*1 + 2%0.25%0.1446*1*(1 - 1))
=. in

Area available

Al = larger of the following = 1.001 in"2
= d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= ?.&(}1?‘({.%5-1*0.1446) - 2%0.25%(1*0.25-1*0.1446)*(1-1)
= 1.001 in

= 2%(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-frl)
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2;62.25-50.25)*(1*0.25-1*0.1446) - 2%0.25%(1*0.25-1*0.1446)*(1-1)
. mn"

= smaller of the following = (.285in"2

*(tn - tm())*fr2*t

5*%(0.25 - 0.02173)*1+0.25
.285in"2

3*(tn - trn)*fr2*m
5%(0.25 - 0.02173)*1%0.25
.285in"2

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

Area = Al + A2 + Ad]

1.001 + 0.285 + 0.063

1.349 in"2 .

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

UG-45 Nozzle Neck Thickness Check

(1

A

L]

fn

A

'S

Wall thickness per UG-45(a): trl =0.02173in(E=1)
Wall thickness per UG-45(b)(2): tr2 = 0.0153 in

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

Std pipe wall per UG-45(b)(4): tr4 = 0.3193751n

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 = 0.25 in

The nozzle neck thickness is adequate for Pe.
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Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Stiffner Rings

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 4

Distance first ring to datum line: 60 in

Ring spacing: 119 1in

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

Ring moment of inertia: Ir= 0.348in"4

Calculations for ring 60 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14461in
Corroded shell thickness: ts= 025m

Shell outer diameter: Do = 3lin

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 56.27083 in

B = 75%(P*Do/(t + As/Ls))
= .75%(14.7%31/(0.14461 + 0.938/56.27083))
= 2119.149

From table HA-3 (ring) A = 1.612017E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*{t + As/Ls)*A)/10.9
= (3172*56.27083*(0.14461 + 0.938/56.27083)*1.612017E-04)/10.9
= .1289819 in"4

Available moment of inertia of the combined ring-shell section

= 3.06227

Shell width contributing smaller of
W = 1,1*Sqr(Do*ts)
= 1.1*S8qr(31*0.25)
= 3.06227 in
W = Ls = 56.27083 in
Shell area A1 = W*ts = .7655676 in"2

Distance to the ring neutral axis

3.21.1996

Apr. 19, 1996

Revision No. 0
Doc. No. V049-1-057
Pace 44 of 56




C:A\COMPRESS\MODECLNR\B-5.VSL
Stiffner Rings

COMPRESS 5.53

= Ring NA + ts/2
1.408 + 0.25/2
1.533 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.533/(0.7655676 + 0.938)
= 8440839 in
Inertia of the shell about the combined section NA
Il = W*ts"3/12 + AI*NA"2
= 3.06227%0.25"°3/12 + 0.7655676*0.8440839"2
= .5494371 in"4
Inertia of the ring about the combined section NA
12 =1Ir + As*(NA - Y2)"2
= 0.348 + 0.938*(0.8440839 - 1.533)"2
= .7931799 in"4

Total available I = 11 + 12 = 1.342617 in"4

Y2

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

Calculations for ring 179 in from datum
SA 240 304L HIGH

Shell material specification:

Required shell thickness: t = 0.14461 in
Corroded shell thickness: ts = 0.25in
Sheli outer diameter: Do = 31in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 68 in

B = .75*(P*Do/(t + As/Ls))
= .75%(14.7%31/(0.14461 + 0.938/68))
= 2157.614

From table HA-3 (ring)
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

= (3172*68*((0.14461 + 0.938/68)*1.640997E-04)/10.9

= 1558404 in"4
Available moment of inertia of the combined ring-shell section

= 3.06227

A = 1.640997E-04

Shell width contributing smaller of
W = 1.1*Sqr(Do*ts)
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1.1*8qr(31*0.25)
3.06227 in

W =1Ls=068in
Shell area A1 = W¥ts = (0.7655676 in"2

Distance to the ring neutral axis
Y2 = Ring NA + ts/2
= 1.408 + 0.25/2
= 1.533 in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.533/(0.7655676 + 0.938)
= 8440839 in
Inertia of the shell about the combined section NA

I1 = W*s"3/12 + AI*NA"2
= 3.06227*0.25°3/12 + 0.7655676*0.8440839"2
= 5494371 in"4
Inertia of the ring about the combined section NA
12 =1Ir + As*(NA-Y2)"2
= 0.348 + 0.938*(0.8440839 - 1.533)"2
= 7931799 in"4
Total available I = I1 + 12 = 1.342617 in"4
The 2x2x1/4 Equal Angle vacuum stiffener is satisfactory,

Calculations for ring 298 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14461 in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 31 in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 52in

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

= .,75%(14.7*31/(0.14461 + 0.938/52))
= 2101.311
From table HA-3 (ring) A = 1.598576E-04

Required moment of inertia of the combined ring-shell section
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Is

(Do 2*Ls*(t + As/Ls)*A)/10.9
(3172*52%(0.14461 + 0.938/52)*1.598576E-04)/10.9
119202 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227

W = 1.1*Sqr(Do*ts)
= 1.1*8Sqr(31*0.25)
= 3.06227 in
W =Ls=52in
Shell area A1 = W*ts = 0.7655676 in"2
Distance to the ring neutral axis
Y2 = Ring NA + ts/2
= 1.408 "+ 0.25/2
= 1.533 in
Neutral axis of combined section
NA = As*Y2/(Al + As)
= 0.938*1.533/(0.7655676 + 0.938)
= 8440839 in
Inertia of the shell about the combined section NA
Il = W*ts"3/12 + A1*NA"2
= 3.06227%0.25°3/12 + 0.7655676%0.8440839"2
= .5494371 in"4
Inertia of the ring about the combined section NA

12 =1Ir + As*(NA - Y2)"2
0.348 + 0.938*(0.8440839 - 1.533)"2
7931799 in"4

Total available I = 11 + 12 = 1.342617 in"4

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

Calculations for ring 417 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14461 in
Corroded shell thickness: ts = 0.25in

Shell outer diameter:; Do =31in

Design temperature: = 400 deg F

External design pressure: P = 147 psi

Stiffener supported length: Ls = 4551
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B = .75*&P*Dol(t + As/Ls))

= [ 75*(14.7*31/(0.14461 + 0.938/45.5))
= 2068.538
From table HA-3 (ring) A = 1.5738BE-04

Required moment of inertia of the combined ring-shell section

Is= (3D0“2*Ls*(t + As/Ls)*A)/10.9
= (31°2*45.5%(0.14461 + 0.938/45.5)*1.57388E-04)/10.9
= .1043174 in"4

Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 3.06227
W = 1.1*Sqr(Do*ts)
= 1.1*8qr(31%0.25)
= 3.06227 in
W=Ls=455in

Shell area A1 = W*ts = 0.7655676 in"2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
= 1.408 + 0.25/2
= 1.533in

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
I1 = W*5"3/12 + A1*NA"2
= 3.06227*0.25°3/12 + 0.7655676*0.8440839"2
= .5494371 in"4
Inertia of the ring about the combined section NA
12 =1Ir + As*(NA -Y2)"2
= 0.348 + 0.938*(0.8440839 - 1.533)"2
= 7931799 in"4
Total available I = 11 + I2 = 1.342617 in"4

The 2x2x1/4 Equal Angle vacnum stiffener is satisfactory.
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Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Supgort Rings
Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2
Distance first ring to datom line: 108 in
Ring spacing: 136 in
Ring description: 3x3x1/4 Egual Angle
Ring is rolled: leg in (hard way)
Ring cross sectional area: As = 1.44in"2
Ring moment of inertia: Ir= 1.24in"4
Calculations for ring 108 in from datum
Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14461 in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do = 3lin
Design temperature: = 400 deg F
External design pressure: P = 14.7 pst
Stiffener supported length: Ls = 5951n
B = .75*(P*Do/(t + As/L5s))

= .75%(14.7*%31/(0.14461 + 1.44/59.5))

= 2024.593

From table HA-3 (ring) A = 1.540758E-(4

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= (31°2*59.5%(0.14461 + 1.44/59.5)*1.540758E-04)/10.9
= .1364428 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227
W = 1.1*Sqr{Do*ts
= 1.1*8Sqr(31*0.2%)
= 3.06227 in
W=1Ls=595in
Shell area A1 = W*ts = 0.7655676 in"2

Distance to the ring neutral axis
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Y2 = Ring NA + ts/2
= 2.158 + 0.25/2
= 2.283 in
Neutral axis of combined section

NA = As*Y2/(Al + As)

= 1.44*2.283/(0.7655676 + 1.44)

= 1.490555 in
Inertia of the shell about the combined section NA
I1 = W*ts"3/12 + AI*NA"2
3.06227%0.25"3/12 + 0.7655676*1.490555"2
1.70489 in"4
Inertia of the ring about the combined section NA

I2 =1Ir + As*(NA - Y2)"2
= 1.24 + 1.44*(1.490555 - 2.283)"2
= 2.144275in"4
Total available I = I1 + 12 = 3.849166 in"4

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

Calculations for ring 244 in from datum

Shell material specification: SA 240 304L HIGH

Required shell thickness: t = 0.14461 in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do = 31 in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 59.51n

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

= .75%(14.7*31/(0.14461 + 1.44/59.5))

= 2024.593

From table HA-3 (ring) A = 1.540758E-(4
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

= (3172*59.5%(0.14461 + 1.44/59.5)*1.540758E-04)/10.9

= ,1364428 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.06227
W = 1.1*Sqr(Do*ts)
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= 1.1*Sqr(31*0.25)
= 3.06227 in

W=Ls=595in
Shell area Al = 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
Il = W*ts"3/12 + AI1*NA"2

3.06227*0.25°3/12 + 0.7655676*1.490555"2
1.70489 in"4

I

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

= 1.24 + 1.44*(1.490555 - 2.283)"2

= 2.144275 in" 4

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

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
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Stiffening Ring Calculations Per UG-29

ASME Section VII]I Division 1,

1992 Edition, A94 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:
Ring moment of inertia:

Support Rin
§Ap530 304L HIGH

348 in
3x3x1/4 Equal Angle
leg in (hard way)

As = 1.44in"2

Ir= 1.24in"4

Calculations for ring 348 in from datum

Shell material specification:

SA 240 304L HIGH

Required shell thickness: t = 0.14461 in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do =31 in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls= 59.51n
B= .75*5P*D0/(t + As/Ls))

= .75%(14.7*31/(0.14461 + 1.44/59.5))

= 2024.593
From table HA-3 (ring)

A = 1.540758E-04

Required moment of inertia of the combined ring-shell section

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

o

.1364428 in"4

(317°2%59.5%(0.14461 + 1.44/59.5)*1.540758E-04)/10.9

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of

W = 1.1*Sqr(Do*ts)
= 1.1*Sqr(31*0.25)
= 3.06227 in

W=Ls=595in

= 3.06227

Shell area Al = W*ts = 0.7655676 in"2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
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= 2.158 + 0.25/2
= 2.283 in

Neutral axis of combined section

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

Inertia of the shell about the combined section NA

Il = W*ts"3/12 + A1*NA"2
= 3.06227*0.25°3/12 + 0.7655676*1.490555°2
= 170489 in"4

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

= 1,24 + 1.44%(1.490555 - 2.283)"2

= 2.144275 in"4

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

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

Lug material specification = SA 206 340L HIGH
Lug allowable stress = 24000 psi
Top plate width W‘B =21in

Base plate width wb = 6 in

Top plate thickness t=0.375in
Base plate thickness tb = 0.3751in
Lug length circ, direction L==6in
Gusset height h=46in

Gusset thickness tg = 0. 375 in
Number of lugs =4

Angular position, first lug =90 degrees
Fillet weld size tw = 0.25 in
Force bearing width Fb =3 in
Distance to load d=4.5in

Lug top plate required thickness, Bednar pg 153

= (. 75*(VL*d*L5)/(Sa* “2*%h)
= 0.75%(1604*4 *6)/(2 *2 2%6)
= 0.25in

Lug gusset required thickness

Sc = 18000/(1 + (1/18000)*(h/(0. 289*tg3)) 2)
= 18000/(1 + (1/18000)*(6/(0.289*0.375)y 2 )
= 15380.89 psi

tg = VL*(3*d - wb)/(Sc*wb" 2*SIN&AI§)ha) 2)
= (1)68;1*4(3*4 .5 - 6)/(15380.89*6"2*SIN(56.31)"2)
= in

Lug base plate required thickness

From Escoe table 4-8
fc = VL/(Fb*L) = 89.11111 psi

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

My = Cy*fc*wb"2

= -.174*89.11111*6°2 =-397.792
tb = Sqr(6*Mmax / Sa)

= Sq3r(6*397.792 { 24000)

= 0.3154 in

Check lug attachment stresses

Radial load Pr= Qlbf
Circumferential moment Mc = 0 Ibf-ft
Circumferential shear Ve = 01bf
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BELLOWS LUGS
Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 1604 Ibf
Internal pressure P = Opsi

- Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 15,375 in
Rm/t = 61.5

C1=3,C2=3375in

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

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

Maximum combined stress = 950 psi _
Allowable combined stress = +-1.5*%S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = 0 psi _
Allowable primary membrane stress = +-1,5*%S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Revision No. 0
Doc. No. V(049-1-057
3.21.1996 Page 55 of 56




COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL Apr. 19, 1996

BELLOWS LUGS
From| Value | beta
Fig.| read Au Al Bu B1 Cu Cl Du D1
3C* [3.9083 |0.222
4C* 17.5544 |0.213
1C |0.0648 {0.203
2C-1]0.0257 |0.203
3A* (2.3818 [0.203
1A |0.0649 [0.223
3B* |5.3623 (0.211
1B-1(0.0191 [0.208
pressure stress¥*
Total circ stress
Primary membrane
circ stress*
3C* [4.1149 {0.7213
4C* |7.3854 (0.222
1C-1{0.0500 |0.215
2C 10.0334 {0.215
4A* 15,3293 [0.203
2A  [0.0274 [0.237
4B* 12.3936 {0.211
2B-1{0.0268 [0.226
pressure stress*
Total Tong stress
Primary membrane
long stress*
torsion moment Mt
Circ shear from Vc
Long shear from VL -475  -475 475 475
Total Shear stress -475 -475 475 475
Combined stress 950 950 950 950
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-058

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 21

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

0 cr3s | /2275 Wk | Koo

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 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 = 45420 in-lbs
Ve = VI = 126.51bs

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIIL, Div. 1, Pressure Vessels.
2. COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
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
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: Y049-1-058
WESTBOROUGH, MA CALCULATIONS PAGE 2 OF 21
BY: W. Bilynsky CHKD: R?2&
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V55049
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
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Nozzle Schedule 7
Thickness Summary 8
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Support Rings 18
Loads @ 6™ Nozzle 21
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COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

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

Apr. 22, 1996

| | P | T | HMAWP | HMAP i Pa | ve-99% | vCsS-66 |Corrosion|
| Identifier i design | design | | |external]| Ratio | MDMT Exenption or | Allowance|
| | tpsiy [{deg F) | (psiy | (psi)y | (psi) | | (deg F) Stresse Reduction | (in)
I | [ [ [ f ] [ ]
| sSpool B-s | 0.0 | 0.0 | 146.12 | 146.1 | 34.6 | 1L.000 | { Mot applicable | ©.0060
| 6" 6" og CF | 0.0 | 0.0 | 0.0 | 6.0 | 14.7 1 1.000 | | Mot mpplicable | 6,000
| #8.25 14 Flange | 0.0 | 0.0 | =24.4 | 24.4 | | 1.000 | | Mot applicable | o.o000
| 48.25" ID FLANGE | 0.0 | 0.9 | 24.4 | 24.4 | | 1.000 | | Mot applicable J ©.000
| Support Rings | | H | | 14.7 | | | |
[ t . [ [ | [ [ | !
Vessel MAWP hot & corroded is 0 psi @ O 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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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996
Weight Summary

Conponant —moeeec e e Welght (lbs) Contributed by Vessel Elements ===-——---=-=sw--c—co—-———so===
Hetal Metal Trays FPacked Insul Lining Piping Ladder Rings Oper Tast MNozzle
New Corr & sup Beds & plat & Misc Liquid Liquid & flg

Spool b-=6 21 921 o [+] Q a o 155 5504 2

48.25% id flange 483 483 a [4] [e] ] 2] ] [} 4] Q (o]

48.25" id flang 4&3 483 (1] o (] 4] s [+]
1EE7 iae7 o [¢] 0 1] [+] [} 155 [+ ES04 2

Vessel operating weight, corvoded: 2,044 lbs

Vescel empty weight, corroded: 2,044 1bs

Vessel enpty weight, new: 2,044 1bs

Vessel test weight, new: 7,548 1lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 2,044 ibs

Center of gravity to seam: 41.4 in

Revision No. 0

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996

Nozzle Summary
Hoz2le oD tn Req tn Nom t Reg ¢ User t corr AasAy
oark {iny (im} tin) A1T  A27 {in) (in) (in} (in} 13
6" 6.00 0.1250 0.0625 ¥ ¥ O.2500 0.1530 ©0.0000 146.2

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 + corr per UG-37
User t - local vessel wall thickness (near opening)

Aa -  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.

Revision No. 0
Doc. No. V049-1-058
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COMPRESS 5.53 C ACOMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996
Nozzle Schedule

Nozzle Sarviee Size MHaterials
mark MNoz2le Inpact? Norm? Pad Irpact? Norm? Flange
[ cd ef 5.75 IDx0D.12 &A 240 304L HIGH n n

Revision No. 0
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-6.VSL

Thickness Summary

Apr. 22, 1996

..................

Conponent D Length Nom t Req t Jeint Governing Deflact
Identifier (in) (in) (in)y (in} E Load Status Stresy (in)
Spool b-& 48.25 83 .37 O, 2500 0.1%29 0.85 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

3.21.1996

Revision No. 0
Doc. No. V049-1-058
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996
Spool B-6

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: ] Cylinder

Materia! 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 = 659.945 US ga

ID = 48.25 length Lc= 83.375 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/(24.125 + 0.6%0.25)- 0
= 146.1895 psi

MAWP: (Corroded & at 0 deg F) UG-27(cK1)

P = S*E*/(R + 0.6*t) - Ps
= 16700%0.85*0.25/(24.125 + 0.6%0.25) - 0

— 146.1895 psi
External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 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*Doft)
= 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
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996

Spool B-6

Pa= 4*B/(3*Dolt)
= 4*5073.4/(3*48.75/0.25)
= 34.6899 psi

Revision No. 0
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COMPRESS 5.53

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

6" 0d CF

Opening 6" Reinforcement Calculations Per UG-37

Located on: Spool B-6
Local vessel thickness: .25 in
Liquid static head included: 0 pst
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: 0 in
Projection outside vessel Lpr: 3in
th —>| |«
- _ corrosion allow = 0 in
<—d-> noz thick new tn= .125 1in
twl—>| i< nozzle id. new d= 5.75 in
v \ fillet weld twl = .125 in
—_| | - — groove weld tw2z = .1875 in
\|_j_tw2 |/
A
G || —>] To datum L= 41.87 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 5.75 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

Nozzle rcqhired thickness
trn = P*Rn/(Sn*E - 0.6%P)
= (0*2.875/(16700*1 - 0.6*0)
= (in
Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 024, 125/(16700%1 - 0.6*0)
=41

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

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

1
1

3.21.1996

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

6" od CF
A = d*tr*F + 2*tn*tr*F*(1 - frl)
= 8.75_*29*1 + 2%0.125*0*1*(1 - 1)
= in

Area available

Al = larger of the following = 1.438 in"2

= d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-frl)
5.75*(1*0.25-1%0) - 2%0.125%(1*0.25-1*0)*(1-1)
1.438 in"2

= 2%+ tn)*(E1*-F*r) - 2%n*(BE1*t-F*r)*(1-frl)
= 2*ég.25450.125)*(1*0.25-1*0) - 2%0.125%(1%0.25-1*0)*(1-1)
188 in"

A

(o]

= smaller of the following = 0.078 in"2

5*(tn - trn)*fr2*t
5*(0.125 - 0)*1*0.25
156 in"2

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

A4l = Leg"2*fr2
=0.125"2*1 = 0161n"2

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

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

I

Wtk

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in

t1 or 2(min) = lesser of 0.25 or 0.7*tmin, tl1(min) = 0.0875 in
tl(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in

t2(actual) = 0.1875 n

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 = Qin

Wali thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b){(4): tr4d = 0.245 in
The greater of tr2 or tr3: trS = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in
3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 CA\COMPRESS\MANIFOLD\B-6.VSL
6" od CF

Req’d per UG-45 is the larger of tr1 or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.125 in
The nozzle neck thickness is adequate for MAWP.
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*tn)*(E1*t - F*tr))*Sv
= (0-(5.75 - 2*%0.125)*(1%0.25 - 1*0))*16700
=-22962.5 Ibf

WI1-1 = (A2 + A5 + A4l + Ad2)y*Sy
= (0.078 + 0 + 0.016 + 0)*16700
= 1569.8 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*¢*fr1)*Sv
= %Pg&j;ﬂ% + 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 Ibf
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 walld = 5.75 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Apr. 22, 1996
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Doc. No. V049-1-058
3.21.1996 Page 13 of 21



COMPRESS 5.53 C:\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
1

1

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

A = 0.5%(d*tr*F + 2*tn*tr*F*(1 - frl))
0.5%(5.75*0.153*1 + 2*0.125%0.153*1*(1 - 1))
4399 in"2

Area available

Al = larger of the following = 558 in"2

d*(El *t—F*fr) 2*tn*(E1*t-F*tr)*(1-fr1)
55§§*(1*‘20 .25-1%0.153) - 2%0.125*%(1*0.25-1*0.153)*(1-1)
in

24(t+tn)*(E1*-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
*_)gg 2550 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

5%(tn - trn)*fr2%t
5 (0 125 0.01491)*1%0.25
138 in"2

E tm)*fr2*tn
*#(0. 125 0 01491)*1%0.125
069 1n"2

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

Area = Al + A2 + A4l
= 0.558 + 0.069 + 0.016
= .643in"2

II Il

!I II Il

A

[ o8

II I

II II H

Revision No. ¢
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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): tr} =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 trd or tr5: tr6 = 0.0625 in

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

The nozzle neck thickness is adequate for Pe.

Revision No, 0
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COMPRESS 5.53 C:\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 Ibf
Torsion moment Mt = 0 Ibf-ft
Internal pressure = 0 psi

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*(r/x)"2 + 3*(1/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

Maxtmum combined stress =-6976 psi
Allowable combined stress = +-1.5*%§ = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-1375 psi
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within aflowable limits.

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr. 22, 1996

6" od CF
From| Value | beta
Fig.| read Au Al Bu B1 Cu €1 Du D1
3C* |11.046 [0.108 -758 -758 -758 -758
4C* [14.634 |0.108( -1004 -1004 -1004 -1004
1C [0.0833 |0.108 -3327 3327 -3327 3327
2C-1]0.0505 [0.108] -2017 2017 -2017 2017
3A* [3.8020 [0.108 -215  -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 -543
3C* |11.046 |0.108 -758 -758 -758 -758

4C* 114.634 ]0.108 -1004 -1004 -1004 -1004
1C-1/0.0815 |0.108| -3255 3255 -3255 3255

2C |0.0516 [0.108 -2061 2061 -2061 206l
4A* 16.5595 10.108 -371 -371 371 371
2A |0.0417 |0.108 -1373 1373 1373 -1373
48* (3.,7815 |0.108 -14 -14 14 14

2B-110.0439 {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

Long 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

Revision No. U
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-6.VSL
Support Rings

Stiffening Ring Calculations Per UG-29
ASME Section V111 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 line: 20 in

Ring spacing: 43.375 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 20 in from datum

Shell material specification: SA 240 3041 HIGH
Required shell thickness: t = 0.15297 in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do = 48.75 in

Design temperature: = 400 deg F

External design pressure: P =147

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))
= 2663,
From table HA-3 (ring) A = 2.022839E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
(48 7572*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
W = 1.1*§ rDo*t&
= 1.1*8qr(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

Apr. 22, 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
= 2.885n

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
Il = W*s™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

12 =1Ir + As éNA Y2)"
= 2.77 + 1.69%(1. 839839 2.885)"2
= 4.616091 in"4
Total available 1 = 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 specification: SA 240 304L HIGH

Required shell thickness: t = 0.15297 in
Corroded shell thickness: ts = 0.25in
Shell outer diameter: Do = 48.75 in
Design temperature: = 400 deg F
External design pressure: P =147
Stiffener supported length: Ls = 31.6 75 in

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) Revision No. 0
' Doc. No. V049-1-058
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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 = 31.6873 in
Shell area Al = W#*ts = 0.9600415 in"2
Distance to the ring neutral axis
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
IT = W*t5"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
2 =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.

Revision No. 0
Doc. No. V0149-1-058
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-059

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 21

REV. DEO # | DATE | BY: CHECK | TITLE:
0 cide |oz/5i s [ ROc

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 VIII, Division 1,
are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS: None

INPUTS: 1. Vacuum Pressure = 14.7 psi

2. Design Temperature = 400 F.

3. Ion Pump Nozzle Loads
Pr = 2250.01bs
Mc = Ml = 4542.0 in-lIbs
Ve = VI = 126.51bs

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels.

2. COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.

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

Revision No. 0

Doc. No. V(49-1-059
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PROCESS SYSTEMS INTERNATIONAL, INC, | ENGINEERING NO: V049-1-059
WESTBOROUGH, MA CALCULATIONS PAGE_2 OF 21
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
Nozzle Summary 7
Nozzie Schedule 8
Thickness Summary 9
Spoot B-7 10
12" CF 12
Stiffener Rings 19
Loads @ 10” Nozzle 21
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996

Pressure Summary

Pressure summary for pressure chamber 1

| | P ) T | MAWP | MAP | Pe | uvG-99 | UC5—66 |Corrosion|
] Id=ntifier | design | design | i |external| Ratie | HDMT Exemption or |Allawance|
| | (psiy [(deg F} | (psi) | (psil) | (psi) | | (deg F) Stress Reduction | ¢in) |
l | ! | | | | | | |
| =pool B-7 | 0.0 | 0.0 | 1d46.1 | 146.1 | 34.6 | r.000 | | Mot applicable | 0.000 |
| 48.25" ia Flange | 0.0 | 0.0 | 24.5 | 24.5 | | 1.000 | | Mot applicable | 0.000 |
{ 48.2%" id Flange } o.0 | 0.0 | 2a.5 | 25.5 | | 1.000 | | Mot applicable 1 o.000 |
| a2» a2n ¢F | 0.0 | 0.0 | 0.0 | 0.0 | 4.7 | 1.000 | | Hot applicable 1 o.000 |
| stiffner Ring | | | | 1 14.7 | | | | |
I

! i | 1 | ! ! I I
Vessel MAWP hot & corroded is O psi @ 0 degrees F.

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

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

= 1.5%Pe*1 = 22 psi

Vessel hydrotest pressure is 22 psi.

Revision No. 0
Doc. No. V049-1-059
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COMPRESS 5.53

C\COMPRESS\MANIFOLD\B-7.VSL

Weight Summary

Apr. 22, 1996

Conponent ———-—————-—-————s=mE=———a. Weight (1bs) Contributed by Vessel Elements
Metal Metal Trays Packed Tnaul Lining Piping Ladder Rings oper Test HNozrle

Hew Corr £ sup Reds & plat & Misc Liquid Liquid & flg
Epool b-7 921 221 4] O [+] o La) Q 155 ] 5504 7
48.25" id flang 472 472 [+] [s ] o L] Q o [+ [+]
d4g_25" jd flang 472 472 o [+] [+] o [+] [+ ] o [+] ¢}

1865 1865 o o [+] 4] (4] o 155 o 5504 7
Vessel operating weight, corrcded: 2,027 lhs
Vessel enpty welight, corroded: 2,027 1bs
Vessel enpty welght, new: 2,027 lbs
Vesszel test welight, new: 7,%31 1lbs

Vessel center of gravity location (from right weld seam)

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

3.21.1996

2,027 lbs
41.6in

Revision No. 0
Doc. No. V019-1-059
Page 6 of 21



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

Nozzle Summary

Hozzle oD tn Req tn HNom ¢ Reg t User t Corr Aas/Ar
nark (in} (in} (in) A1? AD7 {in) (in) (in) {(im) (%)
1z2v 10.00 ©.2500 0.0625 ¥ ¥ 0. 2500 ©.1530 0.0000 174.7

tn -  nozzle thickness

Req tn - nozzle thickness required per UG-45/16

Nom t - vessel wall thickness

Reqt - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near opening)

Aa-  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.

Revision No, 0

3.21.1996 Doc. No. v049-1-059
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COMPRESS 5.53 C\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
Nozzle Schedule

Nozzle Service Size Haterials
nark ) Voiile Inpact? Horm? rad Inpact? Horn? Flange
1= ef $.50 IDxD.25 SA 240 304L HIGH n n

Revision No. 0
3.21.1996 Doc. No. V049-1-059
. Pace R of 21




COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL

Thickness Summary

Apr. 22, 1996

Conponent ID Length Hon t Reqg t Joint Governing Daflect
Identifier in) (in) (in) (in) E Laad Statuws Stresas {im)
Spool b-7 43.25% 82.37 0.2500 0.1529 O.8% external
Nom t - vessel wall thickness ] _
Reqt - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency
Load: _
internal - circ stress due to internal pressure governs
external - external pressure governs
wind - combined long stress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs
Revision No. 0
Doc. No. V049-1-059
3.21.1996 Page 9 af 21




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

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

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

PWHT is not performed

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

Estimated weight: new = 921 corr = 921 lb
capacity: new = 659.945 corr = 659.945 US ga

ID = 48.25 lengthLc= 83375 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/(24.125 + 0.6%0.25)- O
146.18935 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-

o

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
3.21.1996 Doc. No. V049-1-059
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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)
= 34.6899 psi

Revision No. ¢

Doc. No. V049-1-059
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996
12" CF

Opening 12" Reinforcement Calculations Per UG-37

Located on: Spool B-7
Locat 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: 0in
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
fl v \ fillet weld twl = .25 in
— . [— - groove weld tw2 = 175 in
N _tw2 A/
A
—— L ——>| To datum L= 30.625 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel walld = 9.5 in
Normal to the vesset wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2,5*(tn-Cn-C) = .625 in

Nozzle required thickness
trn = P*Rn/(Sn*E - 0.6*P}

= (4.75/(16700*1 - 0.6*0)
= Q0in

Required thickness tr from UG-37(a)

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

Area required

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

fr1 = lesser of 1 or Sn/Sv so fr! =1
fr2 = lesser of 1 or Sn/Sv so f2 =1

Revision No. ¢

| Doc. No. V049-1-059
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL
12" CF
A = d*r*F + 2*tn*tr*F*(1 - frl)
= 35*(‘?2*1 + 2%0.25*0*1*%(1 - 1)
=0in

Area available

Al = larger of the following = 2.375in"2

d*(E1#-F*tr) - 2%tn*(E1%-F*tr)*(1-fr1)
9.5*9 *0.25-1+0) - 2%0.25%(1*0.25-1*0)*(1-1)
2.37

2

T |

in"2

*(t+tnyX(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
22*5(0.25+0.25)*(1*0.25—1*0) - 2%0.25*(1%0.25-1*0)*(1-1)
2512

[

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

5%(0.25 - 0)*1%0.25

313 in"2

5*(tn - trn)*fr2*tn

53*(0.25 - 0)*1%0.25

313 in°2

Adl = Leg‘2*fr2
= 0.25"2*1 = .063in"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 0 Deg F

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

([T

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in .
tl or 2(min) = lesser of 0.25 or 0.7%tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7%0.25 = 0.175 in

t2(actual) = 0.175 in

tl + 2 = 0.35 > = 1.25%tmin

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

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

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall fper UG-45(b)(4): tr4 = 0.319375 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: tr6 = 0.0625 in

3.21.1996

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

Reg’d per UG-45 is the larger of tr] or r6 = 0.0625 in
Available nozzle wall thickness new, tn = .25 in

The nozzle neck thickness is adequate for MAWP.
Allowable stresses in joints UG-45(c) and UW-15(c)
Groove weld in tension = 0.74*¥16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690{)

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

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle 0.D.*Leg*Si = 1.57*10*0.25*%8183 = 32118.28 1bf

(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*tn)*(E1*t - F¥r))*Sv
(0 - (9.5 - 2*0.25)%(1*0.25 - 1%0))*16700
-37575 Ibf

1= (A2 + A5 + A4l + A42)*Sy
gO 313 + 0 + 0.063 + 0)*16700
279.2 Ibf

W

-

2
2 = (A
0.313
366.7 1
Load for path 1-1 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 50 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).

A3 + A4l + A43 + 2*¥tn*t*fr1)*Sv
+ 0.063 +0 +

2%0.25*0.25*1)*167060

i IIM

2+
+0
Ibf

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel walld = 9.5 in
Normal to the vessel wall outside 2,.5%(tn-Cn) + te = ,625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

3.21.1996

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

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

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

A = 0.5%A*r*F + 2*tm*r*F*( - frl))
= 0.5%(9.5%0.153*1 + 2*0.25*0.153*1*(1 - 1))

7268 in"2

Area available

Al = larger of the following = .922in"2

A

il

ol

H

[\

it

o

d*(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)
922'in"2

2*(t+tn)*(E*-F*tr) - 2*tn*(E1*t-F*tr)*(1-frl
097 in"2

= smaller of the following = 0.285in"2
5*(tn - trn)*fr2*t

5%(0.25 - 0.02218)*1*0.25

.285in"2

g*(m - trn)*fr2*tn

*(0.25 - 0.02218)*1%0.25
28512

A4l = Leg"2*fr2

= 0.2572%] = 063 in"2

Area = Al + A2 + A4l
= 0.922 + 0.285 + 0.063
= 1.27in"2

3.21.1996

2%(0.2540.25)*(1%0.25-1%0.153) - 2+0.2 *(1*%}.25-1*0.153)*(1-1)

Apr. 22, 1996
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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 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):

Wall thickness per UG-45(b)(2):

Wall thickness per UG-16(b):

Std plpe wall Per UG -45(b)(4):
reater of tr2 or tr3:

The esser of tr4 or tr5:

trl =0.02218in(E=1)
tr2 = 0.0241 in
tr3 = 0.0625 in
trd = 0.319375 in
tr5 = 0.0625 in
tré6 = 0.0625 in

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

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996

Apr. 22, 1996

Revision No. 0
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COMPRESS 5.53

12" CF
Applied Loads
Radial load Pr = 1155 1bf
Circumferential moment Mc = 75 Ibf-f
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 = 0 psi

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
25%(4 + 3%(r/x)"2 + 3*(1/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*S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-2484 psi .
Allowable primary membrane stress = +-1.5%S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

3.21.1996

CACOMPRESS\MANIFOLD\B-7.VSL

Apr. 22, 1996
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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 Cl Du D1
3C* 16,0971 (0.18 -1162 -1162 -1162 -1162
4C* (11.524 |0.18 -2196 -2196 -2196 -2196
1C |0.0610 |0.18 -6764 6764 -6764 6764
2C-110.0227 {0.18 -2517 2517 -2517 2517
3A* |3.5774 (0.18 -121  -121 121 121
1A |0.0627 |0.18 -1238 1238 1238 -1238
3B* 18.1374 [0.18 -18 -18 18 18
1B-110.0166 {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* 111.524 |0.18 -2196 -2196 -2196 -2196
1C-110.0487 10.18 -5400 5400 -5400 5400

2C 10.0350 [0.18 -3881 3881 -3881 3881
4A* |18.4746 [0.18 -288 -288 288 288
2A [0.0283 [0.18 -559 559 559  -559
4B* 13.6264 10.18 -8 -8 8 8

2B-110.0221 |0.18 -29 29 28 -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 i 38 -38  -38 3 3 3 3

Combined stress -6600 4259 -6526 4217 -9285 6719 -6567 4485

Revision No. 0
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COMPRESS 5.53

C:ACOMPRESS\MANIFQOLD\B-7.VSL

Stiffner Rin

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1,

1992 Edition, A94 Addenda

Identifier: Stiffner Rin

Ring material specification: SA 240 304L HIGH
Number of rings in this group: 2

Distance first ring to datum line: 20 in

Ring spacing: 43.375 in

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

Ring cross sectional area: As= 1.69in"2

Ring moment of inertia: Ir= 2.77in"4

Calculations for ring 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 = 48.75 in

Design temperature: = 400 deg F

External design pressure: P = 147 psi

Stiffener supported length: Ls = 31.6875in

B = .75%(P*Dol(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
W = 1.1*§ r(Do*ts(;

= 1.1*8qr(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

Revision No.
Doc. No. V049-1-059
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\B-7.VSL
Stiffner Ring
Y2 = Ring NA + ts/2
=276 + 0.25/2
= 2.885 in

Neutral axis of combined section
NA = As*Y2/(Al + As)
= 1.69*2.885/(0.9600415 + 1.69)
= 1.839839 in
Ineftia 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
I2 = Ir + As*(NA - Y2)"2
= 2.77 + 1.69*(1.839839 - 2.885)"2
= 4.616091 in"4
Total available I = I1 + 12 = 7.870839 in"4

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

Apr. 22, 1996

Calcs for ring 63.375 in from datum identical to ring 20 in from datum.

3.21.1996
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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 or2ce |#°%e Wbk [ Ade

SPOOL B-8 (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 VIII, Division I,
are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS: None

i

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. V045-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: 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. | ENGINEERING NO: V049-1-060
WESTBOROUGH, MA CALCULATIONS PAGE 2 OF _11
BY: W.Bilynsky CHKD;
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049
TABLE OF CONTENTS
Spool B-8 (72 in dia)
Spool B-8 - 72 in (Conceptual Drawing) 3
Spool B-8 (72 in dia) COMPRESS Plot 4
COMPRESS Qutput For Shell Design
Pressure Summary 5
Weight Summary 6
Thickness Summary 7
Spool B-8 8
Stiffencr Ring 10
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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 | Wawpe | Map | Pe | ug—99 | vesS—66 |Corrosian}
i ldentifier | de=ign | design | | |external| Ratio | HDHT Exemption or | Mllowance|
I | (p=i) |(deg F) | (psi) | (psi) | (psi) | | (deg F) Stress Raduction | (iny |
| | | | | | ! | | |
| spool B-8 | 0.0 | C.0 | 7.8 | 97.8 | 21.9 | 1.000 | { Mot applicable f ©.000 |
| 72.25% id Flange | 0.0 | 0.0 | 27.2 | 27.2 | | 1.000 | | Not applicable i 0.000 |
] 72.25" 1d Flange | 0.0 | 0.0 | 28.4 | 26.4 | | 1.000 | | Not applicable i 9.000 |
| Stiffner Ring | | | | i 14.7 | | I | |
| |

! | [ ! J ! 1 | |

Vessel MAWP hot & corroded is 27.27 psi @ O 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. O
3.21.1996 Doc. No. V049-1-060
Page Sof 11




COMPRESS 5.53 CACOMPRESS\MANIFOLD\B-8.VSL Apr. 22, 1996
Weight Summary

COBPONent ~===r-r---———e——————————o Hejght (lbs) Contributed by Vessel Elements —=s=srrewesrrrecccccc--cccreaa
Metal Hetal Trays Packed Insul Lining Plping Ladder Rings Oper Test Nozzle
Hew Corr & sup Beds L plat & Misc Liguid Ligquid & fly
Epool b-g 1374 1274 o o o [+ o Q 63 o 12314 [}
72.25% id Flang 873 a73 [+] o 0 2]
72.25" ld flang B73 B732 o O 4] o o [+] L] [+ [+]
3120 3120 o o] o o a o 53 [+] 12314 o
Vessel operating weight, corroded: 3,183 1bs
Vessel enpty weight, corroded: 3,183 1lbs
Vessel eopty welght, new: 3,183 lbs
Vessel test welght, new: 15,497 lbs

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
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-8.VSL
Thickness Summary
comonemt > temgtn wem e meas ceme coverning
Identitier {im) (in) (in) (in) E Load Status
spoot m-s vezs 315 .00 0.203¢ o.8%  extemmer

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 gressurc governs

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

3.21.1996

Apr. 22, 1996

Deflect
Stress (iln)
Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-8.VSL Apr. 22, 1996
Spool B-8

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

External design pressure: Pe= 147 psi@ 400 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

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

Estimated weight: new = 1373.7  corr = 1373.7 Ib
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 0 deg F) UG-27(ci1)
P = S*E*t/(R + 0.6*t) - Ps

= 16700*0.85*0.25/(36.125 + 0.6*0. 25) -
= 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*3067 4/(3*72.75/0.20247)
= 14.7222 psi

Design thickness for external pressure Pa = 14.7222 psi:

t + Corrosion

0.20247 + 0

0.20247 in

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

L/Do = 49.52083/72.75 =0.6807 Do/t = 72.75/0.25 = 291

o

From table G: A = 0.000401
From table HA-3: = 4785.4
Revision No. 0 ‘
3.21.1996 Doc. No. V049-1-060
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-8.VSL Apr. 22, 1996
Spool B-8

Pa= 4*B/(3*Dolt)
= 4*4785.4/(3*72.75/0.25)
= 21.9262 psi

Revision No. 0
3.21.1996 Doc. No. V049-1-060
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COMPRESS 5.53

C:\COMPRESS\MANIFOLD\B-8 VSL

Stiffner Ring

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1,

1992 Edition, A94 Addenda

Identifier:

Stiffner Rin

Ring material specification; SA 240 304L HIGH
Number of rings in this group: 1
Distance first ring to datum line: 41.5in

Ring description:

Ring is rolled:

Ring cross sectional area:
Ring moment of inertia:

2x2x1/4 Equal Angle
leg in (hard way)
As = 0.9381n"2
Ir = 0.348in"4

Calculations for ring 41.5 in from datum

Shell material specification: SA 240 3041 HIGH
Required shell thickness: t = 0.20247 in
Corroded shell thickness: ts =-0.25in

Shell outer diameter: Do = 72.75in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 45.60542 in

B = .75*ﬁP*Do/(t + As/Ls))
= .37_559’:_)( 141.;*72.75/(0.20247 + 0.938/45.60542))

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/L.s)*A)/10.9
372‘75‘2*45.60542*(0.20247 + 0.938/45.60542)*2.721819E-04)/10.9
344292 in"4
Available moment of inertia of the combined ring-shell section

= 4.691149

Shell width contributing smaller of
W = 1.1*Sqr(Do*ts)
= 1.1*S?T$72.75*0.25)
= 4.691149 in
W = Ls = 45.60542 in
Shell area Al = W¥*ts = 1,172787 in"2
Distance to the ring neutral axis X

Y2 = Ring NA + ts/2

3.21.1996

Apr. 22, 1996

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-8.VSL

Stiffner Ring

1.408 + 0.25/2
1.533 in

1|

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*5"3/12 + AI*NA"2
= 4,691149%0.25°3/12 + 1.172787*0.6812406"2
= .5503857 n"4

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

0.348 + 0.938%(0.6812406 - 1.533)"2
1.028513 in"4

Total available I = 11 + I2 = 1.578899 in"4

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

3.21.1996

Apr. 22, 1996
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING NO: V049-1-061
WESTBORQUGH, MA CALCULATIONS PAGE ! OF 25
REV. DEQO # | DATE | BY: CHECK | TITLE:
0 o (26 | W2t Wop | AP e
' 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.
METHGD: Thickness requirements per the ASME code, Section VIIIL, Division I,

are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS: None

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

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels.

2. COMPRESS 5.31, Computer Aided Pressure Vesse! Design, Codeware Computer

Systems, Inc.

3. Doc. No. V049-1-066 LIGO Vacuum Equipment Structura! 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.& 051
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PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049
TABLE OF CONTENTS
Spool B-9 (72 in dia)
Spool B-9 (#2 in dia) COMPRESS Plot * 3
COMPRESS Output For Shell Design
Pressure Summary 4
Weight Summary 5
Thickness Summary 6
Spool B-Y 7
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COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

C:\COMPRESS\MANIFOLD\B-9,VSL

Apr. 22, 1996

| | P | T | HAWP | MaP | Pe | uG—s9 | Ucs—66 [Corrosion|
| Identifler | design [ design | i |external| Ratio | MDMT Exemption or |Allowance |
| | (psiy |(deg F) | (psil) | (psi) | {pss) | | (deg F) Stress Reduction | (in) |
] | | | | | ! | | ]
| Spool B9 | 0.0 | 0.0 | °7.8 | 7.3 | 16.6 | 1.000 | | Mot applicable ! 0.000 |
| stiffner Rings | | | | | 14.7 | | ! | |
| Support Rings | | | | { 1e.7 | { } { |
! REDUCING FLG i 0.0 | LG . | - | o.880 | | Mot appllcable } 0.0006 |
| ADAPTER FLG | g.0 | 0.0 | 1.9 | o | | 0.880 | | Wot applicable | Q.000 |
| Stiffener Rings (B)| | | } | 14.7 | i | | |
| —1 |

i 1

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

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996

Weight Summary
CURNPONENt —=---—mcme o ——————m Weight (1bs) Contrlbuted by Vessel Elements ===emcesae—ue e ccencana
Hetal Metal Trays Packed Insul Lining Piping Ladder Rings Oper Text HNozzle
New Corr & zsup Beds & plat & Hisc quluid Liguid & flg
Epool b-9 G7TA7 €717 o a (o] o] [+] [+] 550 o] 602393 o
Reducing £1qg 840 240 o ] 43 o Q Q [+ o Lv] o
Adapter flg 40 840 o o ] o o o ] 4] [+
E417 8417 (o] 0 o o] o (o] &850 a 60354 o
Vessel operating weight, corroded: 8,967 lbx
Vessel enpty weight, corroded: 8,967 1hs
Vessel empty weight, new: 8,967 l1bs
Vessal test weight, new: 69,361 lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 8,968 Ibs
Center of gravity to seam: 204.2 in

Revision No. 0

Doc. No. V049-1-061
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL

Apr. 22, 1996

3.21.1996

Thickness Summary
Conpunent ip Length Hom t Feg t Jelnt Governlng Deflect
Identlifier (imy {in}) (iny (in) E Load Status Stress (in)
Spool b-9 72.25 408 .00 0.2500 0.2386 Q.85 external
Nom t - vessel wall thickness . .
Req t - required vessel wall thickness due to governing loading
E  -Jongitudinal 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
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996
Spool B-9

ASME Section VI Division 1, 1992 Edition, A94 Addenda

ﬁ%@%%?eslgéciﬁcation: g 151335041, 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 = 6737.3  corr = 6737.3 Ib
capacity: new = 7241.248 corr = 7241.248 US ga

ID = 72.25 length Lc= 408 t=0.25 in(new)

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

P = S*E*t/(R + 0.6*t) - Ps
= 16700%0.85*%0.25/(36.125 + 0.6%0.25)- 0
= 97.82909 psi

MAWP: (Corroded & at O deg F) UG-27(c)(1)
P = S*E*t/(R + 0.6*t) - Ps

= 16700%0.85*0.25/(36.125 + 0.6*0.25) - 0
— 97.82909 psi

External Pressure: (Corroded & at 400 deg F) UG-28
L/Do = 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

Maximum 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
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr. 22, 1996

Spool B-9

Pa= 4*B/(3*Do/t)
— 4%3633.7/(3%72.75/0.25)
= 16.6493 psi

Revision No. 0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL
Stiffoer Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Identifier: Stiffner Rings

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

Distance first ring to datum line: 63 in

Ring spacing: 119 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 63 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.23867in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do =72751n

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 67.01041 in

B = .75%(P*Do/(t + As/Ls))
= .75%(14.7%72.75/(0.23867 + 1.19/67.01041))
= 3127.846
From table HA-3 (ring) 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 = 4.691149
W = 1.1*Sqr(Do*ts
= 1.1*8qr(72.75%0.25)
= 4.691149 in
W = Ls = 67.01041 in
Shell area A1 = 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:ACOMPRESS\MANIFOLD\B-9.VSL

Stiffner Rings

= Ring NA + ts/2
1.783 + 0.25/2
1.908 in

Y2
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%0.25°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 = 11 + 12 = 2.859405 in"4

Il

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.
Calculations for ring 182 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: D 7275 in

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)

Required moment of inertia of the combined ring-shell section

= 2.338996E-04

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

= 572.75“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

= 4.691149

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

3.21.1996

Apr. 22, 1996
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COMPRESS 5.53 C:ACOMPRESS\MANIFOLD\B-9.VSL

Stiffner Rings

= 1.1*8qr(72.75%0.25)
= 4.691149 in

W =Ls = 56in
Shell area A1 = WHs = 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*s"3/12 + AI*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 = 11 + 12 = 2.859405 in"4

il

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

3.21.1996

Apr. 22, 1996
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COMPRESS 5.53

C:\COMPRESS\MANIFOLD\B-9.VSL

Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1,

1992 Edition, A94 Addenda

Identifier:

Ring material specification:
Number of rings in this group:
Distance first ring to datum [ine:

Ring spacing:

Ring description:

Ring is rolled:

Ring cross sectional area:
Ring moment of inertia:

Support Rings

;_SvA 40 304L HIGH
126 in

168 in

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

As = 1.69in"2

Ir= 277in"4

Calculations for ring 126 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))

SA 240 304L HIGH
t = 0.23867 in
ts= 0.25in
D !

= ,75%(14.7%72.75/(0.23867 + 1.69/59.5))

= 3003.177
From table HA-3 (ring)

A = 2.276935E-04

Required moment of inertia of the combined ring-shell section

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

I

1.756862 in"4

(72.75°2*59.5%(0.23867 + 1.69/59.5)%2.276935E-04)/10.9

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of

W = 1.1*Sqr(Do*ts
= 1.1*Sqr(72.75*0.25)
= 4.691149 in

W=Ls=35935in

= 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 CACOMPRESS\MANIFOLD\B-9. VSL

Support Rings

Y2 = Ring NA + ts/2
=276 + 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*ts"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 = 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 satisfactory.

Calculations for ring 294 in from datum
SA 240 304L BIGH

Shell material specification:

Required shell thickness: t = 0.23867 in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do = 72.75 in
Design temperature: = 400 deg F
External design pressure: P = 147 psi
Stiffener supported length: Ls = 56.51in

B = .75%(P*Do/(t + As/Ls))
= .75%(14.7%72.75/(0.23867 + 1.69/56.5))
= 2086.314
From table HA-3 (ring)

Required moment of inertia of the combined ring-shell section

A = 2.26427E-04

Is= (D0"2*Ls*(t + As/Ls)*A)/10.9
= 57%6%53 2%56.5%(0.23867 + 1.69/56.5)%2.26427E-04)/10.9
. m

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 CACOMPRESS\MANIFOLD\B-9.VSL

Support Rings

= 1.1*Sqr(72.75*0.25)
= 4.691149 in

W =1Ls=565in
Shell area Al = W*ts = 1.172787 in"2
Distance to the ring neutral axis
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/(1.172787 + 1.69)
= 1.703113 in
Inertia of the shell about the combined section NA
Il = W*5"3/12 + A1*NA"2
= 4.691149%0.25°3/12 4+ 1.172787*1.703113"°2
= 3.407887 in"4
Inertia of the ring about the combined section NA
12 = Ir + As*(NA - Y2)"2

=277+1 69*(] 703113 - 2.885)"2
= 5.130688 i in”

Total available ] = 11 + 12 = B.538576 in"4

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

3.21.1996

Apr. 22, 1996
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COMPRESS 5.53

CACOMPRESS\MANIFOLD\B-9.VSL

Stiffener Rings (B)

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 rofled:

Ring cross sectional area:
Ring moment of inertia:

Stiffener Rings (B)
gA 240 304L HIGH
238 in

113 in

2.5x2.5x1/4 Equal A
leg in (hard way)
As= 1.19in"2
Ir= 0.703in"4

Calculations for ring 238 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))

SA 240 304L HIGH
0.23867 in
0.25 in

72.75 in
400 deg F
14.7 psi
56 in

ge"

ynlla~]

)

= 75*(14 7¥72.75/(0.23867 + 1.19/56))

= 3085.829
From table HA-3 (ring)

A = 2.338096E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t

+ As/Ls)*A)/10.9

= (72.75°2*5 *(0 23867 + 1.19/56)*2.338996E-04)/10.9

1 .653091 in”

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of

= 1.1*Sqgr Do*tsg
= 1. I*Sqlf}n 75%0.25)
= 4.691149 in
W =Ls =56in

= 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
Stiffener Rings (B)

= Ring NA + ts/2
1.783 + 0.25/2
1.908 in

Neutral axis of combined section

Y2

NA = As*Y2/(A]l + 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 = Ir + 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

Shell material specification: SA 240 304L HIGH
Required shell thickness: “t = (0.23867 in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do =72751n

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 57in

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

= .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

572.75 "2*57%(0.23867 + 1.19/57)*2.342323E-04)/10.9

.682587 in"4

Available momeat of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.691149
W = 1.1*8qr(Do*ts)

3.21.1996

Apr. 22, 1996
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COMPRESS 5.53

Stiffener Rings (B)

1.1*8qr(72.75*0.25)
4.691149 in

W=1Ls=57in
Shell area A1 = W*ts = 1.172787 in"2

IR}

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
11 = W*s3/12 + AI*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.

3.21.1996
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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 temperature (through the
thickness} expected under operating conditions for the
part considered (see 3-2). I necessary, the metal tem-
perature shall be determined by computation or by
measurement from equipment in service under equiv-
alent aperating 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-
scribed in {a) above. Consideration shall include the
lowest operaling temperature, operational upsets,
autorefrigeration, atmosphenc lemperature, and any
other sources of cooling [except 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 iemper-
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 oblaining 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 satis{y all of the fol-
lowing.

(1) The material shail be limiled 1o 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:

fa} '/, in. for materials listed in Curve A of
Fig. UCS-66;

(k) 1 in. for matenals 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 10
lower seasonal atmospheric (emperature.

(4) The thermal or mechanical shock loadings are
not a controtling design requirement. {See UG-22))

(5) Cyclical loading is not a controlling design re-
quirement. (See UG-22.)

1992 SECTION VLI — DIVISION 1

20

UG-23

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-21

UG-22

The loadings to be considered in designing a vessel
shall include those from:

{a) 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);

{c) 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, 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 reactions, where re-
quired;

{g) impact reactions such as those duc to fluid shock;

{h) temperature gradients and differential thermal ex-
pansion.

LOADINGS

UG-23 MAXIMUM ALLOWABLE STRESS
VALUES®

{a) The maximum allowable stress value is the max-
imum unit stress permitted in 8 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 11, Pan D.
A listing of these materials are given in the following
tables, which are included in Subsection C.

"It is recommended that a suitable 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 setting of the pressure
relieving devices (see UG-1334).

*Fur the basis on which the tabulatcd stress values have been es-
tablished, see Appendix | of Sccuon 11, Pan D
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UG-23

Table UCS-23 Carbon and Low Alloy Steel (stress val-
ues in Section H, Pant D, Table 3 for bolting, and
Table 1A for other carbon steels)

Table UNF-23 Nonferrous Metals (stress values in Sec-
tion 1I, part D, Table 3 for bolting, and Table 1B
for other nonferrous metals)

Table UHA-23 High Alloy Steel (stress values in Sec-
tion [, Part D, Table 3 for bolting, and Table 1A
for other high alloy steels)

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 Femitic Steels with Properties Enhanced
by Heat Treatment (stress values in Section I, Part
D, Table 1A)

Table ULT-23 Maximum Allowable Stress Vaiues 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, cither seamless or buti welded, subjected to
loadings that produce longitudinal compression in the
shell or tube shall be the smaller of the following val-
ues:
(1) the maximum allowable tensile stress value
permitted in (a) above;
(2) the value of the factor B determined by the
following procedure where
1=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 chant in Section II, Part D, Subpan 3.*
(Interpolation may be made between lines for
intermediate temperatures.) .

The joint efficiency for butt-welded joints shall be tak-

en as unity.

The value 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:

0.125

(R,11)

Srep 2. Using the value of A calculated in Step 1,
enter the applicable material chant in Section 11, Part

" Note that the modulus 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 1S 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-235 600
UHA-23 BOO
UHT-23 700

D, Subpart 3 for the material under consideration.
Move vertically to an intersection with the matenal/
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 faills 10 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 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 horizontally to the right and read the value of
factor B. This is the maximum allowable compressive
stress for the values of 7 and R, used in Step 1.

Step 4. For values of A falling to the left of the
applicable material/temperature line, the value of B,
psi, shall be calculated using the following formula:

AE
8=

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 ¢+ 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-4
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[~ GENERAL NOTE: See Table HA-3 for tabular values.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-050

WESTBOROUGH, MA CALCULATIONS PAGE 1 QF 9

REV. |[DEO# | DATE [BY: CHECK | TITLE:
0 loize |ye3/siuph, | Ko 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 Structural Design Criteria

CALCULATIONS:
(See Attached)

CONCLUSIONS:
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.

Revision No, 0
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PROCESS SYSTEMS INTERNATIONAL, INC, | ENGINEERING NO: V049-1-050
WESTBOROUGH, MA CALCULATIONS PAGE 2 OF 9
BY: W.Bilynsky CHKD: 2D
PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049
TABLE OF CONTENTS
Spool BE-2 (60 in dia)
Spool BE-2 - 60 in (Conceptual Drawing) 3
Spool BE-2 (60 in dia) COMPRESS Plot 4
COMPRESS Output For Shell Design
Prcssure Summary 5
Weight Summary 6
Thickness Summary 7
Spool BE-2 8
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COMPRESS 5.53 C:A\COMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996

Pressure Summary

Pressure summary for pressure chamber 1

i | P i T | MAWP | MAP | Pe | os-9% | UCS—66 |Corrosion|
| Identifier | design | design | | |Jexternal| Ratlo | MDMT Exemption or lAllowance|
Il 1 (psi) ltdeg Fy | (psi) | (psi) | (psiy | | (deg F) Stresa Reduction | iny |
| | | | | | | | i |
| BE=2 1 0.0 | Q.0 | 116.7 | 116.7 | 27.1 | 1.c00 | | Not applicable | 0.000 |
| 60-1/2% id Flange(R! 0.0 | 0.0 | 6.0 | 6.0 | | 1.000 | | Mot applicable | o.ooD |
| 60-172" id Flange | 0.0 | 0.0 | 6.1 | 6.1 | | 1.000 | | Hot applicable | o.000 |
| f

! I I I I I | I

Vessel MAWP hot & corroded is 6.09 psi @ O degrees F.
Vessel MAP new & cold is 6.09 psi @ O degrees F.

Vessel allowable external pressure is 27.19 psi @ 400 degrees F.
Hydrotest pressure calculation based on Pe

= 1.5*Pe*] = 40.8 psi

Vessel hydrotest pressure is 40.8 psi.

Revision No. 0
3.21.1996 Doc. No. V049-1-050
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COMPRESS 5.53 C:A\COMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996
Weight Summary

Component -~-----—wew=r-—e—em——— e Helght (1lbs) Contributed by Vessel Elenent;s -----------------------------
Metal Matal Trays Packed Insul Lining Piping Ladder Rings oper Test Nozzle
Hew Cory & sup Beds & plat & Misc Ligquid Liguid & flg

Ba-2 502 502 ) 0 2] [+] L] L] I769 (+]

60-1,/2" 1d flan 639 639 [+] Q o o o

60-3/2" id Flan 639 639 3] [} 2] [+ :] <]
1780 1780 (1] [s] [+] o 2] [+] 0 4] I?69 0

Vessel operating weight, corroded: 1,780 lbx

Veszel enpty welight, corroded: 1,780 l1lbs

Vessel eapty weight, new: 1,780 lbs

Vessel test weight, new: 5,519 1lbs

Vessel center of gravity location (from right weld seam)

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

3.21.1996

1,780 Ibs
17.7 in

Revision No. 0
Doc. No. V049-1-050
Page 6 of 9




COMPRESS 5.53 C:\COMPRESS\ADAPTER\BE-2,VSL Apr. 23, 1996
Thickness Summary
compoment B Lengtn  Mome  meqt oint patiect
Identifler {in) (in) {in) (in) E Load Status Stress (iny
NS 30 300 oase oarme ows  emtemmei -
Nom t - vessel wall thickness . _
Regt - required vessel wall thickness due to governing loading
E - longitudinal seam joint efficiency
Load:
internal - circ stress due to internal pressure governs
external - external pressure governs
wind = - combined long stress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs
Revision No. 0

3.21.1996
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COMPRESS 5.53 C:\COMPRESS\ADAPTER\BE-2.VSL - Apr. 23, 1996
BE-2

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

I(v:!(;ltlgr’l%rlles[;l)te:ciﬂcation: (S: ]i;fgl.SML 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 b
capacity: new = 451.896 corr = 451.896 USga

ID = 60.5 lengthLc=36.312 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/(30.25 + 0.6*0.25)- 0
= 116.7352 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/(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*D0/t)
= 4*3914/(3*61/0.17305)
= 14.8048 psi

Design thickness for external pressure Pa = 14.8048 psi:

t + Corrosion
0.17305 + O
0.17305 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)
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
Page 8 ol 9



COMPRESS 5.53 C:A\COMPRESS\ADAPTER\BE-2.VSL Apr. 23, 1996
BE-2

Pa= 4*B/(3*Dolt)
= 4*4976.5/(3%61/0.25)
= 27.194 psi

Revision No. ¢
3.21.1996 Doc. No. V049-1-050
Page 9 of 9



PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-049

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 15
REV. |[DEQ# | DATE | BY: CHECK | TITLE:
0 239 1424406 hidpe | AGK

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 VIII, Division [. 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 derived 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 VI, 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-3A outer shell.

NOTES:  Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-1-016, 017, 018, & 019.




PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V49-1-049

WESTBOROUGH, MA CALCULATIONS Revision No,

PROJECT: LIGO VACUUM EQUIPMENT PROJECT NO: V59049 PAGE 2 OF 15
TABLE OF CONTENTS

Spool BE-3 / BE-3A (60 in dia)

Spool BE-3 - 60 in (Original Concept BE-3) 3
Spool BE-3A- 60 in {Modified Concept BE-3A) 4
Spool BE-3 (60 in dia) COMPRESS Plot BE-3 5

COMPRESS OQutput For Shell Design

Pressurc Summary 6
Weight Summary 17
Thickness Summary 8
Spool BE-3 9
Evaluation Of Flange Duc To Spool Eccentricity 11
Dctailed Designs of BE-3 & BE-3A 14

Revision No. ¢
Doc. No. V049-1-049
Page 2 of 15




&05°1D TLGL F/AF
&0
a0
"’I 279 (711 e68 25 [1734) B
]
E 394 (100)
1
|
L H -
- 1B.94 [481)
yo7
B Rz
e O 921 (234) —w —
w o
g 9B 1302 [321) v e
=< CZ,
L7 ] E ;
£ ELEVATION
g A
G .
: A REQ'D
PROPALLIMAT AnB COW LRENLIN wmw —
Inth BOCLmEWY (ONtam] Poprmiptary | STOUIRONT 2t rw mLE To WALMUR GR W 5TBONDUGY wabiaCmus 116 OISA1 USA o
10 DA | IO L OMGINEG 1 APOCCES o Lwand L — =
ArAICmY I hmA MDA, [vC OF (1% mm - -
A L L iy & ] Tuhl SLaEC BCRAL 4 0 SPOOL BE-3 -
il ( yal SUPPLER T Seli L MOY AWeEC P alT BCCHA, & ) .
b iy T Tt | e O e ot LIGO wACUUM EOUIPMENT 2
PIIS RSLE A G S | S e N e Tae]| o 1B - o |-
:-":‘nun:-'\:fe:-‘::uﬂ»(- :;'I;‘ DO MY SCME TS OWG [Te") DESCRIPIION Cp | DRWN ball DED 3 B V049-4- BE3 0 -
Y. [t o evceiss Te00 | uten ow WME e B3] o) H
Lt gt th wrl agger: 1SSUE DESCRIPYION + 2
7 1 3 T 2 !

i




BE-3A

/2188 0O.D 72.188 0O.D /2188 0.D FLG. /2188 0D FLG.
F/F FLG\ F/F FI_G.\ W/ GROOVES W/ GROOVES
' I | %
I
B )
|
: £ | b“b('o £
5 = AT s
3 S 7 0122 2
ST ~ > =] o " ==
0
3 l o I ®
o g g
— o i
|
J N
a= ] H ' \\_6‘ s
60.50 I.D. F/F FLG. 60.50 1.D. F/F FLG
£3.00 _F635mm]h 1575 [400mm])

Sl Jjopased

&H0-T-610A "ON 200
0 'ON UOISIASYH




gl Jugased

6to-1-at0A ON 20Q

0 "ON UOISIAYY

| C:\COMPRESS\ADAPTER be-3.usl |-

Note: Tue HODEL USED End THE TESLD
OF TTHE DB AR TH N e
o CodesadAtile ol AoDalen

Ny A et Bousd, T
Rebunl THE TATE Tol-
FT UP DOF BELLe ) TR SFD0WS
(Werl & AT Mio%uﬁ‘r\ hete,
As A Smeel . No sneraren
Wi Yoz PO D{ELL Wa T4,

Tue PELLOWS SecTion) 14 WODEWED As

I,
o8

8"
bt.0"

CouvTiadl2os SWelL.

|
+Datun-




COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

C\COMPRESS\ADAPTER\BE-3.VSL

Apr. 24, 1996

| | P | T | MAWP | MAP | Pe | vG—e9 | UCsS—66 |Corresion |
i Identifjer { design | deeign | | fexternal| Ratioc | MDMT Exenption or |Allowance|
| | tpsi) [(deq F) | (psi)y | (psi) | (psi) | | {deg F) Stress Reduction | (iny |
¢ | | | | | | { | !
| BE-3 | | 0.0 | 116¢.7 | 116.7 | 26.7 | 1.000 | | Not applicable | 0,000 |
| 60~1/2" id Flange | o | 0.0 | 20.4 | 20.4 | | 1.000 | | Mot applicable | 0.000 |
| 60-1/2" id Flange | | 0.0 | 20.4 | 20.4 | | L.000 | | Mot applicable | o.000 |
l | |

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 is 26.71 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe

= 1.5*Pe*] = 40.1 psi

Vessel hydrotest pressure is 40.1 psi.

3.21.1996

Revision No.

Doc. No. V049-1-049
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COMPRESS 5.53

CAACOMPRESS\ADAPTER\BE-3.VSL Apr. 24, 1996

Weight Summary

Copponent ———-—-—rrecrcenr—— e e ———— Welght (lbs} Contributed by Veusel Flements =—------cmcmmccm e ccccee =

Metal Hetal Trays Packed

Insul Linlng Piping FLadder Rings Oper Test Nozzle

Hew corr & sup Beds & plat & Misc Liguid Liguid & flg
Be-32 564 564 [+] [+] a [+] 4230 o
60=1,/2" id flan 668 668 Q o a a [+ ] o
60-1/2" id flan 668 68 4] o o ] o
1900 19200 o o o (1] 0 o [+] [+] 4230 [+]
Vessel operating weight, corroded: 1,900 lbs
Vessel enpty weight, corroded: 1,900 lbs
Vessel enpty wsight, new: 1,900 lbs
Vessel test welght, new: 6,130 lbs

Vessel center of gravity location (from right weld seam)

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

3.21.1996

1,900 Ibs
19.9 in

Revision No. 0
Daoc. No. V049-1-049
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COMPRESS 5.53 CA\COMPRESS\ADAPTER\BE-3.VSL

Thickness Summary

Apr. 24, 1996

Conponent D Length Nom t Req t Jaint Governling Deflect
Idantifiexr (in) (in} (in) (in) E Load Status Btress {in})
Ba-3 &0 .50 40.75 0. 2500 ©0.1804 0.85 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

3.21.1996

Revision No. 0
Doc. No. V049-1.049
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COMPRESS 5.53 CACOMPRESS\ADAPTER\BE-3.VSL Apr. 24, 1996
BE-3

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Component: Cylinder

Material specification: SA 240 304L HIGH

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

PWHT is not performed

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

Estimated weight: new = 563.8 corr = 563.8 Ib
capacity: new = 507.126 comr = 507.126  US ga
ID = 60.5 length Le=40.75 t=0.25 in (new
8 (new) }Jmﬂ_:,'. Reoauen SHeu-

MAP: (New & at 0 deg F) UG-27(c)(1) Tupes = O, B 75 Tnes
P = S*E*/(R + 0.6*) - Ps > GoveLues B

= 16700%0.85*0.25/(30.25 + 0.6*0.25) - 0 | Caae Wo VDAY - 1- DB

= 116.7352 psi
MAWP: (Corroded & 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

I

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

Pa= 4*B/(3*Dolt)
= 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

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

Revision No. 0
3.21.1996 Doc. No. V049-1-049
Page 9of 15




COMPRESS 5.53 CAACOMPRESS\ADAPTER\BE-3.VSL Apr. 24, 1996
BE-3

Pa= 4*B/(3*Do/t)
= 4*4887.2/(3*61/0.25)
= 26.706 psi

Revision No, 0
3.21.1996 Doc. No. V049-i-049
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' PROCESS SYSTEMS INTERNATIONAL, INC. NO. "
WESTBOROUGH, MA ENGINEERING [NO:Vod§-j-uio
REV. | DEO# DATE |BY: CHECK | CALCULATIONS [PAGETOrsS
- Jolz¥ 4-1-7 [AGR \WDB JTITLE:
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| .

By: AT Roussoroutes [DEPT.: 745

PROJECT: Licoe PROJECT NO: V5904 9

PURPOSE: QUAURY THAE DES/IGMN O0F SPRC PiECE BE-4
T ASME YIIL REQUIREHENTS

METHOD: SO M E7ResS & 8E Q0/ir s 074, FRESSIE VESSEe  SOSmwdRE
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Tr T 11 for pr h ril
| | P | T I Mawp | map { Pe | ve-s9 | uCsE—66 |corrosionl
! Identifier | dessign | design | | |axtearnai} Rario | MDMT Exewption or |Allowance]
I | (pei}l |{deg ®) | t(pei) | {pei) | (psi) | | (dag P) Etrees Reduction | (in) |
} | | I | | | | | I
[ spooL BE-a 0.0 | 400.0 | 1p4.4 | 118.6 | 28,3 | 1.138 | | Roet applicable H 0.000 |
| |

I
| ! | 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 25.16 psi @ 400 degrees F.
Hydr r lculation n MAW

= 1.5*% (MAWP + Operating Liquid Head)*1.136 = 178 psi

Vessel hydrotest pressure is 178 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP,

Rev O
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Height Summary

Component --------------ccemccaoan- Weight {1lbe) Contributed by Vessel Blaments ------ec-ccmemmrsccacuaoooncnan
Metal Matal Trays Packed Ingul Lining FPiping Ladder Ringw Cper Test Nozzle
New Corr & sup Beds & plat & Misc tLiguid Liguid & flg
Spool be-a 276 278 1] 0 o o [} 2] L] [} 2033 o
276 276 L] ] o 4] ] 1] 0 "] 2032 ]
Vesael operating weight, correded: 27& lbs
Veasel empty weight, correded: 276 ibs
Vegsel empty weight, new: 276 lbs
Vessel test weight, new: 2,309 lbe
' center of gravi location (from right wel m
Vessel 1lift weight, new: 276 1lbs
Center of gravity to seam: 18 in

Rev &
Doc, No. voa9-i-0TL

3.12.19%96 Page < oF8




Component D Length Hem t Reg ¢t Joint Govarning Daflect
Jdantifier tin} {in) (in) {in) B Load Bcatus Btrass {in)

Epool be-a& 44 _62 36.00 0.1875 fD.1521 ¢.48%5 axtearnal

Nom t - wvessel 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

Rav O
Doc. No. vo49-t -0%
3.12.1996 Page & o0F9



L, BE-

ion VIITI Divigi 1992 ition, A
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 UsS ga
ID = 44 .625 length Lc= 36 t = 0.1875 in (new)
MAP: {(New & at 0 _deg F) UG-27(c) (1)
p S*E*t/(R + 0.6*t) - Pg

16700*0.85%0.1875/(22.3125 + 0.6*0.1875) - 0
118.6873 psi

oryr 4 F) UG-27({c) (1)

s

S*E*t/(R + 0.6*t) - Ps
14700*0.85%0.1875/(22.3125 + 0.6%0.1875) - 0
104.4732 psi

External Pregsgure: {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
i ickn for ex 1 pr Pa = 14,7022 i ;
= t + Corrosion
= 0.15219 + 0
=0

.15219 in

L/Do = 47.4375/45 =1.0542 Do/t = 45/0.1875 = 240
From table G: A = 0.000242
From table HA-3: B = 4528.5 Rﬁvﬁ>

Do, No. Vo455 -, e
3.12.1996 Page % - o




4*B/ (3*Do/t)
4%4528.5/(3*45/0.1875)
25.1583 psi

o
a
I

Rev O
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-085

WESTBOROUGH, MA CALCULATIONS PAGE | OF 46

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

0 orvs 1490 [LWD8 AGL

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 I,
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 lbs 10” dia = 1042. lbs

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:

CONCLUSIONS: The requirements of the ASME Code are met for spool 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,

Revision No. ©
Doc. No. YVU49-1-D85
Paec | of 46
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Revision No. 0
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PROJECT NO: V59049

PAGE 2 OF 46

TABLE OF CONTENTS

Spool BE-5 (72 in dia)

Spool BE-5 {72 in dia) COMPRESS Plot

COMPRESS Output For Shell Design

Pressure Summary
Weiglt Summary
Nozzle Summary

Nozzle Schedule

Thickness Summary

Spool BE-5

6” Roughing Pump

10" Roughing Pump

Stiffener Rings

Support Ring

Stiffener Rings @ Nozzles

Calculation Check for Longitudinal Stresses in Shell

11

20

29

33

35

39

Revision No. 0
Doc. No. V049-1-085
Page 2 of 46




9p JU ¢ ddkyq

S80-[-6t0A "ON 30

0 'ON UOISIATY

%ns" o,
nE S

|

I

|

4.50't.0.
X, 2507

{ C:\COMPRESS\HANIFOLD\be-5.usl I

PAD Dﬂb-=l\n1u
PAD =% = Towd

lo b — Pao Preap - Yo maes

Fuaer \AEU:@
€1.5. &5 O.D.

10"P - Pap Ren'n - Yz TakS

. ) - ' PAL. D.O.=\6.0 YuasT '\AEL.% e
1_4_&__'_ e BB e PAL. TD, = Ol @ Infow, dL-—-z e
| | Lo va_ E
| | e @
S S i 4
B
| Q| A
o ¥ 5 2" N T g | 2|2
3 3 g - 3 3 q & 24
- X I ? S > !zs N
| !
i ' t Jg" Y.
: SI] |
.5, oyl
Hawnd, | iy |
! i |
. s9mn 48" ' | TD s | ose | ose | aw
41\ -0 40" 3-8 a4 T e T a a0 |
- Eeet .

f

.

+Datun-




COMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber 1

C:\COMPRESS\MANIFOLD\BE-5A.VSL

Apr. 25, 1996

| | P | T | HAWE | HAP | Pe | ug—9% | UCS—66 iCorromion|
| Identifier | design | design | | |external| Ratio | MDMT Exemption or |Allowance|
| | tpsi} |f{deg F} | (psiy | ¢(psi) | (psi) | | {deg F) Stress Reduction | {in)

| | | | | | | i |

| BE=S } 0.0 | 400.0 | 86.1 | 7.8 | 20.0 | 1.136 | | wot applicable 1 c.o00 |
| Flange € B-1 i 0.0 | 0.0 | 17.5 | 17.8 | | 1.000 | | Not applicable | 0.000 |
| 6" * Roughing Pmp | 0.0 | a00.0 | 0.0 | 0.0 | 14.7 | 1.136 | | Wot applicable i 0.000 |
| 10" 10" Rougbing Pm| 0.0 | 400.0 | 0.0 | 0.0 | 14.7 | 1.136 | | Not applicable | 0.000 |
| stiffner Rings | | | | | 14.7 | | | i

| Support Ring | 1 | \ | 14,7 | I | |

| stiffner Rings € no| | | | | 14.7 | | | i

| ! Fo.. |

N

[EUUUHURUUNIE DEVIPSDY (R PU—

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

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

Hydrotest pressure calculation based on Pe

= 1.5*%Pe*1 = 22 psi

Vessel hydrotest pressure is 22 psi.

3.21.1996

Revision No. 0 !
Doc. No. V049-1-085
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-5A.VSL Apr. 25, 1996
Weight Summary

Copponent —re-mems e e wWelght (lbs) Contributed by Vernsel Elements ------------rrecsmcmrcccmccoes
Matal Hetal Trays Packed Insul Lining Piping Ladder Rings - Oper Test Mozzle
HNew Cory & sup Beds L plat & Mise Liquid Liguld & flg

Ba-5 59545 5945 [+ ] ] Q o 2] [+] 697 Q 53289 14

Flange € bh-1 8B40 840 o o [+} o [+] o 4] o Q
67485 €785 o [+ Q o a [+ 597 [+] 53289 14

Vessel operating welght, corroded: 7:396 1bs

Vessal enpty welght, corroded: 7,396 lhs

Vessel enpty welght, new: 7,396 lbs

Vessel test waight, new: 6(2,68% 1lbs

Vessel center of gravity location (from right weld seam)

Vessel lift weight, new: 7,395 Ibs
Center of gravity to seam: 198.7 in
Revision No. 0
3.21.1996 Doc. No, V049-1-083

Page 5 of 46
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-5A.VSL Apr. 25, 1996

Nozzle Summary

_________________________________________________________________________________________

Hozzle on tn Reqg tn Non t Reg t User t Corr AajfAx
nark ¢(in) (iny (in) ALP  A27 (in) (in) (in) (in) (£}
B 6.00 0.1250 0.0625 ¥ Y 0.2500 0.2193 0.0000 186.7
Ko 1l 1D0.00 0, 2500 0.0625 Y Y G.2500 0.2193 0, 0000 1l1z.8

tn -  nozzle thickness

Req tn - nozzle thickness required per UG-45/16

Nom t - vessel wall thickness

Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near opening)

Aa-  area available per UG-37, governing condition

Ar - area required per UG-37, governing condition

Corr - corrosion allowance on nozzle id.

Revision No. 0
3.21.1996 Doc. No. V049-1-085
Page 6 of 46



COMPRESS 5.53

C:\COMPRESS\MANIFOLD\BE-5A_VSL Apr. 25
Nozzle Schedule

, 1996

Hozele Sarvice Size Haterials

mark Nozzle Inpact? Noxm?  Pad Inpact? Norm? Flange
&% roughing prp 5.75 IDxD.12 SA 240 AD4L HIGH n n SA 240 3041 HIG n n

10* roughing pmp 9.850 IDx0.25 SA 240 30aL HIGH n n 5A 240 304L HIG n n

3.21.1996

Revision No. 0
Doc. No. V049-1-085
Paec 7 of 46



COMPRESS 5.53 C\COMPRESS\MANIFOLD\BE-5A.VSL
Thickness Summary

Component ip Length Now t Reaqg t Joint Governing
Tdentifler {(in) {Ln) {in) {in) E Load Status
Be-5 72.25 360.00 0.2500 O0.21%2 0©.8% =xternal

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

3.21.1996

Apr. 25, 1996

Deflect
Stress (in)

Revision No. 0
Doc. No. V049-1-085
Pace 8 of 46



COMPRESS 5.53 CACOMPRESS\MANIFOLD\BE-5A.VSL Apr. 25, 1996
BE-5

ASME Section VIII Division 1, 1995 Edition, A95 Addenda

Ed%rtglr)l%[lmsrgéciﬁcation: g I?ESBML HIGH

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

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 = 59%44.7  coir = 5944.7 Ib
capacity: new = 6389.336 corr = 6389.336 US ga

OD = 7275 length Lc= 360 t=0.25 in (new)

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

P = S*E*t/(Ro - 0.4%t) - Ps
= 16700%0.85*0.25/(36.375 - 0.4*0.25) - 0
= 07.82909 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 = 59.81299/72.75 =0.8222 Do/t = 72.75/0.21929 = 331.7525
From table G: A = 0.000277
From table HA-3: B = 3660.4

Pa= 4*B/(3*Do/t)
= 4*3660.4/(3*72.75/0.21929)
= 14.7114 psi

Design thickness for external pressure Pa = 14.7114 psi:

t + Corrosion
0.21929 + 0
0.21929 in

Maximum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 59.81299/72.75 =0.8222 Do/t = 72.75/0.25 = 291

From table G: A = 0.00033
From table HA-3: B = 4368.1

i

Revision No. 0

3.21.1996 Doc. No. V049-1-085
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p ?
CO ] SS - -

= 4¥B/(3*Do/t)
P 24368 17072.75/0.25)
= 20.0142 psi

Revision No, ¢
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COMPRESS 5.53

C:\COMPRESS\MANIFOLD\BE-5A.VSL

6" Roughing Pmp

Opening 6" Reinforcement Calculations Per UG-37

Apr. 25, 1996

Located on: 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: 39.3751in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 3in
tn —>| [« corrosion allow = 0 in
dp—> _ _ <— noz thick new tn= .125 in
<= d =>| |twl nozzle id. new d= 5.75 in
=] |<tw? >t |« pad diameter dp = 9 in
_ pad thickness te= .25 in
te|/] [\ fillet weld twl = .25 in
—_—1 | —— fillet weld tw2 = .25 in
/1 _EwB _IN groove weld tw3d = .25 in
< L > To datum L= 312 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 = .5625 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P3
= 0*2.875/(14700*1 - 0.6*0)
=0in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
Z g*_36. 125/(14700%1 - 0.6*0)
={1n

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

Revision No. 0
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COMPRESS 5.53 C:ACOMPRESS\MANIFOLD\BE-5A.VSL
6" Roughing Pmp

frl1 = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1
fr3 = lesser of f12 or Sp/Sv so fr3 =1
fr4 = lesser of 1 or Sp/Sv so fr4 =1

A = d*Mr*F + 2*n*tr*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

= d¥(EI*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
3.75%(1*0.25-1%0) - 2*0.125*(1*0.25-1*0)*(1-1)
1.438 in"2

2*(t+ tn)*(E1*t-F*tr) - 2*tn*(E1*-F*r)*(1-fr1)
2;}3._25350.125)*(1*0.25-1*0) - 2%0.125%(1%0.25-1*0)*(1-1)
. m '

Il

o

A2 = smaller of the following = (0.141 in"2
S5*(tn - trn)*fr2*%t

3%(0.125 - 0)*1*0.25

.156in"2

= 2*(tn - trn)*(2.5*tn + te)*fr2
= 2%(0.125 - 0)*(2.5*0.125 + 0.25)*1
= 141 in"2

A4l = Leg“2*fr3
=0.25"2*%1 = 063 in"2

A42 = Leg 2+fr4
= 0.2572%] = .063 in"2

AS = (D;') - d - 2*tn)*te*fr4
= (9-5.75 - 2%0.125)*0.25*]
.75in"2

Area = Al + A2 + A4l 4+ A42 + AS
= 1.438 + 0.141 + 0.063 + 0.063 + 0.75
=2.455in"2

/T

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 = 0.175 in

3.21.1996
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COMPRESS 5.53 C:A\COMPRESS\MANIFOLD\BE-5A.VSL Apr. 25, 1996
' 6" Roughing Pmp

Outer Fillet: tmin = lesser of 0.75 or te or ¢, tmin = 0.25 in
tw(min) = 0.5%tmin = 0,125 in
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(b)(1): tr2 = 0in

Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall er UG-45(b)(4): tr4 = (.245 in
The greater of tr2 or tr3: tr§ = 0.0625 in
The lesser of tr4 or tr5: tré = 0.0625 in

Req’d per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickness new, tnh = 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

Inner fillet weld in shear = 0.49*14700 = 7 03 psi
Quter 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*%6*0.25%7203 = 16963.06 Ibf

(2) Outer fillet weld in shear
(Pi/2)*Pad O.D.*Leg*So = 1.57%0*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

L.oading on welds per UG-41(b)(1)
= (A - Al + 2*m*fr1*(E1*t - F*tr))*Sv
= 0 1.438 + 2%0.125*1*%(1*0.25 - 1*0))*14700
-20219.85 Ibf
= (A2 + A5 + A4l + Ad42)*Sv
0.141 + 0.75 + 0.063 + 0.063)*14700
4949 .9 1bf

-1

(0

14

g A2 + A3 + A4l + A43 + 2%tn*t*fr1)*Sv

W

=

= (A
%14 +!tg°+ 0.063 + 0 + 2*0.125*0.25*1y*14700

I IIN
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-5A.VSL
6" Roughing Pmp

W3-3 = (A2 + A3 + A5 + A4l + A42 + A43 + 2*tn*t*fr]1)*Sv
= S%SISSI t;';' g}; 0.75 + 0.063 + 0.063 + 0 + 2*0.125%0.25*1)*14700

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), (»;?‘ = 16963.06 + 25617.69 = 42580.75 Ibf
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 =-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-41(b)(2).

Pad strength = A5*Sp = 11025 Ibf
Outer fillet weld strength is adequate.

Reinforcement Calculations for External Pressure

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 = .5625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3125 in

Nozzle required thickness

LiDo=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 trnt = 01491 in

Required thickness tr from UG-37(d){1) = .2193 in

Area reguired

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

fr] = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1
fr3 = lesser of fr2 or Sp/Sv so fr3 =1
fr4 = lesser of 1 or Sp/Sv so fr4 =1

A = 0.5%(d*tr*F + 2*tn*tr*F*(] - frl)%
= 0.5%(5.75%0.2193*1 + 2%0.125%0.2193*1%(1 - 1))
= .6305 in"2

Apr. 25, 1996
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Area available

Al = larger of the following = .177in"2

d¥*(E1*t-F*r) - 2*tn*(E1*t-F*try*(1-fr1)
51.;%*_(1:"20.25—1*0.2193) - 2%0.125%(1*0.25-1*%0.2193)*(1-1)
177 in

2%(t+tn)*(E1*t-F*tr) - 2*%m*(E1*t-FHr)*(1-fr1)
2553"25“;0' 125)*(1%0.25-1%0.2193) - 2*0.125%(1*0.25-1%0.2193)*(1-1)
. in

Haon

A

(e ]

= smaller of the following =0.124 in"2

S*(tn - trn)*fr2*t
5*(0.125 - 0.01491)*1%0.25
138 in"2

= 2%(tn - trn)*(2.5%tn + te)*fr2
= 2%(0.125 - 0.01491)*(2.5*0.125 + 0.25)*1
=.124n"2

A4l = Leg"2*f3
= 0.2572*1 = .063 in"2

A42 = Leg"2*frd
= 0.2572*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 +
=0.177 + 0.124 + 0.063 + 0.06
=1.177in"2

A5
3+ 0.75

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 = (0.0361 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: tr5 = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickness new, th = 0.125 in

The nozzle neck thickness is adequate for Pe.

Apr. 25, 1996

Revision No. 0

Doc, No. V049-1-085
3.21.1996 Page 15 of 46



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-5A.VSL Apr. 25, 1996
6" Roughing Pmp

Applied Loads

Radial load Pr = 382 Ibf
Circumferential moment Mc = 0 Ibf-ft
Circumferential shear . Ve = 01bf
Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 0 Ibf
Torsion moment Mt = 0 Ibf-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 Mang Qc,,jw;,g 6\—9/-;-55

Stress concentration factor Kn (tension) = 1 Toes hoe Tuelvde Locas
Stress concentration factor Kb (bending) = 1 = o
TREFHES THELETDLE
Pressure stress intensity factor, Farr equation 11.5 )
g, = i

I = .25%4 + 3*(@/x)"2 + 3*(1/x)"4) VL= 64‘7 o 3(34-2'5 “"\ & .

= .25%(4 + 3%(2.875/3.25)"2 + 3%(2.875/3.25)"4) T =55

= 2.046 2 (.50=Y |
Local circ. pressure stress = I*P*Rm/t = @ psi 07 - /f[ £, 2\ (’b L8 \

a1 %5 (2 28 «
Local long. pressure stress = P*Rm/2t = @ psi Zo. =00l i
Maximum combined stress ==1447psi
Allowable combined stress = +-1.9*S = +- 22050 psi M el dor U (Eaverore)
. . e o .. al . T
The maximum combined stress is within allowable limits. G;: 5% Mo + 2086100 /\-;\q» VAT
Maximum primary membrane stress =-264 psi - )
Allowable primary membrane stress = +-1.I‘,5*S = +- 22050 psi Q; = 410 Y
The maximum primary membrane stress is within allowable limits. o2
4\ b1 ¥or € 22050~
ORI
__4::——\
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From| Value | beta

Fig.| read Au Al Bu B1 Cu Cl Du D1
3C* 111.329 (0.072 -238 -239 -239 -239
4C* 112.546 |0.072 -264 -264 -264 -264

1C 10.1292 |0.072 -1185 1185 -1185 1185

2C-1;0.0941 [0.072 -863 863 -863 863
3A* |2.1475 [0.072
JA [0.0964 [0.072
3B* |7.2821 10.072
1B-1|0.0472 |0.072
pressure stress*

Total circ stress -1127 599 -1127 589 -1424 946 -1424 946
Primary membrane

circ stress* -264 -264 -264 -264 -239 -239 -239 -239
3C* 111.329 |0.072 -239  -239  -239 -239 - '

4C* 112.546 |0.072 ' -264 -264 -264 -264
1C-1|0.1318 |0.072} -1208 1208 -1208 1208

2C 10,0921 |0.072 -844 844  -844 844
4A* [3.0956 |0.072

2A |0.0551 [0.072

4B* 12.1329 10.072

2B-1]0.0753 |0.072

pressure stress*

Total long stress -1447 969 -1447 969 -1108 580 -1108 580
Primary membrane
long stress* -239 -239 -239 -239 -264 -264 -264 -264

torsion moment Mt
Circ shear from V¢
Long shear from VL

Total Shear stress

Combined stress -1447 969 -1447 99 -1424 946 -1424 946

Revision No. 0
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\BE-5A.VSL
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Stresses at the pad edge per WRC bulletin 107 ( psi)

Mean radius Rm = 36.25 in
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*(t/x)"2 + 3*(t/x)"4)

Apr. 25, 1996

= .25*(4 + 3*(2.875/4.75)"2 + 3*%(2.875/4.75)"4 ’
Siars 0 PRI QSRR oy Condnin) shvest

Local circ. pressure stress = [*P*Rm/t = Qali

(_coua—:umweq UsE E.\NEL.&'“E) }

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

Maximum combined stress =-3g&4 psi
Allowable combined stress = +-1.5*§ = +- 22050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-843 psi
Allowable primary membrane stress = +-1.5*%S = +- 22050 psi

The maximum primary membrane stress is within allowable limits.

3.21.1996

To= DLl Fu ( 1.315)

= V&Ll
TC = S35 %L

T ™ BB 4u o apa)
= B

—~—Er
52{_’3*{;2— £ 22050 n
* ak(

A —
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From] Value | beta .

Fig.| read Au Al Bu Bl Cu €1 Du D1
3C* j12.969 |0.109¢ -847 -547 -547 -H47
4C* {19.996 |0.109 -843 -843 -843 -843

1C {0.0741 [0.109 -2717 2717 -2717 2717
2C-110.0405 |0.109| -1485 1485 -1485 1485

3A* [5.6709 (0.109

1A |0.0761 [0.109

3B* [14.481 |0.109

1B-1{0.0255 |0.109

pressure stress¥*

Total circ stress -2328 642 -23?28 642 -3264 2170 -3284 2170
Primary membrane

circ stress¥* -843 -843 -843 -843 -547 -547 -547 -547
3C* [12.969 (0.10% -547  -B47  -B47  -547

AC* [19.996 [0.109 -843 -843 -843 -843
1C-1{0.0726 |0.109 -2662 2662 -2662 2667 -

2C |{0.0437 (0.109 -1603 1603 -1603 1603
4A* |11.040 (0.109

ZA  10.0378 {0.109

4B* |5.5923 (0.109

2B-10.0351 {0.109

pressure stress¥*

Total long stress -3209 2115 -3209 2115 -2446 760 -2446 760
Primary membrane
long stress* -547 -547 -547 -547 -843 -B43 -843 -843

torsion moment Mt
Circ shear from Vc
Long shear from VL

Total Shear stress

Combined stress -3209 2115 -3209 2115 -3264 2170 -3264 2170
Revision No. 0
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Opening 10" Reinforcement Calculations Per UG-37

Located on: 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: Qin
Projection outside vessel Lpr: 3in
tn —>| |« corrosion allow = 0 in
dp-> _ 3 <— noz thick new tn= .25 in
<«— d =] [twl nozzle id. new d= 9.5 in

->| [«<tw2 >| |« pad diameter dp = 12 in
_ \ pad thickness te= .25 in
te|/| I\ fillet weld twl = .25 in
—_—| |V ——— fillet weld tw2 = .1875 in

/_ _Ew3 A groove weld tw3d = .25 in
< L >| To datum L= 224 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*(t-C) = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickness
trn = P*Rn/$Sn*E - 0.6*P)

= (*4.75/(14700%1 - 0.6*0)
=0in

Required thickness tr from UG-37(a)

tr= P*R/(S*E - 0.6*P)
= 036.125/(14700"1 - 06%0)
=Jim

Area required

Allowable stresses: Sn = 14700, Sv = 14700, Sp = 14700 psi
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frl = lesser of 1 or Sn/Sv so fr1 =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1
fr3 = lesser of fr2 or Sp/Sv so fr3 =1
fr4 = lesser of 1 or Sp/Sv so fr4 =1

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

9.5*0*1 + 2*0.25*0*1*(1 - 1)

0in"2

Area available

Al = larger of the following =2375in"2
= d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-frl)
=0, 5*(1*0 25-1*0) - 2*0.25*(1*0.25- 1*0)*(1 1)
=23751in"2
= 2¥(t+tn)*(E1*t-F*tr) - 2*tn*E1*t-F*tr)*(1-frl)

22* 0. 25}1 +0.25)%(1%0.25-1%0) - 2*0.25%(1%0.25-1*0)*(1-1)
1n

ol

A

e8]

= smaller of the following = 0.313in"2

S*(tn - trn)*fr2*t
5%(0.25 - 0)*1*0.25
313'in"2

2*(tn - trny*(2.5%tn + te)*fr2
2*(3 25 - 2 0)*(2.5%0.25 + 0.25)*1
in

Adl = Leg 2*fr3
= 0.2572*%] = 063 in"2

A42 = Leg™2*f14
= 0.1875°2*]1 = .035in"2

(Dp - d - 2*tn)*te*frd
12 - .5 - 2%0.25)%0.25*1
5 in"2

Area=A1+A2+A41+A42+SA

= 2.375 + 0.313 + 0.063 + 0.03
= 3.286in"2

K

5
+ 0.5

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 = 0.25 in
tw(min)} = 0.7*tmin = 0.175 in
tw{actual) = 0.7*Leg = 0.7%0.25 = 0.175 in

3.21.1996
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Outer Fillet: tmin = lesser of 0.75 or te or t, tmin = 0.25 in
tw(min) = 0.5*tmin = 0.125 in )
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): 3 = 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 tr] or 16 = 0.0625 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.
Allowable siresses 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

Inner fillet weld in shear = 0.49*%14700 = 7803 pst
Outer fillet weld in shear = 0.49*14700 = 7203 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(P1/2)*Nozzle O.D.*Leg*Si = 1.57%10*0.25*%7203 = 28271.78 Ibf

(2) Outer fillet weld in shear
(P1/2y*Pad O.D.*Leg*So = 1.57*%12*0.1875%7203 = 25444.6 Ibf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57%9.75%0.25%10290 = 39378.55 Ibf

(4) Groove weld in tension
(P1/2)*Nozzle O.D.*tw*Sg = 1.57*10%0.25*10878 = 42696.15 Ibf

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

= (A - Al + 2*m*fr1*(E1% - F*)*Sy
go 2.375 + 2%0.25*%1%(1*0.25 - 1*0))*14700
3075 Ibf

WI1-1 = (A2 + A5 + A4l + Ad2)*Sy
= (0.313 + 0.5 + 0.063 + 0.035)*14700
= 13391,7 Ibf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr])*Sv
= (0.313 +f0 + 0.063 + 0 + 2%0.25%0.25*%1)*14700

3.21.1996
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W3-3 = (A2 + A3 + A5 + A4l + A42 + A43 + 2*tn*t*fr1)*Sv
= %23213 2+1t?f+ 0.5 + 0.063 + 0.035 + 0 + 2*0.25*0.25*1)*14700

r 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-41(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 Ibf
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*Sp = 7350 Ibf
Outer fillet weld strength is adequate.

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Paraliet 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/t)
= 4*4976.5/(3*10/0.0222)
= 14.7304 psi
Nozzle required thickness trn = .0222 in

Required thickness tr from UG-37(d)(1) = .2193 in

Area required

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

fr1 = lesser of 1 or Sn/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1
fr3 = lesser of fr2 or Sp/Sv so f13 =1
fr4 = lesser of 1 or Sp/Sv so fr4 =1

A = 0.5%(d*tr*F + 2*tn*ur*F*(1 - frl)
0.5%(9.5%0.2193%1 + 2%0.25%0.2193*1*(1 - 1))
1.0417 in"2

i1l
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COMPRESS 5.53 CACOMPRESS\MANIFOLD\BE-5A.VSL
10" Roughing Pmp

Area available

Al = larger of the following =.292in"2

= d*(B1*t-F*tr) - 24m*(E1*t-F*ir)*(1-frl)
= Qig;(_l*%zs-l*o.zm) - 2%0.25%(1*0.25-1%0.2193)*(1-1)
= . m

= 2%t +t)*(E1*t-F*tr) - 24tn*(E14-FHr)*(1-fr1)
= 25}(1)._25350.25)*(1*0.25-1*0.2193) - 240.25%(1%0.25-1%0.2193)*(1-1)
=, m

A2 = smaller of the following = 0.285in"2

5*%(tn - tro)*fr2*%¢
5%(0.25 - 0.0222)*1%0.25
.285in"2

2%(tn - tm)*(2.5%tn + te)*fr2
2%(0.25 - 0.0222y*(2.5*0.25 + 0.25)*1
399 in"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*tn)*te*fr4
= (12 -9.5 - 2%0.25)*0.25*1
=.5in"2 ~

a=Al + A2 + Ad]l + Ad2 + A
0.292 + 0.285 + 0.063 + 0.035
1.175in"2

i

A

by

e 5
+ 0.5

n#

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 =0.0222in(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 r3: tr5 = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = (.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996

Apr. 25, 1996
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10" Roughing Pmp

Applied Loads
Radial load Pr = 1042 Ibf
Circumferential moment Mc = 0 Ibf-ft
Circumferential shear Ve = 0 Ibf
Longitudinal moment ML =0 ]bf-ft
Longitudinal shear VL =0 Ibf
Torsion moment Mt = 0 Ibf-ft
Internal pressure P = 0Opsi
Stresses at the nozzle OD per WRC bulletin 107 ( psi) : ! . | A \
Mean radius Rm = 36.25 in wa 6‘“‘% el
Rm/t = 72.5 waelude Loeadl ol
Stress concentration factor Kn (tension) = 1 | :L”"ch 5
Stress concentration factor Kb {(bending) = 1
Pressure stress intensity factor, Farr equation 11.5 (’:-_é 47 W '5(,,2-;;\ 5t
1 = .25%(4 + 3%(t/x)"2 + 3*(1/x)"4) ‘ . -
= .225*(4 + 3%(4.75/5.25)"2 + 3*(4.75/5.25)°4) 2( 50%)
= 2.117 .
T (& YN8,
Local circ. pressure stress = [*P*Rm/t = 0 psi ¢ e ) sk 28 = (o(pc;(aﬂ_
Lo w

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

Maximum combined stress =-2692 psi
Allowable combined stress = +-1.5*S = +- 22050 psi .
M”ﬁ Q{Jm s

The maximum combined stress is within allowable limits.

CCN ‘.-EN&\"‘ e u-w-—-\ [N 4 ‘r Pl. el 14370

Maximuom primary membrane stress =-644 psi
Allowable primary membrane stress = +-1.5*%§ = +- 22050 psi

Tl = Qouo*/ﬂ(?. l ﬂ\ G

2L ¥ F
Vor = 5422+

The maximum primary membrane stress is within allowable limits.

sag e € 2105 b

GO
e

Revision No. €
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From| Value | beta

Fig.| read Au Al Bu B1 Cu (! Du D1
3C* (8.3260 0.121 -479 -479 -479 -479
4C* 111.196 |0.121 -644 -644 -644 -644

1C {0.0880 [0.121 -2201 2201 -2201 2201
2C-110.0550 [0.121{ -1375 1375 -1375 1375

3A* [2.7955 |0.121

1A [0.0836 (0.121

3B* |7.8807 |0.121

1B-110.0333 ]0.121

pressure stress*

Total circ stress -2019 731 -2019 731 -2680 1722 -2680 1722
Primary membrane

circ stress* -644 -644 -644 -644 -479 -479 -479 -47%
3C* [8.3260 [0.121 -479  -479  -479  -479

4C* [11.196 |0.121 -644 -644 -644 -644
1C-1{0.0885 |0.121| -2213 2213 -2213 2213

2C 10.0565 |0.121 -1413 1413 -1413 1413
4A* 14.8491 {0.121

2A  [0.0433 |0.121

4B* |2.7447 (0.121

2B-1]0.0488 {0.121

pressure stress*

Total long stress -2692 1734 -2692 1734 -2057 769 -2057 769
Primary membrane
long stress* -479  -479  -479 -479 -644 -644 -644  -H44

torsion moment Mt
Circ shear from Vc
Long shear from VL

Total Shear stress

Combined stress -2692 1734 -2692 1734 -2680 1722 -2680 1722
Revision No. 0 .
3.21.1996 Doc. No. V049-1-0
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10" Roughing Pmp

Stresses at the pad edge per WRC bulletin 107 ( psi)

Mean radius Rm = 36.25 in
Rm/t = 145

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

Pressure stress intensity factor, Farr equation 11.5

25%(4 + 3*(r/x)"2 + 3*(r/x)
25*54 + 3*%(4.75/6.1875)"2 + 3%(4.75/6.1875)"4)

I

ﬂ II I|

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

Maximum combined stress =-7218 psi )
Allowable combined stress = +-1.5*S = +- 22050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-1998 psi
Allowable primary membrane stress = +-1.5*S = +- 22050 psi

The maximum primary membrane stress is within aliowable limits.

Apr. 25, 1996

\{W C,W\OL_,O‘D&(%‘D c:\oeﬁ \m“c LAA.M l.oCA,Q ‘a&wfp‘aﬂd

e
= haa* () »u.2s 2)

ZQ.SDWA

faa ) 26 - ol

VD -

— Sl

MMC Mrms (Cmsmk&\\ﬁx vl uw:&egw. ox w.tw&vm‘:eb

(')'_!. §) Zankn « Yoy P (\’1023*—72.\&“

s i € 2202 i

3.21.1996

G OK
=

Revision No. 0
Doc. No. V049-1-085
Page 27 of 46

ORL5 .
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10" Roughing Pmp

From| Value { beta

Fig.| read Au Al Bu B1 Cu C1 Du D1
3C* {9.0084 [0.145 -1036 -1036 -1036 -1036
4C* 117.379 [0.145{( -1998 -1998 -1998 -1998

1C 10.0618 |0.145 -6182 6182 -6182 6182
2C-1/0.0259 |0.145| -2591 2591 -2591 2591

3A* 15,3595 |0.145

1A |0.0653 |0.145

3B* 112.060 [0.145

18-110.0175 {0.145

pressure stress*

Total circ stress -4589 593 -4589 583 -7218 5146 -7218 5146
Primary membrane

circ stress* -1998 -1998 -1998 -1998 -1036 -1036 -1036 -1036
3C* 19.0084 (0.145| -1036 -1036 -1036 -1036

4C* 117.379 |0.145 -1998 -1998 -1998 -1998
1C-110.0547 |0.145] -5472 5472 -5472 5472

2C ]0.0370 10.145 -3701 3701 -3701 3701
4A* [12.155 0.145

2A 10.0304 ]0.145

4B* 15.0456 |0.145

2B-1{0.0232 |0.145

pressure stress*

Total long stress -6508 4436 -6508 4436 -5699 1703 -5699 1703
Primary membrane
long stress* _ -1036 -1036 -1036 -1036 -1998 -1998 -1998 -1998

torsion moment Mt
Circ shear from V¢
Long shear from VL

Total Shear stress

Combined stress -6508 4436 -6508 4436 -7218 5146 -7218 5146

Revision No,
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COMPRESS 5.53

CACOMPRESS\MANIFOLD\BE-5A.VSL

Stiffoer Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1,

1995 Edition, A95 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 RinEs

SA 240 304L HIGH
3

151in

50 in

2.5x2.5x1/4 Equal A
leg in (hard way)

As = 1.19in"2

Ir = 0.703 in"4

Calculations for ring 15 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))

s= 0.25in
Do = 72.75in
= 400 deg F
P = 14.7 psi
Ls = 36.51042 in

= .75%(14.7%72.75/(0.21929 + 1.19/36.51042))

= 3184.285
From table HA-3 (ring)

A = 2.412903E-04

Required moment of inertia of the combined ring-shell section

Is= Do“Z*Ls*gt + As/Ls)*A)/10.9
= (72.7572*36.51042%(0.21929 + 1.19/36.51042)*2.412903E-04)/10.9
= 1.077447 in"4

Available moment of inertia of the combined ring-shell section

= 4.691149

Shell width contributing smaller of
W = 1.1*Sqr(Do*ts
= 1.1*Sqr(72.75*%0.25)
= 4.691149 in
W = Ls = 36.51042 in
Shell area Al = W*ts = 1.172787 in"2

Distance to the ring neutral axis

3.21.1996

Apr. 25, 1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-5A VSL Apr. 25, 1996
Stiffner Rings

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)
19609499 in

Inertia of the shell about the combined section NA

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

0.703 + 1.19%(0.9609499 - 1.908)"2
1.770316 in"4

Total available I = I1 + I2 = 2.859405 in"4

ol

i

[

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 65 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21929in
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 = 50in

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

= .75*(14.7%72.75/(0.21929 + 1.19/50))

= 3299.472

From table HA-3 (ring) A = 2.499343E-(4
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9

= 572.75“2*_50*(0.21929 + 1.19/50)*2.499343E-04)/10.9

= 1.475035 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)

Revision No. 0
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Stiffoer Rings

= 1.1*Sgr(72.75%0.25)
= 4.691149 in

W =Ls =50in
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
Il = WHts"3/12 + AI*NA"2 |
= 4,691149%0.25°3/12 + 1.172787%0.9600499"2
= 1.089089 in"4
Inertia of the ring about the combined section NA
I2 = 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 115 in from datum

C:\COMPRESS\MANIFOLD\BE-5A _VSL

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21929 in
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do =72.751in

Design temperature: = 400 deg F

External design pressure: P = 147 ps1

Stiffener supported length: Ls = 47.5935in

B= .75*&P*Dof(t + As/Ls)
= 5%
= 3283.219

From table HA-3 (ring)

4.7*72.75/(0.219%9 + 1.19/47.5935))

A = 2.487147E-04

Required moment of inertia of the combined ring-shell section

3.21.1996

Apr. 25, 1996
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; Stiffner Rings

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= 572.75“2*47.5935*(0.21929 + 1.19/47.5935)*2.487147E-04)/10.9
.404108 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)
= l.l*S?r 72.75*0.23)
= 4,691149 in
W = Ls = 47.5935 in

Shell area A1 = 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

1|

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
I2 = 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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COMPRESS 5.53 C:ACOMPRESS\MANIFOLD\BE-5A.VSL Apr. 25, 1996

Suppori Ring
Stiffening Ring Calculations Per UG-29
ASME Section VIII Division 1, 1995 Edition, A95 Addenda
Identifier: o Supgort Rin
Ring material specification: SA 240 304L HIGH
Number of rings in this group: | ]
Distance first ring to datum line: 160.187 in
Ring description: 4x3x1/4 Un Equal Ang
| Ring is rolled: leg in (hard way)
| Ring cross sectional area: As = 1.69in"2
| Ir= 2.77in"4

Ring moment of inertia:

Calculations for ring 160.187 in from datum

Shell material specification:

SA 240 304L HIGH

Required shell thickness: t = 0.21929 in '
Corroded shell thickness: ts = 0.25in

Shell outer diameter: Do = 72.75 in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 44,5935 in

B = .75*£P*Do/(t + As/Ls))
= .75%(14.7%72.75/(0.21929 + 1.69/44.5935))
= 3118.61
From table HA-3 (ring) A = 2.363605E-04

Required moment of inertia of the combined ring-shell section

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

= 572.75"2*44.5935*(0.21929 + 1.69/44.5935)*2.363605E-04)/10.9
316244 in"4
Available moment of inertia of the combined ring-shell section

= 4.691149

Shell width contributing smaller of

W = 1.1*8qr(Do*1s)
= 1.1*8qr(72.75%0.25)
= 4.691149 in

W = Ls = 44.5935 in
Shell area Al = W*ts = 1.172787 in"2
Distance to the ring neutral axis

Y2 = Ring NA + ts/2
Revision No. 0
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Support Ring

= 2.76 + 0.25/2
= 2.885 in

Neutral axis of combined section
NA = As*Y2/(Al + Ass)
= 1.69*2 885/(1.172787 + 1.69)
= 1.703113 in .
Inertia of the shell about the combined section NA

Il = W*ts"3/12 + 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
I2 = 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 satisfactory.

3.21.1996
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Stiffner Rings @ nozzles

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1995 Edition, A95 Addenda

‘ Identifier: Stiffner Rinis @ nozzles
Ring material specification: SA 240 304L HIGH
| Number of rings in this group: 3
| Distance first ring to datum line: 204.187 in
Ring spacing: 48 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 204.187 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21929in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do =72.751n

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 46in

B = .75*%(P*Do/(t + As/Ls))
= 75*(14.7*72.75/(0.21929 + 1.19/46))
= 3271.619
From table HA-3 (ring) A = 2.478443E-04

Required moment of inertia of the combined ring-shell section

Is= (Do"2*Ls*(t + As/Lsy*A)/10.9
= (72.7572*46%(0.21929 + 1.19/46)*2.478443E-04)/10.9
= 1.357142 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=406in
Shell area Al = W*ts = 1.172787 in"2

Distance to the ring neutral axis
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Stiffoer Rings @ nozzles

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 + AI*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 = 11 + 2 = 2.859405 in"4

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.
Calculations for ring 252.187 in from datum
Shell material specification: SA 240 3041 HIGH

Required shell thickness: t = 0.21929in
Corroded shell thickness: ts= 0.25in
Shell outer diameter: Do = 7275 in
Design temperature: = 400 deg F
External design pressure: P = 14,7 psi
Stiffener supported length: Ls = 48. lin

B = .75%(P*Do/(t + As/Ls))
= .73%(14.7%72.75/(0.21929 + 1.19/48.00001))
= 3286.067
From table HA-3 (ring) A = 2.489284E-04
Required moment of inertia of the combined ring-shell section
Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= 57212%;5 %*:48*.20001*(0.21929 + 1.19/48.00001)*2.489284E-04)/10.9
: in

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
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Stiffner Rings @ nozzles

= 1.1*Sqr(72.75%0.25)
= 4.691149 in

W = Ls = 48.00001 in
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
I2 = Ir + As*(NA - Y2)"2

0.703 + 1.19*%(0.9609499 - 1.908)"2
1.770316 in"4

Total available 1 = 11 + 12 = 2.859405 in"4

The 2.5x2.5x1/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 300.187 in from datum
SA 240 304L HIGH

Shell material specification;

Required shell thickness: t = 021929 in
Corroded sheli thickness: ts= 0.25in
Shell outer diameter: Do=7275in
Design temperature: = 400 deg F
External design pressure: P = 14.7 ps1
Stiffener supported length: Ls = 53.9065 in

B = 75*(P*Do/(t + Ales)%
= 75%(14.7*72.75/(0.21929 + 1.19/53.9065))
= 3323.05
From table HA-3 (ring)

Required moment of inertia of the combined ring-shell section

A = 2.517032E-04

3.21.1996
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Stiffner Rings @ nozzles

Is= (Do"2*Ls*(t + As/Ls)*A)/10.9
= 572.75‘2*53.9065*(0.21929 + 1.19/53.9065)*2.517032E-04)/10.9
590172 in"4

Available moment of inertia of the combined ring-shell section
Shell width contributing smaller of = 4.691149
W = 1.1*8qr(Do*ts)
= ].l*Scl;rgZ.?S*O.ZS)
= 4.691149 in
W = Ls = 53.9065 in

Shell area Al = 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
Il = W*ts"3/12 + AI*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 = 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) Mavmwn. Except as required in UW-2(d)(3),
the maximum temperature used in design shall be not
less than the mcan metal temperature (through the
thickness} expected under operating conditions for the
pari considered (see 3-2). [f 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 excepl
when lower temperatures are permited 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 operaing lemperature, operational upsets,
autorefnigeration, atmospheric temperature, and any
other sources of cooling [except as permitted in (N)(3)
below].

(¢} 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 mettiods for obtaining the operating
temperature of vessel walls in service are given in Ap-
pendix C.

(/) 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 o P-No. 1, Gr.
No. I 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 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 10
lower seasonal atmospheric temperature,

(4} The thermal or mechanical shock loadings are
not a conirolling design requirement  (See UG-22.)

{3) Cyclical loading is not a controlling design re-
quirement {Sec UG-22.)

1992 SECTION VIII — DIVISION |

200

uG-23

UG-21 DESIGN PRESSURE'

Vessels covered by this Division of Section VII|
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 tesl condi-
tions, thc 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(c). and 3-2].

UG-22 LOADINGS

The Joadings to be considered in designing a vessel
shall include those from:

{a) imtemal 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);

{c) superimposed static reactions from weight of at-
tached equipmen!, such as motors, machinery, other
vessels, piping, linings, and insulation;

{d) the attachment of;

(1) intemals (see Appendix D);
(2) vessel supports, such as lugs, nngs, skirs,
saddles, and legs (sece 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 fluid shock;

{h) temperature gradients and differential thermal ex-
pansion.

UG-23 “MAXIMUM ALTOWABLE STRESS
“-Wﬁ,ﬁ A L

{a} The maximum allowable stress value is the max-
imum unil stress permitted in a 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 If, Part D.
A listing of these materials are given in the following
tables. which are included in Subsection C.

It is rccommended that a sunable margin be provided above the
pressure a1 which the vessel will be nomally operated 1o allow for
probable pressure surges in the vessct up 1o the sciting of the pressure
Seheving devices (see UG- M4

*For the basis o which the tabulated stress values have been es-
lablished, see Appendix | of Seation U, Part D.
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UG-23

Table UCS-23 Carbon and Low Alloy Sieel (stress val-
ues in Section I, Part D, Table 3 for belting, and
Table 1A for other carbon steels)

Table UNF-23 Nonferrous Melals {stress values in Sec-
tion 1l, part D, Table 3 for bolling. and Table IB
for other nonferrous metals)

Table UHA-23 High Alloy Steel (stress values in Sec-
tion ll, Part D, Table 3 for bolling, and Table 1A
for other high alloy steels}

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 Ferritic Steels with Properties Enhanced
by Heat Treatmenlt (stress values in Section I, 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 longitrdinal compres-

sive stress 1o 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-
ues:
(f) the maximum allowable tensile stress value
permitied in {(a) above;
(2) the value of the factor B determined by the
following procedure where
1=1he minimum required thickness of the cylin-
drical sheil or tube, in.
R,=outside radius of cylindrical shell or tube, in.
E=modulus of clasticity of material at design
temperature, psi. The modulus of elasticity to
be used shall be taken from the applicable ma-
terials chart in Section II, Part D, Subpart 3."
(Interpolation may be made between lines for
intermediate temperatures.)

The joint efficiency for butt-welded joints shall be tak-

en as unity.

The value 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:

00175
A =i
(RN

Step 2. Using the value of A calculated in Step 1.
cnter the applicable ematenal chart in Section I, Pan

w

Note that the modulus of elasticity values lisied in UF-27 of thus
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 1S APPLICABLE

Table in Which Materia

Is Listed Temp,, °F
ucs-23 700
UNF-23.1 300
UNF-23.2 150
UNF-23.3 900
UNF-23.4 600
UNKF-23.5 &00
UHA-23 - .[+1]
UHT-23

00

D, Subpart 3 for the material under consideration.
Move venically to an intersection with the material/
temperature line for the design lemperature {see UG-
20). Interpolation may be made between lines for in-
termediate temperatures.

In cases where the value at A falls to the nght of
the end of the materialitemperature line, assume an in-
tersection with the horizontal projection of the upper
end of the materialtemperature 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 horizontally to the right and read lhe :value of
factor B. This is the: Xt Wlowab _“_!e ynpmsswc

Zin-Step -

Step 4. For values of A l'allmg 1o the left of the
applicable materialtemperature line, the value of B,
psi, shall be calculated using the following formula:

3 or 4 .with the Compe H“ igithdi rktMkpressw::
stress in the cylmdncal shell ‘or tube. usm'g the selected
values of 7 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 shelt or tube.

The joint efficiency for buu welded joints may be
taken as unity.

{c) The wail-ﬂuckné:ss of 4 vessel computed by these
rules shall be determined such that, for any combi-
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PART D — PROPERTIES

Figs. HA-}, HA4
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TABLE HA-4
TABULAR VALUES FOR FIG. HA-4

s T Temp., B, Temp., B,
 TABLEIHAY °F A psi F A ps
TABULAR VACUES FORFIG. HA-2
100 0.100 -04 0.140 +03 400 0.100 -04 0.133 403
Temp., 8, Temp., B, 0.587 -03 0.857 +04 0.402 -03 0547 +04
F A psi F A psi 0.700 -02 0.135 +05 0.700 -02 0.91% n
0,100 -01 0.143 0.100 -01 0.958 ;
100 0.100 -0a 0129 +03 600 0.100 -04 0.121 +03 0.200 0.155 0.400 0.108 +05 =
0524 -03 0.767 +04 0.313 =03 0.393 4+04 0.500 0.166 0.100 +00 0.108 [w)
- 0.200 -02 0.103 +05 0.100 -02 0.484 0.100 +00 O0.166 }
= 0.600 0.125 0.100 -01 0.722 800 0.100 -04 0122 403
0.100 -01 0.144 0.100 +00 0.855 300 0.100 -04 0,133 +03 0.355 -03 0.448 404 g
0.100 +00 0.153 0.466 ~03 0.638 +04 0.500 -02 0.738 =
0.500 ~02 0102 +05 0.100 -01 0.812 x
400  0.100 -04 0.128 +03 800 0.100 -D4 0.114 +03 0.600 0.104 0.500 0.936 3
0.352 -03 0468 404 0.270 -03 0.322 +04 0.100 -01 0.112 0.100 +00 0936 &
©.%52 03 2100 -02 0.562 0.150 -02 0.435 0.500 0129
gr 0100 -01 0824 0.100 -01 0.606 0.100 +00 0.129 800 0.100 -04 0.116 +03
“ 0100 +00 0.987 0.100 +00 0.736 0316 -03 0.373 +04
0.500 -02 0.610
-3 0.100 -01 0.475
0.500 0.788
0,100 +00 0.788
798
o &=
&, . =]
5%8 ' s
< ¥ g
™ E - >
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Pr: X

T r for pr r h r 1
} | P I | mawp | marp | Pe | uG-s9 | UCE—66 |cCorreeion|
] ldentifier | deeign | design | | jexternall Ratio | MDMT Exsmption or |aliowance|
} | (pmsi} |{deg P} | (pei} | (pei) | tpei} | | (dag ¥) Stress Reduction | tin} |
| ! I | ! I i I H
| | 118.6 | 16.4 | 1.236 | | ¥ot applicable | o.o00 |
| |

I
SPOOL A-1 | 0.0 | 400.0 | 104¢.a
|

| ! I | | ' 1 l

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.
r T r lculation b n MAWP

= 1.5* (MAWP + Operating Ligquid Head)*1.136 = 178 psi

Vessel hydrotest pressure is 178 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP.

REVO
V049-1-077
Page 1{ of 56

3.12.1996



i1

COMPORENRL --------------covenrooo-- Welght [1be} Contributed Dy Vessel BISMAALE --ccociesemmercnnia t-taunnnns
Mecal Metal Traye Packed Insul Lining Piping Ladder Rings Cper Test Nozzle
NHew Corr & Bup Beds & plat & Misc Liguid Liguid &« flg
Spoel a-1 459 459 o L] 4] o o 0 o 0 aies [}
459 459 1] a 1] ¢ 1] o ¢ o I3ee [
Vessel operating weight, corroded: 458 1ba
Vessel empty weight, corrocded: 459 1be
Vegge] empty weight, new: 459 lba
Vepsel teset weight, new: 3,847 1bs
Vessel center of gravity 1 i fr right weld
Vessel lift weight, new: 459 1bs
Center of gravity to seam: 30 in
REVO
3.12.1996 V049-1-077

Page 11 of 56




Componant io Length Nom t Reg t Joint Governing Deflect
Identifier (in} tin) tin} {in) B Load Status Streas {in}
8pool a-1 4d.B2 &0.00 0.1875 D.18¥2 0,85 external

Nom t - vessel wall thickness

Reg 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

REVO

3.12.1996 V049.1.077
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SPOOL A-1
ion V ivigi 2 Edition, A94 Adden
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) - O
118.6873 psi

WP : Ir 4 F ~27 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 = 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
Design thicknegg for external pressure Pa = 14,8644 pgi;
= t + Corrosion
= 0.18126 + O
= 0.18126 in
Maximum All le Ex r re: T 4
L/Do = 71.4375/45 =1.5875 Do/t = 45/0.i875 = 240
From table G: A = 0.000224
From table HA-3: B = 2554
REVO
3.12.199%96 V049-1.077
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; 4
SPOOL A-1
Pa= 4*B/(3*Do/t)

= 4%2954/(3*45/0.1875)

= 16.4111 psi
|
|

REVO
3.12.1996 V049-1-077
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Pr: r

r for pr r h ril.
| | P ] T | mawe | map | Fe | wa—ss | UCs—£6 |corrosien]|
{ Identifier | deeign | design | ] |external] Ratio | MDMT Exemption or [allowance|
i | ¢pei) [tdeg F) | (pei} | (pei} | {psi) | | (deg F} gtress Reduccion | tiny |}
| | [ ! I | | I | I
| | 1209.8 | 24.8 | 1.136 | | Mot applicable | 0.000 |
§ I

SPOOL A-2 H 0.0 | 400.0 | %6.8
|

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.
Hydr r I ation n MAWP

= 1.5* {MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

REVO
3.12.1996 V049-1-077
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Height Summary

Component -----------------~-~-~------ Weight {1bg) Contributed by Vewsel BElemants =-----=--------------=-r-ooou.-
Metcal Hetal Trays Packed Insul Lining Piping Ladder Ringa Opsr Test Nozzle
Naw Corr &« sup Beds & plat & Misc Liquid Liguid & fig
Spool a-2 224 224 [+] [1] Q o & [ +) ] 1791 ]
224 224 o L 5] o 1] L] o o 1791 0
Vessel operating weight, corroded: 224 1lbsa
Vessel empty weight, corroded: 2248 1bs
Veseel ewmpty weight, new: 224 lbe
Vessel test weight, new: 2,01% 1be
Vessel n ravit cation {from right wel m
Vessel lift weight, new: 224 lbs
Center of gravity to seam: 13.6 in
|
. REVO
3.12.1996 V049-1-077
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Component
Jdentifier

Load:
internal
external
wind
seismic

3.12.19%6

18

Thickness Summary
ip Length Kom t Req L Jeint Governing Deflect
tin} {in) {in) tin) B Lead scatus Btress (in}
40,25 27.13 0.1875 0.1454 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
V049-1-077
Page 18 of 56




SPOOT, A-2

ASME Section VIII Divigion 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 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 = 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)
MAP: (New & at 0 deg F) UG-27(c) {1)
P = S*E*t/(R + 0.6*t) - Pg
= 16700*0.85*0.1875/(24.125 + 0.6*0.1875) - 0
= 109.8118 pSi
MAWP : rr d & 4 F =27 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 Pressure: {(Corroded & at 400 deg F) UG-28
L/Do = 39.171€7/48.625 =0,8056 Do/t = 48.625/0.14547 = 334.2614
From table G: A = 0.00028
From table HA-3: B = 3700.4
Pa= 4*B/ (3*Do/t)
= 4*3700.4/(3*48.625/0.14547)
= 14.7605 psi
DQSig;L l;higkngss er gxl;gnml pregssure Eﬁ = 1£,7§Q5 pSi;
= t + Corrosion
= 0.14547 + 0
= 0.14547 in
Maxjoum Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 39.17167/48B.625 =0.8056 Do/t = 48.625/0,1875 = 259.3333
From table G: A = 0.0004
From table HA-3: B = 4783.3
REVO
3.12.1996 V049-1-077
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SPOOL A-2

Pa= 4*B/{(3*Do/t)
= 4%¥4783.3/(3*%48.625/0.187
= 24.5928 psi /0.1875)

3.12.1996
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SPOOL A-2

Pa= 4*B/ (3*Do/t)
= 4%4783.3/(3%48.625/0.1875)
= 24.5928 psi

3.12.1996

REVO
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Pr I
r for pr r hamb
I | ? | T | MaWP | MAP | Pe | ug~se | UCS~66 |Corromion |
| ldentifier | design | design | | |external| Ratic | MDPMT Examption or |Allowancse]
| | {pei) |i{deg 7} | {psi} | (psi) | [(pei} | | tdeg F Sctress Reduction | tint |
! | | } l | I | {
| | 96.6 | 109.8 | 20.5 | 1.138 | | Wot applicable | 0.000 |
| | !

I
SPOOL A-3 | 0.0 | 400.0
I

f | i ' | | 1

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.
Hydrot ressur lculation n MAWP

= 1.5*% (MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

Note: vessel MAP rating not valid unless hydrotest pressure bagsed on MAP,

REVO
3.12.1996 v049-1-077
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Weight Summary

Weight [1bg) Contributed by Vessal Elements
Traye Packed Insul Lining Piping Ladder Ringsa Gpaz Teat Nozzle
k& Misc Liguid Liquid

Vessel operating weight, corroded: 326 lbe

veesel empty weight, corroded: 326 }be

Vessel empty weight, new: 326 lbs

Vesse]l test weight, new: 2,925 1bs
v 1l ce r of gravi ion (f right wel

Vessel lift weight, new: 326 1bs

Center of gravity to seam: 19.7 in

|
REVO

3.12.199 V049-1-077
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Compenent

Identifier

Load:
internal
external
wind
seismic

3.12.1996

24

ip Length Nom ¢ keq ¢ Joint Governing Deflect
[in} tin) (in} (in) 4 Load Btatus Stress {in)
48,25 39 .37 D.1875% 0.1651 0.8% 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
V049-1-077
Page 24 of 85



ME jon VI ivigion 1, 1 Lt 4
Component : Cylinder
Material specification: SA 240 304L HIGH
External design pressure: Pe= 14.7 psi @ 400 deg F

Corrosion allowance: Inner C = 0 OQuter= 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 Us 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} - Ps
= 16700*0.85*0.1875/(24.125 + 0.6*0.1875) - 0
= 109.8118 psi
MAWP : o o at 4 F) UG-27(c) (2)
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 P re: rr 4 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

Design thickness for external pressure Pa = 14,8287 psi;

= t + Corrosion
= 0.16519 + 0
= 0

.16519 in

L/Do = 51.41666/48.625 =1.0574 Do/t = 48.625/0.1B75 = 259.3333

From table G: A = 0.000302
From table HA-3: B = 3994.1
3.12.1996 REVO

v049-1-077
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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

r r for h r 1l
| | P | T | mMawp | Marp | Pe ! vc—a9 | UCE—66 |Corromian]|
| Identifjer | demign | design | | |external| Ratio | MDMT Exemption or fAllowance|
I | (pait |tdeg ®) | (pmiy | {(pei) | (psi} | | (dea F) Stress Reduction | (inm} |
I ! | | | I | | } I
| | 1p09.8 | 18.0 | 1.136 | j Not applicable I 5.o00 |
! |

SPODL A-6 I .0 | 400.0 | 6.6
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.

Vessel allowable external pressure is 18.07 psi @ 400 degrees F.
Hydrotegt pressure calculation based on MAWP

= 1.5* (MAWP + Operating Liguid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

Note: vessel MAP rating not wvalid unlegs hydrotest pressure based on MAP,

REVO

3.12.1996 v049-1-077
Page 28 of 56



Height Summary

29

COMPONeNt ----=-----c----mmmmmmm e e Weight {(lbs) Ceontributed by Vegee] Blamentd resevr-evccccc-ccroooanoon----
Metal Metal Trays Packed Insul Lining Piping Ladder Ringe Oper Teat KNorzle
New forr & BUp beds & plat & Mise Liguid Liquid & flg
Spool a-$§ 3sl asl [+] ] a [ L] [} o o 3037 o
isl 381 o 1] o o o 0 D L] 3037 "]
Vegsel operating weight, corrcded: 381 lbs
Yessel empty weight, corroded: 381 1be
vegsel empty weight, new: 381 1bs
VegBel test welght, new: 3,418 1lbs
v 1 nter of gravi o on ight wel am
Vessel lift weight, new: 381 lbs
Center of gravity to seam: 23 in
REVO
3.12.1996 V049-1-077
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Component

Identifiaer

Thickn
li
I Length Kom b Req t Joint Governing Deflect
{in} {in) {in} {in) B Load BLtatus Stress (in)
48.25 46.00 0.1875 D.1731 ©.85% external

Load:
internal
external
wind
seismic

3.12.199%6

vessel wall thickness
required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

¢irc 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

REYO
V049-1-077
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ME ion VIIT Division 1 Edition, A94 2 1)

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 jeints - 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 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) - O
= 109.8118 psi
P: Corr & at 400 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
1 : Y 4 F -2
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

Design thickness for external pressure Pa = 14.8437 psi;

t + Corrosion
0.17311 + O
0.17311 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
3.12.1996 REVO
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Pa= 4*B/(3*Do/t)
= 4%3513.7/(3*48.625/0.1875)
= 18.0653 psi

3.12.1996
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Pr I

|
SPOOL A-12 ! 0.0 | 40p.0 | 96 .6
I

| f I I | | ! |

Pr I | for pr ur h, ril

| | P ] T | wmawp | mMap | Fa | ve-8s | UCE~66 Jcorresion|
i Identifier | dseign | deeign | ] |external§ Ratic [ MDMT Bxemption or jAllowance |
] | tpsi) |(deg F) | (pei} | (psi} | (pei) | | fdeg F} Stress Raduction | tin} |
| I | I 1 | | | |
| | 109.8 | 18.0 | 1.136 | | Not applicable | 0.000 |
f |

Vessel MAWP hot & corroded is 96.66 psi @ 400 degrees F.

Vessel MAP new & cold is 102.81 psi @ 0 degrees F.

Vessel allowable external pressure is 18.07 psi @ 400 degrees F.
Hydrotest pr r lculation ed on MAWP

= 1.5*(MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP,

. REVO
3.12.1996 V049-1-077
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3¢

Weight Summary

Component -----<---cmresanrromoooo- Weight {lbe) Contributed by Veesel Elements --------.o-csccssvmmroncnnr--
Metral Metal Trays Packed Ingul Lining Piping Ladder Ringe Opar Test HNozzle
New Corr & sup Beds & plat & Misc Liguid Liquid & flg
Spool a-12 g1 igl ] o [} ] ] [ [ 1] 3037 ]
381 kY:3 8 ] ] o 0 o [1] 0 1] 3037 o
vessel operating weight, correded: 381 1bs
VegBel empty weight, corroded: 381 1bs
VesB#l empty weight, new: 381 1be
Vesgel test weight, new: 3,418 lbs
' 1 nter of gravi location (fr right wel m
Vessel 1lift weight, new: 381 1lbs
Center of gravity to seam: 23 in
3.12.1996 REVO

V049-1-077
Page 35 of 56




(Y]
[ Y

Componenkt ID Length Nom ¢ Reg t Joint Governing Deflect
Identifier {in) fin} tin} tin) E Load Statum Btress {in)
S5pool &-12 98.25 46.00 0.1875 0.1724 0.85 eaxternal

Nom t -
Req t -
E -

Load:
internal
external
wind
seismic

3.12.1996

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
v049-1-077
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SPOOL, _A-12

ion VIII Divigion iti A94 Adden
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 = 380.6 corr = 380.6 1b
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) 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
MAWP : rr 400 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) - 0O
= 96.66065 psi
BExternal Pr re: 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
Degign thickness for exterpal pressure Pa = 14,7277 psi:

t + Corrosion
0.17249 + 0
0.17249 in

nuwi

L/Do = 58.04166/48.625 =1.1937 Do/t = 48.625/0.1875 = 259.3333

From table G: A = 0.0002¢66
From table HA-3: B = 3513.7
REVO
3.12.1996 V049-1-077
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SPOOL, A-12

Pa= 4*B/(3*Do/t)
= 4+*3513.7/(3*48.625/0.1875)
= 18.0653 psi

3.12.199%6
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Pregsure Suymmary

Pr e Ssu for pr re Y

| | H [ [ Mawp | MaP | ra | ve—o9 | DCE—6E [Corrosion|
] Identifier | deeign | demign | i [external | Ratie | MDMT Exemption or [Alicvanca |
[ | tpei)  jtdeg P} | {pei) | t(pwi} | (pei} | | tdeg P} Btress Reduction | tin) |
| | | | | I 1 } | |
| BPOOL A-13 | 6.0 | abo.0 | 77.1 | 87.6 | 19.5 | 1.136 | | ot applicable | o.000 |
| ] | |

Vessel MAWP hot & corroded is 77.16 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.
Hydr t_pressur lculation )] WP

= 1.5*(MAWP + Operating Liguid Head)*1.136 = 131.5 psi

Vessel hydrotest pressure is 131.5 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP,

REVQ
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Weight Summary

COmMPOnANt - -sseeemeosanacnnae o Weight {lbs} Contributed by Vessel Elaments® ------c--cocimtcmmorercenacn-
Metal Metal Trays Packad Ingul Lining Piping Ladder Rings oper Tast Nozzlse
Hew Corr £ Bup Beds & plat & Misc Liquid Liguid & flg
Spool a-13 238 238 0 -] [ o *] o Q -} 2387 *]
238 238 o 0 o 0 4] o 1] 0 2387 1]
Veesel operating weight, corroded: 238 lbs
Vesegel smpty weight, corroded: 238 1be
Vegpel empty weight, new: 238 lhe
Veggal test weight, new: 2,625 1bs
Vessel center of gravi location (fr ight wel m
Vessel lift 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

Nom t
Reg t
E -

Load;
internal
external
wind
seismic

3.12.199%¢6

b4

Thickn
ID Length Rom t Reg t Joint Governing Deflact
{in} fin} (in) fin} E Load statue Etress tin}
60.5¢ 23.0D 0.1875 0.1627 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
V049-1-077
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SPOOL A-13

ME ion VIII Divigi 1992 Editi 4

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 - 8Spot 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) UG-27(c) (1)
P = S*E*t/{(R + 0.6*t) - Ps
= 16700*0.85*0.1875/(30.25 + 0.6*0.1875) - O
= B87.65953 psi
MAWP : I 4 P =27 1
P S*E*xt /(R + 0.6*t) - Ps

14700*0.85*0.1875/(30.25 + 0.6*0.1875) - 0
77.16138 psi

H onon

Ex 1 re: Y 4 F) UG-28

= 60.875/0.1627 = 374.1549
0.000315
4167.7

L/Do = 37.08333/60.875 =0.6092 Do/t
From table G: A
From table HA-3: B

Pa= 4*B/{3*Do/t)
= 4*4167.7/(3*60.875/0.1627)
= 14.852 psi

Desi hickn for m re Pa = 14 iz

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
REVO
3.12.19986 v049-1-077
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Pa= 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

sure summa for pr re chamber 1
i I P | T ] MAWP | MaP i Pe | ve—s9 | vCE—€€ |Corrosion|
] Identifier | design | design | | Jexternal| Ratio | MDMT Exemption or jailowance|
| | tpsi} |{deg P} | (pei} | {psi} | (pei} | | {(aeg ¥) Stress Reduction | tin} |
1 | | | | I ] { | |
[ { 118.6 | 20.9 | 1.138 | | Wot spplicable | o.o000 |
| |

HPGOL A-14 | b.6 | 4vo.o | 104.4
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.
Hydrotest pressure calculation based on MAWP

= 1.5*(MAWP + Operating Liquid Head)*1.136 = 178 psi

Vessel hydrotest pressure is 178 psi.

Note: vessel MAP rating not wvalid unlegs hydrotest pregsure based on MAP.

REvVO
3.12.1996 Y049-1-077
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Weight Summary

Componenk -----sreecccomemmmm oo Weight {1be) Contributed by Vessel ElgmMents -rvr------c-----------------oo
Metal Matal Traye Packed Ingul Lining PFiping Ladder Rings Oper Test HNozzle
New Corr & sup Beds & plat & Miec LiQuid Liguid L flg
Spool a-1a 346 346 "] 1] ] 2] [ ¢ ] ] 2552 [
346 346 0 [} L] |-} -] [} 0 1] 2552 )}
Vessel operating welght, corroded: 34€ 1lbs
Vegsel empty weight, correded: 346 1bg
Veesel empty weight, new: 346 lbs
Vessel test weight, new: 2,898 1bs
V 1 nter of gravi location (from ri wel m
Vessel lift weight, new: 346 1bs
Center of gravity to seam: 22.6 in
3.12.1996 REVO
V049-1-077
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Component

Identifier

Nom £t -
Req t -
E -
Load:
internal
external
wind
seismic
3.12.1996

Thicknegs Summary

o Length Nom L Req ¢ Joint Govarning Deflect
tin} (in) (in} {in) B Load Btatus Strean {in}
44.62 45.19 0.%675 0.1633 ¢.485 mxternal

vessel wall thickness
required vessel wall thickness due to governing loading
longitudinal seam joint efficiency

- ¢irc 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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Il Division 1 ition 4 Addemn
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-11l(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 Le= 45.19 t = 0.1875 in (new)
MAP: (New & at Q deg F) UG-27({c) (1)
5 S*E*t/ (R +.0.6*t) - P8

16700*0.85*0.1875/(22.3125 + 0.6*0.1875) - 0O
118.6873 psi

Huwn

MAWP; (Corroded & at 400 deg F) 0G-27{(c) (1)
P = S*E*t/(R + 0.6*t) - Ps

= 14700*0.85*0.1875/(22.3125 + 0.6*0.1875) - 0O
= 104.4732 psi

Extern P re: rY F -2
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

Design thickness for external pressure Pa = 14,7448 psi:

t + Corrosion
0.16331 + 0
0.16331 in

i n

i

jmum 211 le Ex 1 Pr :

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
v049-1-077

Page 49 of 56




Pa= 4*B/{3*Do/t)
= 4%3767.1/(3*45/0.1875)
= 20.9283 psi

3.12.1996

SPOOL A-14
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r r r pr r h
| | P | T | wawe | mMar | Pe 1 vG-99 | UCE-66 |corromion|
| Igentifier | deeign | design | | |external | katio | MDMT Exemption or |Allowance|
| | tpeiy |fdeg F) | {pei} | (pei} | (psi) | | {deg F) Stresms Reduction | (in) |
| ! | | I | f | i }
| | 109.8 | 24.9 | 21.136 | | Wot applicable | 0.000 |
| |

EPOOL A-15 [ 0.0 | ate.0 | $€.6
|

! ! I ! I I | 1

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 24.94 psi @ 400 degrees F.
Hydr re re calculation n_MAWP

= 1.5* (MAWP + Operating Liquid Head)*1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

Note: vessel MAP rating not valid unless hydrotest pressure based on MAP,

REVO
3.12.1996 V049-1-077
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Weigh
Componant ---------iiairaconecnonn- Weight {ibe) Contributed by Vessmel Elements -svessessmmeos-mmceoccreocaacn-
Metal Metal Trays Packed lneul Lining Piping Ladder Ringe Opar Tast Nozzle
New Corr & Bup Bede & plat & Mise¢ Liquid Liguid & Ilg
Epool a-15% 201 201 0 +] [ 0 0 o a 4] 1608 1]
201 201 ] +] /] +] [} o ] [} 1608 L]
veesel operating weight, corroded: 201 1bs
Vvess&l empty weight, corroded: 201 1bs
Veggel empty weight, new: 201 lbe
Vesesel test weight, new: 1,B06 1bE
v 1 nter of gravi 1 ion (fr right wel
Vessel 1lift weight, new: 201 1bs
Center of gravity to seam: 12.2 in
REYO
.12.1
3 996 V049-1-077
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Component

ldentifier

Nom ¢t -
Reg t -
E -
Load:
internal
external
wind
seismic
3.12.1996

Thickness Summary

D Lengch Nem t Reqg t Joint Governing Daflact
{in) (in} {in} (in} B Loed Status Stress {in}
48.25 24.3) ©.1875 0.1412 ©0.BS 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
v049-1-077
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SPOOL A-15

ASME Section VIITI Divigion 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

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 Lc= 24.31 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

[ (|

WP - at 4 F -27 1
P = S*E*t/(R + 0.6*t) - Psg
= 14700%0.85*0.1875/(24.125 + 0.6*0.1875) - 0
= 96.66065 psi
External Pr re: fo o 4 F) UG-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
Design thickness for external presgure Pa = 14.8462 psi:

= t + Corrosion
= 0.14122 + 0
= 0.14122 in

Maximum Allowable External Preggure: (Corroded @ 400 degq 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-3: B = 4850.4
REVO
3.12.1996 V049-1-077
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Pa= 4*B/ (3*Do/t)
= 4*4850.4/(3*%48.625/0.1875)
= 24.9378 psi

3.12.1996

REVO
v049-1-077
Page 56 of 56



-

PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V{49-1-062
WESTBOROUGH, MA CALCULATIONS PAGEIOF |

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

0 0025 | /12/%8] /ioc ]| WG

Design of Flexible Support

BY: | DEPT.. 744
PROJECT: LIGO Vacuum Equipment PROJECT NOQ: V59049
PURPOSE:. Analyze and evaluate supports for thermal expansion, weight, and seismic

forces. Ensure that requirements of AISC Specification are met

METHQD:; 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 15 .05625g.
3. The temperature rise during bakeout is from 70°F to 400°F.

el

REFERENCES: 1. AISC Steel Manual, Ninth Edition. )
2, Poe, No, VOUF -/ -064  LA&o Facsooes 0L

S st pem AR OES taa ey e -

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.

FILED.\F \TEMPLATEXENGFORMS\ENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-087
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 48

REV, DEQ# | DATE | BY: CHECK | TITLE:

0 [ 4/5/96 | WDR AR, Desien of Generic Sunnort Scheme for:

Made Cleaner Tubes B-5. B-2 & B-3
A
BY:W. L .‘QJMA | DEPT.. 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: */59049

PURPOSE.. 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 Assume anchor points are fixed but released for Mz ( about the out-of-plane moment)

INPUTS: Vessel wght = 6437.0 Ibs, Flange wght =1539.0 lbs
External Nozzle Loads:
Pr=2250.0 Ibs, Mc = Ml = 4542 .0 in-Ibs, Vc = V1= 126.5 lbs,
Seismic Acceleration = 0.05625 g.

REFERENCES: 1. STAAD-II release 21, Research Engineers
2. COMPRESS - Computer Aided Vessel Design program - version 5.53

3. ASD - AISC 9th edition
o Do, Mo, /ﬂg{?-/——&(;() L/L6 O Vae oo F¢£'l;“) $Sivem, Des, Ctrinea

CALCULATIONS: V049-1-057 - Mode Cleaner Tube B-5

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Design Criteria are met.

NOTES; STAAD-IHI Computer file: BSMDCLNR *
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PROCESS SYSTEMS INTERNATHONAL, INC, | ENGINEERING NO: V049-1-
WESTBOROUGH, MA CALCULATIONS PAGE OF
BY: CHKD:

PROJECT: LIGO VACUUM EQUIPMENT

PROJECT NO:; V595049

DISCUSSION

Mode Cleancr Tubes

Support Scheme

Step 1 - B-5 due to its external loading from ion pumps and portable roughing pumps was used for
designing generic support schemes for all mode clcaner tubes i.c. B-5, B-2 & B-3. Anchorage was
preferred at midspan but due to limited space at the pipe bridge the anchor location was not at

mid span but rather as near to the pipe bridge as permissible due to the * stay clear zone *.

Step 2 - Flexible supports were located based on max allowable displacement (duc 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 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, uniform thermal load for the Mode
Cleaner Tube, and scismic factors.

Step 5 - Computer output results were evaluated.

Step 6 - Using computer generated forces and reactions, anchors, baseplates and bolted
conncctions (support legs to vessel stiffener rings) were designed.

Revision No. 0
Doc. No. V049-1-087
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t HN/ELEM
STRUCTURE DATA
TYPE = SPACE
7
N =
J 27 24
NM = 29 74
NE = @
NG = [
NL = 4
XMAX= 463.0
YMAX= 70.0
ZMAX = 34.9 €2
PS5
J=27,.M=229 UNIT INC POU
STAAD PODST-PLOT (REV: 21.0 ) DATE: MAR 28, 199§
USER ID:Frocess Systems International

TITLE: BS MODE CLEANER TUBE SUPFORTS




19.
20.
21.
22.
23.
24.
25.
26,
27.
28.
29.
30.
31.
32.
33.
34.
35,
36.
37.
8.
39.
40.
41.

PAGE NO. 1
ID: Process Systems Internatio

khkkhdkhhkkkkhhhhkdhtrhh b hhkhhkhhhhddddhhhdkhrhhhbhhkhtd

* *
* STAAD -~ III *
* Revision 21.0 *
* Proprietary Program of *
* Research Engineers, Inc. *
* Date= APR 4, 1996 *
* Time= 11: 7:46 *
* %*
* *
* *

USER ID: Process Systems International
khkkhhhkhhkkdhhhhhrhhhhddkr kb hhrhhhdhkdkdrrbdhhrhhidhk

STAAD SPACE B5 MODE CLEANER TUBE SUPPORT

INPUT WIDTH 72

UNIT INCHES POUND

JOINT COORDINATES

1l -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.; 500 296. 0. O.

MEMBER INCIDENCES

112; 33 4; 445; 66 7; 7 48; 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

MEMBER PROPERTY AMER

13 TO 15 19 18 17 16 20 22 TO 27 21 TABLE ST TUB30203

7 10 8 9 12 11 TABLE ST TUB80805

1 TOC 6 200 500 TABLE ST PIPE ©D 31. ID 30.5

MEMBER RELEASE

13 14 20 22 24 25 START MX MY MZ

7 TO 12 END MX MY MZ

CONSTANTS

E STEEL ALL

POISSON STEEL ALL

DENSITY STEEL ALL

BETA 20. MEMB 13 14 19 18 20 22 TO 25 21

ALPHA 0.00000919 MEM 1 TO 6 200 500 7 TO 12

SUPPORTS

11 15 18 21 23 25 FIXED BUT MZ

LOAD 1 DW

JOINT LOAD

1l 7 FY -1539.

2 3 FY -2250.

MEMEER LOAD

1l TO 6 200 500 UNI Y -14.66

LOAD 2 DW+TH+VACUUM

JOINT LOAD

1l 7 FY -1539.
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B5 MODE CLEANER TUBE SUPPORT

42. 2 3 FY -2250.

43, 200 FZ 1042.

44, 500 FZ 382.

45. MEMBER LOAD

46. 1 TO 6 200 500 UNI Y -1l4.66
47. TEMPERATURE LOAD

48. 1 TO & 200 500 7 TO 12 TEMP 330.
49. LOAD 3 DW+TH+VACUUM+SEIS~-AXIAL
50. JOINT LOAD

51. 1 7 FY -1539.

52. 2 3 FY -2250.

53. 200 FZ 1042.

54. 500 FZ 382.

55. 2 3 FX -126.5

56. 2 3 MZ 4542.

57. 1 7 FX -86.5

58. MEMBER LOAD

59. 1 TO 6 200 500 UNI Y -14.66
60. 1 TO 6 200 500 UNI X -0.825
61. TEMPERATURE LOAD

62. 1 TO & 200 500 7 TO 12 TEMP 330.
63. LOAD 4 DW+TH+VACUUM+SEIS-LAT
64. JOINT LOAD

65. 1 7 FY =15309.

66. 2 3 FY -2250.

67. 200 FZ 1042z2.

68. 500 FZ 382.

69. 2 3 FZ 126.5

70. 2 3 MX 4542,

71. 1 7 FZ 86.5

72. MEMBER LOAD

73. 1 TO 6 200 500 UNI Y -14.66
74. 1 TO 6 200 500 UNI Z 0.825

75. TEMPERATURE LOAD

76. 1 TO 6 200 500 7 TO 12 TEMP 330.
77. LOAD 5 THERM DISPL "BAKEOUT"

78. TEMPERATURE LOAD

79. 1 TO 6 200 500 7 TO 12 TEMP 330.
80. PERFORM ANALYSIS

-— PAGE NO.

ID: Process Systems Internatio

2

PROBLEM STATISTICS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 27/ 29/ 6
ORIGINAL/FINAL BAND-WIDTH = 24/ 5
TOTAL PRIMARY LOAD CASES = 5, TOTAL DEGREES OF FREEDOM = 132
SIZE OF STIFFNESS MATRIX = 4092 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.07/ 486.9 MB, EXMEM = 1.02 MB

++ PROCESSING ELEMENT STIFFNESS MATRIX. 11: 7:47

++ PROCESSING GLOBAL STIFFNESS MATRIX. 11: 7:47

++ PROCESSING TRIANGULAR FACTORIZATION. 11: 7:47

++ CALCULATING JOINT DISPLACEMENTS. 11: 7:47

++ CALCULATING MEMBER FORCES. 11: 7:47

Revision No. 0
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B5 MODE CLEANER TUBE SUPPORT

81. PRINT MATERIAL PROPERTIES ALL

ID:

-- PAGE NO. 3
Process Systems Internatio
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B5 MODE CLEANER TUBE SUPPORT

ID: Process Systems Internatio
MATERIAL PROPERTIES.
ALL UNITS ARE - POUN INCH
MEMBER E G DEN ALPHA
1 29000000.0 11153846.0 0.28299999 (0.00000919
3 29000000.0 11153846.0 0.282999%99 0.0000091¢9
4 29000000.0 11153846.0 0.28299999 0.00000919
6 29000000.0 11153846.0 0.2829999% 0.000009219
7 29000000.0 11153846.0 0.28299999 0.00000919
13 29000000.0 11153846.0 0.2829%999 0.00000000
14 29000000.0 11153846.0 0.28299999 0.00000000
15 29000000.0 11153846.0 0.28299999 0.00000000
10 29000000.0 11153846.0 0.28299999 0.00000919
19 29000000.0 11153846.0 0.28299999 0.00000000
18 29000000.0 11153846.0 0.28299999 0.00000000
17 29000000.0 11153846.0 0.28299999 0.00000000
16 29000000.0 11153846.0 0.28299999 0.00000000
8 29000000.0 11153846.0 0.28299%99% 0.00000919
20 29000000.0 11153846.0 0.28299999 0.00000000
22 29000000.0 11153846.0 0.28299999 0.00000000
23 29000000.0 11153846.0 0.2829999% 0.00000000
o 29000000.0 11153846.0 0.28299999 0.00000921S
24 29000000.0 11153846.0 0.2829995%9 0.00000000
12 29000000.0 11153846.0 0.28299999 0.00000919
25 29000000.0 11153846.0 0.28299999 0.00000000
26 29000000.0 11153846.0 0.28299999 0.00000000
27 29000000.0 11153846.,0 0,28299%99 0.00000000
21 29000000.0 11153846.0 0.282999%99 0.00000000
11 292000000.0 11153846.0 0.282999%9 0,00000919
2 29000000.0 11153846.0 0.282999%9 0.00000919
200 29000000.0 11153846.0 0.28299999 0.00000919
5 29000000.0 11153846.0 0.28299999 0.00000919
500 29000000.0 11153846.0 0.28299999 0.00000919

-= PAGE NO.

*kkkkkkkkk*% END OF DATA FROM INTERNAL STORAGE #**#kkkkskdksk

82. PRINT MEMBER INFORMATION ALL

4
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B5 MODE CLEANER TUBE SUPPORT

MEMBER INFORMATION

MEMBER START

JOINT

=
BOOO LR W

14
10
13
14
5
16
19
20
6
22
6
24
17
20
17
5

2
200
5
500

END
JOINT

LENGTH
( INCH)

72.000
12.000
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
120.569
120.569
61.000
17.250
24.000
24.000
52.000
52.000

-= PAGE NO.

5

ID: Process Systems Internatio

BETA
{DEG)

0.00
0.00
0.00
0.00
0.00
20.00
90.00
0.00
0.00
90.00
90.00
0.00
0.00
0.00
90.00
90.00
20.00
0.00
20.00
0.00
90.00
0.00
0.00
90.00
0.00
0.00
0.00
0.00
0.00

RELEASES

000000000111
000111000000
000111000000

000000000111

000000000111
000111000000
000111000000

000000000111
000111000000
000000000111
000111000000

000000000111

kkkkhk*kkk%% END OF DATA FROM INTERNAL STORAGE #* %% k%kkkkk#

B3.

PRINT JCOINT COORDINATES ALL
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B5 MODE CLEANER TUBE SUPPORT

JOINT COORDINATES

—— . - —— . — ——

COORDINATES ARE INCH UNIT

JOINT

WO WK =

25
200
500

X

-24.000
48.000
96.000

108.000

244,000

348.000

439.000

108.000

108.000

108.000

108.000

108.000

108.000

108.000

108.000

244.000

244.000

244.000

244.000

244.000

244.000

348.000

348,000

348.000

348.000
72.000

296.000

Y

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-21.125%
-21.125
=70.000
0.000
=21.125
-21.125
-70.000
0.000
=-9.000
-70.000
0.000
=9.000
=7G.000
0.000
=-70.000
0.000
=-70.000
0.000
0.000

z

0.000
0.000
0.000
0.000
¢.o000
0.000
0.000
-17.250
-17.250
-14.750
-14.750
17.250
17.28%0
14.750
14.750
=17.250
-17.250
=17.250
17.250
17.250
17.250
=17.250
=-17.250
17.250
17.250
0.000
0.000

-~ PAGE NO.
ID: Process Systems Internatio

*kkkkkkkk*x* END OF DATA FROM INTERNAL STORAGE *#***&k&uikddk

84.

PRINT SUPPCRT INFORMATION ALL

6

SUPPORT INFORMATION (1=FIXED, O=RELEASED)

UNITS FOR SPRING CONSTANTS ARE POUN INCH DEGREES

JOINT FORCE-X/ FORCE-Y/ FORCE-Z/ MOM-X/ MOM-Y/ MOM-Z/
KFX KFY KFZ KMX KMY KMZ
11 1 1 1 1 1 0
0.0 0.0 0.0 0.0 0.0 0.0
Revision No. 0
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B5 MODE CLEANER TUBE SUPPORT

15 1 1

0.0 0.0
18 1 1

0.0 0.0
21 1 1

0.0 0.0
23 1 1

0.0 0.0
25 i 1

0.0 0.0

R e e

== PAGE NO. 7

ID: Process Systems Internatio

1 1
0.0

1 1
0.0

1 1
0.0

1 1l
0.0

1 1
0.0

0

0.0 0.0
0

0.0 0.0
0

0.0 ¢.0
0

0.0 0.0
0

0.0 0.0

kkkxkkkkktx* END OF DATA FROM INTERNAL STORAGE *#k%kkk ks

85. PRINT ANALYSIS RESULTS
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B5 MODE CLEANER TUBE SUPPORT

JOINT DISPLACEMENT (INCH RADIANS)

JINT LOAD

1

lo

WNRPUALUNEPUBRWNRPUABWMREREABWNRPOAWONREULSWRNRUOSWNED S W U S W N

X-TRANS

0.00087
-0.81870
-0.83546
-0.81870
-0.81957

0.00087
-0.60034
-0.61709
-0.60035
-0.60122

0.00087
=0.45477
-0,47150
-0.45478
-0.45565

0.00087
-0.41838
-0.43510
-0.41839
—0-_4le25

0.00087
=0.00593
~0.02258
=0.00594
-0.00681

0.00087

0.30945

0.29280

0.30945

0.30858

0.00087

0.58543

0.56876

0.58543

0.58456

0.00087
-0.42991
-0.44663
-0.43020
-0.41925

0.00061
-0.29916
-0.31083
~0.29933
~-0.29273

0.00061
~-0,29820
=-0.30987

Y-TRANS

-0.10696
-0.11270
-0.11381
-0.11270
=0.00573
-0.05491
=-0.05906
-0.05959
-0.05%906
-0.,00415
~0.02440
~0.02751
-0.02771
-0.02751
-0.00310
-0.01804
-0.02088
-0.02102
-0.02088
-0.00284

0.00246

0.00218

0.00198

0.00218
-0.00028
-0.00554
-0.00538
=0.00543
-0.00538

0.00C16
-0.02938
~0.02902
-0.02888
-0.02902

0.00036
-0.01237
-0.010851
-0.01061
-0.00791
-0.00289
-0.00974
=-0.00731
=0.00738
-0.00448
-0.00291
-0.00608
-0.00595
~0.00599

Z-TRANS

0.00000
0.32934
0.32934
0.44981
=-0.00001
0.00000
0.28059
0.28059
0.39876
-0.00001
0.00000
0.24797
0.24797
0.36483
-0.00001
0.00000
0.23984
0.23984
0.35645
0.00000
0.00000
0.15250
0.15251
0.26959
0.00000
0.00000
0.08811
0.08811
0.20852
0.00000
0.00000
0.03165
0.03165
0.15612
0.00001
-0.00002
0.1874%8
0.18749
0.30408
-0.05229
0.00008
0.15343
0.153423
0.22782
=0.00019
0.00007
0.15340
0.15341

ID: Process Systems Internatio

X-ROTAN

0.00000
0.00020
0.00020
0.00033
0.coo000
0.00000
0.00020
0.00020
0.00033
0.00000
0.00000
0.00020
0.00020
0.00032
0.00000
0.00000
0.00020
0.00020
0.00032
0.00000
0.00000
0.00010
0.00010
0.00017
0.00000
0.00000
0.00007
0.00007
0.00012
0.00000
0.00000
0.00007
0.00007
0.00012
0.00000
0.00000
0.00000
0.0000C0
0.00000
0.00000
-0.00094
0.00015
0.c0014
0.00137
=-0.00138
=0.00093
0.00005
0.00004

== PAGE NO.

STRUCTURE TYPE = SPACE

Y-ROTAN

0.00000
0.00068
0.00068
0.00071
0.00000
0.00000
0.00068
0.00068
0.00071
0.00000
0.00000
0.00067
0.00067
0.00069
0.00000
0.00000
0.00067
0.00067
0.00069
¢.00000
0.00000
0.00062
0.00062
0.00060
0.00000
0.00000
0.00062
0.00062
0.00058
0.00000
0.00000
0.00062
0.00062
0.00057
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
¢.00000
0.00038
0.00038
0.00039
0.00000
0.00000
0.00038
0.00038

2-ROTAN

0.00073
0.00075
0.00076
0.00075
0.00002
0.00067
0.00069
0.00070
0.00069
0.00002
0.00051

. 0.00053

0.00054
0.00053
0.00002
0.00045
0.00047
0.00047
0.00047
0.00002
-0.00001
0.00001
0.00001
0.00001
0.00001
-0.00018
-0.00018
-0.00018
-0.00018
0.00000
=0.00028
-0.00028
=-0.00028
-0.00028
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00001
0.00613
0.00637
0.00614
0.00599
-0.00001
0.00611
0.00635
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BS MODE CLEANER TUBE SUPPORT =~ PAGE NO. 9
ID: Process Systems Internatio

STRUCTURE TYPE = SPACE

JOINT DISPLACEMENT (INCH RADIANS)

JINT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN
4 -0.29835 -0.00576 0.22778 0.00104 0.00039 0.00611
5 =0.29273 0.00005 =0.00017 =-0.00100 0.00000 0.00599
11 1 0.00000 0.00000 0.00000 0.00000 0.00000 =-0.00001
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00610
3 0.00000 0.00000 0.00000 0.00000 0.Cc0000 0.00634
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00610
5 G.00000 0.00000 0.00000 0.00000 0.00000 0.00599
i2 1 0.00087 =-0.01237 0.00002 0.00000 0.00000 0.00000
2 ~-0.40685 -0.02001 0.29211 0.00000 0.00000 0.00000
3 =-0.42358 -0.02010 0.29211 0.00000 0.00000 0.00000
4 -0.40657 ~-0,02261 0.40870 0.00000 0.00000 0.00000
5 =-0.41926 =0.0028% 0.05228 0.00000 0.00000 0.00000
13 1 0.00061 =-0.00974 -0.00008 0.00094 0.00000 -~0.00001
2 -0.28508 -0.01800 0.15363 0.00479 0.00038 0.00582
3 -0.2967¢ -0.01808 0.15363 0.00479 0.00038 0.00606
4 -0.28491 -0.02083 0.22802 0.00601 0.00039 0.00582
5 -0.2%9273 -0.00291 0.00018 0.00138 0.00000 0.00599
14 1 0.00061 -0.00608 -0.00007 0.00093 0.00000 -0.00001
2 -0.28604 =-0.00611 0.15360 0.00392 0.00038 0.00585
3 =-0.29772 -0.00615 0.15360 0.00393 0.00038 0.00608
4 -0.28590 -0.00629 0.22797 0.00491 0.00039 0.00584
5 -0.29273 ¢.00005 0.00016 0.00100 0.00000 0.00599
15 1 0.00000 0.00000 0.000G00 0.00000 0.00000 =-0.00001
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00586
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00609
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00585
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00599
16 1 0.00087 0.00149 0.00000 0.00000 0.00000 0.00000
2 -0.01635 0.00229 0.10019 0.00000 0.00000 0.00000
3 -0.03260 0.00204 0.10019 0.00000 0.00000 0.00000
4 -0.01600 0.00296 0.21727 0.00000 0.00000 0.00000
5 -0.00677 ~-0.00017 -0.05231 0.00000 ¢.00000 0.00000
17 1 0.00076 0.00130 0.00000 0.00000 0.00000 =0.00001
2 -0.00001 0.00197 0.08152 0.00204 0.00014 0.00147
3 -0.00164 0.00170 0.08152 0.00204 0.00014 0.00265
4 0.00033 0.00255 0.17679 0.00443 0.00031 0.00147
5 -0.00024 -0.00015 -0.04257 =-0.00107 -0.00007 0.00068
18 1 0.00000 0.00000 0.00000 0.00000 6.00000 =0.00001
2 0.00000 0.00000 0.00000 0.00000 0.00000 <-0.00072
3 0.00000 ¢.00000 0.00000 0.00000 0.00000 =-0.00127
4 0.00000 0.00000 0.00000 0.00000 0.00000 ~0.00073
5 0.00000 0.00000 0.00000 0.00000C 0.00000 =-0.00033
19 1 0.00087 0.00149 0.00000 0.00000 0.00000 0.00000
2 0.00457 0.00035 0.20481 0.00000 0.00000 0.00000
3 -0.01168 0.00009 0.20481 0.00000 0.00000 0.00000
4 0.00420 -0.00032 0.32189 0.00000 0.00000 0.00000
5 -0.00677 -0.00017 0.05231 0.00000 0.00000 0.00000
20 1 0.00076 0.00130 0.00000 0.00000 0.00000 -0.00001
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B5 MODE CLEANER TUBE SUPPORT

JOINT DISPLACEMENT (INCH RADIANS)

'INT LOAD

21

22

23

24

25

200

500

NPELNEREOLLGDEREPAMONPFPOLOUODFEFOR LD RAWNEROLNDREULEWN

X~TRANS

0.00106
-0.00057
0.00072
-0.00024
0.00000
0.00000
0.00000
0.00000
0.00000
0.00087
0.29872
0.28207
0.29940
0.30854
0.00000
0.00000
0.00000
0.00000
0.00000
0.00087
¢.32011
0.30347
0.31942
0.30854
0.00000
¢.00000
0.00000
0.000C00
0.00000
c.00087
-0.52756
-0.54430
-0.52756
=-0.52843
0.00087
0.15176
0.13512
0.15176
0.1508¢9

Y-TRANS

0.00033
0.00007
-0.00025
-0.00015
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00336
-0.00250
=-0.00252
-0.00202
0.00010
0.00000
0.00000
0.00000
0.000¢0
0.00000
~0.00336
=-0.00402
=0.00405
-0.00450
0.00010
0.00000
0.00000
0.00000
0.00000
0.00000
-0.03874
-0.04237
-0.04272

-0.04237

~0.00363
0.00056
0.00061
0.00046
0.00061
0.00005

Z-TRANS

0.16666
0.16666
0.26193
0.04257
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.03580
0.03580
0.15621
-0.05231
0.00000
0.00000
0.00000
0.00000
0.00000
0.o0000
0.14042
0.14042
0.26083
0.05232
0.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.26434
0.26435
0.38181
-0.00001
0.00000
0.12038
0.12039
0.238%90
0.00000

STRUCTURE TYPE

X-ROTAN

6.00417
0.00417
0.00656
0.00107
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
¢.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
0.00020
0.00020
0.00033
0.00000
0.00000
¢.00009
0.00009
0.00014
0.00000

== PAGE NO.
ID: Process Systems Internatio

= SPACE

Y-ROTAN

0.00029
0.00029
0.00045
0.00007
0.00000
0.00000
0.00000
0.00000
¢.00000
0.00000
0.00000
0.00000
0.00000
0.000060
0.00000C
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
¢.00000
0.00000
©.00000
0.00000
0.00000
0.00000
0.00000
0.00068
0.00068
0.00070
0.00000
0.00000
0.00062
0.00062
0.00059
0.00000

Z-ROTAN

-0.00014
0.00105
-0.00013
0.00068
-0.00001
0.00004
-0.00050
0.00005
-0.00033
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00001
-0.00218
~-0.00242
~-0.00218
-0.00198
0.00000
0.00000
0.00000
0.00000
0.00000
=0.00001
=-0.00182
-0.00206
-0.00181
-0.001%8
0.00061
0.00063
0.00064
0.00063
0.00002
-0.00008
=0.00007
-0.00007
-0.00007
0.00000
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~= PAGE NO. 11
ID: Process Systems Internatio

B5 MODE CLEANER TUBE SUPPORT

SUPPORT REACTIONS -UNIT POUN INCH STRUCTURE TYPE = SPACE

'INT LOAD FORCE~X FORCE-Y FORCE-2Z MOM-X MOM-Y MOM Z
11 1 0.00 5913.56 -126.80 -2046.04 0.00 0.00
2 -0.25 5785.97 -843.38 -20665.39 -191.80 0.00
3 -0.25 5832.70 -844.38 =-20681.71 -121.80 0.00
4 -0.25 5607.32 =1121.99 -28585.48 -196.55 0.00
5 ¢.00 ~50.05 -134.78 =2163.86 .01 .00
15 1 0.00 5913.56 126.80 2046.04 0.00 0.00
2 0.25 5941.04 =320.19 -12244.95 -191.80 0.00
3 0.25 5987.78 =319.20 -12228.94 -191.80 0.00
4 0.25 6119.69 -598.81 -20165.04 -196.55 0.00
5 0.00 =50.05 134.80 2164.49 0.01 0.00
18 1 0.00 =-1011.51 0.00 0.00 0.00 0.00
2 -34.18 =1532.81 =55.37 -=3532.34 -56.91 .00
3 ~61.16 =1325.19 -55.38 -3532.38 -56.91 0.00
4 ~34.25 =£1988.58  ~120.09 -7660.36 -123.42 0.00
5 ~15.70 115.46 28.91 1844.39 29.72 0.00
21 1l 0.00 =-1011.51 0.00 0.00 0.00 0.00
2 2.79 -259.30 -113.20 =7221.14 -116.35 0.00
3 -24.19 -51.68 -113.20 =7221.19 -116.35 0.00
4 2.84 196.61 -177.91 -11349.17 -182.86 0.00
5 =15.70 115.45 -28.91 -1844.42 -29.72 0.00
23 1 0.00 2280.74 0.00 0.00 0.00 ¢.00
2 310.78 1511.45 -19.56 -=1713.21 -188.20 0.00
3 741.58 1257.08 -19.56 =1713.24 -188.21 0.00
4 311.59 1185.20 -80.19 =~6358.92 -408.15 0.00
5 15.61 -65.39 26.37 2025.57 28.27 0.00
25 1 0.00 2280.74 0.00 0.00 0.00 0.00
2 -279.55 2919.24 -72.31 -5764.62 -384.74 0.00
3 151.24 2664.88 -72.31 -5764.65 -384.75 0.00
4 ~-280.09 3245.33 -132.94 -10410.33 ~604.69 0.00
5 15.64 -65.42 -26.38 -2025.85 -98.27 0.00
Revision No, ¢

Doc. No. V049-].087
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BS MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

i e ke T e T S ——

ALL UNITS ARE ~- POUN INCH

MEMBER LOAD JT

1 1 1
2
2 1
2
3 1
2
4 1
2
5 1
2
3 1 3
4
2 3
4
3 3
4
4 3
4
5 3
4
4 1 4
5
2 4
5
3 4
5
4 4
5
5 4
5
6 1 &
7
2 6
7
3 6
7
4 6
7
5 6
7
7 1

W

STRUCTURE TYPE

AXIAL

0.00
0.00
-0.24
0.24
~85.69
145.02
-0.73
0.73
0.24
~0.24

0.00
0.00
l1.22
=1.22
-438.23
448.24
-4.88
4.88
-1.71
1.71

0.00
0.00
-0.24
0.24
-448.49
560.55
-0.24
0.24
0.00
0.00

0.00
0.00
-0.49
0.49
161.38
-86.43
-0.49
0.49
-0.24
0.24

=-338.20
338.20

SHEAR-Y

-1538.99
2594.51
=1532.00
2594,.52
=1539.00
2594.52
=-1529.00
2594.52
0.00
0.00

=-7798.17
7974.09
-7798.21
7974.13
=7798.20
7974.12
-7798.22
7974.14
0.00
0.00

3853.00
-1859.24
3752.89
=~1759.13
3846.36
-1852.60
3752.90
-1759.14
-100.10
100.10

2873.06
=1539.00
2873.06
=1539.00
2873.06
=1539.00
2873.06
~1539.00
0.00
0.00

-5913.56
5913.56

= SPACE

SHEAR-2Z

0.00
0.00
-0.09
0.09
-0.02
0.02
86.51
-145.91
0.00
0.00

0.00
0.00
1042.03
-1042.03
1041.90
-1041.90
1479.77
-1489.67
-0.03
0.03

0.00
0.00
~121.58
121.58
-121.58
121.58
-230.38
1ig.18
c.00
0.00

c.00
0.00
0.00
0.00
0.00
0.00
=161.57
86.50
0.00
0.00

0.00
0.00

TORSION

0.00
0.00
0.01
-0.01
-0.02
0.02
0.01
-0.01
0.00
0.00

-0.01
0.01
-0.06
0‘06
0.02
-0.02
9084.16
-2084.16
0.01
-0.01

0.00

0.00
46252.23
-46252.23
46252.68
-46252.68
73231.97
-73231.97
-0.92
0.52

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

-= PAGE NO. 12
ID: Process Systems Internatio

MOM-Y

0.00
0.00
2.98
2.20
0.98
0.62
=-1.95
-8368.94
0.00
0.00

0.00

¢.00
25009.52
-37511.00
25010.51
-37512.93
47402.25
~65224.27
1.16
-0.77

0.00

0.00
37136.16
=-20600.34
37135.84
-20600.58
64828.85
-41136.70
=-0.27
0.42

0.00
0.00
-0.02
-0.15
0.64
0.10
11287.95
0.22
0.05
~0.03

0.00
0.00

Revision No. 0

MOM-2

0.29

-148806.89

0.04

—-148806.64

=0.15

—-148806.72

0.06

-148806.34

=0.02
-0.03

398232.13

-492865.88

398232.19

-492866.16

407315.97

~501949.59

398232.19

-492866.13

0.06
-0.04

492866.00

-104434.26

492865.97

-118048.43

501949.78

-114420.29

492865.97

=-118047.36

0.02
-13614.13

200748.73
0.03
200748.72
0.02
200748.69
=-0.04
200748.75
~0.05
0.00

0.00

-102008.95

0.00

Doc. No. V049-1-087
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B5 MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

- — o ———— - - — —— —————

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

13

14

15

10

2

3
4
5

[

LoV wowoom b 00 ds 00 00

13
12
13
12
13
i2
12
13
10
10
10
10

10

12
12
12

STRUCTURE TYPE

AXTAL

-527.40
527.40
-530.15
530.15
-805.97
805.97
392.58
-392.58

5913.56
-5913.56
7204.15
~7204.15
7250.90
-7250.90
7722.87

-7722.87

-50.08
50.08

5913.56_

-5913.56
4522.85
-4522.85
4569.58
-4569.58
4004.15
-4004.15
-50.03
50.03

338.20
-338.20
527.39
-527.39
530.33
-530.33
806.17
-806.17
-392.54
392.54

-338.20
338.20
636.29

-636.29
633.61

-633.61

SHEAR-Y

-7204.15
7204.15
-7250.90
7250.90
~7722.87
7722.87
50.08
-50.08

338.20
-338.20
527.45
~527.45
530.13
-530.13

806.07

-806.07
—-392.54
392.54

-338.20
338.20
636.12

-636.12
6233.45

-633.45
914.73

-914.73
392.52

-3592.52

-5913.56
5913.56
=7204.15
7204.15
~7250.90
7250.90
-7722.87
7722.87
50.08
~-50.08

-5913.56
5913.56
~-4522.86
4522.86
-4569.58
4569.58

= SPACE

SHEAR-2

=-10.93
10.93
-10.86
10.86
-11.10
11.10
-0.03
0.03

0.00
0.00
10.91
=-10.91
10.91
-10.91
11.18
-11.18
0.00
0.00

0.00
0.00
-10.91
10.91
-10.91
10.91
-11.18

11.18

0.00
0.00

0.00
0.00
10.88
-10.88
10.95
=10.95
11.12
-11.12
-0.01
0.01

0.00
0.00
=10.93
10.93
-10.90
10.90

TORSION

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
230.40
-230.40
230.39
-230.39
236.09
~236.09
-0.02
0.02

0.00
0.00
0.00
0.00
0.00
0.00

== PAGE NO. 13

MOM-Y

188.36
0.00
187.30
¢.00
191.21
0.00
0.71
0.00

0.00
0.00
0.00
-230.41
0.00
-230.38
0.00
-236.10
0.00
-0.01

0.00
¢.00
0.00
230.39
0.00
230.40
0.00
236.10
0.00
-0.05

0.00
0.00
0.03
-27.22
=-0.07
0.04
-27.84
0.04
.02

0.00
0.00
188.07
0.00
188.20
0.00

Revision No, ¢

ID: Process Systems Internatio

MOM-2Z

=-124271.57

0.00

~125077.99

0.00

-133219.53

0.00
863.86
0.00

0.00
7144 .47
0.o0
11142.48
0.00
11199.03
0.00
17028.20
0.00
-8292.44

0.00
-7144.47
0.00
13437.95
0.00
13381.59
0.00
19323.66
0.00
8291.98

-7144.47
-7639.42

=-11142.49

-6867.89

-11199.05

-6928.20

=-17028.19

-2278.98
8292.45
~8167.26

-102008.95

0.00

-78019.33

0.00

-78825.30

0.00

Doc. No. v049.1.987
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MEMBER END

FORCES

A ——— S ———— — ] y——

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

19

18

17

16

4
5

Ul e W N

4
12

4
12

14
15
14
i5
14
15
14
15
14
15

10
11
10
11
10
11

B5 MODE CLEANER TUBE -SUPPORT

STRUCTURE TYPE

AXIAL

915.28
-915.28
392.64
-392.64

5913.56
-5913.56
5941.04
-5941.04
5987.78
-5987.78
6119.69
-6119.69
-50.05
50.05

5913.56
-5913.56
5785.97
~5785.97
5832.70
-5832.70
5607.32
-5607.32
~50.05
50.05

338.20
-338.20
-636.51

636.51
-633.41

633.41
-914.55

914.55
=-392.52

392.52

211.40
-211.40
~315.94

315.94
=314.25

314.25
-315.93

315.93
-527.32

527.32

SHEAR-Y

-4004.15
4004.15
50.03
-50.03

-126.80
126.80
320.19

=-320.19
319.20

-319.20
598.81

-598.81

-134.80
134.80

126.80
-126.80
843.38
-843.38
844.38
-844.38
1121.99
-1121.99
134.78
-134.78

-5913.56
£E913.56
~4522,85
4522.85
-4569.58
4569.58
-4004.15
4004.15
50.03
-50.03

0.00
0.00
1418.18
-1418.18
1418.19
-1418.19
2115.55
=2115.55
-0.03
0.03

SPACE

SHEAR-2

=11.30
11.30
0.00
0.00

c.00
0.00
0.25
-0.25
0.25
-0.25
0.25
-0.25
0.00
0.00

0.00
0.00
~0.25
0.25
-0.25
0.25
-0.25
0.25
0.00
0.00

0.00
0.00
10.70
~10.70
10.80
-10.80
11.17
-11.17
-0.02
0.02

0.00
0.00
11.15
-11.15
11.16
-11.16
11.43
=11.43
0.00
0.00

TORSION

0.00
0.00
0.00
¢.00

0.00
0.00
-191.80
191.80
-191.80
191.80
-196.55
196.55
0.01
-0.01

0.00
0.00
~=191.80
191.80
-191.80
191.80
-196.55
196.55
0.01
-0.01

0.00
0.00
230.39
-230.39
230.39
-230.39
236.10
~236.10
-0.01
0.01

0.00
0.00
218.24
=218.24
218.24
-218.24
223.65
-223.65
-0.01
0.01

-- PAGE NO. 14

MOM-Y

194.40
0.00
0.44
0.00

0.00
0.00
=-12.15
6.00
~12.16
0.00
-12.45
0.00
0.00
0.00

0.00
0.00
12.15
0.00
12.15
0.00
12.46
0.00
0.00
0.00

0.00
0.00
0.24
-27.03
0.13
-27.11
0.00
-27.89
0.05
0.05

¢.00
0.00
-164.53
-164.52
~164.54
~164.54
-168.61
-168.62
0.01
0.01

Revision No. 0

ID: Process Systems Internatio

MOM-Z

-69071.54

0.00
862.93
0.00

-4151.36
~-2046.04

3404.55
12244.95

3371.86
12228.94

9101.76
20165.04
-4423.87
-2164.49

4151.36
2046.04
20554 .57
20665.39
20587.49
20681.71
26251.79
28585.48
4423.41
2163.86

=7144.47
-7639.42
13437.97

~-24745.09

13381.62

-24805.55

19323.66

-29334.04

8291.98
-8166.91

3488.05
-3488.06
28149.66
13686.66
28177.41
13659.29
38435.82
23972.82

3743.04
—-3743.84

Doc. No. V049-1-087
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B5 MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

—— S S S ——————— -

ALL UNITS ARE =-- POUN INCH

¢JEMBER LOAD JT

20

22

23

Ww N -

oo W

[

ls
17
16
17
16

is6
17
16
17

1s
20
19
20
19
20
19
20
19
20

20
21
20
21
20
21
20
21
20
21

22

STRUCTURE TYPE

AXTIAL

0.00
0.00
=-57.74
57.74
-57.86
57.86
-124.94
124.94
30.15
-30.15

-1011.51
1011.51
-1718.98
1718.98
-1783.17
1783.17
~-2175.25
2175.25
115.52
-115.52

-1011.51
1011.51
-73.02
73.02
-137.19
137.19
383.23
-383.23
115.49
-115.49
N4
-1011.51
1011.51
-259.30
259,30
-51.68
51.68
196.61
-196.61
115.45
-115.45

0.00
0.00

SHEAR-Y

1011.51
-1011.51
1718.98
~1718.98
1783.17
-1783.17
2175.25
=2175.25
=-115.52
115.52

0.00
0.00
57.73
-57.73
57.73
~57.73
125.20
-125.20
-30.14

30.14

0.00
0.00
118.02
~118.02
118.02
-118.02
185.49
~185.49
30.14
-30.14
2
0.00
.00
113.20
=-113.20
113.20
=113.20
177.91
-177.91
28.91
-28.91

2280.74

= SPACE

SHEAR=-Z

0.00
0.00
-313.64
313.64
-708.85
708.85
-314.37
314.37
~-42.85
42.85

0.00
0.00
313.63
-313.63
708.86
=708.86
314.40
-314.40
42.83
-42.83

0.00
0.00
-227.96
227.96
167.26
-167.26
-228.49
228.49
42.86
-42.86
3
.00
0.00
2.79
-2.79
-24.19
24.19
2.84
-2.84
-15.70
15.70

0.00
0.00

TORSION

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
-116.35
116.35
-116.35
116.35
~182.86
182.86
-29.72
29.72

0.00
0.00

-- PAGE NO. 15

MOM-Y

0.00
0.00
5410.24
0.00
12227.71
0.00
5422.85
0.00
739.22
0.00

0.00
0.00
0.00
-2822.71
0.00
-6379.73
0.00
-2829.62
0.00
-385.48

0.00
0.00
0.00
2051.66
¢.00
=1505.32
0.00
2056.43
0.00
-385.75

0.00
0.00
0.00
1475.46
0.00
-172.97
0.00
957,65
0.00

0.00
0.00

Revision No. 0

Page 26 of 48

ID: Process Systems Internatio

MOM~-Z

17448.52
0.00
29652,45
0.00
30759.67
0.00
37523.11
0.00
-1992.76
0.00

0.00
0.00
0.00
519.61
0.00
519.59
0.00
1126.76
0.00
-271.30

0.00
0.00
0.00
1062.19
0.00
1062.17
0.00
1662.38
0.00
271.31

0.00
0.00
-315.85
7221.14
-315.85
7221.19
-496.41
11349.17
-80.67
1844.42

=-39342.77

0.00

Doc. No, V049-1-087
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MEMBER END FORCES

ALL UNITS ARE =-- POUN INCH

.EMBER LOAD JT

24

12

25

26

2

3
4
5

% I

[5 L I

-

&
22
6
22
6
22

STRUCTURE TYPE = SPACE

AXIAL

=-17.27
17.27
-17.21
17.21
-75.07
75.07
25.09
-25.09

2280.74

-2280.74

1697.62
-1697.62
1715.086
-1715.06
1371.87
-1371.87
-65.44
65.44

0.00
0.00
67.50
-67.50
67.44
-67.44
125.55
-125.55
25.15
~25.15
2280.74
-2280.74
2732.95
-2732.95
2750.40
-2750.40
3058.72
-3058.72
-65.46
65.46

0.00
0.00
=394.2]1
394.21
-895.90
895.90

SHEAR-Y

-1697.62
1697.62
-1715.06
1715.06
-1371.87
1371.87
65.44
-65.44

0.00
0.00
17.21
-17.21
17.21
-17.21
75.08
-75.08
-25.14
25.14

-2280.74
2280.74
-2732.95
2732.95
=-2750.40
2750.40
-3058.72
3058.72
65.46
~65.46

0.00
0.00
67.49
-67.49
67.49
-67.49
125,36
-125.36
25.15
-25.15

0.00
0.00
=15.28
15.38
5.46
-5.46

SHEAR-Z

37.03
-37.03
28.43
-28.43
37.06
-37.06
42.89
-42.89

0.00
0.00
-37.03
37.03
-28.44
28.44
-37.06
37.06
-42.92
42.92

0.00
0.00
-48.76
48.76
-40.22
40.22
-48.78
48.78
-42.91
42.91

0.00
0.00
-48.80
48.80
-40.21
40,21
-48.77
48.77
-42.92
42.92

0.00
0.00
2.36
-2.36
2.36
-2.36

ID

i Process Sysiens

TORSION

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
343.70
=343.70
343.71
=-343.71

LNnternactio
MOM-Y MOM-Z
-638.81 -29283.99
0.00 0.00
-490,31 -29584.80
0.00 0.00
-639.57 =23664.71
0.00 0.00
-~740,17 1128.91
0.00 0.00
0.00 0.00
0.00 0.00
0.00 .00
2592.21 1204.36
0.00 0.00
1990.51 1204.38
0.00 0.00
2594 .24 5255.41
0.00 0.00
3004.14 -1759.88
0.00 -39342.76
0.00 0.00
841.056 =47143.43
0.00 0.00
692.24 -47444.39
0.00 0.00
841.18 =52762.90
0.00 0.00
740,24 1129.21
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
3416.05 4724.39
0.00 0.00
2814.36 4724 .41
0.00 0.00
3412.66 8775.44
0.00 0.00
3004.09 1760.15
0.00 0.00
0.00 0.00
135.61 737.66
-419.78 -2592.21
135.62 2649, 24
-419.79 -1990.51
Revision No. 0
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B5 MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

ALL UNITS ARE =-- POUN INCH
MEMBER LOAD

27

21

11

4

5

JT
17
23
17
23
20
25
20

25
20

19
19
19

19

200
200
200
200

200

STRUCTURE TYPE

AXIAL

-395.18
395.18
-50.46

50.46

0.00
0.00
293.28
-293.28
-208.40
208.40
293.95
-293.95
-50.49
50.49

=-1011.51
1011.51
=1532.81
1532.81
=1325.19
1325.19
-1988.,58
1988.58
115.46
=115.46

0.00
0.00
117.98
~117.98
118.04
-118.04
185.24
-185.24
30.15
=-30.15

0.00
0.00
1.46
-1.46
-272.22
291.99
0.98
-0.98
5.62
-5.62

SHEAR-Y

=-15.37
15.37
=29.66
29.66

0.00
0.00
-43.94
43.94
=-23.09
23.09
=43.93
43.93
-29.66
29.66

0.00
0.00
55.37
=55.37
55.38
-55,38
120.09
=120.09
-28.91
28.91

1011.51
=-1011.51
73.02
~73.02
137.19
-137.19
-383.23
383.23
-115.49
115.49

-4844.50
5196.34
-4844.52
5196.36
-4844.56
5196.40
-4844.46
5196.30
0.00
0.00

= SPACE

SHEAR-Z

5.11
~5.11
-1.23

1.23

0.00
0.00
4.82
-4.82
4.82
-4.82
7.57
-7.57
1.23
=1.23

0.00
0.00
-34.18
34.18
-61.16
6l1.16
-34.25
34.25
=15.70
15.70

0.00
0.00
=-227.90
227.90
167.31
=-167.31
-228.56
228.56
42.87
-42.87

¢.00
0.00
0.10
=0.10
0.19
-0.19
272.76
-292.56
0.00
0.00

TORSION

745.36
-745.36
=-179.46

179.46

0.00
0.00
702.63
-702.63
702.63
=702.63
1104.29
-1104.29
179.46
~179.46

0.00
0.00
-56.91
56.91
-56.91
56.91
-123.42
123.42
29.72
=-29.72

0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.01
-0.01
0.13
-0.13
4542.08
-4542.08
0.00
0.00

== PAGE NO. 17

ID: Process Systems Internatio

MOM-Y MOM~-2Z
294.10 740.56
-910.36 —-2594 .24
-70.81 -572.05
219.19 -3004.14
0.00 0.00
0.00 0.00
277.23 -1881.70
-858.16 =3416.05
277.24 29.85
-858.18 -2814.36
435,72 -1883.45
-1348.72 -3413.66
70.81 -571.90
-219.19 -3004.09
0.00 0.00
0.00 0.00
2085.05 ~154.50
0.00 3532.34
3720.50 -154.51
0.00 3532.38
2089.06 -335.06
0.00 7660.36
957.52 80.67
0.00 -1844.39
0.00 17448.51
0.00 0.00
3931.358 1259.66
0.00 0.00
-2886.02 2366.58
0.00 0.00
3942.72 -6610.68
0.00 0.00
=-739.51 -1992.14
0.00 0.00
0.00 148806.67
0.00 -269296.88
-0.40 148806.98
-1.77 =-269297.41
-3.07 153348.59
-2.55 —-273840.09
8363.74 148807.13
-~15143.74 =269297.28
0.00 -0.04
0.00 -0.02
Revision No. 0

Doc. No. V049-1-087
Pace 29 of 48



BS5 MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

—— . ——

ALL UNITS ARE -- POUN INCH
JAEMBER LOAD JT

200

500

*ikkkkkkkkkk*¥*% END OF LATEST ANALYSIS

L e W N e

200
3
200
3
200
3
200
3
200
3

5
500
5
500
5
500
5
500
5
500

500
500
500
500

500
6

STRUCTURE TYPE

AXIAL

0.00
0.00
0.24
-0.24
-292.24
312.01
=-0.24
0.24
-0.24
0.24

0.00
6.00
85.69
-85.69
315.92
-272.95
85.94
-85.94
85.69
-85.69

0.00
0.00
85.94
-85.94
272.95
-229.98
85.94
-85.94
85.69
~85.69

SHEAR-Y

~5196.37
5548.21
-5196.37
5548.21
-5196,36
5548.20
-5196.36
5548.20
0.00
0.00

-163.78
926.10
-32.87
795.19
~67.76
830.08
-32.89
795.21
130.91

-130.91

=-926.10
1688.42
=795.19
1557.51
-830.08
1592.40
=795.20
1557.52

130.91
-130.91

86. PRINT MEMBER STRESSES ALL

= SPACE

SHEAR-Z

0.00
0.00
1042.09
-1042.09
1042.01
=1042.01
1334.21
-1354.01
0.00
0.00

0.00
0.00
=-297.30
297.30
=-297.30
297.30
-428.90
386.00
0.00
0.00

0.00
0.00
84.68
-84.68
84.70
-84.70
-4.04
-38.86
0.01
=0.01

RESULT

-= PAGE NO. 18
ID: Process Systems Internatio

TORSION MOM-Y MOM-Z
0.01 0.00 269296.56
-0.01 0.00 ~398231.75
.01 1.05 269297.1%9
=0.01 -25009.27 -398232.06
0.01 -0.74 273839.50
-0.01 -25009.58 -402774.00
4542.01 15143.17 269297.16
-4542.01 -47399.98 -398231.94
0.01 0.65 0.05
-0.01 -0.61 -0.03
0.00 0.00 104434.26
0.00 0.00 =-1232771.16
17852.44 11259.05 118048.42
-17859.44 4201.05 -139578.25
17859.60 11258.26 114420.30
-17859.860 4199.86 -137764.19
29098.18 31771.08 118047.34
~29098.18 -10582.25 -139577.72
-0.30 -0.22 13614.13
0.30 0.11 -6807.07
0.00 0.00 132771.1e6
0.00 0.00 -200748.69
17859.44 =4201.02 139578.25
-17859.44 =202.72 =-200748.67
17859.61 =4201.68 137764.20
-17859.61 -202.95 ~200748.67
29098.18 10583.94 139577.72
-29098.18 -11488.01 -200748.67
-0.30 -0.20 6807.07
0.30 -0.10 0.00
kkkkhkkkhkhkhkhhhk
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B5 MODE CLEANER TUBE SUFPPORT -- PAGE NO. 19
ID: Process Systems Internatio

—— v . —— o — -

LL UNITS ARE POUN/SQ INCH

~sEMB LD SECT AXIAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
1 1 .0 0.0 C 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 0.0T 0.0 808.0 808.0 179.0 0.0

3 .0 3.5 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 l106.2 6.0

1.00 gc.0T 45.4 808.0 809.3 179.0 10.1

5 .0 0.0 C 0.0 0.0 0.0 0.0 0.0

1.00 g.0 C 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 c.o T c.0 2676.1 2676.1 550.3 0.0

2 .0 0.1 ¢C 135.8 2162.2 2166.6 538.2 71.9

1.00 0.1 ¢ 203.7 2676.1 2683.9 550.3 71.9

3 .0 18.1 T 135.8 2211.6 2233.9 538.2 71.9

1.00 18.6 T 203.7 2725.4 2751.5 550.3 71.9

4 .0 0.2 T 257.4 2162.2 2177.7 538.2 102.1

1.00 .2 T 354.1 2676.,1 2699.6 550.3 102.8

5 .0 0.1 T 0.0 0.0 0.1 0.0 0.0

1.00 0.1 T 0.0 0.0 0.1 0.0 0.0

4 1 .0 c.o¢C 0.0 2676.1 2676.1 265.9 0.0
1.00 0.0 C 0.0 567.0 567.0 128.3 0.0

2 .0 0.0 T 201.6 2676.1 2683.7 259.0 8.4

1.00 0.0 T 111.9 641.0 650.7 121.4 8.4

3 .0 18.6 T 201.6 2725.4 2751.4 265.4 8.4

1.00 23,2 T 111.9 621.3 654.5 127.8 8.4

4 .0 0.0T 352.0 2676.1 2699.1 259.0 15.9

1.00 0.0 T 223.4 640.9 678.8 121.4 8.2

5 .0 0.0 0.0 0.0 0.0 6.9 0.0

1.00 0.0 c.0 73.9 73.9 6.9 0.0

6 i .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 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

3 .0 6.7 C 0.0 1090.0 1096.7 198.3 0.0

1.00 3.6 C 0.0 0.0 3.6 106.2 0.0

4 .0 0.0 7T 61.3 1090.0 1091.7 198.3 1l1.2

1.00 o.0T 0.0 0.0 0.0 106.2 6.0

5 .0 0.0 T 0.0 0.0 0.0 0.0 0.0

l1.00 o.0T 0.0 0.0 0.0 0.0 0.0

7 1 .0 36.1 T 0.0 4488.8 £4525.0 1182.7 c.0
1.00 36.1 T 0.0 0.0 J6.1 1182.7 0.0

2 .0 56.2 T 8.3 5468.5 5533.1 1440.8 2.2

1.00 56.3 T 0.0 0.0 56.3 1440.8 2.2
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B5 MODE CLEANER TUBE SUPPORT -- PAGE NO. 20
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MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
3 .0 56.6 T 8.2 5504.0 5568.9 1450.2 2.2

1.00 56.6 T 0.0 0.0 56.6 1450.2 2.2

4 .0 86.1 T 8.4 5862.2 5956.8 1544.6 2.2

1.00 86,1 T 0.0 0.0 86.1 1544.6 2.2

5 .0 41.9 C 0.0 38.0 80.0 10.0 0.0

1.00 41.9 C 0.0 0.0 41.9 10.0 0.0

13 1 .0 3605.8 C 0.0 0.0 3605.8 300.6 0.0
1.00 3605.8 C 0.0 5640.4 9246.2 300.6 0.0

2 .0 43¢2.8 C 0.0 0.0 4392.8 468.8 21.8

1.00 4392.8 C 230.4 8796.7 13419.9 468.8 21.8

3 .0 4421.3 C 0.0 0.0 4421.3 471.2 21.8

1.00 4421.3 C 230.4 8841.3 13493.0 471.2 21.8

4 .0 4709.1 C 0.0 0.0 4709.1 716.5 22.4

1.00 4709.1 C 236.1 13443.3 18388.5 716.5 22.4

5 .0 30.8 T 0.0 0.0 30.5 348.9 0.0

1.00 306.5 T c.0 6546.7 6577.2 348.9 0.0

14 1 .0 3605.8 C 0.0 0.0 3605.8 300.6 0.0
1.00 3605.8 C c.0 5640.4 9246.2 300.6 0.0

2 .0 2757.8 C 0.0 0.0 2757.8 565.4 21.8

l1.00 2757.8 C 230.4 10608.9 13597.1 565.4 21.8

3 .0 2786.3 C 0.0 0.0 2786.3 563.1 21.8

1.00 2786.3 C 230.4 10564.4 13581.1 563.1 21.8

4 .0 2441.6 C c.0 0.0 2441.6 g813.1 22.4

1.00 2441.6 C 236.1 15255.5 17933.2 813.1 22.4

5 .0 30.5 T 6.0 0.0 20.5 -~ 348.9 0.0

1.00 30.5 T 0.1 6546.3 6576.9 348.9 0.0

15 1 .0 206.2 C 0.0 5640.4 5846.6 5256.5 0.0
1.00 206.2 C 0.0 6031.1 6237.3 5256.5 0.0

2 .0 321.6 C 0.0 8796.7 9118.3 6403.7 21.8

1.00 321.6 C 27.2 5422.0 5770.8 6403.7 21.8

3 .0 323.4 C 0.1 8841.4 9164.8 6445.2 21.9

1.00 323.4 C 27.4 5469.6 5820.4 6445.2 21.9

4 .0 491.6 C 0.0 13443.3 13934.9 6864.8 22.2

1.00 491.6 C 27.8 1799.2 2318.6 6864.8 22.2

5 .0 239.4 T 0.0 6546.7 6786.1 44.5 0.0

1.00 239.4 T 0.0 6447.8 6687.2 44.5 0.0

10 1 .0 36.1 T 0.0 4488.8 4525.0 1182.7 0.0
1.00 36.1 T 0.0 0.0 36.1 1182.7 0.0

2 .0 68.0 C 8.3 3433.2 3509.4 904.6 2.2

1.00 68.0 C 0.0 0.0 €8.0 904.6 2.2

3 .0 67.7 C 8.3 3468.7 3544.6 913.9 2.2

1.00 67.7 C 0.0 0.0 67.7 913.9 2.2

4 .0 97.8 C 8.6 3039.5 3145.8 800.8 2.3

1.00 97.8 C 0.0 0.0 97.8 800.8 2.3

5 .0 41.9 C 6.0 38.0 79.9 10.0 0.0

1.00 41.9 C 0.0 0.0 41.9 lo.0 0.0
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B5 MODE CLEANER TUBE SUPPCRT -~ PAGE NO. 21
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MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

nEMB LD SECT AXIAL BEND-Y BEND-2 COMBINED SHEAR-Y SHEAR-Z
19 i .0 3605.8 3277.4 6883.2 112.7
1.00 3605.8 1615.3 5221.1 112.7
2 .0 3622.6 1 2687.8 6322.5 284.6
1.00 3622.6 9667.1 13289.7 284.6
3 .0 3651.1 1 2662.0 6325.2 283.7

5654.4 13305.5 283.7
7185.6 10929.6 532.3
15919.8 19651.3 532.3
3492.5 3523.1 119.8
1708.8 1739.3 119.8

1.00 3651.1
4 .0 3731.5
1.00 3731.5
5 .0 30.5
1.00 30.5

1.—‘

T D T N I I T R

oo HFOWVOoOREPONDO COOUMOrPCNOCO OO0 NMONONOO

[ ] - L] - - » - L] . .

BOO OO NOO oMo C O

18 1 .0 3605.8 3277.4 6883.2 112.7

1.00 3605.8 . 1615.3 5221.1 112.7
2 .0 3528.0 12, 16227.3 19767.5 749.7
1.00 3528.0 . 16314.8° 19842.8 749.7
3 .0 3556.5 1 16253.3 19822.0 750.6

16327.7 19884.2 750.6
20725.1 24156.7 997.3
22567.5 25986.6 997.3

1.00 3556.5
4 .0 3419.1
1.00 3419.1

b
oCcC O0OO0ONONOWNOoOOO CoOONORNMNONOO DQOO0ONMNONONCO

FOQCO QOO0CO0O0O0O0O00 0000000000

C
C
C
C
C
C
C
C
T
T
C
C
C
C
C
C
04
cC
5 .0 30.5 T 3402.2 3522.7 119.8
1.00 30.5 T 1708.3 1738.8 119.8
17 1 .0 206.2 C . 5640.4 5846.6 5256.5 .
1.00 206.2 C . 6031.1 6237.3 5256.5 .
2 .0 388.1 T . 10608.9 10997.3 4020.3 21.
1.00 388.1 T 27. 19535.6 19950.7 4020.3 21.4
3 .0 386.2 T . 10564.4 10950.8 4061.8 21.6
1.00 386.2 T 27. 19583.3 19996.7 4061.8 21l.6
4 .0 557.7 T . 15255.5 15813.2 3559.2 22.3
1.00 557.7 T 27. 23158.5 23744.0 3559.2 22.3
5 .0 239.3 T . 6546.3 6785.7 44.5 0.0
1.00 239.3 T . 6447.6 6687.0 44.5 0.0
16 1 .0 128.9 C . 2753.7 2882.6 0.0 0.0
1.00 128.9 C . 2753.7 2882.6 0.0 0.0
2 .0 152.6 T 164.5 22223.4 22580.6 1260.6 22.3
1.00 192.6 T l164.5 10805.3 11162.4 1260.6 22.3
3 .0 191.6 T 164.5 22245.3 22601.5 1260.6 22.3
1.00 191.6 T 164.5 10783.6 11139.8 1260.6 22.3
4 .0 192.6 T l68.6 30344.1 30705.3 1880.5 22.9
1.00 122.6 T 168.6 18925.9 19287.2 1880.5 22.9
5 .0 321.5 T 0.0 2955.0 3276.6 g.0 0.0
1.00 321.5 7T 0.0 2955.7 3277.2 0.0 0.0
8 1l .0 0.0 C 0.0 767.8 767.8 202.3 c.0
1.00 0.0 C 0.0 0.0 0.0 202.3 0.0
2 .0 6.2 T 238.1 1304.8 1549.1 343.8 62.7
1.00 6.2 T 0.0 0.0 6.2 343.8 62.7
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B5 MODE CLEANER TUBE SUPPORT

MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

nEMB

20

22

23

LD SECT

3

4

(L]

LS - N N S

.0
1.00
.0
1.00
.0
1.00

.0
1.00
.0
1.00

AXIAL

616.8
616.8
1048.2
1048.2
1087.3
1087.3
1326.4
1326.4
70.4
70.4

616.8
616.8
44.5
44.5
83.7
33.7
233.7
233.7
70.4
70.4

616.8
616.8
158.1
158.1
31.5
31.5

LI B L )

NNORORRRE=OO0
~NWNO OO O

NOHSAEHEE300 OnonRRAAdAE o000 0daadadd 0OnA9AKEaAad o0oa\dadgal
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[ &)
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2]
[

o
»
o

28]
W W
o)

b

w

.8
OoOVWOoOWVWOoONOOO (=3 S e

*# 0 s+ »

8]
L
~J
= " & e a LI R )

[\&)
o«
™

[#)
o

38
(=)
n

[j%) [ ol
o U
)] (=
- [ ] L] L] L ]
NOLOWONODOO O ONONOOO QOO0

ONORO OO OQNNOWOUNOoOoOOO Do CUMOrROOO

H
0 N N w
MW TS BT 0
[ ] [ ] - » - - L] L] L ] a - ] - L]
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W

* s = & = & = & B @

BEND-2

1353.6
0.0
1681.2

(e}

- - L]

] o N A A
w 5] = [+ [ (=
COC wONOWOVWOOO PROWVWOODQOOOO ONO
- L] L ) » - L * .
MOMOMNONOOC OO

[
(9%
=

i
iy
CcCOo NMOYVWOOMAMOORMNOOO

249.4
5700.9
249.4
5700.9
391.9
8959.9
63.7
1456.1

1731.3
0.0
1288.6

-- PAGE NO.

22

ID: Process Systems Internatio

COMEINED

1897.8
6.2
1903.2
13.3
123.4
3.2

616.8
616.8
1048.2
4281.1
1087.3
7877.2
1326.4
5045.5
70.4
670.1

616.8
616.8
44.5
2934.8
83.7
2427.5
233.7
3608.0
70.4
670.4

616.8
616.8
577.4
5859.0
1756.3
5732.5
684.8
9079.8
1091.7
1526.5

1731.3
0.0
1318.6
1.8
1325.3
1.8
1077.5
8.0
84.9
2.7

SHEAR-Y SHEAR-Z

356.6 141.8
356.6 141.8

435.1 62.9
435.1 62.9
23.1 8.6
23.1 8.6
0.0 0.0
0.0 0.0
51.3 627.3
51.3 627.3

51.3 1417.7
51.3 1417.7
111.3 628.8

111.3 628.8
26.8 85.7
26.8 85.7

0.0 0.0
0.0 0.0

104.9 455.9
104.9 455.9
104.9 334.5
104.9 334.5
164.9 457.0
164.9 457.0
26.8 85.7
26.8 85.7

0.0
0.0
100.6
100.6
100.6
100.6
158.1
i58.1
25.7
25.7

W W B
L ] . L] » - L] L] - [ ) -

VOENNUNINOO PO NOO

456.1
456.1
339.5
339.5
343.0
343.0
274.4
274.4

13.1

13.1
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B5 MODE CLEANER TUBE SUPPORT -= PAGE NO. 23
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MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

EMB LD SECT AXTAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
24 1 .0 1390.7 C 0.0 0.0 1390.7 0.0 0.0
1.00 13%90.7 C 0.0 0.0 1390.7 0.0 c.0
2 .0 1035.1 C 0.0 0.0 1035.1 15.3 74.1
1.00 1035.1 C 2592.2 950.8 4578.2 15.3 74.1
3 .0 1045.8 C 0.0 0.0 1045.8 15.3 56.9
1.00 1045.8 C 1990.5 950.8 3987.1 15.3 56.9
4 .0 836.5 C 0.0 0.0 836.5 66.7 74.1
1.00 836.5 C 2594.2 41492.0 7579.7 66.7 74.1
5 .0 39.9 7T 0.0 0.0 39.9 22.3 85.8
1.00 39.9 T 3004.1 1389.4 4433.4 22.3 85.8
12 1 .0 0.0 C c.0 1731.3 1731.3 456.1 0.0
1.00 0.0 C 0.0 0.0 0.0 456.1 0.0
2 .0 7.2 C 37.0 2074.5 2118.7 546.6 9.8
1.00 7.2 C 0.0 .0 7.2 546.6 9.8
3 .0 7.2 C 30.5 2087.8 2125.5 550.1 8.0
1.00 7.2 C 0.0 0.0 7.2 550.1 8.0
4 .0 13.4 C 37.0 2321.8 2372.2 611.7 9.8
1.00 13.4 C 0.0 0.0 13.4 611.7 9.8
5 .0 2.7 C 32.6 49.7 85.0 13.1 8.6
1.00 2.7 C 0.0 0.0 2.7 13.1 8.6
25 1 .0 1390.7 C 0.0 0.0 1390.7 0.0 0.0
1.00 1390.7 C 0.0 0.0 1390.7 0.0 0.0
2 .0 l666.4 C 0.0 0.0 1666.4 60.0 97.6
1.00 1666.4 C 3416.0 3729.8 8812.3 60.0 97.6
3 .0 1677.1 C 0.0 0.0 1677.1 60.0 80.4
1.00 1677.1 C 2814.4 3729.8 8221.2 60.0 80.4
4 .0 1865.1 C 0.0 0.0 1865.1 111.4 97.5
1.00 1865.1 C 3413.7 6928.0 12206.7 111.4 97.5
5 .0 39.9 T c.0 0.0 39.9 22.4 85.8
1.00 39.9 T 3004.1 1389.6 4433.6 22.4 85.8
26 1 .0 0.0 T 0.0 0.0 0.0 ¢.0 0.0
1.00 0.0 T 0.0 0.0 0.0 0.0 0.0
2 .0 240.4 T 135.6 582.4 958.3 13.7 4.7
1.00 240.4 T 419.8 2046.5 2706.6 13.7 4.7
3 .0 546.3 T 135.6 2091.5 2773.4 4.9 4.7
1.00 546.3 T 419.8 1571.5 2537.5 4.9 4.7
4 .0 241.0 T 294.1 584.7 1119.7 13.7 10.2
1.00 241.0 T 910.4 2048.1 3199.4 13.7 10.2
5 .0 30.8 T 70.8 451.6 553.2 26.4 2.5
1.00 30.8 T 219.2 2371.7 2621.6 26.4 2.5
27 1 .0 6.0 C 0.0 0.0 0.0 0.0 0.0
1.00 0.0 C 0.0 0.0 .0 0.0 0.0
2 .0 178.8 C 277.2 1485.6 1541.6 39.1 9.6
1.00 178.8 C 858.2 2696.9 3733.9 39.1 9.6
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B5 MODE CLEANER TUBE SUPPORT == PAGE NO. 24
ID: Process Systems Internatio

MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
3 .0 127.1 T 277.2 23.6 427.9 20.5 9.6

1.00 127.1 7T 858.2 2221.9 3207.1 20.5 9.6

4 .0 179.2 C 435.7 1486.9 2101.9 39.1 15.1

1.00 179.2 C 1348.7 2695.0 4223.0 39.1 15.1

5 .0 30.8 T 70.8 451.5 553.1 26.4 2.5

1.00 30.8 T 219.2 2371.7 2621.6 26.4 2.5

21 1 .0 616.8 T 0.0 0.0 616.8 0.0 0.0
1.00 616.8 T 0.0 c.0 616.8 0.0 0.0

2 .0 934.6 T 2085.1 122.0 3141.7 49.2 68.4

1.00 934,6 T 0.0 2788.7 3723.3 49.2 68.4

3 .0 808.0 T 3730.5 122.0 4660.5 49.2 122.3

1.00 808.0 T 0.0 2788.7 3596.8 49,2 122.3

4 .0 1212.5 T 2089.1 264.5 3566.1 106.7 68.5

1.00 1212.5 T 0.0 6047.7 7260.2 106.7 68.5

5 .0 70.4 C 957.5 63.7 1091.6 25.7 31.4

1.00 70.4 C 0.0 1456.1 1526.5 25.7 31.4

11 1 .0 0.0 C 0.0 767.8 767.8 202.3 0.0
1.00 0.0 C 0.0 0.0 0.0 202.3 0.0

2 .0 12.8 C 173.0 55.4 241.0 14.6 45.6

1.00 12.6 C 0.0 0.0 1z2.6 14.6 45.6

3 .0 12.6 C 127.0 104.1 243.7 27.4 33.5

1.00 12.6 C 0.0 0.0 12.86 27.4 33.5

4 .0 i9.8 C 173.5 290.9 484.2 76.6 45.7

1.00 19.8 C 0.0 0.0 19.8 76.6 45.7

5 .0 3.2 ¢C 32.5 87.7 123.4 23.1 8.6

1.00 3.2 ¢C 0.0 0.0 3.2 23.1 B.6

2 1 .0 0.0T 0.0 808.0 808.0 334.3 0.0
1.00 0.0 T 0.0 1462.2 1462.2 358.6 0.0

2 .0 0.1 C 0.0 g08.0 808.0 334.3 0.0

1.00 0.1 C 0.0 l462.2 l462.2 358.6 0.0

3 .0 11.3 7T 0.0 832.6 843.9 334.3 0.0

1.00 12.1 7 0.0 1486.8 1498.9 358.6 0.0

4 .0 0.0 C 45.4 808.0 809.3 334.3 18.8

1.00 0.0 C 82.2 1462.2 1464.5 358.6 20.2

5 .0 0.2 C 0.0 0.0 0.2 0.0 0.0

1.00 .2 ¢C 0.0 0.0 0.2 0.0 0.0

200 1 .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 C 0.0 1462.2 1462.2 358.6 71.9

1.00 0.0 C 135.8 2162.2 2166.5 382.9 71.9

3 .0 12.1 T 0.0 1486.8 1498.9 258.6 71.9

1.00 12.9 T 135.8 2186.9 2204.0 382.9 71.9

4 .0 0.0 T B2.2 l462.2 1464.5 358.6 92.1

1.00 0.0 7T 257.4 2l62.2 2177.5 382.9 93.4

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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BS MODE CLEANER TUBE SUPPORT -~ PAGE NO. 25
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MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

~EMB LD SECT AXTAL BEND-Y BEND~2 COMBINED SHEAR~Y SHEAR-2Z
5 1 .0 c.0 C 0.0 567.0 567.0 11.3 0.0
1.00 0.0 C 0.0 720.9 720.9 63.9 0.0

2 .0 3.5 ¢C 61.1 641.0 647.4 2.3 20.5

1.00 3.5 C 22.8 757.9 761.7 54.9 20.5

3 .0 13.1 ¢C 61.1 621.3 637.3 4.7 20.5

1.00 11.3 ¢C 22.8 748.0 759.7 57.3 20.5

4 .0 3.6 C 172.5 640.9 667.3 2.3 29.6

1.00 3.6 C 57.5 757.9 763.6 54.9 26.6

5 .0 3.5 ¢C 0.0 73.9 77.5 2.0 0.0

1.00 3.5 ¢C 0.0 37.0 40.5 9.0 0.0

500 1 .0 0.0 C 0.0 720.9 720.9 63.9 0.0
1.00 0.0 C c.0 10%0.0 1090.0 116.5 0.0

2 .0 3.6 C 22.8 757.9 761.8 54.9 5.8

1.00 3.6 C 1.1 1090.0 1093.5 107.5 5.8

3 .0 11.3 ¢ 22.8 748.0 759.7 57.3 5.8

1.00 9.5 C 1.1 1090.0 1099.5 109.9 5.8

4 .0 3.6 C 57.5 757.9 763.6 54.9 0.3

1.00 3.6 C 62.4 1090.0 1095.3 107.5 2.7

5 .0 3.5 ¢C 0.0 37.0 40.5 2.0 0.0

1.00 3.5 C 0.0 0.0 3.5 9.0 0.0

kkkkkkkkkkkkkk END OF LATEST ANALYSTS RESULT k¥ kkkkkikhkdkhk

87. PARAMETER

88. CODE AISC

89. FYLD 45999.969 MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21
90. WSTR 21000. MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21
91. 1LY 70. MEMB 19 18 20 22 TO 27 21 ‘

92, UNL 70. MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21

93. WMIN 0.188 MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21
94. CB 1. MEMB 13 TO 15 19 18 17 16 20 22 TQO 27 21

95, CMY 1. MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21

96. MAIN 0. MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21

97. RATIO 1. MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21
98. CHECK CODE MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21
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B5 MODE CLEANER TUBE SUPPORT

STAAD-III CODE CHECKING - (AISC)

khhhhdhhkkhhhkhkkkhkhkkkkkik

LL UNITS ARE - POUN INCH (UNLESS OTHERWISE NOTED)

=~ PAGE NO.

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION
13 ST TUB 30203 PASS AISC- H1-2 0.666 4
7722.87 C -236.10 17028.20 21.13
14 ST TUB 30203 PASS AISC- H1-3 0.657 4
4004.15 C 236.10 19323.66 21.13
15 ST TUB 30203 PASS ATISC- H1-3 0.505 4
806.17 C 0.04 -17028.19 0.00
19 ST TUB 30203 PASS AISC- Hl-1 0.745 4
6119.69 C 0.00 20165.04 48.88
18 ST TUB 30203 PASS AISC- H1-2 0.942 4
5607.32 C 0.00 28585.48 48.88
17 ST TUB 30203 PASS AISC- H2-1 0.860 4
914.55 T -27.89 -29334.04 2.50
* 16 ST TUB 30203 FAIL AISC- H2-1 1.113 4
315.93 T -168.61 38435.82 0.00
20 ST TUB 30203 PASS AISC- H2-1 0.285 3
1783.17 T -6379.73 519.59 9.00
22 ST TUB 30203 PASS AISC- H1-3 0.137 4
383.23 C 2056.43 1669.38 9.00
23 ST TUB 30203 PASS AISC- H1-3 0.332 4
196.61 C 0.00 11349.17 61.00
24 ST TUB 30203 PASS AISC- H1-3 0.295 4
1371.87 C 2594 .24 5255.41 70.00
25 ST TUB 30203 PASS AISC- H1-3 0.489 4
3058.72 C 3413.66 8775.44 70.00
26 ST TUB 30203 PASS AISC- H2-1 0.116 4
395,18 T -910.36 -2594.24 120.57
27 ST TUB 30203 PASS AISC- H1-3 0.162 4
293.95 C ~1348.73 ~-3413.66 120.57
21 ST TUB 30203 PASS AISC- H2-1 0.263 4
1988.58 T 0.00 7660.36 61.00
99, SELECT WELD MEMB 13 TO 15 19 18 17 16 20 22 TO 27 21
¥ Rarmo = LW\%
Tis 15 Fol  Losdase ¥4 wonert waumies
AEVOMAC menot-\,'mﬂchLE THE Mo
BATE ool BE WELERED To 33 > 1u% L DK
Lu.‘*:mact::
Mg \Jirwd
Comrn Aliowse?.
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B5 MODE CLEANER TUBE SUPPORT -= PAGE NO, 27
ID: Process Systems Internatio
STAAD-III WELD DESIGN
kkhkhkdhhhhhhhkhhkhk
ALL UNITS ARE - INCH POUN
MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LCADING HOR STRESS VERT STRESS DIR STRESS
13 STA 1 3/16 4141.24
4 5.96 429,90 £118.86
13 END 1 3/16 14387.78
4 5.96 429.90 14381.36
14 STA 1 3/16 3159.05
1 0.00 180.37 3153.90
14 END 1l 3/16 13766.96
4 5.96 487 .86 13758.31
15 STAa 1 3/16 11320.89
4 96.59 4179.30 10520.77
15 END 1 3/16 5903.97
3 24.31 3926.12 4408.34
1% STA 1 /16 8674.74
4 75.61 369.68 8666.53
19 END 1l 3/16 15218.17
4 75.61 369.68 15213.49
18 STA 1 3/16 18567.74
4 75.61 648.71 18556.25
i8 END 1 3/16 19940.82
4 75.61 648.71 19930.12
17 STA 1l 3/16 12139.49
4 96.62 2195.99 11938.82
17 END 1 3/16 18025.70
4 96.62 2195.99 17891.18
16 STA 1 4/16 17323.90
4 68.98 889.16 17300.93
16 END 1 3/16 14545.93
4 91.98 1185.55 14497.24
20 STA 1 3/16 1174.09
4 167.68 66.77 1160.14
20 END 1 3/16 5910.92
3 3178.06 30.79 5898.73
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BS MODE CLEANER TUBE SUPPORT -- PAGE NO. 28
ID: Process Systems Internatio

STAAD-IITI WELD DESIGN
khkkhhkhkkkgkkhhhkhkhkbhkkhkk

ALL UNITS ARE - INCH POUN

MEMBER  LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

22 STA 1 3/16 539.47
1 0.00 0.00 539.47

22 END 1 3/16 2693.81
4 121.86 98.93 2689.23

23 STA 1 3/16 1292.23
3 57.58 90.16 1287.80

23 END 1 3/16 6832.14
4 71.73 141.70 6830.29

24 STA 1 3/16 1216.39
1 0.00 0.00 1216.39

24 END 1 3/16 5732.87
4 19.77 40.04 5732.70

25 STA 1 3/16 - 1632.89
4 26.01 66.86 1631.32

25 END 1 3/16 9314.51
4 26.01 66.86 9314.24

26 STA 1 3/16 2152.41
3 133.24 90.90 2146.36

26 END 1 3/16 2435.57
4 288.95 199.01 2410.16

27 STA 1 3/16 1674.62
4 428.08 306.13 1589.78

27 END 1 3/16 3204.10
4 428.08 306.13 3160.58

21 STA 1 3/16 3512.12
3 54.47 44.10 3511.42

21 END 1 3/16 5601.25
4 65.66 95.64 5600.05

kkkkkkkkkkkkkkkiitx END OF TABULATED WELD DESIGN *#kkkkkhkkhkhdktidksk
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B5 MODE CLEANER TUBE SUPPORT -- PAGE NO. 29
ID: Process Systems Internatio

100. LOAD LIST ALL
101. FINISH

kkkkkkkkkkkkkkk END OF STAAD-TITI **k*kkkkkhhkkhhis

*%%% DATE= APR 4,1996 TIME= 11: 7:47 %kk%

khkhkhkhkhhkhhkdkhdkdhdhhhhhhhkdhddhhhhhkkhkhrrhdrhdhhhhhhkthhhhhbhhhhd

* For questions on STAAD-III, contact: *
* Research Engineers, Inc at *
* Ph: (714) 974-2500 Fax: (714) 921-2543 *

hkkkkkhhkkhkThkhdkhdhhkhkihdhhkhhhhhkhhkhkdhhhkbhkhkdkhhh kb hkkhhhhkhtik
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-08%

WESTBOROUGH, MA CALCULATIONS PAGE ] OF 39
REV. | DEOQO# ! DATE | BY: CHECK | TITLE:
0 2 /27 1424506 [WDH AGR, Desien of Generic Sunnort Scheme for:
Beam Tube Manifald B-9
BY: W Bilvpsky | DEPT.; 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:.

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. The support scheme for BTM B-9 is made up of one anchor and one flexible support.

METHOD:

Thermal growth is the governing design factor, supports were located using a maximum displacement of
1/2in. at the flex support. Additionally, the bellows connections at the end of the spool piece 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, 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

ASSUMPTIONS Assume anchor points are fixed but released for Mz ( about the out-of-plane moment)

INPUTS:
Vessel wght = 6437.0 lbs, Flange wght = 1539.0 lbs
Seismic Acceleration = 0.05625 g. '
REFERENCES:
1. STAAD-II release 21, Research Engineers
2. ASD - AISC 9th edition
3. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria
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

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Design Criteria are met.

NOTES: STAAD-1iI Computer file: BOMANFOLD *
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DISCUSSION

Beam Tube Manifold (B-9)

Support Scheme

Step 1 - B-9 duc 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 propertics of the beam tube manifold 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, uniform thermal load for the Becam Tube Manifold, and scismic factors.

Step 5 - Computer output results were evaluated.

Step 6 - Using computer generated forces and reactions, anchors, bascplates and bolted
conncctions (support legs to vessel stiffener rings) were designed.
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"Compeess’ - et Sommany

File' View Title Block

| C:\COMPRESS\MANIFOLD\b-9.vsl:Weight summary

Component —————me—mmea e Weight (1bs) Contribute
Metal Metal Trays Packed 1Insul Lin
New Corr & sup Beds
Spool b-9 6737 6737 0 0 0
Reducing flg 370 370 o 0 0
Adapter flg 370 370 0 0 0
7477 7477 0 0 0
Vessel operating weight, corroded: 7,895 lbs
Vessel empty weight, corroded: 7,895 lbs
Vessel empty weight, new: 7,895 1lbs
Vessel test weight, new: 68,289 lbs

File View Title Block

| C:\COMPRESS\MANIFOLD\b-9.vsl:Weight summary

Component ——-—--——cec e Weight (1lbs) Contribute
Metal Metal Trays Packed 1Insul Lir
New Corr & sup Beds
Spool b-9 6737 6737 0 0 0
Reducing flg 1381 1381 0 0 0
Adapter flg 370 370 0 0 0
8488 8488 0 o] 0

Vessel operating weight, corroded: 8,906 1lbs

Vessel empty weight, corroded: 8,906 lbs

Vessel empty weight, new: 8,906 lbs

Vessel test weight, new: 69,300 lbs
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MH/ELEH

STRUCTURE DATA

TYPE = SPACE

N = 18

NM = 17

NE = @

NS = 6

NL = 4 ¥

XMAX= 474.0 2

YMAX= 70.0 R

ZMAX= 77.3 z |

UNIT INC FOU

6L J0 O] d3ry

680-1-6FDA ‘ON 20

Je18,M=17

0 'ON UOISIAYY

STAAD POST-PLODT (REV: 21.0 ) DATE: MAR 29, 1998

USER ID:Process Syst Int i
yetems Internationol .iy v, 85 MODE CLEANER TUBE SUPPORTS




26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

41.

PAGE NO. - 1
ID: Process Systems Internatio

khkkhkkhkhhdhhhhhhthththhhkhhhhhhttihhhhhdhhdhitdhhhhhkhkk

* *
* STAAD - III *
* Revision 21.0 *
* Proprietary Program of *
* Research Engineers, Inc. *
* Date= APR 8, 19%¢6 *
* Time= 10: 6:58 *
* *
* %
* *

USER ID: Process Systems International
kkkkkkhhkhkhhkhkhkhkhdhthhhkhdkhkhhkthhkkhhkhhkhhhhhhdhhdhrhk

STAAD SPACE B-9 BEAM TUBE MANIFOLD SUPPORT

INPUT WIDTH 72

UNIT INCHES POUND

JOINT COORDINATES

1 0. 0. 0.; 2 36, 0. 0.7 3 150. 0. 0.7 4 318. 0. 0.; 5 444. 0. O.
6 474. 0. 0.

7 150. 0. -38.625; 8 150. -70. -38.625; 9 150. D. 38.625

10 150. -70.0 38.625; 11 318. 0. -38.625; 12 318. -9. -38.625

13 318. -70. -38.625; 14 318. 0. 38.625; 15 318. ~9. 38.625

16 318. -70. 38.625; 17 246. -70. 38.625; 18 246, =-70. =-38.625
MEMBER INCIDENCES

112 223;334; 445;55¢6; 637 7 411; 8 3 9; 9 4 14; 10 8 7
11 10 9; 12 12 11; 13 13 12; 14 15 14; 15 16 15; 16 18 12; 17 17 15
MEMBER PROPERTY AMER

10 TC 17 TABLE ST TUB40203

€ TO 9 TABLE ST TUBS0305

1 TO 5 TABLE ST PIPE OD 72.75 ID 72.25

MEMBER RELEASE

***10 11 12 14 END MX MY MZ

%% 6 TO 9 END MX MY MZ

CONSTANTS

E STEEL ALL

POISSON STEEL ALL

DENSITY STEEL ALL

BETA 90. MEMB 10 TO 15

ALPHA 0.00000919 MEM 1 TO 5 6 TO 9

SUPPORTS

8 10 13 16 FIXED BUT M2
17 18 FIXED

LOAD 1 DW

JOINT LOAD

2 FY =740,

5 FY =-1751.

MEMBER LOAD
1 T0 5 UNI Y -16.15
LOAD 2 DW+TH

JOINT LOAD
2 FY -740.
5 FY -1751.

MEMBER LOAD
1l TO 5 UNI ¥ -16.15
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B-9 BEAM TUBE MANIFOLD SUPPORT

42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55,
56.
57.
58.
59.
60.
61'
62.
63.
64.
65.
66.
67.
68.
69.

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS
ORIGINAL/FINAL BAND-WIDTH
TOTAL PRIMARY LOAD CASES

SIZE OF STIFFNESS MATRIX =

TEMPERATURE LOAD

1l TO 5 TEMP 330.

LOAD 3 DW+TH+SEIS-AXIAL
JOINT LOAD

2 FY =-740.
5 FY -1751.
2 FX -42,

5 FX -98.

MEMBER LOAD

1 TC 5 UNI ¥ -16.15

1 TO 5 UNI X -0.908
TEMPERATURE LOAD

1 TO 5 TEMP 330.

LOAD 4 DW+TH+SEIS-LAT
JOINT LOAD

2 FY -740,.

5 FY -1751.

2 FZ 42,

5 FZ 98.

MEMBER LOAD

1 TO 5 UNI Y -16.15

1 TO 5 UNI Z 0.908
TEMPERATURE LOAD

1l TO & TEMP 330.

LOAD 5 THERMAL DISPL "“BAKEOUT"
TEMPERATURE LOAD

1l TO 5 TEMP 330.
PERFORM ANALYSIS

PROBLEM

Hol

STATISTICS

e ————————— . A il Sl ——————————

10/
5, TOTAL DEGREES OF FREEDOM = 76
2736 DOUBLE PREC. WORDS

-= PAGE NO. 2
ID: Process Systems Internatio

18/ 17/ 6

REQRD/AVAIL. DISK SPACE = 12.05/ 482.9 MB, EXMEM = 1.02 MB

++ PROCESSING ELEMENT STIFFNESS MATRIX.
++ PROCESSING GLOBAL STIFFNESS MATRIX.
++ PROCESSING TRIANGULAR FACTORIZATION.

++ CALCULATING JOINT DISPLACEMENTS.
++ CALCULATING MEMBER FORCES.

70.

PRINT MATERIAL PROPERTIES ALL

10: 6:58
10: 6:58
10: 6:58
10: 6:58
10: 6:58
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B-9 BEAM TUBE MANIFOLD SUPPORT

ID: Process Systems Internatio

MATERIAL PROPERTIES.

ALL UNITS ARE - POUN INCH

MEMBER E G DEN ALPHA
1 29000000,0 11153846.0 0.28299999 0.00000919
2 29000000.0 11153846.0 0.282999%9% 0.00000919
3 29000000.0 11153846.0 0.28299999 0.00000919
4 29000000.0 11153846.0 0.28299999 0.00000919
5 29000000.0 11153846.0 0.28299999 0.00000919
6 29000000.0 11153846.0 0.28299%%99 0.0000091%
7 29000000.0 11153846.0 0.28299999 0.00000919
8 22000000.0 11153846.0 0.28299999 0.00000919
9 29000000.0 11153846.0 0.28299999 0.00000919
10 29000000.0 11153846.0 0.28299999 0.00000000
11 29000000.0 11153846.0 0.28299999 0.000006000
12 29000000.0 11153846.0 0.28299999 (0.00000000
13 29000000.0 11153846.0 0.282999%9 0.00000000
14 29000000.0 11153846.0 0.282%9999 0.00000000
15 29000000.0 11153846.0 0.282999%99 0.00000000
16 29000000.0 11153846.0 0.28299939 0.00000000
17 29000000.0 11153846.0 0.28299999 0.00000000

== PAGE NO.

kkkkkkkkk*%% END OF DATA FROM INTERNAL STORAGE *##xkxtkttkx

71. PRINT MEMBER INFORMATION ALL

3
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B-95 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 4
ID: Process Systems Internatio

MEMBER INFORMATION

A Sy o o v e T — -~

MEMBER START END LENGTH BETA
JOINT  JOINT (INCH) (DEG) RELEASES
1 1 2 36.000 0.00
2 2 3 114.000 0.00
3 3 4 168.000 0.00
4 4 5 126.000 0.00
5 5 6 30.000 0.00
6 3 7 38.625 0.00
7 4 11 38.625 0.00
8 3 9 38.625 0.00
9 4 14 38.625 0.00
10 8 7 70.000 90.00
11 10 9 70.000 90.00
12 12 11 9.000 90.00
13 13 12 61.000 90.00
14 15 14 9,000 90.00
15 16 15 61.000 90.00
16 18 12 94.366 0.00
17 17 15 94,366 0.00

*¥kkkkx*kkkkk*x END OF DATA FROM INTERNAL STORAGE #*%kkkkkkkkkk

72. PRINT JOINT COORDINATES ALL
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B-9 BEAM TUBE MANIFOLD SUPPORT

JOINT COORDINATES

Z“OORDINATES ARE INCH UNIT

JOINT

VRGO bs WP

kkkkkdkkkx%% END OF DATA FROM INTERNAL STORAGE

73-

SUPPORT INFORMATION (1=FIXED,

X

0.000
36.000
150.000
318.000
444.000
474.000
150.000
150.000
150.000
150.000
318.000
318.000
318.000
318.000
318.000
318.000
246.000
246.000

UNITS FOR SPRING CONSTANTS ARE POUN INCH DEGREES

JOINT

10
13
16
17

18

FORCE-X/ FORCE-Y/
KFX KFY

1 1
0.0 0.0

1 1
0.0 0.0

1 1
0.0 0.0

1 1
0.0 0.0

1 1
0.0 0.0

1 1
0.0 0.0

Y

0.000
0.000
0.000
0.000
0.000
0.000
0.000
~70.000
0.000
=70.000
0.000
-9.000
~70.000
0.000
-9.000
=70.000
=70.000
=70.000

PRINT SUPPORT INFORMATION ALL

0=RELEASED)

FORCE~
KFZ

1

R S R

z/

== PAGE NO.

5

ID: Process Systems Internatio

2

0.000
0.000
0.000
0.000
0.000
0.000
-38.625
-38.625
38.625
38.625
-38.625
-38.625
-38.625
38.625
38.625
$38.625
38.625
-38.625

hkhkkkkktkhkk

MOM-X/ MOM-Y/  MOM-Z/
KMX KMY KMZ
1 1 0
0.0 0.0 0.0
1 1 0
0.0 0.0 0.0
1 1 0
0.0 0.0 0.0
1 1 0
0.0 0.0 0.0
1 1 1
0.0 0.0 0.0
1 1 1
0.0 0.0 0.0
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B-9 BEAM TUBE MANIFOLD SUPPORT =-~ PAGE NO. 6
ID: Process Systems Internatio

k*kkkkkkktx* END OF DATA FROM INTERNAL STORAGE *##%skskikx#

74. PRINT ANALYSIS RESULTS
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B-9 BEAM TUBE MANIFOLD SUPPORT == PAGE NO. 7

ID: Process Systems Internatio

JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE TYPE = SPACE

+INT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z~-ROTAN
1 1 0.0037% -0.00956 0.00000 c.00000 0.00000 -0.00004
2 -0,95788 -0.01113 0.00000 0.00000 0.00000 -0.00004

3 -0.96295 -0.01163 0.00000 0.00000 0.00000 -0.00003

4 -0,95788 ~0.01113 0.02708 =0.00001 -0.00004 -0.00004

5 -0.96163 =~0.00156 0.00000 0.00000 0.00000 0.00001

2 1 0.00375 =-0.01108 0.00000 0.00000 0.00000 -=0.00004
2 -0.84870 =0.01239 0.00000 0.00000 0.00000 -0.00004

3 -0.85378 -0.01279 0.00000 0.00000 0.00000 -0.00003

4 -0.84870 -0.01239 0.02849 -=0.00001 -=0.00004 -0.00004

5 -0.85246 ~0.00132 0.00000 0.00000 0.00000 0.00001

3 1 0.00375 =0.01576 0.00000 0.00000 0.00000 =-0.00006
2 =-0.50297 =0.01629 0.00000 0.00000 0.00000 -0.00005

3 -0.50804 -0.01639 0.00000 0.00000 0.00000 ~-0.00005

4 -0.50297 -0,01629 0.03298 =0.,00001 =-0.00004 -0.00005

5 -0.50673 -0.00053 0.00000 0.00000 0.00000 0.00001

4 1 0.00375 =~0.02833 0.00000 0.00000 0.00000 =-0,00010
2 0.00649 =-0.02795 0.00000 0.00000 0.00000 -0.00010

3 0.00145 =-0.02759 0.00000 0.00000 0.00000 =0.00009

4 0.00649 -0.02795 0.03990 -0.900001 -0.00004 =~0.00010

5 0.00273 0.00037 0.00000 0.00000 0.00000 0.00001

5 1 0.00375 -0.04422 0.00000 0.00000 0.00000 -0.00012
2 0.38861 -0.04322 0.00000 0.00000 0.00000 -0.00012

3 0.38355 -=0.04248 0.00000 0.00000 0.00000 -~0.00012

4 0.38861 -0.,04322 0.04539 ~0.00001 =-0.00004 -0.00012

5 0.38485 0.00101 0.00000 0.00000 0.00000 0.00001

6 1 0.00375 =0.04799 0.00000 0.00000 0.00000 =-0.00012
2 0.47959 =0.04683 0.00000 0.00000 0.00000 -0.00012

3 0.47453 =~0.04600 0.00000 0.00000 0.00000 -0.00012

4 0.47959 =-0.04683 0.04669 =0.00001 =-0.00004 -0.00012

5 0.47583 0.00116 0.00000 0.00000 0.00000 0.00001

7 1 0.00375 -=0.00216 0.00001 0.00047 0.00000 =0.00006
2 -0.50171 -0,00224 0.00001 0.00048 -0.00004 0.00022

3 -0.50676 ~0.00225 0.00001 0.00049 -=0.00005% 0.00022

4 -0.50017 -0.00211 0.03297 0.00051 -0.00008 0.00022

5 -0.50546 =0.00007 0.00000 0.00002 =0.00004 0.00027

8 1 0.00000 0.00000 0.00000 0.00000 0.00000 =-0.00005
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.01060

3 0.00000 0.00000 0.00000 0.00000 0.00000 0.01070

4 0.00000 0.00000 0.00000 0.00000 0.00600 0.01057

5 0.00000 0.00000 0.00000 0.00000 0.00000 0.01065

9 1 0.00375 +-0,00216 -0.00001 -0.00047 0.00000 =-0.00006
2 -0.5017) =0.00224 -0.00001 -=0.00048 0.00004 0.00022

3 -0.50676 =~0.00225 ~0.,00001 -=0.,00049 0.00005 0.00022

4 -0.50325 -0.00236 0.03295 -=0.00046 0.00001 0.00022

5 -0.50546 -0.00007 0.00000 =~0.00002 0.00004 0.00027

10 1 0.00000 0.00000 0.00000 0.00000 0.00000 =0.00005
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.010860

3 0.00000 0.00000 0.00000 0.00000 0.00000 0.01070
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B-9 BEAM TUBE MANIFOLD SUPPORT

JOINT DISPLACEMENT (INCH RADIANS)

———————————— .

~+INT LOAD

11

12

13

14

15

16

17

18

MW FOARWNRERORAWNFOOLAONFODARAWNRFOALSWLWNRFRNOAWNEDISWNEO.D

X~TRANS

0.00000
0.00000
0.00368
0.00516
0.00235
0.00605
0.00148
0.00288
0.00341
0.00236
0.00366
0.00053
0.00000
0.00000
0.00000
0.00000
0.00000
0.00368
0.00516
0.00235
0.00427
0.00148
0.00288
0.00341
0.00236
0.00315
0.00053
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000C
0.00000
0.00000
0.00000
0.00000

Y-TRANS

0.00000
0.000060
-0.003%90
-0.00398
=0.00370
=0.00390
-0.00008
~0.00340
-0.00348
=-0.00321
-0.00343
=0.00009
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00390
-0.00398
-0.00370
-0.00405
-0.00008
-0.00340
-0.00348
-0.00321
-0.00354
=0.00009
0.00000
0.000060
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

Z-TRANS

0.00000
0.00000
0.00002
0.00002
0.00002
0.03989
0.00000
~0.00558
-0.00548
~0.00545
0.03227
0.00010
0.00000
0.00000
¢.00000
0.00000
0.00000
-0.00002
=-0.00002
=-0.00002
0.03986
0.00000
0.00558
0.00548
0.00545
0.04323
-0.00010
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.C0000
0.00000
0.00000
0.00000

ID: Process Systems Internatio

STRUCTURE TYPE

X-ROTAN

0.00c000
0.00000
0.00084
0.00082
0.00082
0.00086
-0.00002
0.00043
0.00042
0.00042
0.00083
-0.00001
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00084
~-0.00082
-0.00082
~0.00079
0.00002
=0.00043
~0.00042
-0.00042
=0.00002
0.00001
0.00000
0.0¢0000
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

—— PAGE NO.

= SPACE

Y-ROTAN

0.00000
0.00000
0.00000
0.00005
=0.00003
0.00003
0.00004
0.00006
0.00009
0.00003
0.00000
0.00003
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00005
0.00003
-0.00007
-0.00004
-0.00006
=0.00009
=0.00003
=-0.00018
-0.00003
0.00000
0.00000
¢.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

Z-ROTAN

0.01063
0.01065
~0.00010
~-0.00012
=0.00007
-0.00013
=0.00002
=0.00008
=0.00016
=-0.00001
-0.00021
-0.00008
=-0.00003
=0.00001
-0.00005
0.00001
0.00003
=0.00010
=-0.00012
~-0.00007
=-0.00010
-0.00002
~-0.00008
=-0.00016
=0.00001
-0.00011
-0.00008
-0.00003
-0.00001
-0.00005
-0.00003
0.00003
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
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B-9 BEAM TUBE MANIFOLD SUPPORT

SUPPORT REACTIONS

T —————— i i b

+INT LOAD

8

10

13

16

17

18

UMb WO OERWNEFEJABWLUDNNRERO O UL WNNER O SWN-

FORCE-X

0.04
159,73
161.27
159.24
159.69

0.04
159.73
161.27
l160.22
159.69

0.94

3.03

=-0.81

4.45

2.09

0.94

3.03

-0.81
1.61
2.09
~0.98
-162.75
124.63
-56.38
-161.62
-0.98
-162.75
124.64
=269.13
-161.62

~UNIT POUN INCH

FORCE-Y

1810.44
1871.21
18g8l.96
1767.26

60.77
1810.44
1871.21
1881.96
1975.16

60.77
3261.84
3344.98
3078.34
3291.69

83.01
3261.84

3344.98

3078.34
3398.28
83.00
0.77
~143.14
112.75
-48.22
=-143.77
0.77
-143.14
112.76

-238.07

=-143.78

FORCE-2Z

63.79
65.93
66.31
-58.70
2.14
-63.79
-65.93
-66.31
-190.57
-2.14
109.65
107.82
107.08
-40.89
-1.83
-109.65
~107.82
-107.08
~256,53
1.83
-8.92
-8.15
-9.18
-20.00
0.76
8.92
8.15
9.18
-3.70
-0.76

ID: Process Systems Internatio

MOM-X

1475.71
1525.23
1533.99
~-2880.48
49.55
-1475.71
-1525.25
-1534.,01
=5930.97
=-42.53
2544.30
2501.55
2484.94
-2783.89
-42.77
-2544.30
-2501.54
-2484.92

-7786.98

42.74
-85.73
-64.67
-98.94

-597.06

21.04

85.73

64.67

98.95

-467.72
-21.04

== PAGE NO.

STRUCTURE TYPE = SPACE

MOM-Y

0.01
27.13
27.39
51.15
27.12
-0.01

-27.13
~-27.39
-3.11
-27.12
~39.08
-60.69
-20.89
1.19
-21.59
39.08
60.69
20.89
122.57
21.59
355.19
340.58
353.60
794.61
-14.60
-355.19
~-340.58
-353.60
113.46
14.60

MOM Z

0.00
©.00
0.00
0.00
0.00
0.00
c.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
151.36
-2.07
271.87
109.56
~-153.28
151.36
-2.07

2731.87

-113.71
-153.29
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B-9 BEAM TUBE MANIFOLD SUPPORT

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH
MEMBER LOAD JT

n e W =

;e W

MNEDSDHENDHE NP

WNHWNOWMNWLWNWR

;o AN LELOLE HBWHWHE WS WS W

STRUCTURE TYPE

AXIAL

0.00
0.00
2.93
-2.93
0.49
32.23
~1.46
1l.46
0.00
0.00

0.00
0.00
0.00
0.00
-74.22
177.73
0.49
-0.49
0.00
0.00

0.09
-0.09
319.34
=319.34
144.04
8.30
319.82
=-319.82
319.34
~-319.34

0.00
0.00
0.00
0.00
239.26
=125.00
~0.49
0.49
0.00
0.00

0.03
-0.03

SHEAR-Y

=0.01
581.41
0.00
581.40
0.00
581.40
0.00
581.40
0.00
0.00

=1321.40
3162.50
=1321.40
3162.50
-1321.40
3162.50
=1321.40
3162.50
0.00
0.00

458.38
2254.82
579.92
2133.28
601.42
2111.78
579.92
2132.28
121.55
-121.55

4270.40
-2235.50
4270.40
-2235.50
4270.40
=-2235.50
4270,40
=2235.50
0.00
0.00

484.52
-0.02

= SPACE

SHEAR=-Z

0.00
0.00
0.00
0.00
0.00
0.00
=0.01
-32.68
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
74.69
~-178.20
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

-71.07

-81.48
0.00
0.00

0.00
0.00
0.00
0.00
0.01
-0.01
=239.66
125.26
0.00
0.00

0.00
0.00

TORSION

0.00
0.00
0.00
c.00
0.00
0.00
~0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
=-0.02
0.02
=0.02
0.02
607.32
-607.32
0.02
-0.02

0.00
0.00

+» =0.01
0.01
0.01
-0.01
~0.01
0.01
0.00
0.00

-0.01
0.01

-- PAGE NO. 10
ID: Process Systems Internatio

MOM-Y MOM=-2Z
0.00 -0.24
0.00 <~10465.29
0.00 0.09
0.00 =10465.02
0.00 =-0.12
0.00 -10465.11
0.24 -0.01

-588.33 -10465.13
0.00 -0.01
0.00 ~0.02
0.00 10465.26
0.00 -266047.47
0.00 10465.27
0.00 ~266047.38
0.00 10465.24
0.00 =-266047.44

588.33 10464 .97

-15003.023 -266047.63
0.00 0.01
0.00 0.01
0.00 266053.50
0.00 =-416953.81
0.40 288409.91
0.01 -418892.31

~0.27 288625.34

0.02 -415496.09
15089.10 288409,84
-15963.33 ~418891.84

-0.06 22356.33
0.10 =1936.46
0.00 417139.28

-0.01 -7267.25

-0.12 417139.88
0.00 -7267.47

-0.80 417139.34
0.12 ~7267.56

23397.32 417138.88

=-406.91 -7267.96
0.23 -0.03

~0.05 -0.03
0.01 7268.38

-0 - 0 1 1 - 1 3
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B-9 BEAM TUBE MANIFOLD SUPPORT

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH

MEMBER LOaD JT

2

&1 Y -

[ R W R N W]

S W N W N W NP S W

H

SR
[ YR N N T N W N

=

LW WOWWWwWoWwwow

STRUCTURE TYPE =

AXIAL

=1.46
1.46
28.81
-1.46
0.98
-0.98
2.44
-2.44

63.79
-63.79
65,93
-65.93
66.31
~66.31
-58.69
58.69
2.14
-2.14

118.56
-118.56
115.97
~115.97
116.26
-116.26
~44.57
44,57
-2.59
2.59

63.79
-63.79
65.93
-65.93
66.31
-66.,31
1920.53
=190.53
2.14
-2.14

118.56
-118.56
115.97
=115.97
116.26
-116.26

SHEAR-Y

484.51
-0.01
484.51
=0.01
484.49
0.01
0.00
0.00

-1810.44
1810.44
-1871.21
1871.21
-1881.96
1881.96
-1767.26
1767.26
-60.77
60.77

~3262.61
3262.61
-3201.84
3201.84
=3191.09
3191.09
-3053.62
3053.62
€0.77
=60.77

-1810.44
1810.44
-1871.21
1871.21
—-1881.96
1881.%6
-1975.16
1975.16
=-60.77
60.77

=3262.61
3262.61
=3201.84
3201.84
~3191.09
3191.09

SPACE

SHEAR-Z

0.00
0.00
0.01
=0.01
-27.22
-0.02
0.00
0.00

-0.04
0.04
=-159.74
159.74
~161.27
161.27
-159.24
159.24
-159.66
159.66

0.04
-0.04
159.70
=159.70
-123.83
123.83
264.68
-264.68
159.53
-159.53

0.04
-0.04
159.75
-159.75
161.26
-161.26
160.21
-160.21
159.67
~159.67

-0.04
0.04
-159.71
i59.71
123.80
~123.80

ID:

TORSION

=0.01
0.01
0.01
-0.01
=-0.02
0.02
0.00
0.00

3.06
-3.06
11181.18
-11181.18
11288.84
~-11288.84
11147.07
-11147.07
11178.16
=-11178.16

92.78
-92.78
~876.34
B76¢.34
B21.58
-821.58
-1500.28
1500.28
~-968,23
968.23

=3.06
3.06
-11181.18
11181.18
~11288.84
11288.84
=11215.27
11215.27
-11178,.17
11178.17

-92.78
92.78
876.34
-876.34
-821.52
B21.52

~= PAGE NO. 11

MOM~Y

0.01
-0.04
-0.14
-0.01

409.01
=-0.11

0.05

0.00

1.69
0.01
6142.48
27.18
6201.90
27.80
6099.43
51.14
6140.42
26.79

-249.40
247.71
=-6354.47
186.24
4496.02
286,96
=10071.75
=151.52
~6099.84
-62.03

-1.69
=-0.01
-6142.83
-27.36
-6201.25
-27.37
-6185.21
-2.66
~6140.33

249.40
-247.71
6354.61
~-185.81

-4495.26
-286.34

Process Systems Internatio

MCM-2

7267.58
0.90
7267,.81
0.74
7267.81
0.38
0.01
0.03

-66938.70
-2989.63
~69185.51
-3089.96
-69582.86
-3107.71
-69489.18
1228.76
-2247.03
-100.37

-120348.70
~5669.46
-118119.23
-5551.72
=-117701.28
~5554.62
-117815.63
-130.35
2229.66
117.74

-66938.71
-2989.63
-69185.52
-3089,99
-69582.88
=3107.72
-68881.87
~7408.75
-2247.01
=100.35

-120348.70
-5669.46
-118119.23
-5551.73
=117701.26
=5554.55
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B-9 BEAM TUBE MANIFOLD SUPPORT

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

11

12

13

4

5

T3 I O % A X R n s W

[T S

[E R

4
14
4
14

oo

(T N T R T T
VOVOWVOWVCWO ~J00 ] ~Je ~3w,

[
[ 8]

11

12
11
12
11
12
11
12

13
12
13
12
13
12
13
12
13
12

STRUCTURE TY¥PE

AXTAL

276.50
-276.50
-2.59
2.59

1810.44
~1810.44
1871.21
=-1871.21
1881.96
-1881.96
1767.26
=1767.26
60.77
-60.77

1810.44
-1810.44
1871.21
-1871.21
1881.96
-1881.96
1975.16
=1975.16
60.77
~-60.77

3262.61
-3262.61
3201.84
-3201.84
3191.09
=-3191.09
3053.62
=-3053.62
-60.77
60.77

3261.84
~-3261.84
3344.98
=3344.98
3078.34
=-3078.34
3291.69
-3281.69
' 83.01
-83.01

SHEAR-Y

-3350.06
3350.06
60.77
-60.77

63.79
-63.79
65.93
~65,93
66.31
-66.31
-58.70
58.70
2.14
~2.14

-63.79
63.79
-65,93
65.93
~66.31
66.31
=190.57
120.57
=2.14
2.14

118.56
-118.5¢6
115.97
-115.97
116.26
=116.26
-44.59
44.59
~-2.59
2.59

109.65
=109.65
107.82
-107.82
107.08
-107.08
-40.89
40.89
-1.83
1.83

= SPACE

SHEAR-2Z

-54.78
54.78
-159.52
159.52

0.04
-0.04
159.73
-159.73
161.27
-161.27
159.24
-159.24
159.69
-159.69

0.04
-0.04
159.73
=159.73
161.27
-161,27
160.22
-160.22
159.69
=-159.69

-0.04
0.04
=159.71
159.71
123.82
-123.82
-264.67

264.67

-159.54
159.54

0.94
-0.94
3.03
=-3.03
-0.81
0.81
4.45
-4.45
2.09
-2.09

TORSION

252.44
=252.44
968.25
-968.25

0.01
=0.01
27.13

-27.13
27.39
-27.39
51.15
=-51.15
27.12
-27.12

-0.01
0.01
-27.13
27.13
-27.39
27.39
-3.11
3.11
-27.12
27.12

247.71
=-247.71
185.69
-185.69
286.81
-286.81
-151.42
151.42
-61.97
61.97

-39.08
39.08
-60.69
60.69
-20.89
20.89
1.19
-1.19
-21.59
21.59

-— PAGE NO. 12

ID: Process Systems Internatio

MOM-Y MOM-2
2638.33 ~118422.95
-522.49 -=10973.,21
6099.49 2229.64

61.93 117.70

0.00 1475.71
~3.06 2989.64
0.00 1525.23
-11181.18 3089.98
0.00 1533.99
-11288.84 3107.73
0.01 -2880.48
-11147.07 -1228.77
0.00 49,55
-11178.17 100.37
.00 -1475.71
-3-06 -2989064
0.00 -1525.25
-11181.18 -3089.99
0.00 -1534,01
-11288.84 -3107.74
0.00 -5930.97
-11215.28 -7408.74
0.01 -49 .53
-11178.17 =-100.35
93.17 -4602.41
-92.78 5669.49
561.10 -4508.03
876.29 5551.77
-292.82 -4508.25
-821.52 5554.63
881.79 -531.65
1500.28 130.34
467.55 94,39
968.27 -117.74
0.00 2544.30
-57.15 4144.24
0.00 2501.55
-184.84 4075.,42
0.00 2484.94
49.48 4046.92
0.00 -2783.89
-271.41 289,35
0.00 -42.77
-127.58 -68.85
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B-9 BEAM TUBE MANIFOLD SUPPORT -= PAGE NO, 13
ID: Process Systems Internatio
MEMBER END FORCES STRUCTURE TYPE = SPACE
RLL UNITS ARE -- POUN INCH

MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-2Z TORSION MOM-Y MOM-~Z
‘14 1l 15 3262.61 -118.56 -0.04 -247.71 293.17 4602.41
- @Q -3262.61 118.56 0.04 247.71 -92.78 -5669.49
2 15 3201.84 -115.97 -159.72 -185.70 561.12 4508.02
14 -3201.84 115.97 159.72 185.70 876.33 -5551.77
3 15 3191.469 =116.26 123.85 -286.81 -292.,97 4508.24
14 -=3191.09 l116.26 =123.85 286,81 -821.65 =5554.61
4 15 3350.086 -276.53 -54.76 =-522.79 240.44 84384.41
14 +3350.06 276.53 54.76 522.79 252.39 -=10973.18
5 15 -60.77 2.59 -159.54 61.96 467.59 -94.37
14 60.77 ~-2.59 159.54 -61.96 968.28 117.70
15 1 16 3261,84 ~109.65 0.94 39.08 0.00 -2544.30
15 -3261.84 109.65 -0.94 -39.08 -57.156 =4144.24
2 lé 3344.98 -107.82 3.03 60.69 0.00 ~2501.54
15 =3344.98 107.82 -3.03 -60.69 -184.85 -4075.42
3 16 3078.34 -107.08 -0.81 20.89 0.00 ~-2484.92
15 «3078.34 107.08 0.81 -20.89 49.47 -4046.91
4 16 3398.28 -256.53 1.61 122.57 0.00 ~-7786.98
15 -3398.28 256.53 -1.61 -122.57 -98.30 -7861.49
5 16 83.00 1.83 2.09 21.59 0.00 42.74
15 -83.00 -1.83 -2.09 -21.59 ~-127.58 68.83
16 1 18 -0.25 1.22 8.92 ~164.1% =-326.42 151.36
12 0.25 -1.22 -8.92 164.19 ~514.98 -36.03
2 18 -216.70 -4,01 8.15 =-170.81 -301.66 -2.07
12 216.70 4.01 -8.15 170.81 -467.63 -376.28
3 13 167.99 5.46 .18 -153.08 -333.75 271.87
12 -167.99 -5.46 -9.18 153.08 -532.99 243.41
4 18 -359.24 -7.67 -3.70 -283.52 388.91 -113.71
12 359.24 7.67 3.70 283.52 -40.19 -610.42
5] 18 -216.26 -5.,23 -0.76 ' =-6.61 24.74 =153.29
12 216.26 5.23 0.76 6.61 47.32 =-339.95
17 1l 17 =0.25 l1.22 -8.92 164.19 326.42 151.36
15 0.25 =-1.22 8.92 -164.19 514.98 -36.03
2 17 -216.70 -4.01 ~8.15 170.81 301.66 -2.07
15 216.70 4,01 8.15 -170.81 467 .63 -376.29
3 17 167.98 5.46 -9.18 153.08 333.75 271.87
15 -167.98 -5.46 - 9.18 ~153.08 532.99 243.39
4 17 =-74.19 -0.35 =-20.00 58.10 992.23 109.56
15 74.19 0.35 20.00 ~-58.10 895,06 -142,18
5 17 -216.25 ~-5.23 0.76 6.61 -24.74 -153.28
15 216.25 5.23 -0.76 -6.61 -47,32 -339.93
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B-9 BEAM TUBE MANIFOLD SUPPORT -— PAGE NO. 14
ID: Process Systems Internatio

kkkkkkkkkkkkk®x END OF LATEST ANALYSIS RESULT *%xkdkkikhkkkhkhkkhk

75. PRINT MEMBER STRESSES ALL
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B-9 BEAM TUBE MANIFOLD SUPPORT . —-— PAGE NO., 15
ID: Process Systems Internatio
MEMBER STRESSES
L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
1 1 .0 c.0 C 0.0 0.0 0.0 0.0 0.0
1.00 0.0 C 0.0 10.2 10.2 17.0 0.0
2 .0 0.1 ¢C 0.0 0.0 0.1 0.0 0.0
1.00 0.1 C 0.0 10.2 10.2 17.0 0.0
3 .0 0.0 C 0.0 0.0 0.0 0.0 0.0
1.00 0.6 C 0.0 10.2 10.7 17.0 0.0
4 .0 0.0 T 0.0 0.0 0.0 0.0 0.0
1.00 0.0 T 0.6 10.2 10.2 17.0 1.0
5 .0 0.0 0.0 0.0 0.0 0.0 0.0
1.00 0.0 0.0 0.0 0.0 6.0 0.0
2 1 .0 0.0 C 0.0 10.2 10.2 38.7 0.0
1.00 0.0 C 0.0 258.7 258.7 92.6 0.0
2 .0 0.0 0.0 10.2 10.2 38.7 0.0
1.00 0.0 0.0 258.7 258.7 92.6 0.0
3 .0 1.3 T 0.0 10.2 11.5 38.7 0.0
1.00 3.1 7T 0.0 258.7 261.8 92.6 0.0
4 .0 0.0 C 0.6 10.2 10.2 38.7 2.2
1.00 0.0 C 14.6 258.7 259.1 92.6 5.2
5 .0 g.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
3 1 .0 0.0 C 0.0 258.7 258.7 13.4 0.0
1.00 p.0cC 0.0 405.4 405.4 66.0 0.0
2 .0 5.6 C 0.0 280.4 286.0 17.0 0.0
1.00 5.6 C 0.0 407.3 412.9 62.4 0.0
3 .0 2.5 ¢C 0.0 280.6 283.1 17.6 0.0
1.00 0.1 C 0.0 404.0 404.1 61.8 0.0
4 .0 5.6 C 14,7 280.4 286.4 17.0 2.1
1.00 5.6 C 15.5 407.3 413.2 62.4 2.4
5 .0 5.6 C 0.0 21.7 27.3 3.6 0.0
1.00 5.6 C 0.0 1.9 7.5 3.6 0.0
4 1l .0 0.0 T 0.0 405.6 405.6 125.0 0.0
| 1.00 0.0 7 0.0 7.1 7.1 65.4 0.0
| 2 .0 0.0 0.0 405.6 405.6 125.0 0.0
| 1.00 0.0 0.0 7.1 7.1 65.4 0.0
| 3 .0 4.2 C 0.0 405.6 409.8 125.0 0.0
| 1.00 2.2 C 0.0 7.1 9.3 65.4 0.0
‘ 4 .0 0.0T 22.7 405.6 406,.2 125.0 7.0
1.00 0.0 T 0.4 7.1 7.1 65.4 3.7
5 .0 0.0 0.0 0.0 0.0 0.0 0.0
1.00 0.0 0.0 0.0 0.0 6.0 0.0
5 1 .0 0.0 C 0.0 7.1 7.1 14.2 0.9
1.00 0.0 C 0.0 0.0 G.0 6.0 0.0
2 .0 0.0 7 0.0 7.1 7.1 14.2 0.0
1.00 c.c T 0.0 0.0 0.0 0.0 0.0
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B-9 BEAM TUBE MANIFOLD SUPPORT ~= PAGE NO. 16
ID: Process Systens Internatio

MEMBER STRESSES

TL UNITS ARE POUN/SQ INCH

MEMB LD SECT AXTAL BEND-Y BEND-2Z COMBINED SHEAR-Y SHEAR-Z
3 .0 0.5 C 0.0 7.1 7.6 14.2 0.0

1.00 0.0¢C 0.0 0.0 0.0 0.0 0.0

4 .0 0.0 C 0.4 7.1 7.1 14.2 0.8

1.00 0.0 C 0.0 0.0 0.0 0.0 0.0

5 .0 0.0 C 0.0 0.0 0.0 0.0 0.0

1.00 0.0 C 0.0 0.0 0.0 0.0 0.0

6 1 .0 6.8 C 0.1 2945.6 2952.5 362.1 0.0
1.00 6.8 C 0.0 131.6 138.4 362.1 0.0

2 .0 7.0 C 270.3 3044.5 3321.8 374.2 31.9

1.00 7.0 C 1.2 136.0 l144.2 374.2 31.9

3 .0 7.1 ¢C 272.9 3062.0 3341.9 376.4 32.3

1.00 7.1 C 1.2 136.8 145.1 376.4 32.3

4 .0 6.3 T 268.4 3057.8 3332.5 353.5 31.8

1.00 6.3 T 2.3 54.1 62.6 353.5 31.8

5 .0 0.2 ¢C 270.2 98.9 369.3 12.2 3l.9

1.00 0.2 ¢C 1.2 4.4 5.8 12.2 31.9

7 1l .0 12.7 C 11.0 5295.9 5319.5 652.5 0.0
1.00 12.7 C 10.9 249.5 273.0 652.5 0.0

2 .0 12.4 C 279.6 5197.8 548%.8 640.4 31.9

1.00 12.4 C 8.2 244.3 264.9 640.4 31.9

3 .0 12.4 C 197.8 5179.4 5389.6 638.2 24.8

1.00 12.4 C 12.6 244.4 269.5 638.2 24.8

4 .0 4.8 T 443.2 5184.4 5632.4 610.7 52.9

1.00 4.8 T 6.7 5.7 17.2 610.7 52.9

5 .0 0.3 T 268.4 298.1 366.8 12.2 31.9

1.00 0.3 T 2.7 5.2 8.2 2.2 31.9

8 1l .0 6.8 C 0.1 2945.6 2952.5 362.1 0.0
1.00 6.8 C 0.0 131.6 138.4 362.1 0.0

2 .0 7.0 C 270.3 3044.5 3321.8 374.2 32.0

1.00 7.0 C 1.2 136.0 144.2 374.2 32.0

3 .0 7.1 C 272.9 3062.0 3341.9 376.4 32.3

1.00 7.1 C 1.2 136.8 145.0 376.4 32.3

4 .0 20.4 C 272.2 3031.1 3323.6 395.0 32.0

1.00 20.4 C 0.1 326.0 346.5 395.0 32.0

5 .0 0.2 C 270.2 98.9 369.3 12.2 31.9

1.00 0.2 C 1.2 4.4 5.8 12.2 31.9

9 1 .0 12.7 C 11.0 5295.9 5319.5 652.5 0.0
1.00 12.7 C 10.9 249.5 273.0 652.5 0.0

2 .0 12.4 C 279.6 5197.8 5489.8 640.4 31.9
1.00 12.4 C 8.2 244.3 264.9 640.4 31.9

3 .0 12.4 C l197.8 5179.4 5389.6 638.2 24.8

1.00 12.4 ¢ 12.6 244.4 269.4 638.2 24.8

4 .0 29.5 ¢ 116.1 5211.1 5356.8 670.0 11.0

1.00 29.5 C 23.0 482.9 535.4 670.0 11.0

5 .0 0.3 T 268.4 98.1 366.8 12.2 31.9

1.00 0.3 7T 2.7 5.2 8.2 12.2 31.9
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B-9 BEAM TUBE MANIFOLD SUPPORT

MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

MEMB

10

11

12

13

14

LD SECT
1 .0
1.00

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

5 .0
1.00

1 .0
1.00

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

5 '0
1.00

1 .0
1.00

2 .0
1.00

AXTAL

896.3
896.3
926.3
926.3
931.7
931.7
874.9
874.9

30.1

30.1

896.3
896.3
926.3
926.3
931.7
931.7
977.8
977.8

30.1

30.1

l6l5.2
1615.2
1585.1
1585.1
1879.7
1579.7
1511.7
1511.7

30.1

30.1

1614.8
1614.8
1655.9
1655.9
1523.9
1523.9
1629.5
1629.5

41.1

41.1

l6l15.2
1615.2
1585.1
1585.1

QOO0 QOO0 0 SEAP0000c000n aOaaaoOonNan ONoaaQAnNaoann

BEND-Y

[+~ - ] ® o

L& %] (o] 1))

\D ~J 0o <
OO WOoOQoONO RNOLEOWOODOND

MO~NO-JOoOWVOHD

o o
o O
o O

&
(2]
&)

® s B 4 & ¥ ® & ® »

DO ONOWVWOMD

RN
1=

= =]

431.6
674.1
225.2
631.9
678.3
1154.1
359.7
744.8

=

oI
= O
L]

* ® 4 = = s ® »

= WOV COOND

-)
=
.
FPadd FPOOORFROMNMOOO

o (8]
~ W ~ \D (=) w
o

BEND-2

756.8
1533.1
782.2
1584.6
786.7
1593.7
1477.2
630.1
25.4
51.5

756.8
1533.1
782.2
1584.6
786.7
1593.7
3041.5
3799.4
25.4
51.5

2360.2
2907.4
2311.8
2847.1
2311.9
2848.5
272.6
66.8
48.4
60.4

1304.8
2125.3
1282.8
2090.0
1274.3
2075.3
1427.6
148.4
21.9
35.3

2360.2
2907.4
2311.8
2847.1

COMBINED

1653.0
2431.8
1708.5
11111.9
1718.3
11209.1
2352.1
10079.7
55.5
8680.1

1653.0
2431.8
1708.5
11111.9
1718.3
11209.1
4019.3
13404.3
55.5
8680.1

4047.0
4594.0
4328.5
5106.2
4116.9
5060.2
2462.6
2732.6

438.1

835.3

2919.5
3784.0
2938.8
3888.1
2798.3
3637.3
3057.2
1986.7
63.0
174.5

4047.0
4593.9
4328.5
5106.2

-—- PAGE NO.

SHEAR-Y SHEAR-Z
42.5 0.1
42.5 0.1
44.0 319.5
44.0 319.5
44,2 322.5
44.2 322.5
39.1 318.5
39.1 318.5

1.4 319.4
l.4 319.4
42.5 0.1
42.5 0.1
44.0 319.5
44.0 319.5
44.2 322.5
44.2 322.5
127.0 320.4
127.0 320.4
1.4 319.4
1.4 319.4
79.0 0.1
792.0 0.1
77.3 319.4
77.3 319.4
77.5 247.6
77.5 247.6
29.7 529.3
29.7 529.3
1.7 319.1
1.7 319.1
73.1 1.9
73.1 1.9
71.9 6.1
71.9 6.1
71.4 1.6
71.4 l.6
27.3 8.9
27.3 8.9
1.2 4.2
1.2 4.2
79.0 0.1
79.0 0.1
77.3 319.4
77.3 319.4
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'~ B-9 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 18
ID: Process Systems Internatio

MEMBER STRESSES

————— — - ——

TLL UNITS ARE POUN/SQ INCH

-+EMB LD SECT AXIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-~Z
3 .0 1579.8 C 225.4 2311.9 4117.0 77.5 247.7

1.00 157¢2.8 C 632.0 2848.5 5060.3 77.5 247.7

4 .0 l658.4 C 185.0 4351.0 6194.4 184.4 109.5

1.00 1658.4 C 194.1 5627.3 7479.9 184.4 109.5

5 .0 30.1 7 359.7 48.4 438.2 1.7 319.1

1.00 30.1 7T 744 .8 60.4 835.3 1.7 319.1

15 1l .0 1614.8 C 0.0 1304.8 2919.5 73.1 1.9
1.00 1614.8 C 44.0 2125.3 3784.0 73.1 1.9

2 .0 1655.9 C 0.0 1282.8 2938.8 71.9 6.1

1.00 1655.9 C 142.2 2090.0 3g88.1 71.9 6.1

3 .0 1523.9 C 0.0 1274.3 2798.2 71.4 l.6

1.00 1523.9 C 38.1 2075.3 3637.3 71.4 1.6

4 .0 1682.3 C 0.0 3993.3 5675.6 171.0 3.2

1.00 1682.3 C 75.6 4031.5 5789.5 171.0 3.2

5 .0 41.1 C 0.0 21.9 63.0 1.2 4.2

1.00 41.1 C 98.1 35.3 174.5 1.2 4.2

16 1 .0 0.1 T 251.1 77.6 328.8 0.8 17.8
1.00 0.1 T 396.1 18.5 414.7 0.8 17.8

2 .0 107.3 T 232.0 1.1 340.4 2.7 16.3

1.00 107.3 T 359.7 193.0 660.0 2.7 16.3

3 .0 83.2 C 256.7 139.4 479.3 3.6 18.4

1.00 83.2 ¢C 410.0 124.8 618.0 3.6 18.4

4 .0 177.8 T 299.2 58.3 535.3 5.1 7.4

1.00 177.8 T 30.9 313.0 521.8 5.1 7.4

5 .0 107.1 T 19.0 78.6 204.7 3.5 1.5

1.00 107.1 T 36.4 174.3 317.8 3.5 1.5

17 1 .0 0.1 T 251.1 77.6 328.8 0.8 17.8
1.00 0.1 T 396.1 18.5 414.7 0.8 17.8

2 .0 107.3 T 232.0 1.1 340.4 2.7 16.3

1.00 107.2 T 359.7 193.0 660.0 2.7 16.3

3 .0 83.2 C 256.7 139.4 479.3 3.6 18.4

1.00 83.2 C 410.0 124.8 618.0 3.6 18.4

4 .0 36.7 T 763.3 56.2 856.2 0.2 40,0

1.00 36.7 T 688.5 72.9 798.2 0.2 40.0

5 .0 107.1 T 19.0 78.6 204.7 3.5 1.5

1.00 107.1 T 36.4 174.3 317.8 3.5 1.5

khkkhkkkkkkkkkk END OF LATEST ANALYSIS RESULT #kkkkkkkdkhhkhk

77. CODE AISC

78. FYLD 45999.969 MEMB 10 TO 17
79. WSTR 21000. MEMB 10 TO 17
80. WMIN C.188 MEMB 10 TO 17

|
|
\
i 76 . PARAMETER
|
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B-9 BEAM TUBE MANIFOLD SUPPORT == PAGE NO. 19
ID: Process Systems Internatio

8l1. ¢CB 1. MEMB 10 TO 17

82. CMY 1. MEMB 10 TQO 17

3. MAIN 0. MEMB 10 TO 17

84. RATIO 1, MEMB 10 TO 17

85. CHECK CODE MEME 10 TO 17

Revision No, 0
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B-9 BEAM TUBE MANIFOLD SUPPORT

STAAD-III CODE CHECKING - (AISC)

Yekkdhkdkkkkdhkhkhdhhkhdhkdkhd

ALL UNITS ARE - POUN INCH (UNLESS OTHERWISE NOTED)

== PAGE NO. 20

ID: Process Systems Internatio

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION
10 ST TUB 40203 PASS ATISC- H1~3 0.428 3
1881.96 C -11288.84 3107.73 70.00
11 ST TUB 40203 PASS AISC- H1-3 0.508 4
1975.16 C =-11215.28 -7408.74 70.00
12 ST TUB 40203 PASS AISC- H1-3 c.187 2
3201.84 C 876.29 5551.77 9.00
13 ST TUB 40203 PASS ATSC~ H1-3 0.169 2
3344.98 C -184.84 4075.42 61.00
14 ST TUB 40203 PASS AISC- H1-3 0.273 4
3350.06 C 252.39 -10973.18 9.00
15 ST TUB 40203 PASS AISC- H1-3 0.239 4
3398.28 C -98.30 -7861.49 61.00
16 ST TUB 40203 PASS AISC- H1-3 0.027 3
167.99 C -532.99 243.41 94.37
17 ST TUB 40203 PASS AISC- H2-1 0.031 4
74.19 T 992.23 1092.56 ¢.00
86. SELECT WELD MEMB 10 TO 17
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B-9 BEAM TUBE MANIFOLD SUPPORT

21

ID: Process Systems Internatio

STAAD-III WELD DESIGN
kkkhkhkhkhhhhkhhhkhhkhx

ALL UNITS ARE - INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

‘10 S5TA 1 3/16 1939.84
4 85.93 33.67 1937.65

10 END 1 3/16 8530.72
3 79.79 33.53 £530.28

11 STA 1 3/16 3252.15
4 72.13 85.16 3250.24

11 END 1 3/16 10250.68
4 72.13 85.16 10250.07

12 STA 1 3/16 3550.00
2 126.00 79.05 3546.88

12 END 1 3/16 4147.15
2 126.00 79.05 4144.49

13 STA 1 3/16 2576.60
4 2.33 18.35 2576.53

13 END 1 3/16 3223.01
2 19.33 56.91 3222.45

14 STA 1 3/16 5027.27
4 179.24 200.35 5020.07

14 END 1 3/16 6028.41
4 179.24 200.35 6022.41

15 STA 1 3/1¢6 4627.18
4 37.03 132.17 4625.14

15 END 1 3/16 4713.11
4 37.03 132.17 4711.11

16 57A 1 3/16 438.24
4 85.65 45.41 427.38

16 END 1 3/16 517.60
2 54.23 27.09 514.04

17 STA 1 3/16 644.37
4 26.10 8.76 643.78

17 END 1 3/16 601.94
4 26.10 8.76 601.31
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B-9 BEAM TUBE MANIFOLD SUPPORT ~= PAGE NO. 22
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STAAD-II1I WELD DESIGN
Fhkhkkhhhkkhkhkkkkhdkkhkhkhkk

ALL UNITS ARE - INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

*kkkkkhkihkkkdkkkkk® END OF TABULATED WELD DESIGN *%kkkkkhkkkihkkdkhhkd

87. LOAD LIST ALL
88. FINISH

hkdkkkkkkhhkhhkdd END OF STAAD-IIT *kkkdkkhdhhkdhrs

**** DATE= APR 8,1996 TIME= 10: 6:58 *%%%

hkkkkdkkhkhhhhhhhkhkhkhkdhhkhhrhkdhhhhhkhhkhkdkhhkhdtdhhkktdrbhhdhhkid

* For questions on STAAD-III, contact: *
* Research Engineers, Inc at *
* Ph: (714) 974-2500 Fax: (714) 921-~2543 *

khkkkkhkhkhkhhkhkdhkbdhkhhkrhhhdtrdhtdhkdddhhhdhdrtrrhrrrhhhhbhhhdhk
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-095

WESTBOROQUGH, MA CALCULATIONS PAGE 1 OF 40
REV. |DEQ# | DATE |BY: CHECK | TITLE:
0 (3T |4/8406 | WDk |AGE Desien of Generic Sunnort Scheme for:
! Beam Tuhe Manifold B-6 & B-7
BY: W Bilvnsky | DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROIJECT NO: V59049

PURPOSE..

The purpose of this calculation is to design a generic support for B-6/B-7 Beam Tube Manifolds
(BTM). The design of BTM B-6/B-7 is governed by the gate valve’s vacuum load which occurs during
system regeneration.

METHOD:

A STAAD model of BTM B-6/B-7 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
from the gate valves opening/closing. An additional unbalanced vacuum load occurs at the turbo pump
nozzle opening.

ASSUMPTIONS See Calculation

INPUTS:
Vessel weight = 1083.0 lbs, Flange weight =253.0 Ibs
Seismic Acceleration = 0,05625 g.
Vacuum Load @ Gate Valve = 29500.0 Ibs
Vacuum Load @ Turbo Pump = 1155.0 lhs
REFERENCES:
1. STAAD-III release 21, Research Engineers
2. ASD - AISC 9th edition
3. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria
CALCULATIONS:

V049-1- 058  Design of Spool B-6
V049-1- 059  Design of Spool B-7

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Design Criteria are met.

NOTES: STAAD-IIT Computer file: B6ZMNFOLD.*
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STRUCTURE DATA
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NY = 16
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NL = 8
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YHAX = 70.0
JZMAX= 57.@

Jzig H=1? UNIT INC POU

S TAAD POST-PULOT (REV: 21.0 )
USER ID:Process Systems International

DATE: APR 17, 19398
TITLE: B6 & B? MANIFOLD SUPPORT
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PAGE NO. 1
ID: Process Systems Internatio

khkkhhkhkkdkkhhdrb bk ki dhkkhhhhhhkhddidhhhkhhhhhdtidk

*
STAAD - III *
Revision 21.0 *
Proprietary Program of *
Research Engineers, Inc. *
Date= APR 17, 1996 *
Time= 10: 4:48 *

*

*

*

USER ID: Process Systems International

*
*
*
*
*
*
*
*
*
dkhkkhhkhkhkdhkkhkhhdhhkhkhhhkhkhkhhkhdkhkhkkkthhhhhhhkhhkhhhhdi®

STAAD SPACE B6 & B7 MANIFOLD SUPPORT

INPUT WIDTH 72

UNIT INCHES POUND

JOINT COORDINATES

1 0. 0. 0.; 2 20.00., 0.; 352,75 0. 0.; 4 63.375 0, 0.; 5 83,375 0. O.
6 20.0 0. -26.625; 7 20.0 -9. =26.625; 8 20.0 -70. =-26.625
9 20.0 0. 26.625; 10 20.0 -9. 26.625; 11 20.0 -70. 26.625
12 63.375 0. -26.625; 13 63.375 -70. =-26.625; 14 63.375 0., 26.625
15 63.375 -70. 26.625;300 52.75 0. -30.375

MEMBER INCIDENCES

112; 22 3; 33 4; 4465;526; 629; 7 412; 84 14; 9 7 6;10 8 7
11 10 9; 12 11 10; 13 13 12; 14 15 14; 15 7 13; 16 10 15;300 3 300
MEMBER PROPERTY AMER

9 TO 12 15 16 TABLE ST TUB40408

13 14 TABLE ST TUB40203

5 TO 8 TABLE ST TUB80805

1 TO 4 TABLE ST PIPE OD 48.75 ID 48.25

300 TABLE ST PIPE OD 10. ID 9.50

MEMBER RELEASE

9 11 13 14 END MX MYy MZ

CONSTANTS

E STEEL ALL

POISSON STEEL ALL

DENSITY STEEL ALL

BETA 90. MEMB 13 14

ALPHA 0.00000919 MEMB 1 TO 8

SUPPORTS

8 11 13 15 FIXED

LOAD 1 DEADWEIGHT

JOINT LOAD

1 5 FY =506,

* FLANGE WEIGHT = 2 @ 253 LBS.

300 FY -150.

* VALVE WEIGHT

MEMBER LOAD

1 TO 4 UNI Y -13.00

* UNIFORM 1083.#/83.375" = 13.0

LOAD 2 DW+TH

JOINT LOAD

1 5 FY -506.

300 FY =150,

Revision No. 0
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B6 & B7 MANIFOLD SUPPORT -~ PAGE NO. 2
ID: Process Systems Internatio

42, 300 FZ 1155.

43. % UNBALANCED VACUUM LOAD @ TURBO PMP

44. MEMBER LOAD

45, 1 TO 4 UNI ¥ -13.0

46. TEMPERATURE LOAD

47. 1 TO 8 300 TEMP 330.

48. LOAD 3 DW+VACUUM

49, JOINT LOAD

50. 1 FX 29500.

51. * FULL VACUUM LOAD @ GATE VALVE

52. 1 5 FY =-506.

53. 300 FY =150.

54, 300 FZ 1155.

55. * UNBALANCED VACUUM LOAD R TURBO PMP

56. MEMBER LOAD

57. 1 TO &4 UNI Y -13.0

58. LOAD 4 DW+TH+SEIS-AXIAL

59. JOINT LOAD

60. 1 5 FY -506.

61. 300 FY -1%0.

62. 1 5 FX 14.23

63. *# FLANGE WEIGHT X 0.05625

64. 300 FX 8.5

65. * VALVE WEIGHT X 0.05625

66. 300 FZ 1155.

67. * UNBALANCED VACUUM LOAD @ TURBOQ PMP

68. MEMBER LOAD

69. 1 TO 4 UNI ¥ -13.0

70. 1 TO 4 UNI X 0.73

71. * UNIFORM WEIGHT X 0.05625

72. TEMPERATURE LOAD

73. 1 TO 8 300 TEMP 330,

74. LOAD 5 DW+VACUUM+SEIS-AXIAL

75. JOINT LOAD

76. 1 FX 29500.

77. 1 & FY =-506.

78. 300 FY -150.

79. 1 5 FX 14.23

80. 300 FX 8.5

81. 300 FZ 1155.

82. * UNBALANCED VACUUM LOAD @ TURBO PMP

83. MEMBER LOAD

84, 1 TO 4 UNI Y =-13.0

85. 1 TO 4 UNI X 0.73

86. LOAD é DW+TH+SEIS-LAT

87. JOINT 1OAD

88. 1 5 FY =~502.

89. 300 FY =150.

90. 1 5 FZ 14.23

91. 300 FZ 8.5

92. 300 F2Z 1155.

93. * UNBALANCED VACUUM LOAD @ TURBO PMP

94. MEMBER LOAD

95. 1 TO 4 UNI ¥ -13.0

S6. 1 TO 4 UNI Z 0.73

97. TEMPERATURE LOAD

Revision No. 0
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Papge 9 of 40



B6 & B7 MANIFOLD SUPPORT

98. 1 TO 8 300 TEMP 330.
99, LOAD 7 DW+VACUUM+SEIS-LAT

100. JOINT I.OAD
101. 1 FX 29500.

02. 1 5 FY -502.

103. 300 FY -150.
104. 1 5 FZ 47.925
105, 300 FZ 8.5
106. 300 FZ 1155.
107. MEMBER LOAD

1
1
1
1
1
1

++
++
++
++

1

08. 1 TO 4 UNI ¥ -13.0

09. 1 TO 4 UNI Z 0.73

10. LOAD & THERMAL "BAKEOUT"
11. TEMPERATURE LOAD

12. 1 TO 8 300 TEMP 330.

13. PERFORM ANALYSIS

PROBLEM STATISTICS

ID: Process Systems Internatio

-= PAGE NO.

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 16/ 17/ 4
ORIGINAL/FINAL BAND-WIDTH = 13/ 4

TOTAL PRIMARY LOAD CASES = 8, TOTAL DEGREES OF FREEDOM = 72
SIZE OF STIFFNESS MATRIX = 2160 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.05/ 485.6 MB, EXMEM = 1.02 MB
PROCESSING ELEMENT STIFFNESS MATRIX. 10: 4:48
PROCESSING GLOBAL STIFFNESS MATRIX. 10: 4:48
PROCESSING TRIANGULAR FACTORIZATION. 10: 4:48
CALCULATING JOINT DISPLACEMENTS. 10: 4:48

- CALCULATING MEMBER FORCES. 10: 4:48

14. PRINT MATERIAL PROPERTIES ALL

Revision No. 0
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B6 & B7 MANIFOLD SUPPORT

MATERIAL PROPERTIES.

— ———— i —— —

ALL UNITS ARE -~ POUN INCH

MEMBER

E

29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0
29000000.0

G

11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0
11153846.0

DEN

0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.28299999
0.2829999°
0.28299999
0.28299999
0.28299999

-- PAGE NO.
ID: Process Systems Internatio

ALPHA

0.00000919
0.00000919
0.00000919
0.00000919
0.0000091%
0.00000919
0.00000919
0.00000919
0.00000000
0.00000000
0.00000000
©.00000000
0.00000000
€.00000000
0.00000000
0.00000000
0.00000000

*kkkkkkkkwxx END OF DATA FROM INTERNAL STORAGE *%#kkkikkikik

115. PRINT MEMBER INFORMATION ALL
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B6 & B7 MANIFOLD SUPPORT -= PAGE NO. 5
ID: Process Systems Internatio

MEMBER INFORMATION

A . A ———— T —— - —

MEMBER START END LENGTH BETA
JOINT  JOINT ( INCH) (DEG) RELEASES

1 1 2 20.000 0.00

2 2 3 32.750 0.00

3 3 4 10.625 0.00

4 4 5 20.000 0.00

5 2 6 26.625 0.00

6 2 g 26.625 0.00

7 4 12 26.625 0.00

8 4 14 26.625 0.00
9 7 6 9.000 0.00 000000000111

10 8 7 61.000 0.00
11 10 9 9.000 0.00 000000000111

12 11 10 61.000 0.00
13 13 12 70.000 90.00 000000000111
14 15 14 70.000 90.00 000000000111

15 7 13 74.849 0.00

16 10 15 74.849 0.00

300 3 300 30.375 0.00

*%kkkikkkdx* END OF DATA FROM INTERNAL STORAGE *#*%kskiksk

116. PRINT JOINT COORDINATES ALL
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B6 & B7 MANIFOLD SUPPORT -- PAGE NO. 6

ID: Process Systems Internatio

JOINT COORDINATES

A —————————

| ZOORDINATES ARE INCH UNIT

3 JOINT X Y Z
| 1 0.000 0.000 0.000
| 2 20.000 0.000 0.000
| 3 52.750 0.000 0.000
\ 4 63.375 0.000 0.000
5 83,375 0.000 0.000
6 20.000 0.000 -26.625
7 20.000 -9.000 -26.625
8 20.000 -70.000 ~26.625
9 20.000 0.000 26.625
10 20.000 -9.000 26.625
11 20.000 ~70.000 26.625
12 63.375 0.000 -26.625
13 63.375 -70.000 -26.625
14 63.375 0.000 26.625
15 63.375 -70.000 26.625
300 52.750 0.000 -30.375

JOINT FORCE~X/ FORCE-Y/ FORCE-Z/ MOM-X/ MOM-Y/ MOM-2/
KFX KFY KFZ EMX KMY KMZ
8 1 1 1 1 1 1
0.0 0.0 c.0 0.0 0.0 0.0
11 1 1 1 1l 1l 1
0.0 0.0 0.0 0.0 0.0 0.0
| 13 1 1 1 1 1 1
| 0.0 0.0 .0 0.0 0.0 0.0
| 15 1 1 1 1 1 1
‘ 0.0 0.0 0.0 0.0 0.0 0.0
Revision No. ¢

kkkkkkkkikxé END OF DATA FROM INTERNAL STORAGE ##kkkkkkkiks

117.

SUPPORT INFORMATION (1=FIXED,

PRINT SUPPORT INFORMATION ALL

0=RELEASED)

UNITS FOR SPRING CONSTANTS ARE POUN INCH DEGREES
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B6 & B7 MANIFOLD SUPPORT
~- PAGE NO.
ID: Process Systens Internatig

khkEkhkkikkkk
** END OF DATA FROM INTERNAL STORAGE #*%##%kkkkkdkdx

118. PRINT ANALYSIS RESULTS
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B6 & B7 MANIFOLD SUPPORT

JOINT DISPLACEMENT (INCH RADIANS)

—— i ——— -

ID: Process Systems Internatio

=~ PAGE NO.

STRUCTURE TYPE = SPACE

-INT LOAD X-TRANS ¥Y~TRANS Z-TRANS X-ROTAN Y-ROTAN Z=-ROTAN
1 1 -0.00030 -0.00155 0.00003 =0.00001 0.00000 =0.00001
2 -0.06132 -0.00159 0.08897 0.00000 =-0.00017 =-0.00001

3 0.12270 0.01048 0.08897 0.00000 ~=0.00017 -0.00020

4 -0.06091 <-0.00155 0.08893 0.00000 =-0.00017 =0.00001

5 0.12311 0.01052 0.08893 0.00000 -0.00017 =-0.00020

6 -0.06131 -0.00158 0.09666 0.00000 -~0.0001i8 <=0.00001

7 0.12271 0.01048 0.10197 0.00000 -0.00018 =0.00020

8 -0.06101 =0.00004 0.00000 0.00000 0.00000 0.00000

2 1 -0.00030 =0.00176 0.00001 ~0.00001 0.00000 -0.00001
2 -0.00066 -0.00178 0.09237 0.00000 -0.00017 =0.00001

3 0.12217 0.00647 0.09237 0.00000 =-0.00017 <=0.00020

4 -0.00025 -0.00175 0.09235 0.00000 =-0.00017 =0.00001

5 0.12258 0.00650 0.09236 0.00000 -0.00017 =0.00020

6 -0.00066 ~0.00178 0.10022 0.00000 =-0.00018 -0.00001

7 0.12217 0.00648 0.10565 0.00000 -0.00018 -0.00020

8 -0.00036 -0.,00002 0.00000 0.00000 0.00000 0.00000

3 1 =-0.00030 =-0.00222 -0.00002 =-0.00001 0.00000 =-0.000021
2 0.09866 -0.,00222 0.09808 0.00000 =0.00017 -0.00001

3 0.12217 -0.00020 0.09808 0.00000 -0.00017 ~-0.00020

4 0.09907 -0.,00222 0.09812 0.00000 =-0.00017 =-0.00001

5 0.12258 -0.00020 0.09812 0.00000 -0.00017 =~0.00020

6 0.09866 -0.00222 0.10623 0.00000 -0.00018 ~0.00001

7 0.12217 -=0.00019 0.11185 0.00000 =0.00019 -0.00020

8 0.09896 =0.00001 0.00000 0.00000 0.00000 0.00000

4 1 -0.00030 -0.00236 -0.00004 -0.00001 0.00000 -0.00001
2 0.13088 -0.00236 0.09989 0.00000 -0.00017 -0.00001

3 0.12217 -0.00236 0.09989 0.00000 -0.00017 =0.00020

4 0.13129 -0.00236 0.09994 0.00000 ~-0.00017 <=0.00001

5 0.12258 -=0,00236 0.09994 0.00000 =-0.00017 =-0.00020

6 0.13088 -0.00235 0.10814 0.00000 =-0.00018 =-0.00001

7 0.12217 -0.,00235 0.11381 0.00000 ~0.00019 -0.00020

8 0.13118 0.00000 0.00000 0.00000 0.00000 0.00000

5 1 -0.00030 =-0.00270 -0.00005 -0.00001 0.00000 =0.00001
2 0.19153 -0.00269 0.10331 0.00000 =-0.00017 =0.00001

3 0.12217 -0.00650 0.10331 0.00000 =-0.00017 =-0.00020

4 0.19194 -0.00270 0.10339 0.00000 -0.00017 =0.00001

5 0.12258 -0.00651 0.10339 0.00000 ~0.00017 =-0.00021

6 0.19153 =0.00268 0.11174 0.00000 -0.00018 -0.00001

7 0.12217 =0.00649 0.11753 0.00000 =0,00019 -0.00020

8 0.19184 0.00001 0.00000 0.00000 0.00000 0.00000

6 1 ~0.00033 -0.00022 0.00001 0.00007 0.00000 -0.00001
2 0.00241 0.00005 0.01161 0.00009 =-0.00010 -0.00001

2 0.08299 0.00830 0.09232 0.00009 0.00188 ~0.00020

4 0.00270 0.00007 0.01160 0.00009 =0.00010 =-0.00001

5 0.08328 0.00833 0.09231 0.00009 0.00189 -0.00020

6 0.00256 0.00006 0.01947 0.00009 =-0.00011 -0.00001

7 0.08324 0.00833 0.10559 0.00009 0.00187 =0.00020

8 -0.00024 <0.00002 =0.08070 0.00000 -0.00001 0.00000

8
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Bé & B7 MANIFOLD SUPPORT

JOINT DISPLACEMENT (INCH RADIANS)

——— g . ——— " T ——

INT LOAD

10

11

12

PN LWNFONOANEWUNFONNONEWUNEFREPONNOOAWNNRPONONBLWNNROSIOM W N

X-TRANS

-0.00027
0.00082
0.03331
0.00094
0.03343
0.00089
0.03342

-0.00009
0.00000
0.00000
¢.00000
0.00000
0.00000
0.00000
0.00000
0.00000

-0.00028

-0.00349
0.07709

-0.0032¢4
0.07733

-0.00364
0.07684

=0.00024

-0.00023

=-0.00151
0.03098

-0.00141
0.03107

-0.00157
0.03088

-0.00009
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

-0.00033
0.13530
0.12660
0.13575
0.12705
0.13554
0.12700
0.13106

¥Y-TRANS

~-0.00019
0.00008
0.00833
0.00011
0.00836
0.00009
0.00826
=0.00002
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00019
-0.00050
0.00775
=0.00048
0.00778
~0.00052
0.00773
=-0.00002
-0.,00016
=0.00048
0.00778
-0.00046
0.00780
~0.00050
0.00775
-0.00002
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00074
~0.00069
-0.00069
-0.00069
-0.00069
~0.00069
=0.00069
0.00000

Z-TRANS

0.00001
0.00946
0.07518
0.00945
0.07517
0.01585
0.08599
=-0.06572
0.00000
0.00000
0.00000
0.00000
0.00000
¢.00000
©.00000
0.00000
0.00001
0.17302
0.09232
0.17301
0.09231
0.18088
0.10559
0.08070
0.00001
0.14090
0.07518
0.14089
0.07517
0.14729
0.08599
0.06572
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00004
0.01914
0.09988
0.01919
0.09993
0.02739
0.11380
-0.08074

STRUCTURE TYPE

X-ROTAN

0.00000
0.00023
0.00186
0.00023
0.00186
0.00039
0.00212
-0.00162
0.00000
0.00000
0.00000
0.C0000
0.00000
¢.00000
0.00000
0.00000
=0.00007
=0.00006
=0.00006
-0.00006
-0.00006
-0.00006
-0.00006
0.00000
0.00000
0.00348
0.00186
0.00348
0.00186
0.00364
0.00212
0.00162
0.00000
0.00000
0.00000
0.00000
c.00000
0.00000
0.00000
0.00000
0.00008
0.00008
0.00008
0.00008
0.00008
0.00008
0.00008
0.00000

-= PAGE NO.
ID: Process Systems Internatio

= SPACE

¥Y=-ROTAN

0.00000
0.00003
0.00022
0.00003
0.00022
0.00005
0.00025
-0.00019
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
=0.00009
-0.00207
-0.00010
=-0.00208
-0.00010
-0.00208
0.00001
0.00000
0.00041
0.00022
0.00041
0.00022
0.00042
0.00025
0.00019
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
-0.00017
-0.00017
~0.00017
-0.00017
-0.00017
-0.00018
0.00001

Z-ROTAN

0.00001
-0.00013
-0.00402
-0.00014
=0.00404
-0.00013
-0.00403

0.00001

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

6.00000

0.00000
-0.00001
=0.00001
=-0.00020
=0,00001
-0.,00020
-0.00001
-0.00020

0.00000

0.00001

0.00016
-0.00373

0.00015
-0.00375

0.00017
-0.00372

0.00001

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000
=-0.00001
=0.00001
-0.00020
-0.00001
-0.00020
-0.00001
-0.00020

0.00000
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-— PAGE NO. 10
ID: Process Systems Internatio

B6 & B7 MANIFOLD SUPPORT

STRUCTURE TYPE = SPACE

JOINT DISPLACEMENT (INCH RADIANS)

— T — W A S W -

+INT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y=ROTAN Z-ROTAN
13 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.0000C0
7 0.00000 0.00000 £.00000 0.60000 0.00000 0.00000
8 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
14 1 -0.00028 -0.00065 -0.00004 -0.00008 0.00000 =-0.00001
2 0.12¢21 -=0.,00070 0.18061 -0.00008 -0.00018 =0.00001
3 0.11750 -0.00070 0.09988 -0.00008  -0.00018 <-0.00020
4 0.12657 =0.00070 0.18067 =0.00008 <~0.00018 -0.00001
5 0.11787 -=0.00070 0.09993 -0.00008 =0.00018 -0.00020
6 0.12597 -0.00070 0.18886 -0.00008 -0.00019 -0.00001
7 0.1171F% -0.00070 0.11380 -0.00008 =0.00012 -0.00020
8 0.13106 0.00000 0.08074 0.00000 -0.00001 0.00000
15 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
5 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
6 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
7 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
8 C.00000 0.00000 0.00000 0.00000 0.00000 0.00000
300 1 -0.00033 -0.00302 =~0.00002 <-0.00003 0.00000 =0.00001
2 0.10385 ~0.00284 0.09824 -0.00003 -0.00017 =~0.00001
3 0.12736 =0.00081 0.09824 =~0.00003 <-0.00017 =-0.000620
4 0.10434 =0.00283 0.09827 -0.00003 =-0.00017 -0.00001
5 0.12785 -0.00080 0.09827 -0.00003 -0.00017 =0.00020
6 0.10412 -0.00282 0.10639 -0.00003 =0.00018 =-0.00001
7 0.12781 -0.0007% 0.11201 -0.00003 -0.00019 -0.00020
B 0.098%96 -0.00001 0.00000 0.00000 0.00000 0.00000
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B6é & B7 MANIFOLD SUPPORT

11

13

15

LOAD

NowmeswnKE

OO WOFRFONNOBWNEFEONGObLNDE®

== PAGE NO.
ID: Process Systems Internatio

11

SUPPORT REACTIONS -UNIT POUN INCH STRUCTURE TYPE = SPACE
FORCE-X FORCE-Y FORCE-Z MOM-X MOM~-Y MOM Z
1.27 585.53 -0.02 -1.53 -0.06 -77.30
55.73 -229.13 -42.82 =2672.73 =108.59 =960.49
1642.93 -25192.56 -340.41 =-21245.50 -863.22 -26588.51
61.51 -319.64 -42.78 -2670.19 -108.49 -1053.82
1648.69 -25282.78 -340.37 =-21243.12 ~-863.12 —26681.54 « it39,
58.77 -276.85 -71.79 =4480.46 -182.04 =1009.60
1647.94 -25269.92 -389.36 -24300.29 =987.34 ~26669.61.e 7720,
-4.63 72.86 297.58 18572.61 754.62 74.80
1.06 492.85 -0.02 -1.53 -0.06 -64 .86
-62.68 1453.54 -638.00 -39818.12 -1617.84 g968.25
1524.52 -23509.91 -340.41 -21245.51 -863.22 -24659.79
-57.93 1378.44 -637.95 ~39815.58 -~1617.73 891.55
1529.25 =-23584.76 -340.37 =-21243.13 -863.12 =-24736.22
-65.73 1497.34 -666,96 -41625.85 -1691.28 1017.94
1519.50 -23436.52 =389.36 -24300.28 -987.34 -24578.164— \\5&42=T
-4 .64 72.92 -297.59 -18572.77 -754.62 74.87
-1.33 622.97 0.02 1.53 -0.37 -71.20
~605.68 1437.63 -36.30 -2866.19 -648.22 2204.50
-16942.98 26401.06 -237.09 -19179.50 -5152.73 -22448.73
-665.31 1528.14 -36.34 -2868.44 -647.61 2125.78
-17002.42 2649]1.28 -237.13 -19181.88 =5152.15 =-22527.20
-637.06 1481.35 -56.23 =-4480.98 -1086.66 2163.14
-16994 .71 26474.43 -270.75 -21907.20 =5893.61 =-22517.02
4,65 -72.86 200.78 16313.16 4504.46 3083.94
-1.01 544.52 0.02 1.53 -0.37 -59.76
612.86 -416.16 -437.87 -35492.68 -9657.19 3832.68
-15724.46 24%47.28 -237.09 =~19179.50 =5152.73 =-20820.57
563.81 -341.06 -437.91 -35494,93 -9656.58 3767.97
-15773.35 24622.14 -237.13 -19181.88 -5152.15 ~20885.06
644.28 -463.96 ~457.80 -37107.48 -10095.63 3874.58
-15672.73 24469.89 ~270.75 -21907.20 -~%893.61 -20751.79
4.70 -72.92 -200.79 -16313.33 =-4504.50 3084.00
Revision No. 0
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-

MEMBER END FORCES

B6 & B7 MANIFOLD SUPPORT

. ——— . —— - -

ALL UNITS ARE -~ POUN INCH

MEMBER LOAD JT

o 9 o ;e W

Wl WE Wb Wb W WNNWMNWNWR WD W WHN W NMEEMEMDRENEFENRNMRENDREND R

AXTAL

0.00

0.00
=0.49
0.49
29499.69
-29499.69
13.867
-28.32
29514.36
-29528.96
-0.73
0.73
29499.56
-29499.56
0.24
-0.24

-0.20
0.20
85.45
-85.45
80.06
-80.06
16.60
=40.53
11.18
-35.09%
85.69
-85.69
80.19
=80.19
86.43
-86.43

-0.20
0.20
85.94
-85.94
80.76
-80.76
50.05
-57.86
43.75
-51.50

SHEAR-Y

=-506.00
766.00
=506.00
766.00
=505.99
765.99
=-506.00
766.00
~506.00
766.00
-502.00
762.00
-502.00
762.00
0.00
0.00

318.68
107.07
318.68
107.07
318.68
107.07
318.68
107.07
318.68
107.07
318.68
107.07
318.68
107.07

0.00

0.00

=257.06
395.19
-257.06
395.19
-257.07
395.19
~257.07
395.20
=-257.07
395.19

STRUCTURE TYPE = SPACE

SHEAR-Z

0.00
0.00
-0.12
0.12
0.09
-0-09
-0.05
0.05
0.00
0.00
14.06
-28.66
48,01
-62.61
0.01
-0.01

-0.07
0.07
-958.26
558.26
~958.18
$58.18
-958.16
958.16
-958.13
958.13
-1010,95
987.04
-1033.47
1009.57
=-0.02
0.02

-0.07
0.07
196.52
-196.52
196.52
-196.52
196.54
-196.54
197.05
=-197.05

TORSION

0.00
0.00
0.00
.00
0.00
0.00
0.01
-0.01
0.00
0.00
0.01
-0.01
0.00
0.00
0.00
0.00

2487.18
-2487.18
4653.06
-4653.06
4653.04
~4653.04
4671.85
-4671.85
4671.78
-4671.78
4764.70
-4764.70
4836.97
-4836.97
0.08
-0.08

-2069.07
2069.07
926.81
-96.81
96.78
~96.78
115.62
-115.62
115.54
-115.54

-— PAGE NO. 12
ID: Process Systems Internatio

MOM-Y

0.00
0.00
2.24
-0.17
~0.99
-0.74
1.30
-0.22
-0.38
0.58
2.47
-429.30
-1.05
-1104.61
-0.17
~0.05

3.44
-1.18
29210.48
2170.00
29210.90
2169.66
29464.64
1913.43
29463.92
1913.49
31147.01
1569.09
32795.07
659.26
0.73
0.07

1.18
~0.44
-2168.35
81.84
-2168.57
79.74
-2169.55
78.95
-2170.61
75.42

MOM-2

-0.01
=12720.00
0.03
=12720.02
-0.26
~12719.67
0.02
-12720.01
0.19
~12719.91
-0.02
-12639.99
0.09
-12639.99
=-0.01
0.00

12720.03
~-9254.86
12719.98
-9254.85
12720.25
~9255.04
12720.00
-9254.84
12719.96
-9254.80
12640.02
-9174.85
12639.85
-9174.85

0.00

0.01

9254.,.93
-12719.99
9254.94
=12719.98
9254.42
=12719.92
9254.86
=-12720.00
9254.84
-12720.22
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==~ PAGE NO. 13
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B6 & B7 MANIFOLD SUPPORT

MEMBER END FORCES STRUCTURE TYPE = SPACE
ALL UNITS ARE -- POUN INCH
MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-2
6 3 85.94 -257.07 176.32 208.45 =1567.45 9174.86
4 -85.94 395.19 =184.07 -208.45 =346.29 -12639.94
7 3 81.75 =257.07 153.93 280.72 -659.24 9174.43
4 -81.75 395.19 -161.69 -280.72 ~1017.70 =12639.70
8 3 87.40 0.00 -0.02 0.08 -0.44 =0.02
4 ~87.40 0.00 0.02 -0.08 0.61 0.02
4 1 4 0.00 766.00 0.00 -0.01 0.00 12720.01
5 0.00 -506.00 0.00 0.01 0.00 0.01
2 4 0.00 766.01 -0.04 0.01 ~0.45 12720.08
5 0.00 -506.01 0.04 ~0.01 0.46 0.06
3 4 0.24 766.01 0.07 0.01 ~-2.73 12720.11
5 ~0.34 =-506.01 -0.07 -0.01 0.37 0.03
4 4 -29.30 765.99 -0.19 0.01 =0.09 12719.92
5 14.65 -505.99 0.19 -0.01 2.99 -0.04
5 4 -28.13 766.00 -0.02 0.00 1.49 12719.89
5 13.53 -506.00 0.02 0.00 0.31 0.06
6 4 =-0.73 762.00 -28.93 -0.01 429.84 12639.96
5 0.73 =-502.00 14.33 0.01 0.87 0.06
7 4 1.45 762.00 -62.42 0.01 1103.52 12640.13
5 -1.45 -502.00 47.82 =0.01 -1.20 =0.10
8 4 0.98 0.00 -0.02 0.00 -0.03 0.02
5 -0.98 0.00 0.02 0.00 0.32 =-0.01
5 1l 2 -0.03 -589.05 0.16 0.00 —~4.36 +-15683.40
6 0.03 589.05 =-0.16 0.00 0.00 0.00
2 2 -60.24 -629.72 505.52 0.00 -13459.46 -16766.34
6 60.24 €29.72 -=505.52 0.00 0.00 0.00
3 2 -479,15 ~629.72 15258.50 0.00-406257.41 -16766.33
6 479.15 629.72-15258.50 0.00 -0.08 0.00
4 2 -60.24 -630.07 559,22 0.00 -14889.25 =16775.74
6 60.24 630.07 -559.22 0.00 0.00 0.00
5 2 -479.05 -630.07 15312.01 0.00~407682.31 -16775.638
6 479.05 630.07-15312.01 0.00 -0.04 0.01
6 2 ~101.07 -629.82 533.78 0.00 -14211.90 -16768.91
6 101.07 629.82 -533.78 0.00 0.00 0.00
7 2 ~547.96 -631.17 15305.07 0.00-407497.50 -16805.03
6 547.96 631.17-15305.07 0.00 -0.05 0.01
8 2 418.82 0.00 =43.06 0.00 1146.41 -0.05
6 -418.82 0.00 43.06 0.00 0.00 0.00
6 1 2 0.03 -495.63 -0.03 0.00 0.92 =13196.22
9 -0.03 495,63 0.03 0.00 0.00 0.00
2 2 897.89 -454.,96 591.62 0.00 -15751.92 -12113.28
9 -897.89 454.96 =591.62 0.00 -0.07 0.00
3 2 479.07 -454.96-14161.36 0.00 377046.19 -12113.30
9 -479.07 454.96 14161.36 0.00 0.02 =-0.01

Revisi‘on No. 0
Doc. No. V049-1-093
Page 20 of 40




-= PAGE NO, 14
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B6 & B7 MANIFOLD SUPPORT

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT AXTAL SHEAR-Y SHEAR-Z TORSION MOM=-Y MOM-2
4 2 897.89 -454.61 547.46 0.00 -14575.96 =12103.89
9 -897.89 454.61 =-547.46 0.00 -0.16 0.00

5 2 479.13 -454.61-14205.39 0.00 378218.41 -12103.%1
9 =479.13 454 .61 14205.39 0.00 0.02 0.01

6 2 938.72 -450.86 619.93 0.00 ~16505.48 =-12004.21
9 -938.72 450.86 -619.93 0.00 -0.24 0.00

7 2 548.04 ~-449.50-14114.79 0.00 375806.13 =~11968.08
9 -548.04 449.50 14114.79 0.00 0.11 0.01

8 2 418.82 0.00 43.08 .00 -1147.10 0.03
9 ~418.82 0.00 -43.08 0.00 0.04 0.00

7 1 4 0.03 =619.45 =-0.11 0.00 2.87 -1649%2.93
, 12 -0.03 619.45 0.11 0.00 0.00 0.00
2 4 ~18.86 -578.78 44.43 0.00 -1182.91 -15409.99
12 18.86 578.78 -44.43 0.00 0.06 0.00

3 4 -98.34 -578.78 41.57 0.00 ~1106.93 -15410.00
12 98.34 578.78 -41.57 0.00 : 0.01 0.00

4 4 -18.92 -578.43 44 .57 0.00 -1186.80 =15400.59
12 1g.92 578.43 -44.57 0.00 0.11 0.00

5 4 -98.43 -578.43 41.72 0.00 -1110.78 =-15400.62
12 98.43 578.43 -41.72 0.00 0.07 0.00

6 4 =27.04 -574.68 44.50 0.00 =1185,06 =15300.91
12 27.04 574.68 -44.50 0.00 0.01 0.00

7 4 -112.10 -573.33 41.70 0.00 -1110.19 -15264.79
12 112.10 573.33 =-41.70 0.00 0.14 0.00

8 4 79.47 0.00 43.02 0.00 =1145.78 0.03
12 -79.47 0.00 -43.02 0.00 0.04 0.00

8 1 4 -0.03 -541.74 0.09 0.00 —-2.42 =-14423.86
14 ¢.03 541.74 -0.09 0.00 0.00 0.00

2 4 177.98 =582.41 -41.46 0.00 1103.70 =-15506.79
14 -177.98 582.41 41.46 0.00 0.26 0.01

3 4 98.49 -582.41 -38.59 0.00 1027.36 =15506.77
14 -98.49 582.41 38.59 0.00 0.08 c.01

4 4 177.98 -582.77 -41.57 0.00 1106.68 -15516.21
14 =-177.98 582.77 41.57 0.00 0.05 0.00

5 4 98.50 -582.77 -38.71 0.00 1030.60 -15516.16
14 -98.50 582.77 38.71 0.00 0.05 0.00

6 4 186.04 -582.51 -41.36 0.00 1101.28 -15509.37
14 -186.04 582.51 41.36 0.00 =-0.08 0.01

7 4 112.10 -583.87 =38.47 0.00 1024.07 -15545.49
14 ~=112.10 583.87 38.47 0.00 0.14 0.01

8 4 79.53 0.00 -43.05 0.00 1146.12 -0.04
14 ~79.53 0.00 43.05 0.00 0.25 0.00

9 1 7 589.05 0.16 -0.03 0.00 0.31 1.48
6 -589.05 -0.16 0.03 0.00 0.00 0.00
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B6 & B7 MANIFOLD SUPPORT

MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE -- POUN INCH

MEMBER IOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-2

2 7 629.72 505.52 =60.27 0.00 542.45 4549.68

6 =-629.72 =-505.52 60.27 0.00 0.00 0.00

3 7 629.72 15258.49 =479.10 0.00 4311.97 137326.41

6 =629.72 -15258.49 479.10 0.00 0.00 0.00

4 7 630.07 559.22 -60.22 0.00 541.94 5032.98

6 =630.07 -559.22 60.22 0.00 0.00 0.00

5 7 630.08 15312.01 -479.06 0.00 4311.54 137808.13

6 -630.08 -15312.01 479.06 0.00 0.00 0.00

\ 6 7 629.82 533.78 -101.04 0.00 909.36 4804.02

‘ 6 -629.82 =-533.78 101.04 0.00 0.00 0.00

7 7 631.17 15305.07 -547.99 0.00 4931.96 137745.61

\ 6 -631.,17 -15305.07 _547.99 0.00 0.00 0.00

| 8 7 0.00 -43.06 418.83 0.00 -3769.48 ~387.52

} 6 0.00 43.06 -418.83 0.00 0.00 0.00
|

| 10 1 8 585.53 -1.27 -0.02 -0.06 1.53 -77.30

7 -585.53 1.27 0.02 0.06 -0.03 -0.44

2 8§ =-229.13 -55.73 -42.82 -108.59 2672.73 -960.49

7 229.13 55.73 42.82 108.59 -60.44 -2439.03

3 8 -25192.56 -1642.93 -340.41 -863.22 21245.50 -26588.51

7 25192.56 1642.93  340.41 863.22 ~480.42 -73629.99

4 g8 -319.64 -61.51 ~42.78 -108.49 2670.19 =-1053.,82

7 319.64 61.51 42.78 108.49 -60.38 ~2698.17

5 8 -25282.78 -1648.69 -340.37 -863.12 21243.12 -26681.54

7 25282.78 1648.69  340.37 863.12 =-480.37 -73888.29

6 8 ~276.85 -58.77 -71.79 -182.04 4480.46 -1009.60

7 276.85 58.77 71.79 182.04 =-101.31 -2575.40

7 8 -25269.92 =-1647.94 -389.36 -987.34 24300.29 =26669.61

7 25269.92 1647.94  389.36 987.34 -549.49 =-73854.76

8 8 72.86 4.63  297.58 754,62 -18572.61 74.80

7 -72.86 ~4.63 =~297.58 -754.62 419.97 207.78

11 1 10 495.63 0.03 -0.03 0.00 0.31 0.31

9 -495,63 -0.03 0.03 0.00 0.00 0.00

2 10 454.96 -591.63 -897.93 0.00 8081.47 ~-5324.67

9 ~454.96 591.63 897.93 0.00 0.00 0.00

3 10 454.96 14161.36 =-479.11 0.00 4311.99 127452.24

9 -454.96 -14161.36 479.11 0.00 0.00 0.00

4 10 454.61 =547.45 =897.86 0.00 8080.74 =-4927.01

9 =454.61 547.45 897.86 0.00 0.00 0.00

5 10 454.61 14205.39 -479.07 0.00 4311.59 127848.49

9 -454.61 -14205.39 479.07 0.00 0.00 0.00

6 10 450.86 -619.93 -938.68 0.00 8448.22 -5579.41

9 -450.86 619.93 938.68 0.00 0.00 0.00

7 10 449.52 14114.78 -548.00 0.00 4932.01 127033.06

9  -449.52 -14114.78 548.00 0.00 0.00 0.00

8 10 0.00 -43.09 -418.84 0.00 3769.54 -387.77

9 0.00 43.09 418.84 0.00 0.00 0.00
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B6 & B7 MANIFOLD SUPPORT

MEMBER END FORCES

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT

12

13

14

[+ IS B ¢ L ¢

[T S

11
10
11
10
11
10
11
10
11
10
11
10
11
io
11
10

13
12
13
12
13
12
13
12
13
12
13
12
13
12
13
12

STRUCTURE TYPE

AXIAL

492.85
-4%2.85
1453.54

-1453.54

~23509.91

23509.91
1378.44
-1378.44

-23584.76

23584.76
1497.34
~1497.34

-23436.52

23436.52
72.92
-72.92

619.45
-619.45
578.78
~-578,78
578.78
-578.78
578.43
-578.43
578.43
-578.43
574,68
-574.68
573.33
-573.33
0.00
0.00

541.74
~-541.74
582.41
-582.41
582.41
-582.41
582.77
-582.77
582.77
=-582.77
582.51
=582.51

SHEAR-Y

-1.06
1.06
62.68
-62.68
-1524.52
1524.52

b7.93%

-57.93
-1529.25
1529.25
65.73
-65.73
=1519.50
1519.50
4.64
-4.64

0.03
-0.03
~18.85
l18.85
-98.39
98.39
-18.91
18.91
=98.45
98.45
-26.98
26.98
-112.11
112.11
79.54
~79.54

0.03
-0.03
-177.93
177.93
-98.39
98.39
-177.98
177.98
-98.45
98.45
-186.06

186.06

SPACE

SHEAR-Z

-0.02
0.02
-638.00
638.00
=340.41
340.41
-637.95
637.95
=-340.37
340.37
-666.56
666.96
-389.36
389.36
-297.59
297.59

0.11
-Ooll
-44.43
44.43
-41.57
41.57
~-44.58
44.58
-41.72
41.72
-44.51
44 .51
-41.70
41.70

-43.04 -

43.04

0.09
-0.09
-41.44
41.44
=-38.59
38.59
-41.56
41 .56
=38.71
38.71
-41.37
41.37

TORSION

-0006
0.06
-1617.84
1617.84
-863.22
863.22
=-1617.73
1617.73
-863.12
863.12
-1691.28
1691.28
-987.34
987.34
-754.62
754.62

0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
c.00
0.00
0.00

-~ PAGE NO. l6

MOM-Y

1.53
-0.03
3o818.12
-900.38
21245.51
~-480.40
39815.58
-900.33
21243.13
-480.36
41625.85
-941.26
24300.28
-549.50
18572.77
-419.98

_7054
0.00
3110.18
0.00
2910.13
0.00
3120.50
0.00
2920.42
0.00
3115.66
0.00
2919.19
0.00
3012.57
0.00

-6.36
0.00
2901.02
0.00
2700.98
0.C0
2909.51
0.00
2709.43
0.00
2895.58
0.00
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MOM-Z

-64.86
0.13
968.25
2855.16

~-24659.79
-68335.85

891.55
2641.98

=-24736.22
-68548.31

1017.94
2991.69

-24578.16
-68111.09

74.87
207.96

2.42
0.00
-1319.82
0.00
-6887.48
0.00
~1323.54
0.00
-6891.24
. 0.00
-1888.72
0.00
-7847.77
0.00
5567.60
0.00

2.42
0.00

-12455.11

0.00
-6887.48
0.00

=12458.82

0.00
-6891.24
0.00

-13024.00

0.00



B6 & B7 MANIFOLD SUPPORT

MEMBER END FORCES

—— — L e o -

ALL UNITS ARE -~ POUN INCH

MEMBER LOAD JT

15

16

300

7

[T " B ¥ B

(<= TS B « N & 1]

[}

15
14
15
14

7
13
7
13
7
13
7
13
7
12
7
13
7

AXTAL

583.87
-583.87
0.00
0.00

3.70
=-3.70
1025.18
-1025.18
30838.81
-30838.81
1133.7)
=-1133.71
30946.98
-30946,98
lo82.29
-1082.29
30932.95
-30932.95
~-87.01
§7.01

2.90
-2.90
=1192.98
1192.98
28620.67
—-28620.67
-1103.71
1103.71
28709.64
-28709.64
-1250.18
1250.18
28526.51
~28526.51
-87.09
87.09

¢.00
0.00
1155.12
~1155.12
1154.89
-1154.89
1155.11
=1155.11

STRUCTURE TYPE

SHEAR-Y

-112.11
112.11
=79.54

79.54

-0.86
0.86
=-40.30
40.30
~1189.80
1189.80
-44.48
44.48
-1193.97
1193.97
-42.50
42.50
=1193.43
1193.43
3.35
=-3.35

-0.72
0.72
45.44
-45.44
-1104.06
1104.06
42.00
-42.00
~1107.49
1107.49
47.65
-47.65
=1100.42
1100.42
3.36
=3.36

150.00
-150.00
150.00
-150.00
150.00
-150.00
150.00
-150.00

= SPACE

SHEAR-Z

-38.46
38.46
-43.04
43.04

0.01
~0.01
17.45

=-17.45
138.70
-138.70
17.43
=17.43
138.68
-138.68
29.25
-29.25
158.64
-158.64
-121.25
121.25

0.01
=-0.01
259.94
-259.94
138.70
-138.70
259.93
-259.93
138.¢68
~138.68
271.74
-271.74
158.64
-158.64
121.28
-121.25

0.00
0.00
0.01
-0.01
0.00
0.00
-8.48
8.48

TORSION

0.00
0.00
0.00
0.00

0.21
-0.21
367.83
2923.88
-2922.88
367.48
-367.48
2923.55
-2923.55
616.62
-616.62
3344.29
=-3344.29
-2556.03
2556.03

0.21
~0.21
5479.91
-5479.91
2923.88
-2923.88
5479.56
=5479.56
2923.55
—-2923.55
5728.69
-5728.69
3344.29
=-3344.29
2556.05
~2556.05

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

_ ~- PAGE NO. 17
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MOM-Y

2691.96
0.00
3012.56
0.00

0.19
-0.94
329.90
-1635.89
2622.38
~13003.66
329.59
-1634.34
2622.09
-13002.21
553.03
2999.44
-14873.39
-2292.46
11367.67

0.19
-0.94
4914.83
-24371.34
2622.37
-13003.67
4914.,52
-24369.78
2622.08
-13002.21
5137.96
-25477.79
2999.44
-14873.39
2292.48
-11367.77

0.00
0.00
-0.02
-0.05
-0.03
=-0.03
258.01
-0.23

Revision No. 0

MOM-Z

-7847.77
0.00
~-5567.68
0.00

=-1.03
-2110.65
=-9205.68
-63696.38
-25358.88
=-2334.82
-994.,72
-63919.83
=25447.62
~2228.62
-952.53
-~63890.82
-25436.22
179.74
71.37

=0.44
=53.40
2469.44
931.66
-59116.35
=-23521.54
2285.02
858.47
~-59300.15
—23594.48
2587.55
978.99
-58921.91
-23443.75
179.90
71.43

4556.26
0.01
4556.26
0.01
4556.26
0.01
4556.24
=0.01
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B6 & B7 MANIFOLD SUPFPORT
ID: Process Systems Internatio

MEMBER END FORCES STRUCTURE TYPE = SPACE

—— T B e ————— —— ——

ALL UNITS ARE -- POUN INCH

MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-2
5 3 1154.93 150.00 -8.51 0.00 258.238 4556.25

300 -1154.93 =150.00 8.51 0.00 0.19 0.00

6 3 1163.55 150.00 -0.01 0.00 0.14 4556, 26

300 =1163.55 -150.00 0.01 0.00 0.13 0.01

7 3 1163.44 150.00 0.02 0.00 -0.31 4556.25

300 -1163.44 -150.00 =0.02 0.00 ~-0.31 0.00

8 3 0.03 0.00 0.02 0.00 -0.26 0.00

300 -0.03 0.00 -0.02 0.00 -0.30 0.00

kkkkkkkkkx*kkx*x END OF LATEST ANALYSIS RESULT *kkkhkhkhkhkkkkix

119,

PRINT MEMBER STRESSES ALL
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MEMBER STRESSES

L UNITS ARE POUN/SQ INCH

.+EZMB 1D SECT AXTAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z

1 1l .0 0.0 C 0.0 0.0 0.0 22.1 0.0

1.00 0.0 C 0.0 27.7 27.7 33.5 0.0

2 .0 0.0 T 0.0 6.0 0.0 22.1 0.0

1.00 0.0 7T 0.0 27.7 27.7 33.5 0.0

3 .0 774.4 C 0.0 0.0 774.4 22.1 0.0

1.00 774.4 C 0.0 27.7 go2.1 33.5 .0

4 .0 0.4 C 0.0 0.0 0.4 22.1 0.0

1.00 0.7 C 0.0 27.7 28.4 33.5 0.0

5 .0 774.8 C 0.0 0.0 774.8 22.1 0.0

1.00 775.2 C 0.0 27.7 802.9 33.5 0.0

6 .0 0.0 T 0.0 0.0 0.0 22.0 0.6

1.00 0.0 T 0.9 27.5 27.5 33.3 1.3

7 .0 774 .4 C 0.0 0.0 774 .4 22.0 2.1

1.00 774.4 C 2.4 27.5 802.0 33.3 2.7

8 .0 0.0 C 0.0 0.0 .0 0.0 0.0

1.00 0.0 C 0.0 0.0 0.0 0.0 0.0

2 1l .0 0.0 T 0.0 27.7 27.7 13.9%9 0.0

1.00 0.0 T 0.0 20.1 20.1 4,7 0.0

2 .0 2.2 C 63.6 27.7 71.6 13.9 41.9

1.00 2.2 C 4.7 20.1 22.9 4.7 41.9

3 .0 2.1 C 63.6 27.7 71.4 13.9 41.9

1.00 2.1 C 4,7 20.1 22.8 4,7 41.9

4 .0 0.4 C 64.1 27.7 70.3 13.9 41.9

1.00 1.1 C 4.2 20.1 21.6 4,7 41.9

5 .0 0.3 C 64.1 27.7 70.1 13.9 41.9

1.00 0.9 C 4.2 20.1 21.5 4.7 41.9

6 .0 2.2 C 67.8 27.5 75.4 13.9 44.2

1.00 2.2 C 3.4 20.0 22.5 4.7 43,2

7 .0 2.1 C 71.4 27.5 78.6 13.9 45.2

1.00 2.1 C l.4 20.0 22.1 4.7 44 .2

8 .0 2.3 C 0.0 0.0 2.3 0.0 0.0

1.00 2.3 C. 0.0 0.0 2.3 .0 0.0

3 1 .0 0.0 T 0.0 20.1 20.1 11.2 0.0

1.00 0.0 T 0.0 27.7 27.7 17.3 0.0

2 .0 2.3 C 4.7 20.1 22.9 11.2 8.6

1.090 2.3 C 0.2 27.7 29.9 17.3 8.6

3 .0 2.1 ¢C 4.7 20.1 22.8 11.2 8.6

1.00 2.1 C 0.2 27.7 29.8 17.3 8.6

4 .0 1.3 C 4.7 20.1 22.0 11.2 8.6

1.00 1.5 C 0.2 27.7 29.2 17.3 8.6

5 .0 1.1 C 4.7 20.1 21.8 11.2 B.6

1.00 1.4 C 0.2 27.7 29.0 17.3 8.6

6 .0 2.3 C 3.4 20.0 22.5 11.2 7.7

1.00 2.3 C 0.8 27.5 29.8 17.3 8.1

7 .0 2.1 C 1.4 20.0 22.2 11.2 6.7

1.00 2.1 ¢ 2.2 27.5 29.7 17.3 7.1
Revision No. O
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MEMBER STRESSES

L UNITS ARE POUN/SQ INCH

= EMB LD SECT AXIAL BEND-Y BEND-Z COMBINED SHEAR-Y SHEAR-Z
8 .0 2.3 ¢C 0.0 0.0 2.3 0.0 0.0
1.00 2.3 C 0.0 0.0 2.3 0.0 0.0

4 1 .0 0.0 C 0.0 27.7 27.7 33.5 0.0
1.00 6.0 C 0.0 0.0 0.0 22.1 0.0

2 .0 0.0 0.0 27.7 27.7 33.5 0.0
1.00 0.0 0.0 .0 0.0 22.1 0.0

3 .0 0.0C 0.0 27.7 27.7 33.5 0.0
1.00 .0 C 0.0 0.0 0.0 22.1 0.0

4 .0 0.8 T 0.0 27.7 28.5 33.5 0.0
1.00 0.4 T 0.0 0.0 0.4 22.1 0.0

5 .0 0.7 T 0.0 27.7 28.4 33.5 0.0
1.00 0.4 T 0.0 0.0 0.4 22.1 0.0

6 .0 0.0 T 0.9 27.5 27.5 33.3 1.3
1.00 0.0T 0.0 c.0 0.0 22.0 0.6

7 .0 0.0 C 2.4 27.5 27.7 33.3 2.7
1.00 0.0 C 0.0 0.0 0.0 22.0 2.1

8 .0 .0 C 0.0 0.0 0.0 0.0 0.0
1.00 .0 C c.0 0.0 0.0 0.0 0.0

5 1 .0 0.0 T 0.2 690.1 690.3 117.8 0.0
1.00 0.0T 0.0 0.0 0.0 117.8 0.0

2 .0 6.4 T 592.3 737.8 1336.5 125.9 101.1
1.00 6.4 T 0.0 0.0 6.4 125.9 101.1

3 .0 51.2 T 17877.1 737.8 18666.1 125.9 3051.7
1.00 51.2 T 0.0 0.0 51.2 125.9 3051.7

4 .0 6.4 T 655.2 738.2 1399.8 126.0 111.8
1.00 6.4 T 0.0 0.0 6.4 126.0 111.8

5 .0 51.2 T 17939.8 738.2 18729.2 126.0 3062.4
1.00 51.2 T 0.0 0.0 51.2 126.0 3062.4

6 .0 10.8 T 625,4 737.9 1374.1 126.0 106.8
1.00 i10.8 T 0.0 0.0 10.8 126.0 106.8

7 .0 58.5 T 17931.7 739.5 18729.7 126.2 3061.0
1.00 58.5 T 0.0 0.0 58.5 126.2 3061.0

8 .0 44.7 C 50.4 0.0 95.2 0.0 8.6
1.00 44.7 C 0.0 0.0 44.7 0.0 8.6

6 1 .0 0.0 C c.0 580.7 580.7 99.1 0.0
1.00 0.0cC 0.0 0.0 0.0 299.1 0.0

2 .0 95.9 C 693.2 533.0 1322.1 91.0 118.3
1.00 95.9 C 0.0 0.0 35.9 91.0 i18.3

3 .0 51.2 C 16591.7 533.0 17175.9 91.0 2832.3
1.00 51.2 ¢C 0.0 0.0 51.2 91.0 2832.3

4 .0 95.9 C 641.4 532.6 1270.0 90.9 109.5
1.00 95.9 C 0.0 0.0 95.9 90.9 109.5

5 .0 51.2 C 16643.3 532.6 17227.1 90.9 2841.1
1.00 51.2 C 0.0 0.0 51.2 90.9 2841.1

6 .0 100.3 C 726.3 528.2 1354.8 90.2 124.0
1.00 100.3 C 0.0 0.0 100.3 90.2 124.0
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MEMBER STRESSES

———— S e v ————

L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXTAL BEND-Y BEND-2 COMBINED SHEAR-~Y SHEAR-Z
7 .0 58.6 C 16537.1 526.6 17122.3 89.9 2823.0
1.00 58.6 C 0.0 0.0 58.6 89.9 2823.0

B .0 44.7 C 50.5 0.0 95.2 0.0 8.6
1.00 44.7 C 0.0 0.0 44.7 0.0 8.6

7 1 .0 0.0 C 0.1 725.8 725.9 123.9 0.0
1.00 0.0 C 0.0 0.0 0.0 123.9 0.0

2 .0 2.0T7 52.1 678.1 732.2 115.8 8.9
1.00 2.07T c.0 0.0 2.0 115.8 8.9

3 .0 10.5 T 48.7 678.1 737.3 115.8 8.3
1.00 10.5 T 0.0 0.0 10.5 115.8 8.3

4 .0 2.0 T 52.2 677.7 731.9 115.7 8.9
1.00 2.0 T 0.0 0.0 2.0 115.7 8.9

5 .0 10.5 T 48.9 677.7 737.1 115.7 8.3
1.00 10.5 T 0.0 0.0 10.5 115.7 8.3

6 .0 2.9 T 52.1 673.3 728.3 114.9 8.9
1.00 2.9 T c.0 0.0 2.9 114.9 8.9

7 0 12.0 T 48.9 671.7 732.5 114.7 8.3
1.00 iz.0 T 0.0 0.0 12.0 114.7 8.3

8 .0 8.5 C 50.4 0.0 58.9 0.0 8.6
1.00 8.5 C 0.0 0.0 8.5 0.0 g.6

8 1 .0 0.0 T 0.1 634.7 634.8 108.3 0.0
1.00 c.0T 0.0 0.0 0.0 108.3 0.0

2 .0 19.0 C 48.6 682.4 749.9 116.5 8.3
1.00 19.0 C 0.0 0.0 19.0 116.5 8.3

3 .0 10.5 C 45.2 682.4 738.1 116.5 7.7
1.00 10.5 C 0.0 0.0 10.5 116.5 7.7

4 .0 19.0 C 48.7 682.8 750.5 116.6 8.3
1.00 19.0 C c.0 0.0 1.0 116.6 8.3

5 .0 10.5 C 45.4 682.8 738.7 116.6 7.7
1.00 10.5 C 0.0 c.0 10.5. 116.6 7.7

6 .0 19.9 ¢C 48.5 682.5 750.8 116.5 8.3
1.00 19.9 C 0.0 0.0 19.9 116.5 8.3

7 .0 12.0 C 45.1 684.1 741.1 116.8 7.7
1.00 l12.0 C 0.0 0.0 12.0 116.8 7.7

8 .0 8.5 C 50.4 0.0 58.9 0.0 8.6
1.00 8.5 C 0.0 0.0 8.5 0.0 8.6

9 1l .0 92.6 C 0.1 0.2 92.9 0.0 0.0
1.00 92.6 C 0.0 0.0 92.6 0.0 0.0

2 .0 99.0 C 88.2 739.8 927.0 126.4 15.1
l1.00 99.0 C 0.0 0.0 99.0 126.4 15.1

3 .0 99.0 C 701.1 22329.5 23129.6 38l4.6 119.8
1.00 99.0 C 0.0 0.0 99.0 38l14.6 119.8

4 .0 99,1 C 88.1 818.4 1005.6 139.8 15.1
1.00 99.1 ¢C 0.0 0.0 99.1 139.8 15.1

5 .0 99.1 C 701.1 22407.8 23208.90 3828.0 119.8
l1.00 99.1 C 0.0 0.0 99.1 3828.0 119.8
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Bé & B7 MANIFOLD SUPPORT

MEMBER STRESSES

—— . ————

=L UNITS ARE POUN/SQ INCH

MEMB

10

11

i2

LD SECT

6
7

o N O ;s W

& W N

.0
1.00
.0
1.00
.0
1.00

AXIAL

99.0
99.0
99.2
99.2
0.0
0.0

92.1
92.1
36.0
36.0
3961.1
3%6l1.1
50.3
50.3
3975.3
3975.3
43.5
43.5
3973.3
3973.3
11.5
11.5

77.9
77.9
71.5
71.5
71.5
71.5
71.5
71.5
71.5
71.5
70.9
70.9
70.7
70.7

0.0

0.0

77.5
77.5
228.5
228.5
3696.5
3696.5
216.7
216.7

QO0WKE0000 HMBOO0O0NORANNNNN QOHASAEESEAEEASA00 000000

BEND-Y

3454.2
78.1
728.5
16.5
3951.3
89.3
3019.9
68.3

0'1
0.0
1314.1
0.0
701.1
0.0
1313.%8
0.0

BEND-2

~J
o]

on QWO~O M

2239

o

. s & 0w

=0 O0CNO =

b

. »

4323.3
11972.4
171.4
438.7
4338.5
12014.4
l164.2
418.8
4336.5
12008.9
12.2
33.8

[ ¢ b
o o
O ~] fre] ~J] 1]
o ) =] [ h
oo CRWOoOVMODNOROHOCWODULOO

2065

[»)]

o, OrROOMONOROKROCOUONMOK

=

COMBINED

1028.0
99.0
23298.8
99.2
675.9
0.0

104.9
92.1
626.8
442.4
11739.0
16011.6
655.8
498.8
11767.9
16067.7
936.2
478.8
12261.0
16071.5
3043.6
112.5

78.0
77.9
2251.4
71.5
21496.6
71.5
2186.6
71.5
21560.9
71.5
2351.8
70.9
21528.4
70.7
676.0
c.0

88.3
77.5
6860.5
839.2
11160.8
14886.2
6835.8
792.7

-= PAGE NO.

Revision No. O

SHEAR-Y SHEAR-Z
133.4 25.3
133.4 25.3

3826.3 137.0
3826.3 137.0
10.8 104.7
10.8 104.7
0.3 0.0
0.3 0.0
13.9 16.7
13.9 10.7
410.7 85.1
410.7 85.1
15.4 10.7
15.4 10.7
412.2 85.1
412.2 85.1
14.7 17.9
14.7 17.9
412.0 97.3
412.0 97.3
1.2 74.4
1.2 74.4
0.0 0.0
0.0 0.0
147.9 224.5
147.9 224.5
3540.3 119.8
3540.3 119.8
136.9 224.5
136.9 224.5
3551.3 11%.8
3551.3 115.8
155.0 234.7
155.0 234.7
3528.7 137.0
3528.7 137.0
10.8 104.7
10.8 104.7
0.3 0.0
0.3 0.0
15.7 159.5
15.7 159.5
381.1 85.1
38l1.1 85.1
14.5 159.5
14.5 159.5
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B6 & B7 MANIFOLD SUPPORT

MEMBER STRESSES

.L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAL BEND-Y BEND-2 COMBINED SHEAR-Y SHEAR-Z
5 .0 3708.3 T 3454.2 4022.2 11184.6 382.3 85.1
1.00 3708.3 T 78.1 11146.1 14932.5 382.3 85.1

6 .0 235.4 C 6768.4 165.5 7169.4 16.4 166.7
1.00 235.4 C 153.1 486.5 874.9 16.4 166.7

7 .0 3685.0 T 3951.3 3996.4 11632.7 379.9 97.3
1.00 3685.0 T 89.3 11075.0 14849.3 379.9 97.3

8 .0 11.5 C 3020.0 12.2 3043.6 1.2 74.4
1.00 11.5 C 68.3 33.8 113.6 1.2 74.4

13 1 .0 306.7 C 5.8 1.2 313.7 0.0 0.2
1.00 306.7 C 0.0 0.0 306.7 0.0 0.2

2 .0 286.5 C 23%2.4 676.8 3355.8 12.6 88.9
1.00 286.5 C 0.0 0.0 286.5 12.6 88.9

3 .0 286.5 C 2238.6 3532.0 6057.1 65.6 83.1
1.00 286.5 C 0.0 0.0 286.5 65.6 83.1

4 .0 286.3 C 2400.4 678.7 3365.5 12.6 89.2
1.00 286.3 C 0.0 0.0 286.3 12.6 g9.2

5 .0 286.4 C 2246.5 3534.0 6066.8 65.6 83.4
1.00 286.4 C 0.0 0.0 286.4 65.6 83.4

6 .0 284.5 C 2396.7 968.6 3649.7 18.0 89.0
1.00 284.5 C 0.0 0.0 284.5 18.0 8%.0

7 .0 283.8 C 2245.5 4024.5 6553.9 74.7 83.4
1.00 283.8 C 0.0 0.0 283.8 74.7 83.4

8 .0 0.0 T 2317.4 2855.2 5172.5 53.0 86.1
1.00 0.0 T 0.0 0.0 0.0 53.0 86.1

14 1 .0 268.2 C 4.9 1.2 274.3 0.0 0.2
1.00 268.2 C 0.0 0.0 268.2 0.0 0.2

2 .0 288.3 C 2231.6 6387.2 B907.1 118.6 82.9
1.00 288.3 C 0.0 0.0 288.2 118.6 82.9

3 .0 288.3 C 2077.7 3532.0 5898.0 65.6 77.2
1.00 288.3 ¢ 0.0 0.0 288.3 65.6 77.2

4 .0 288.5 C 2238.1 6389.1 8915.7 118.7 83.1
1.00 288.5 ¢C 0.0 0.0 288.5 118.7 83.1

5 .0 288.5 C 2084.2 3534.0 5906.6 65.6 77.4
1.00 288.5 C 0.0 0.0 288.5 €5.6 77.4

6 .0 288.4 C 2227.4 6679.0 9194.7 124.0 82.7
1.00 288.4 C 0.0 0.0 2BB.4 124.0 82.7

7 .0 289.0 C 2070.7 4024.5 6384.3 74.7 76.9
1.00 289.0 C 0.0 0.0 289.0 74.7 76.9

8 .0 .0 ¢C 2317.4 2855.2 5172.6 53.0 86.1
1.00 0.0 C 0.0 0.0 c.0 53.0 86.1

15 1 .0 0.6 C 0.0 0.2 0.8 0.2 0.0
1.00 0.6 C 0.2 10.4 11.1 0.2 0.0

2 .0 161.2 C 53.6 343.2 558.0 10.1 4.4
1.00 lel.2 C 266.0 147.3 574.5 10.1 4.4

3 .0 4848.9 C 426.4 10357.1 15632.4 297 .4 34.7
1.00 4848.9 C 2114.4 4123.4 11086.7 297.4 34.7
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MEMBER STRESSES

wL UNITS ARE POUN/SQ INCH

mEMB LD SECT
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(52 B
o
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170.2
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13.7

0.5
0.5
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187.6
4500.1
4500.1
173.5
173.5
4514.1
4514.1
196.6
196.6
4485.3
4485.3
13.7
13.7

0.0

0.0
150.8
150.8
150.8
150.8
150.8
150.8
150.8
150.8
151.9
151.9
151.9
151.9

0.0

0.0

QOOOCOCOOQOO0O00N00AE SHOORAQOOAA00FA00 A0 0

B6 & B7 MANIFOLD SUPPORT

BEND-Y

B3.6
265.7
426.4

2114.2

89.9
445.9
487.7

2418.4
372.8
1848.4

0.0
0.2
799.2
3962.8
426.4
2114.4
799.1
3962.6
426.4
2114.2
835.4
43142.7
487.7
2418.4
372.8
1848.4

| ad

-
OCO0OCOO0O0OROROOOOOO

LI T R R I ]

o * & 2 & ¥ u

OCOCOO0OOONONODOOODOO

BEND-2Z

379.6
161.7
10393.5
4137.8
362.4
154.9
10388.8
4136.0
29.2
11.6

0.1
8.7
401.5
151.5
9612.4
3824.6
371.5
139.6
9642.3
3836.5
420,7
159.2
9580.8
3812.0
29.3
11.6

250.2
0.0
250.2
0.0
250.2
0.0
250.2
0.0
250.2
0.0
250.2

25

0000
QOO MO

COMBINED

611.5
605.7
15685.7
11117.9
622.5
771.0
15740.1
11418.1
415.7
1873.7

0.6

9.3
1388.3
4301.9
14538.9
10439.2
1344.2
4275.7
14582.8
10464.8
1452.7
4498.5
14553.8
10715.7
415.7
1873.7

250.2

0.0
401.0
150.8
401.0
150.8
401.4
150.9
401.4
150.8
402.1
152.0
402.1
151.9

0.0

0.0

-- PAGE NO.

32.6
32.6
32.6
32.6
32.6
32.6

0.0

000

kkkkkhkkkkkkkk END OF LATEST ANALYSIS RESULT #*kkkkkkkkhkhh®

SHEAR-2

W W
M
L W] SN W WS~

WWwWww
nmoo OOW WS~ bbb

o
n
o000

34.7

67.9

30.3

COOCOCOFMFHRFREPODODOCOC
L ] * . - ¥ * @ * » - [ ] - . -
COO0OO0OOCYWYWLOWOODOOOO

Revision No. 0
Doc. No. V049-1-095
Page 31 of 40

24

ID: Process Systems Internatio



B6 & B7 MANIFOLD SUPPORT -~ PAGE NO. 25
ID: Process Systems Internatio
120. PARAMETER
121. CODE AISC
122. FYLD 45%999.969 MEMB 9 TO 16
123. WSTR 21000, MEMB 2 TO 16
“24. WMIN 0.188 MEMB 2 TO 16
125. CB 1. MEMB 9 TO 16
l26. CMY 1. MEMB 9 TO 16
127. MAIN 0. MEMB 9 TO 16
128. RATIO 1. MEMB 9 TO 16
129. CHECK CODE MEME 9 TO 16
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-—- PAGE NO. 26
ID: Process Systems Internatio

B6 & B7 MANIFOLD SUPPORT

STAAD-III CODE CHECKING - (AISC)
hkkkdhhhkkhhhhhhkhhhhrrds

ALL UNITS ARE -~ POUN INCH (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULT/ CRITICAL COND/ RATIOC/ LOADING/
FX MY Mz LOCATION
9 ST TUB 40408 PASS ATSC- H1l-3 0.844 7
-631.17 C 4931.96 137745.61 0.00
10 ST TUB 40408 PASS AISC- H2-1 0.582 7
25269.92 T ~549.49 -73854.76 61.00
11 ST TUB 40408 PASS AISC- Hl-3 0.781 5
454,61 C 4311.59 127848.49 0.00
12 ST TUB 40408 PASS AISC- H2-1 0.541 5
23584.,76 T -480.36 -68548.31 €1.00
13 ST TUB 40203 PASS AISC- H1-3 0.244 7
573.33 C 2919.19 =7847.77 0.00
14 ST TUB 40203 PASS AISC~- H1-3 0.340 6
' 582.51 C 2895.58 -13024.00 0.00
15 ST TUB 40408 PASS AISC- Hi-1 0.592 7
30932.95 C 2999.44 -63890.82 0.00
16 ST TUB 40408 PASS AISC- Hi-1 0.546 5
28709.64 C 2622.08 -59300.15 0.00
130. SELECT WELD MEMB @ TO 16
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B6 & B7 MANIFOLD SUPPORT

—— PAGE NO.

27

ID: Process Systems Internatio

STAAD-III WELD DESIGN
hhkAkkkhkhhkhkhkhthhhhk

ALL UNITS ARE - INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
LOADING HOR STRESS VERT STRESS DIR STRESS

9 STA 1 6/16 18120.56
7 91.33 2550.84 17939.89

9 END 1 3/16 5110.82
5 159.69 5104.040 210.03

10 STA 1l 4/16 15883.4¢9
7 189.90 504.55 15874.34

10 END 1l 4/16 20275.45
7 189.90 504.55 20268.28

11 STA l 5/16 20116.80
5 95.81 2841.08 19914.93

11 END 1 3/16 4740.24
5 159.69 4735.13 151.54

12 STA 1 3/16 20043.28
7 253.20 629.92 20031.78

12 END 1 4/16 18845.49
5 166.01 463.23 18839.07

13 STA 1 3/16 5062.31
7 18.53 49.83 5062.03

13 END 1 3/16 275.31
1 0.05 0.02 275.31

14 STA 1 3/16 7123.62
6 7 18.38 82.69 7123.11

14 END 1 3/16 272.40
6 18.38 82.69 258.89

15 STA 1 4/16 20287 .46
7 353.19 611.88 20275.16

15 END 1 3/16 20410.13
7 470.92 815.85 20388.38

16 STA 1 4/16 18798.44
5 308.75 550.9¢6 18787.83

16 END 1 3/16 19110.05
7 470.92 784.84 19088.12
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B6 & B7 MANIFCLD SUPPORT -= PAGE NO. 28
ID: Process Systems Internatio

STAAD-III WELD DESIGN
hhkkhkhhkkkkhdkkkhhkk

ALL UNITS ARE - INCH POUN

MEMBER LOCATION/ WELD TYPE/ WELD SIZE/ COMB STRESS/
- LOADING HOR STRESS VERT STRESS DIR STRESS

dhkkkkkhkkkkkkkkkkk® END OF TABULATED WELD DESIGN *kkkdkhkkdhkhkhkhkkd

131. FINISH

kkhkkkkkkkkkkkdt END OF STAAD-TII % sk ook ok koo deok

*%%% DATE= APR 17,1996 TIME= 10: 4:48 ****

*********************************************************

* For questions on STAAD-III, contact: *
* Research Engineers, Inc at *
* Ph: (714) 974-2500 Fax: (714) 921-2543 *

kkkkdhhhkkhkhhkhkhkhhkkikhthkddhhdhhkkhkhkktrtrhhhhkdhkhhkhhkhbhrhkhkrhbhdkhkik
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-063

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 6
REV, DEO # | DATE | BY: CHECK | TITLE:
0 ci1zl |1 3/0 ozl Wnt | RO Flange Bolting

Analysis of flange bolting for Gate Valves

112CM & 122 CM

BY: W.Bilynsky I DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:.  Evaluate the gate valves threaded fastening details. Bolts and their mating threaded
(tapped) flange section are potential areas of failure due to thread stripping between
differing materials.

METHOD:
Hand calculations utilizing standard formulas for Stress Areas and Length of
Engagement of Screw Threads as specified in MACHINERY's HANDBOOK
ASSUMPTIONS:
INPUTS: 1. PSI Calc No. V049-1-042

2. GNB Drawings 103098

REFERENCES: 1. Machinery’s Handbook. Oberg & Jones 19th Ed. 1973,
2. Standard Handbook for Mechanical Engineers. Baumeister & Marks 7th Ed.
3. Specification for 112 and 122 CM Gate Valves
PSI - V049-2-005 rev. 3
4. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:

( See Attached)

CONCLUSIONS: The requirements for proper and adequate bolting as specified in
the Machinery’s Handbook are satisfactorily met.

NOTES:
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-068

WESTBOROUGH, MA CALCULATIONS PAGE10QF S5
REV. |DEO# | DATE |BY: CHECK | TITLE:
0 oty | ¢ Ao yJub
Stud?{ of Required Bellows Deflections for
Installation Fitup
BY: R.D. Ciatto_ 1 DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO; V59049

PURPOSE: Determine the maximum deformations required of the bellows to facilitate
installation of equipment considering component construction tolerances.

METHOD: Hand calculation methods are used to determine the geometric configurations
that bellows must assume to connect adjacent components.

ASSUMPTIONS: See calculations attached.

INPUTS: LIGO project drawings and sketches.

REFERENCES: Specification V049-2-017, Bellows Expansion Joints for LIGO Vacuum Equipment

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The required bellows axial and bending deflections have been determined.
Axial deflection..........ccoen..... +/- 2 in.
Bending rotation...........ceeneee. +/- .5°.

NOTES: The above deformations will be included in Specification V049-2-017. Shear deformation of
bellows is not required.

FILED ¥ \USERS\RCIATTOWUTIWO49 1068 CAL
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-079

WESTBOROUGH, MA CALCULATIONS PAGE 1 0OF 7

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

0 0 13y |4//5/8¢| RS WD
Analysis of BSC Support Leg to Cross Beam
Connection
BY: R.D. Ciatto | DEPT.: 744

PRQJECT: LIGO Vacuum Equipment PROJECT NQ: V55049

PURPOSE: Analyze welded tube steel connection at junction of support leg and cross member to

confirm structural integrity of the side of the support leg which is required to resist a high bending
moment at the end of the cross member.

METHOD: A local finite element model of the connection was created to analyze the support leg
stresses. The IMAGES program was used.

ASSUMPTIONS: See calculations attached.

INPUTS: Forces and moments at end of cross member from Doc. No. V049-1-024

REFERENCES: 1. LIGO project drawings V049-4-001 and V{49-4-023
2. Calculation V049-1-024, Design of Support Legs and Base Plates
3. IMAGES-3D, Version 3.0, R. L. Cloud and Associates
Y VOYD-1-08C 276D Yhrvor Ecgom, Sraves Driviu (porir.a

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The cross member was changed from a 7x4 tube steel member to an 8x4 in tube
steel member to reduce the bending stress applied to the support leg. Stresses in the 8x8 tube steel
leg member are within AISC code limits.

NOTES:; Load case 1 includes the 3 forces, load case 2 includes the 3 moments and load case 3 is the
combined forces and moments. The IMAGES file is SUPPCONN.*

FILED \FATEMPLATEENGFORMSENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-080

WESTBOROUGH, MA CALCULATIONS PAGE10OF 10

REV. | DEO# | DATE |BY: CHECK | TITLE: Analysis of Bolted Flange for Initial

T W.’-'VS‘;: (76| AGR _| Outof Flatness

BY: R. D. Ciatto | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NQ: V59049

PURPOSE:. To determine if Viton O-rings in the bolted flanges will seal if flange flatness is at
maximum tolerance considering the stiffening effects of the attached shell.

METHOD: A 3D IMAGES finite element model of a segment of the bolted flange was created. The
flange out of flatness was analyzed using gap elements, with the gap equial to the flatness tolerance
at the flange mating surface. A nonlinear analysis of this model was performed. Loads included

the bolt preload, which is 10 kips, and the maximum tensile load in the shell.

ASSUMPTIONS: The maximum gap occurs at the bolt centerline. The amplitude of the gap is the same
as the flatness tolerance for the 60 in flange.

INPUTS: Drawing V049-4-019 for the flatness tolerance
Calculation V049-1-016 for the initial 3D finite element model
Calculations V049-1-018 and -042 for Viton properties and shell forces, respectively.

REFERENCES: See Inputs

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Even though the bolt clamping force Inust resist the shell stiffness, the bolt will
bring the flanges together and the seal will be maintained. When the maximum gap occurs between
bolts, the clamping force connot close the gap but the seal is maintained even with the maximum
tolerance.

NOTES: The computer file is FLANGED.*

FILED \F \TEMPLATE\ENGFORMS\ENGCALC
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~ PROCESS SYSTEMS INTERNATIONAL, INC. . - NO:VO4t-1~ 054

WESTBOROUGH, MA ENGINEERING

REV. | DEO# | DATE [BY: cHECK | CALCULATIONS [PAGETOFg37;
o) o014 i Er AGL RHE— TITLE: ‘ _

By: ART™ KOUSSOFOLOS .79

PROJECT: { 1GO PROJECT NO: V55049

PURPOSE: APLOoVIOE A SINGLE WG CESIGHK FoA. ALl L.XPAM&,‘;OU
TDINT/ TUBE SIRES UL TS ANR INQUUDING 72lq" LL.

METHOD: « CoMFPRESS & 83 CoMRUTEA £

ASSUMPTIONS: SEE CALCS

INPUTS: "TESIGMN LoADS™ FAGIM UM, NO. vo4i-/-048

"STRUCTURA L DES GO \_,rm:&m DOC, Na. vOA}T-f—ocpaa -

REFERENCES Doc. No vc)q‘i-; - 048

COMpraall &, 93 el O d
Dre ., 112, ;/01/9-;,(;5.;, L16D Vacoow ETOsR, STRoTor AL DCslesd CLords

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: A SINGLE (UG PRESIGM , AS SHOWAN /N DESIGA SKETTH,

OTILIZING A MINGMUM OF7 q Wes PFEA. EXPANSION TOI—

IS ADEGQUATE FORLALL SIZES UA ™ AND INCQWOING 7244"T4

e
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N The Bas e SKETOH
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- Mu=18c0 Fr-# -Loucimonivae HoHEswT oAl
\drers: MLz 64007 x 3.38™/1L™Fr & (ECOFT-#%

~ Dasic Foara = 3 ' Srress CowvcanTddnod = O
- No PAD 7

- Min DisTRUCE. OF-L.U@. To ey ;/Dt';j(co.:)(.laq:’j‘= 3,37*

To DaTum: A+ 3373 7.39° Hiw —x Tip"
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50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22141

&

. DEs|aL Loabs Poll Otmea TTude Si2ES

- Quale Bz Basea O A D&sngu Akt i
CPAu G RATE OR M500 ¥ 0 Feik 27 TRAuWA
A2P: Dosc.No. Vo4i-1-048 (EBx T7 R 8Pl BE-3)

U QA CUMEERAENTIAC Loading 18

- 7500 &/1v . 7Svo0 - 09.5 ¥
TL o T (60.5) ™

T FoAl 2 TRANELC !
Loan = 285 x2 = 79%/, or QAQUMPE: 13ULE

—~8pPeciry [00®/iw ok QikeumrESASNCE
FoA. DESIGR

S Tre DiEsiewy  AvmcHwenr [wour Lorss,

Basza Om Lokdiue O 3 PodS, FaAk |
T [BLlow e SiaE ALE ]

-72.25° FO.0

* W = Tr'(.vz.zs-\(mo\/a = e ™

o Mo =2(75¢a)E375 /1D e 2128 FT-8&
~ 48. 25" ID:

- VL= TT(48.2500168y /3 = Sasa®t—

- Mo= (5‘05'35(3.675/!1) =L421 FT-%&
~44.625" 1D
- Vo= Tr(a4, c25M60)/ 3 = 4L73%

« Mz (4eT(3.275/1)= 1,314 Fr-®
- 305" TITD:
e Vo= (o ice)/a= 3194 %
- Me=(3124)(3.3957/1D= 898%
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50 SMEETS

22-142 100 SHEETS
22-144 200 SHEETS

22141

&
ampan

3.0 - luce To Suete STARESS  SUMMARY

« BXC x¥7 364 5.5 TOBE | Saciewddie apicow = 189005
. SH&LL_, - SA 304C i-hc;H/‘ Sacowhdur 4 16gor < Ié; ‘7aoP$l_
. Privary HeHaiauz Acowksls Srasss:

.58 = L5 (6,700 = 25050 PS!

- Prinary MeEmgRane. Pus Sseoumay Avowdse Smiass.

38 = 3(16700) = 8000 Ps
SkeoC — _oans, Paariahsy Prumasy
Puzce |T2 | TAR'SI Vo Mo [Fr-# 1 | Memarani | «Seconpsay
B-« 1225 Yar | 7566 2128 [ -9554 [-29 744
RE~-3 0.5 | 3/a™ L4400 1800 [~ ooz [-24 26!
#+ A-13 .5 | 6| G4oo j8oo |-12,505 |- 37 2347
* A-2 48.25| 3/~ | Sow3 1421 |- 9983 {—2¢,07/
Xl A-l 44,6257 ST | 46T D 1314 |-8672 |-zz4iq
B-2. [30.5 |.¥4% | 3194 879 |-4%6¢ |-12257
% STAESs SuoHMARY P g T v Leu oF e
A=l co.5~| an | Gaoo 1 800 -1%03 |-238%/
A- 48| Tyqt | So93 142) |- Lodo ~1.214
A-1 44.c25] la™| 4673 1319 | -$482 | -1473%
Note: The RFudl DESIG Foa. Sosor. PecEs

A-l, A-2 v A-13 H4s ICodbardTED A g+
\//AL.L_.—mICKUESS
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n VII ivigion 1, 1 Edition, A94 A

Component : Cylinder

Material specification: SA 240 304L HIGH

Corrosion allowance: Inner C = 0

* PWHT

Radiography: Category A joints -
Category B joints -

Outer= 0
is performed

Spot UW-11(b) type 1
Spot UW-11(b) type 1

Estimated weight: new = 1040.3 corr ‘= 1040.3
capacity: new = 1118.134 corr = 1118.134
ID = 72.25 length Lc= 63 t = 0.25 in (new)
MAP: New F) UG-27{c) (1)
P = S*E*t/(R + 0.6*t) - Ps
= 16700*%0.85%0.25/(36.125 + 0.6*0.25) - 0
= 97.82909 psi
MAWP : (Corroded & at 100 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} - O

97.82909 psi

3.12.1996

in

1b
Us ga

Rev &
Doc. Na. Voq7-1-084
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8X6 LUG - WITH NO PAD

Lug material specification
Lug allowable stress

Top plate width wp
Base plate width wh
Top plate thickness t
Base plate thickness tb
Lug length circ. direction L
Gusset height h
Gusset thickness tg
Number of lugs

Angular position, first lug
Fillet weld size tw
Force bearing width Fb
Distance to load d

1 I ir hickn

ta

0.25 in
Lug gqusset required thickness

5 : 18000/(1 + (1/18000)*(7/(0.289%0.5}}72 )
= 15923.95 psi

tg = VL*(3*d - wb)/(Sc*wb"2*SIN(Alpha) "2)
- 0.1307 in

J 1 r ir: ickn

From Escoe table 4-8B

0.75* (VL*d*L) / (Sa*wp”~2*h)
0.75* (7566*3.375*%6) / (18800%272*7)

A T [ | [ [ | | O T

WNOOBRONNOO RN

A 240 304
18800 psi
in

.75 in
.5 in
.875 in
in

in

.5 in
degrees
.1875% in
in

.375 in

B X

18000/(1 + (1/18000)*(h/(0.289*%tg)})"2 )

7566% (3%¥3.375 - 4.75)/(15923.95%4.7572*SIN(68.552) "2)

fc = VL/{(Fb*L) = 630.5 psi
Mx = Cx*fc*Gs"2

= 0.0923%630.5*%*572 = 1454.879
My = Cy*fc*wb™2

= -.126%630.5%4,7572 =-1792.433
tb = Sqgr(6*Mmax / Sa)

Sqr(6+*1792.433 / 18800)
0.7563 in

b
=]
\a]

Radial load Pr
Circumferential moment Mc
Circumferential shear Ve

3.12.1996

0 1bf
0 1bf-ft
0 1bf

RevO
Doc. No, Vo449 -1-03¢
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X6 L = N AD

Longitudinal moment ML = 2128 1bf-ft
Longitudinal shear VL = 7566 1bf
Internal pressure P= 0 psi

lletin 7 i

Mean radius Rm = 36.25 in
Rm/t = 145

Cl =3, C2 = 4.1875 in

1
1

Stress concentration factor Kn (tension)
Stress concentration factor Kb {(bending)

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

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

fl

Maximum combined stress =-29944 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-9554 psi
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

REv o
Poc.No.Vodqs 1-084
3.12.1996 Page || o=37



3.12.199¢6

X -_WI AD
From| Value beta
Fig.| read Au Al Bu Bl Cu Cl Du D
3C* 112,214 |0.116
4C* 120.246 |0.105
1C 0.0830 |(0.093
2C-110.0496 [0.093
3A* |5.6036 10.092
1A 0.0799 (0.096
3B* (14.832 {0.103 -9554 -9554 9554 9554
1B-110.02B9 [0.096| -20390 20320 20390 -20390
pPressure stress*
Total circ stress -29944 10836 29944 -10836
Primary mewbrane
circ stress* ~-9554 -9554 9554 9554
3C* |113.347 |(0.105
4C* |119.497 |0.116
1C-1]10.0733 |0.107
2C 0.0440 (0.107
4A* |10.110 [0.092
2A 0.0378 |0.108
4B* |5.6717 |0.103 -4530 ~4530 4530 4530
2B-1{0.0357 |0.107| -22615 22615 22615 -22615
pressure stresg*
Total long stress -2714%5 18085 27145 -18085
Primary membrane
long stress* -4530 -45230 4530 4530
torsion moment Mt
Circ shear from Vc
Long shear from VL -1807 -1807 1807 1e
Total Shear stress -1807 -1807 1807 19
Combined stress -29944 18085 29944 -18085 3614 3614 3614 38
Rev o
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L. BE-

ASME Section VITT Division 1, 1992 Rdition, A94 Addenda

Component : Cylinder
Material specification: SA 240 304L HIGH
Corrosion allowance: Inner C = 0 OQuter= 0 in

* PWHT is performed

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

Estimated weight: new = 478.4 corr = 478.4 1b
capacity: new = 286.231 corr = 286.231 US ga
ID = 60.5 length L¢= 23 t = 0.375 in (new)
MAP: (New & at 0 deg F) UG-27(¢) (1)
P = S*E*t/(R + 0.6*t) - Ps
= 16700*0.85*0.375/(30.25 + 0.6*0.375) - O
= 174.6719 psi
MAWP ; (Corroded & at 100 deg F}) UG-27(c) (1)

P = S*E*t/(R + 0.6*t) - Ps
16700*0.85*%0,375/(30.25 + 0.6*0.375) - O

174.6719 psi

L |

Frvo

D No., V0441 -094
3.12.1996 Page 14 o= 21




Lug material specification = A 240 304
Lug allowable stress = 18800 psi
Top plate width wp = 2 in
Base plate width wb = 4.75 in
Top plate thickness t = 0.5 in
Base plate thickness th = 0.75 in
Lug length circ. direction L =6 in
Gusset height h = 3.25 in
Gusset thickness tg = 0.5 in
Number of lugs = 4
Angular position, first lug = 0 degrees
Fillet weld size tw = 0.1875 in
Force bearing width Fb = 2 in
Distance to load d = 3.375 in
1 r i i B r 1
ta = 0.75*(VL*d*L)/ (Sa*wp”2*h)
= 0.75*(6400*3.375*%6)/{18800%2"2*3 25)
= 0.3977 in
Lug gusset reguired thickness
Sc = 18000/{1 + (1/18000)*(h/(0.289*tg))"2 )
= 18000/(1 + (1/18000)*(3.25/(0.289*0.5)}72 )
= 17507.97 psi
tg = VL*(3*d - wb)/(Sc*wb"2*SIN(Alpha) "2)

6400* (3*3.375 - 4.75)/(17507.97*4,75"2*SIN(49.764)"2)
0.1494 in

1 r ir hickn

From Escoe table 4-8

fc = VL/(Fb*L) = 533.3333 psi
Mx = Cx*fo*Gs™2
= 0.0923*%533,3333*572 = 1230.667
My = Cy*fc*wb"2
= -.126%533.3333%4,75"2 =-1516.2
th = Sqr(6*Mmax / Sa)
= Sqr(6*1516.2 / 18800)
= 0.6956 in
Check lug attachment stresges
Radial load Pr = 0 1bf
Circumferential moment Mc = 0 1lbf-ft
Circumferential shear Vc = 0 1bf REV O

Doc. No, V049-1-084
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8X6 LUG - WITH NO PAD

Longitudinal moment ML = 1800 1lbf-ft
Longitudinal shear VL = 6400 1bf
Internal pressure P = 0 psi

Mean radius Rm = 30.4375 in
Rm/t = 81.16666

€1 =3, C2 =2.25 in

1
1

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

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

Maximum combined stress =-24621 psi
Allowable combined stress = +-3*%S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-6062 psi
Allowable primary wmembrane stress = +-1.5*5 = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

3.12.199%6

Rev o
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From] Value beta

Fig.| read Au Al Bu Bl Cu Cl Du D

3C* (11.520 |[0.085

4C* (13.244 [0.092

1C 0.1040 |0.083

2C-1]0.0696 |0.093

3A* {2.8538 [0.09

1A {0.0879 |0.0899

3B* [8.6001 |[0.081 -6062 -6062 6062 6062

1B-1)/0.0421 |0.083| -15275 15275 15275 -15275

pressure stress*

Total circ stress -21337 9213 21337 -9213

Primary membrane

cire stress* -6062 -6062 6062, 6062

3C* [10.947 |0.092

4C* }13.484 |[0.085

1C-110.1104 |0.087

2C 0.0740 {0.087

4A* |4.4600 [0.09

2A 0.0475 [0.095

4B* |2.6643 |0.081 -1663 -1663 1663 1663

2B-1/0.0642 |0.085]| -22958 22958 22958 -22958

pressure stress*

Total long stress -24621 21295 24621 -21295

Primary membrane

long stress* -1663 -1663 1663 1663

torsion moment Mt

Circ shear from Vc

Long shear from VL -1896 -1896 1896 1B

Total Shear stress -1896 -1896 1896 1P

Combined stress -24621 21285 24621 -21295 3792 3792 3792 38
Rev ©
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ASMER Section VIII Divigion 1, 1992 Edition, A94 Addenda

Component : Cylinder
Material specification: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 Outer= 0 in

*

PWHT is 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) UG-27(c) (1)
P = S*E*t/(R + 0.6*t) - Pg
= 16700*0.85*0.1875/(30.25 + 0.6*0.1875) - O
= 87.65953 psi
MAWP: (Corroded & at 100 deg F} UG-27(c) (1)
P = S*E*t/{R + 0.6*t) - Ps
= 16700*0.85*0.1875/(30.25 + 0.6*0.1875) - 0
= 87.65953 psi
REV O
Doc. No. Vo49-/<024
3.12.1996 Page |9 o= 37




X - W1 NQ_PAD

Lug material specification = A 240 304
Lug allowable stress = 18800 psi
Top plate width wp = 2 in

Base plate width wb = 4.75 in
Top plate thickness t = 0.5 in
Base plate thickness tb = 0.75 in
Lug length circ. direction L = 6 in
Gusset height h =7 in
Gusset thickness tg = 0.5 in
Number of lugs = 4

Angular position, first lug = 0 degrees
Fillet weld size tw = 0.1875 in
Force bearing width Fb = 2 in
Distance to load d = 3.375 in

Lug top plate required thicknegs, Bednar pg 153

0.75* (VL*d*L) / (Sa*wp"2+*h)
0.75*(6400*3.375*%6) /(18800*2"2*7)
0.25 in

ta

e n

L set r ir hickn
Sc 18000/(1 + (1/18000)*(h/(0.289*tg)) "2 )
18000/(1 + (1/18000)*(7/(0.289*0.5))"2 )

15923.95 psi

Hown

VL* (3*d - wb)/(Sc*wb"2*SIN(Alpha) "2)
6400% (3*3.375 -~ 4.75)/(15923.95*%4 ,75"2*SIN(68.552) "2)
0.1105 in

tg

Hown

L I i hickn

From Escoe table 4-8

fc = VL/(Fb*L) = 533,3333 psi
Mx = Cx*fc*3s™2
= 0.0923+%533,3333*5%2 = 1230.667
My = Cy*fec*wb”2
= -,126%533,3333*%4,7572 =-1516.2
tb = Sqr(é6*Mmax / Sa)
= Sgr(6*1516.2 / 18800)
= 0.6956 in
k1 n r
Radial load Pr = 0 1lbf
Circumferential moment Mc = 0 lbf-ft
Circumferential shear Ve = 0 1bf REV O

Doc.. No V04§-1-084
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8X6 LUG - WITH NO PAD

Longitudinal moment ML = 1800 1lbf-ft
Longitudinal shear VL = 6400 1lbf
Internal pressure : P = 0 psi

Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 30.342375 in
Rm/t = 161.8333

Cl =3, C2 = 4,125 in

1
1

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

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

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

Maximum combined stress =-37235 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combihed stress is within allowable limits.

Maximum primary membrane stress =-12905 psi
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary wmembrane stress is within allowable limits.

Rev o
Doc. No. Yo4§-1-054
3.12.1996 b e



X = PAD
From| Value beta
Fig.| read Au Al Bu B1 Cu Cl Du 1]
3C* |10.354 10.13¢6
4C* |20.589 |0.124
1C 0.0707 |0.111
2C-1]0.0366 |0.111
3A* |6.3028 |0.11
1a 0.0729 |0.114
3B* 114.701 |0.122] -12905 -129%05 12905 12905
1B-1]0.0226 {0.113| -24330 24330 24330 -24330
pressure stress¥
Total circ stress -37235 11425 37235 -11425
Primary membrane
circ stresgs* -12905 -12905 12905 12905
3C* [111.749 |0.124
4C* [19.629 10.136
1C-1|0.0613 |0.126
2C 0.0391 0.126
4A* 112.653 (0.11
2A 0.0328 0.127
4B* {5,9259 (0.122 -6520 -6520 6520 6520
2B-1{0.0273 [0.125| -26506 26506 26506 -26506
pressure stress¥
Total long stress -33026 19986 33026 -19986
Primary membrane
long stress* -6520 -6520 6520 €520
torsion moment Mt
Circ shear from Vc
Long shear from VL -2069 -2069 2069 28
Total Shear stress -2069 -2069 2069 28
Combined stress -37235 19986 237235 -19%8é 4138 4138 4138 48
Rizv ©
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ME ion VITI Pivision 1, 1992 Edition

Component : Cylinder

Material specification:

Corrosion allowance: Inner C

Radiography: Category A joints -
Category B joints -

* PWHT is performed

0

SA 240 304L HIGH

Quter=

0

Spot UW-11(b) type 1
Spot UW-11(b) type 1

Estimated weight: new = 224.5 corr = 224.5
capacity: new = 214.744 corr = 214.744
ID = 48.25 length Lc= 27.13 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
= 105.8118 psi
MAWP : (Corroded & at 100 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
3.12.1996

in

1b
US ga

Revo
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8X6 _LUG - WITH NO PAD
Lug material specification = A 240 304
Lug allowable stress = 18800 psi
Top plate width wp = 2 in
Base plate width wb = 4.75 in
Top plate thickness t = 0.5 in
Base plate thickness tb = 0.625 in
Lug length circ. direction L = 6 in
Gusset height h =7 in
Gusset thickness tg = 0.5 in
Number of lugs = 4
Angular position, first 1lug = 0 degrees
Fillet weld size tw = 0.1875 in
Force bearing width Fb = 2 in
Distance to lcad d = 3.375 in
L 1 I ir hi
ta = 0.75*% (VL*d*L)/(Sa*wp"2*h)
= 0.75*(5053*%3.375*6)}/(18800%2"2%7)
= 0.25 in '
L T ir hickn
Sc = 18000/(1 + (1/18000)*(h/(0.289*tg)) "2 )
= 18000/{(1 + {(1/18000)*{(7/(0.289%0.5))"2 )
= 15923.95 psi
tg = VL*(3*d - wb)/(Sc*wb"2*SIN(Alpha) "2)

5053*(3*3.375 - 4.,75)/{15923.95%4,75"2*SIN{68.552) “2)
0.0873 in

1 T ir hickn

From Escoe table 4-8

fc = VL/(Fb*L) = 421.0833 psi
Mx = Cx*fc*Es"2
= 0.0923*%421.0833*5"2 = 971.6498
My = Cy*fc*wb"2
= -.126%421.0833*%4_.75"2 =-1197.087
tb = Sgr(6*Mmax / Sa)
= Sgr{e*1197.087 / 18800)
= 0.6181 in
Check lug attachment stresses
Radial load Pr = 0 1lbf
Circumferential moment Mc = O 1lbf-ft
Circumferential shear Vo = 0 1bf
3.12.199¢6
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8X6 LUG - WITH NO PAD

Longitudinal moment ML = 1421 1lbf-ft
Longitudinal shear VL = 5053 1bf
Internal pressure P = 0 psi

I t the 1 r WR: lletin 107 i

Mean radius Rm = 24.21875 in
Rm/t = 129.1667

Cl =3, C2 = 4.0625 in

1
1

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

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

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

L}

Maximum combined stress =-26071 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-9583 psi

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

The maximum primary membrane stress is within allowable limits.

3.12.1996
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From: Value beta

Fig.| read Au Al Bu Bl Cu Cl Du 1)
3C* {7.1556 |0.168

4C* 115,373 |0.154

1C 0.0648 |0.138

2C-110.0308 |0.138

3A* [(4.9415 |0.137

1A 0.0672 |0.143

3B* |10.889 l0.152 -9583 -9583 9583 9583

1B-1{0.0195 [0.142| -16488 16488 16488 -16488

pressure stress*

Total circ stress -26071 6905 26071 -6905
Primary membrane

circ stress* -9583 -9583 9583 9583
3C* 17.9455 |0.154

4C* 114.630 |0.168

1C-1}{0.0520 |0.157

2C 0.0357 (0.157

4A* [(10.505 |0.137

2A 0.0289 [0.16

4B* [(4.6023 [0.152 -4863 -4863 4863 4863
2B-110.0220 |0.158| -16744 16744 16744 -16744
pressure stress*

Total long stress -21607 11881 21607 -11881
Primary membrane

long stress¥* -4863 -4863 4863 4863

torsion moment Mt
Circ shear from Vc

Long shear from VL -1658 -1658 1658 18

Total Shear stress -1658 -1658 1658 1B

Combined stress -26071 11881 26071 -11881 3316 3316 3216 38
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ME ion VI ivigion 2 Edition 4 n
Component : Cylinder
Material specification: SA 240 304L HIGH
Corrosicn allowance: Inner C = 0 Outer= 0 in
* PWHT is performed
Radiography: Category A joints - Spot UW-11{(b) type 1
Category B joints - Spot UW-11(b) type 1
Estimated weight: new = 229.7 corr = 229.7 1b
capacity: new = 203.121 corr = 203.121 US ga
ID = 44.625 length Lc= 30 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/(22.3125 + 0.6*0.1875) - 0
= 118.6873 psi
WP : rr 1 F} UG-27(c) (1)
P = S*E*t/(R + 0.6*t) - Pg
= 16700*0.85%0.1875/(22.3125 + 0.6*0.1875) - 0
= 118.6873 psi
REvo
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Lug material specification = A 240 304
Lug allowable stress = 18800 psi
Top plate width wp = 2 in
Base plate width wb = 4.75 in
Top plate thickness t = 0.5 in
Base plate thickness tb = 0.625 in
Lug length circ. direction L =6 in
Gusset height h=7in
Gusset thickness tg = 0.5 in
Number of lugs = 4
Angular position, first lug = 0 degrees
Fillet weld size tw = 0.1875 in
Force bearing width Fb = 2 in
Distance to load d = 3.375 in
L r ir hi B o 1
ta = 0.75*% (VL*d*L)/ (Sa*wp"2+h)
= 0.75%(4673*%3.375%6) / (18800*2"2*%7)
= 0.25 in
L T ir hickn
Sc = 18000/{(1 + (1/18000)*(h/(0.289*tg)) "2 )
= 18000/(1 + (1/18000)*{7/(0.289%0.5))"2 )
= 15923.95 psi
tg = VL*(3*d - wb)/(Sc*wb"2*SIN(Alpha) "2)
= 4673*%(3*3.375 - 4.75)/(15923.95%4 75"2*SIN(68.552) "2}
= 0.0807 in
1 ir hickn

From Escoe table 4-8

fc = VL/(Fb*L) = 389.4167 psi

Mx = Cx*fc*Gg™2
= 0.0923*389.4167*5"2 = B98.5789

My = Cy*fc*wb"2
= -.126%389.4167%4.75"2 =-1107.063

th = Sgr(6*Mmax / Sa)
= Sgr(6*1107.063 / 18800)
= 0.5944 in

Check Jug attachment gtresses

Radial load Pr = 0 1lbf

Circumferential moment Mc = 0 lbf-ft

Circumferential shear Vc = 0 1bf RiEv O
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8X6 LUG - WITH NO PAD
Longitudinal moment ML = 1314 lbf-ft
Longitudinal shear VL = 4673 1bf
Internal pressure P = 0 psi
Stresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm = 22.40625 in
Rm/t = 119.5

Cl1 =3, C2 = 4.0625 in

1
1l

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

Local circ. pressure stress = P*Bm/t = 0 psi

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

Maximum combined stress =-22614 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-8672 psi
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

3.12,1996

The maximum primary membrane stress is within allowable limits.
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From| Value beta

Fig.| read Au Al Bu Bl Cu Cl Du b
3C* |6.2968 [0.182

4C* 113.925 |0.167

iC 0.0603 [0.149

2C-110.0271 {0.149

3A* |4.6292 {0.148

1A 0.0651 |0.155

3B* |9.8548 |0.164 -8672 -8672 Be72 8672

1B-1!0.0179 |0.154| -13942 13942 13942 -13942

pressure Stresst*

Total cire stress ~-22614 5270 22614 -5270
Primary membrane

circ stress* -8672 -B672 8672 B672
3C* [7.1198 [0.167
4C+* |13.186 (0.182
1C-110.04%91 (0.169
2C 0.0352 (0,169
4A* 110.031 |0.148
2R 0.0277 10.174
4B* |4.2361 [(0.164 -4428 -4428 4428 4428
2B-1|0.0209 |0.172| -14636 14636 14636 -14636

pressure stress¥

Total long stress -19064 10208 19064 -10208
Primary membrane
long stress* -4428 -4428 4428 4428

torsion moment Mt
Circ shear from V¢

Long shear from VL -1534 -1534 1534 18
Total Shear stress -1534 -15324 1534 18
Combined stress -22614 10208 22614 -10208 3068 3068 3068 38

Note: Last Coomnw Js DU W Vawes logwrniote To T
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I, B-

ASME Section VIII Divigion 1, 1992 Edition, A94 Addenda

Component : Cylinder
Material specification: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 Quter= 0
* PWHT is performed

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

Estimated weight: new = 546.3 corr = 546.3
capacity: new = 246.702 corr = 246.702
ID = 30.5 length Lc= 78 t = 0.25 in (new)
MAP: (New & at 0 deg F) UG-27(c¢) (1)
P = S*E*t/(R + 0.6*t) - Ps
= 16700%0.85%*0.25/(15.25 + 0.6*0.25) - O
= 230.4383 psi
MAWP : {Corroded & at 100 deg F) UG-27(c} (1)
P = S*E*t/(R + 0.6*t) - Ps
= 16700*0.85*%0.25/(15.25 + 0.6*0.25) - 0O
= 230.4383 psi
3.12.199¢6

in

1b
Us ga
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Lug material specification = A 240 304
Lug allowable stress = 18800 psi
Top plate width wp = 2 in

Base plate width wb = 4.75 in
Top plate thickness t = 0.5 in
Base plate thickness tb = 0.625 in
Lug length cirec. direction L = 6 in
Gusset height h = 7 in
Gusset thickness tg = 0.5 in
Number of lugs = 4
Angular position, first lug = 0 degrees
Fillet weld size tw = 00,1875 in
Force bearing width Fb = 2 in
Distance to load d = 3.375 in

Lug top plate required thickness, Bednar pg 153

0.75% (VL*d*L) / (Sa*wp”2*h)
0.75% (3200%3 ,375%6) /{(18800*2"2+%7)
0.25 in

ta

T ixr hi
Sc 18000/(1 + (1/18000)* (h/{0.289*tg)) "2 )
18000/(1 + (1/18000)*(7/(0.289*0.5))"2 )
15923 .95 psi

VL* (3*d - wb)/(Sc*wb"2*SIN(Alpha) "2)
3200*(3*3.375 - 4.75)/(15923.95%4 . 75"2+*SIN(68.552) "2)
0.0853 in

tg

nm B H

L ir hickn

From Escoe table 4-8

fc = VL/(Fb*L) = 266.6667 psi
Mx = Cx*fc*Gg™2
= 0.0923*%266.6667*572 = 6£15.3333
My = Cy¥fc*wb™2
= ~.126%266.6667*4_75"2 =-758.1
tb = Sgr(6*Mmax / Sa)
= Sqr{6*758.1 / 18800)
= 0.49%19 in
Check lug attachment stregses
Radial load Pr = 0 1bf
Circumferential moment Mc = 0 lbf-ft
Circumferential shear Vc = 0 1lbf

REv O
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8X6 LUG - WITH NO PAD

Longitudinal moment ML = 900 1lbf-£ft
Longitudinal shear VL = 3200 1bf
Internal pressure P = 0 psi

o 1 in

Mean radius Rm = 15.375 in
Rm/t = 61.5

Cl =3, C2 = 4.0625 in

1
1l

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

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

]

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

Maximum combined stress =-8055 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3214 psi
Allowable primary membrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.
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-_WI
From| Value beta
Fig.| read Au Al Bu Bl Cu Cl Du
3C* 12,9982 |0.265
4C* [6.9678 |0.243
1c 0.0648 [0.218
2C-1|0.0231 |0.218
3A* [2,3063 |0.216
1A 0.0633 [0.235
3B* [4.8286 (0.239 -3214 -3214 3214 3214
1B-1]0.0164 [0.231 -4792 4792 4792 -4792
pressure stress*
Total circ stress -8006 1578 8006 -1578
Primary membrane
circ stress* -3214 -3214 3214 3214
3C* [3.3975 |0.243
4C* 16.5477 |0.265
1C-1]10.0403 |0.247
2C 0.0321 |0.247
4A* |5.4408 (0.21e
2A 0.0254 |0.263
4B* |2.2933 {0.239 -1831 -1831 1831 1831
2B-1}0.0237 |0.257 -6224 6224 6224 -6224
pressure stress¥*
Total long stress -8055 4393 8055 -4393
Primary membrane
long stress¥* -1831 -1831 1831 1831

torsion moment Mt
Cire shear from Ve

Long shear from VL -788 -788 788 g
Total Shear stress -788 ~-788 788 8
Combined stress -8055 4393 8055 -4393 1576 1576 1576 18

Nors: LasT Cowm 15 "D With Vawes |0sumeac To "Dt

ReEv O
Doc. No. We49-{-084
3.12.1996 Page 37 of 21




