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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGI{MA

ENGINEERING
CALCIJLATIONS

NO: V049-l-057
PAGE 1OF63

REV. DEO# DATE BY: C}IECK

SPOOL &5 (30 in)
Mode Cleaner Tube

TITLE:
0 0 l3 l 4lt9l96 WDB RDC
I o z 9 3 ehnlqtt hJDTA fiA (-

BY; W. Bitynsky DEPT.: 7tl,{

PROJECT: LIGOVaorumEquiPment PROJECTNO: V59049

PURPOSE: Determine spooyadapter sheU thickness. Additionally wlren applicablg evaluate
nozzle opening(s), calculate size and spacing ofstifener rings atrd supPort
rinss.

METHOD: Thickness requirements per the ASIVIE mdg Section VItr, Division I'
are derived using tte COMPRESS computer progran' version 5-53.

ASSLJMPfiONS: None

V6 = $"= r26.5]fif Rac:
y'or7't 'o$-

INPUTS:
Design Temperature = 400o F.
Ion Pump 16 in. O Nozde Loads

Pn = 4354.01bf ; lvlc = lr,[. = 378.5ftlbf ;
Vacuum Pressure = 14.7 psi
D  u t u  r / 0 4 1 - ' {  -  B  t +

l .
,,

?

4

REFERENCES:1 .
2.

ASME Boiler & Pressure Vessel Code, Section VIIL Div. l, heszure Vessels'
COMPRESS 5.53, Computer Aided Pressure Vessel Desigq Codeware Corputer
Systems, Inc.

3. Doc. No. VO49- I -066 LIGO Vacuum Equipment Structural Design Criteria

CALCTJLATIONS: (SEEATTACHm)

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

NOTES: Flanges are included in the COMPRESS model simulating radial stitreners at the cylinders

open enOG). For flange design and analysis see calculation numbers V049-l-016, 017, 018, 019.& 051

12" CF Nozzle is a hillside nozzle offset 4" above B-S's CL. Unbalanced vacuum load at 8" nozzle
(382. lbs) is omitted



PROCESS SYSTEIT'S INTERNATIONAL, INC.
TYESTBOROUGE,MA

f,NCINEERING
CAIfT'IJITIONS

NO: V049-1457
nev. No. I
Prse 2 of 63

PROJECT: LIGO VACUUM EOTIIPMENT PROJECTNOT V59049
CALCULATION TITLE: Soool B-S (30 in) Mode Cleaner Tube Desip

TABLEOFCONTENTS

Rwision History

Spool B-5 (30 in dia) COMPRESS Plot

Spool B-5 (30 in dia)

@MPRESS ol$rfr For Shetl Desigr

4

Pressure Sunoary

Weight Sumnary

Nozle Sunnrary

Nozzle Schedule

Thiclmsss Sulnnary

Spool B-5

Nl 12'CF (10'od)

N2 16" CF (14" od)

N3 8'�CF'�(6'�od)

N4 16" CF (14" od)

Stiffener Rings (A)

Stifferner Rings (B)

Srlppon Fiogs (A)

Suppon Ring (B)

Bello*s Lugs
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGE.MA

ENGINEERING
CALCTII.ATTONS

NO: V049-t-{157
Rcv. No. I
Prse 3 of 63

PROJECT: LIGO VACIIIIM EQIIIPMENT PROJECTNO: Vs9049
CALCUIITTION TITLE: Spoot &5 (30 in) Mode Cleaner thbe llerilo

REVISION IIISTORY

Rev. 0 Original Issue
April 19, 1996

Rev. I Issue Date
September 20, 1996

r Revised 8"CF & l2"CF nozzles to hillsicle nozles

r Added rmbalanced yacuun led at lz"CF rczzle

o Recalculated local and primary mernbrane str€sses d t$e Eozzles

o Revised tbe loading at the 16" CF oozdes, incorporatirg;
valve weigbt + vacuum force

r Reversed locations ofthe 8'CF & l2"CF nozzles.

r Revised location of l2"CF nozzle and rrprtby 2" x2 x l/4" stifter ring.

c Revisod stifter ting at anchor support to 3 x 3" x lD .
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CoMPRESS 5.53 C:TCOMPRESS\MODECLNR\85-REVI.VSLD;q

Pressu rc SummrrY

l-"-

tddrt l{ ier
P I T

.b3lgn I design
(Fi, l(deg f,

TAIP

(pgit

IAP I Pe I u6-49
lexternat I lstio

(p6t) | (Ft) |

ucs-66

Iot Sticlbte
tot lFpl iclbte
Iot lppt icabte
Iot lppl lcabte
tot apPl ic.bte

lot .pFticrble
tot lpptic€bte

€r@ticl or
strca3 lcdatiql

to01T
(deg F)

0.0
0.0

0.0
0.0

t0.2
9.0

51.7
14.7
14.7
14.7
14.7
It .7
74.7
14.7

14.7

(  ln )

0.000
0.000
0.000
0.000
0.mo

0.m0
0.000

t t l

l-t- l- l- l- l- l- l
seool a-5
14 14 t6r cr (t4'rod
12 tz 15.CF fi4'rod)
l! lB 8r CF (5'rod)

xl xl l2ncF (lodod)

Stiffner Rirrgs (A)

&+port Rlngs (A)
g.Fport RlnE (8)
u fl-5 Eb c lt.
$tAI-6 EXD Cd)t.
stitteGr lings (8)

0 .0
0 .0
0 . 0
0 .0

400.0
400.0
400.0
400.0
400.0

202.A
t30.5
1t0.5
119.9
135.9

z50.4
!4.2
148.2
136.2
154.4

10.2
9.0

1.136
I .136
I .136
1. t36
t . t36

1.000
1.000

t l t ,

lcorroBi on I
lAttonrrel

Vcssel MAWP bot & corroded is 9.03 psi @ 0 d€grecs F,

Vessct MAP new & cold is 9.03 psi @ 0 degrees F.

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

Hvdrotcst  oressure calculst ion bgsed on Pe

= 1.s*Pe+ I  = 22psi

Vessel bydroteEt pressure is 22 psi.

Rerision No. I
Doo. No. V049-l{57
Page 5 of63



COMPRESS 5.53 C : \COMPRESS\M ODECLNR\BS-REV I  .VSLD;q

wcirht  Summ!rv

letal ftetst lrays P!€krd
lex Corr & 8uD Eeds

contributed by vesset El€t€nts
lnsut Linir€ Pipin6 L€dder

8 ptat
opcr taat Xorzla

tiqrid LiSJid & flg
Rlngs

& I i sc

sDool b"5 f075 to?5
llhn-5 crd cqn i539 1539
lltrsr6 snd cqr 1539 l5l9

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

26
0
0

27A
0
0

0 | t580
0 0
0 0

5t53 6t53 27a 0 | 1580

vessel ogeroting reight, corroded: 6.457 tb6
vessel eety $ight, corroded: 6,457 Lb6
vesset eDty rcig[rt, .Er3 6,457 tbs
vessel teet ftight, ner: 181037 tb€

Vcsse l  ccn ter  o f  s rav l tv  loca t lon  ( f rom r ish t  we ld  serm)

Vcssel lift weight, new:
Cent€r of gravity to scam:

6,456 lbs
219 .7 in

Rwisio No. I
Doc. No. V049-1457
Page 6 of63



COMPRESS 5 .53  C: \COMPRESS\MODECLNR\BS-REYl .VSLDiq

Nozzlc  Sumnrry

Iozrtc O tn n.q tn ton t t€q t User t Colr Aall?

mrk  ( in )  ( in )  ( in )  A l l  R1 ( in )  ( in ,  ( in )  ( in )  (z )

14 14.00 0.2500 0.1361 y y 0.2500 0.142E 0.2500 0.0000 100.0

rZ 14.00 0.2500 0.1361 y y 0.2500 0.1428 0.2500 0.0000 100-0

lfl 6.00 0,1?50 0.1e50 v 't 0.2500 0'1428 0.0000 117.6

xr lo.o0 0.2500 0.1418 y y 0.2500 0.14?3 0.0000 100.1

t! - nozzle thichess
Req tr - lozzle thickncss required per UG45/ 16
NoE t - vcsscl wall thickness
Req t - required vessel wall thickress duc to prcssure + corr per UG-37
User t - locd vessel wall thictncss (ncar opcdng)
Aa - area avaitable per UG-37, governing condition
Ar - area required p€r UG-37, governing condition
Cor - conosiol allowance on nozzle id.

Revisiott No l
Doc. No. V049-1457
Page 7 of63



Igzl.

rar&

CoMPRESS 5 .53  C: \COMPRESS\MODECLNR\8S-REVI  .VSLD;g

Nozzle Schcdulc

Servi ce sirG ftrter i rl8
[ozzle lrpact? Iorn? Pld lPtct? Ior ? flrrEe

l{

taz
x3
u

'16r cf (14xod)

l5ncf (l4xod)

Er ct {6sod)
lzrcf {10nod)

13.50 tDx0.25
13.50 lDxo.a5
5.75 lDxo. t2
9,50 IDxo.25

S 240 !ll4t lltcH n n
sA 240 3O4L HIGH n n
sA 240 304t lltcH n n
sA 240 3041 Hlcli n n

Revisiqr No. I
Doc. No. vo49'1457
Pago 8 of63



CoMPRESS 5.53 C: \CoMPRESs\MODECLNR\BS-REVr .VSLI) ;q

TbicLnGss summrrv

C(llFqrgrt

ld€nti flcr t  in )
Length ,ldn t

( in) ( int
neq t Joint
( in )  E

Governi ng
Lo€d StEtua 3tra66

0"t tcct
( in)

Spoot b"5 419.00 0.25m 0.1628 0.85 cxterr|5l

NoE t - vcssel wall thickness
Req t - rcquired vcssel wall thic&ness due to goverDiDg loading
E - longitudinal seam joirt efficietlcy

l,oad:
internal - circ str€ss dlre to interDal pressure governs
external - extemal pressure governs
wiDd - coEbined long $tress due io STATUS + wild governs
seismic - combined long stress due to STATUS + seismic govems

Rcvision No' I
Doc. No. V049-1457
Page 9 of63



I ISME Scct lon VII I  Div is lon t .  1992 Eatt ion. egr Addcnde

Componcnt:
Material specitication :

Estimated w€ighl:
capacity:

Extenal design pressure: Pe= 14.7 psi @ 400

Corrosion allowance: In:rer C = 0 Outer= 0

PWHT is nor performed

Radiography : Caaegory A joints - Spot Uw- f I G) tyP€ f
Category B joints - Spot UW- I l(b) type I

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

MAP:  (New &  a t  0  deg  F )  UG-27(c ) ( l )

P - S * E r r ( R + 0 . 6 * t ) - P $
= 16700*0.85 +0 .251(15.25 + 0.6+0.25) - 0
= 230.4383 psi

MAWP: (Corrodcd & r t  400 dee F) UG-27(c)( l )

P = 5 r g r , y 1 g + 0 . 6 + r ) - P s
= 14700*0.85 +0 .251(15 .25 + 0.6*0.25) - 0
= 202.8409 psi

Externr l  Pressure: (Corroded & at 400 deq F) UG-28

LtDo = 69131 =2.2258 Dolt = 3ll0.l428l = 217.O716
From table G: A = 0,000183
From rrble HA-3; B = 240g.6

P3= {+l/(3 *Do/l)
= 4*24O8.6t (3+31/0. 1428 l)
= 14.7945 psi

DcsiEn th ickness for  extern l l  pr€ssure Ps = 14.7945 Dsi :

= t + Corrosion
=  0 . l 4 2 E  I  +  0
= 0.  14281 in

Maxlmum At lowable External  Pressurc:  (Corrodad @ 400 deq F)

COMPRESS 5.53 C: \COMPRESS\MoDECLNR\85-REVl .VSLD;q

Soool  B-5

Cylindcr
SA 240 3O4L HIGH

deg F

in

new = 3074.7 corr = 3074 '7 lb
new = 1388.487 corr  = 1388,487 USga

UDo = 69t31 =2.2258
Fron table G:
From table HA-3:

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

D o t t = 3 v 0 . 2 5 = r 2 4
A = 0.000416

B =  48  16 .4

Revision No. t
Doc. No. V049-l-057
Page l0 of63



COMPRESS 5.53 C: \COMPRESS\MODECLNR\BS-REVl .VSLD;q

= 4+48 16.4/(3'3 l/0.25)
= 5l .7892 psi

Revision No. I
Doc. No. V049-1457
Page I I of63



COMPRESS 5.53 C: \COMPRESS\MoDECLNR\BS-REVI.vSLD;q

Nr I  2"CF ( I  0 'odl

Located on:
Local vessel thickness:
Liquid static head includcd:
FlaDge dcasription:

Nozzle matcrial specificatio[ :

Nozzle oricltation :
End of nozzlc to shell ceuter:
Nozzle offset from c€nt€r Lo:
Projection outside vessel Lpr:

Spool B-5
.25 in
0 psi
Nol irstalled

SA 2.[0 304L HIGH

75,5 degrees
18.  125 in
4 i n
3 .  1 5  i n

En -> l.-

tvl-> |
l /

< - o - >

-tw?

c o r r o s i o n a l l o v = 0 i n
noz th ick new tn= .25 in
nozzl -e l -d .  nev d= 9.5 in
f i l lec weld cw1 = .25 in
groove veld ELr2 = .1875 in

a- t- -; I To datum L= 309 in

L imi ts  of  rc ln forcement  UG-40

Parallel to thc vessel wall d = 9.883 in
Normal to the vessel wall outside 2.5+(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5t(tn-Cn-C) = .625 in

Dctcrmlnrtion of Chord Lenqth

Thetal = ArcCos((Lo + Rn)/Rm)
= ArcCos((4 + 4.751115 .3?09)
= 55 .17227

Thetr2 = ArcCos((Lo - Rn)/Rm)
= ArcCos((4 - 4 '75)t 15.3ZO9)
= 92.8064 I

d = 2+Rm*Sin((The.z2 - Thetal)|z)
= 2* 15.3?09*Sin((92.8064 I - 55.17227)12)
= 9.883 in

Nozzle recul red th ic  kness

u! = P*R&/(Sn*E - 0.6*P)
= 135 .9225+4 .7 51(14700+ t - 0.6* 135.9225)
= 0,0442 iu

Revisiott No. I
Doc. No. VO49-l{57
Page l2 of63

Leouircd th ickness t r  f rom UG-37(a)



COMPRESS 5.53 C:ICOMPRESSIM ODECLNRIBS-REV I .vSLD;q

N l  l 2 ' C F  (  l O ' o d l

tr= Prtt/r(S*E - 0.6*P)
= 135.9225+ L5 .25/( 14700{'l -0.6.135.9225)
=  0 . 1 4 1 8  i n

Area rcaulrcd

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

frl = lcsser of I or Sn/Sv so frl = I
fr2 = lesser of I or Sn/Sv so frz = I

A = d* t r ,+F + 2+tn+tr+F*( l  - f r1)
=  9 . 8 8 3 + 0 .  1 4 1 8 * 0 . 5  +  2 * 0 . 2 5 { . 0 .  1 4 1 8 * 0 . 5 * (  1  -  l )
= .7@7 in^Z

Arca rveilable

A I = larger of rhe following = | .77 in^ 2

= dr(E I +t-F+rr) - 2+tn.(E1*t-F'.tr).(l-frl)
= 9.  883*( I  *0.25-0.5 *0.  14 1 8) _ 2+0.25r( I  +0.25_0.5+0. 14 l8)*(  I  _ l )
= r.77 ia'2

= 2,i(r+rr)+(EI+r-Frrr) - 2*rn*(E 1*1-p*u;,$( l -fr l)
= 2.(O.25+O.25)*(  1+0.25-0.5*0.1418) _2*0.25r( l*0.25_0.5r0.1418)*( l - l )
= . l 79 in 'Z

A2 = smallcr of the followinc. = 0.257 in^2

= 5*(ln - trn) *fr2 *l
= 5*(0.25 -  0.04421* 1*9.25
= .257 in'Z

= s*(ln - trn) *fr2*tn
= 5*(0.25 - 0.0,142;* 1*9.25
= ,257 in'2

A4l = Leg'2aft2
= O.25'2* l  = .063 in^2

A r e a = A l + 4 2 + A 4 l
= 1.77 + 0.257 + O.063
= 2.O9 in'2

As Area > A the reinforcement is adequate for MAWP = t35.9225 at 400 Deg F

Reinforcemcnt  check in  the p l rne parr l le l  to  the long.  sx ls

Area reoul red

_ A = d* t r+F + 2* tn+tr*F*( l  -  f r l )
1 |  =  9 . 5 * 0 .  1 4 t 8 * t  +  2 + 0 . 2 5 * 0 -  t 4 l 8 * t + ( l  -  l )
- = 1 .34i I in^ 2

Area aval lab le Revision No. I
Doc. No. V049-l{57
Page 13 of63



CoMPRESS 5.53 C : \COMPRESS\M ODECLNR\85-REV I  .VSLD;q

Oo, 
= targer of ttre fotlowing

Wall thickaess per UG-45 (a):
Wall thickress per UG-.15(bX 1) .
Wall &ickness per UG- 16O) :
Srd pipe wall per UC-45(bX4):
The greater of tr2 or tr3 :
Tbe lesser of l'4 or tr5:

N l  r  2 " C F  (  l O ' o d l

= 1.028 in^Z

= d*(El*t-F*rr) - 2+ln*(E l,.t-Frrr)r( l-frl)
=  9.5*(  I  r0 .25-  I  +0.  14 l8)  -  2*O,25+(t '0 .?5-  I  *0.  14 l8)* (  l -  l )
= 1.028 in'2

= 2r(r+tn)i(E I *t-F*tr) - 2*rn*(E I rl-Frrr)+( l -fr l)
=  2+(0.25 +0.25) t (  1 .0.25-  1, r .0 .  14 l8)  -  2+0.25 r (  1r0.25-  l  t0 .  14 l8) t (  1-  1)
= . lOE in'2

A r e a = A l + A 2 + A 4 l
= 1.028 + 0.257 + 0.063
= 1.348 in '2

As Area > A the reinforcement is adequate for MAWP = 135,9225 at 400 Deg F

Chcck thr  walds -  From U\{ -  I  6(d) :

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in
tl or tz(mi!) = lesser of 0.25 or 0.7+tmin, t 1(njn) = 0.175 in
t l (actual )  = O.TrLeE = 0.7*0.25 = 0.175 in
t2(actual) = 0. 1875 in
l l  +  t2  = 0,3625 > = 1.25*tmin

rrl = 0.0442 in (E =
tr2 = 0. 14 18 in
tr3 = 0.0625 in
r f4 = 0.319375 in
rr5 = 0. 14 18 in
t I6  = 0.  14l8 in

r)

Req'd per UG-45 is the larger of trl or tr6 = 0. 14l8 in

Available nozzle wall thickD€ss new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.

Al lowable s t resses in  jo in ts  UG-t ls(c)  and UW- 15(c)

Groove weld in tension = 0.74* l41OO = 10878 psi
Nozzle wall iu shear = 0.7*147QQ = 10290 psi
Inner fil let,weld in shear = 0.49* 14700 = 7203 osi

Stren qth of  welded jo ints :

(1) Itrner fiuet weld in sbear
^(Pil2)*Nozzle O.D. +Leg*Si = 1 .57 + 10t0.25 *7203 = 2827 1.7 I lbt

-(3) Nozzle wall in shear
(Pi /2 ; r14"*  nozzle d ia.  * tn*Sn = 1.57*9.75*0.25* 10290 = 39378.55 lb l '

Rcdsion No. I
Doc. No. VO49-l-057
Pagc 14 of63

The weld sizes for t 1 atrd t2 are satisfactorv.

-45 Nozzle Neck Thickness Chec



COM PREss 5.53 C : \COM PRESS\MODECLNR\Bs-REV r  .VSLD;q

N  I  l 2 " C F  {  l O " o d )

(4) Groovc weld in tension
(Pi /2; ipor"1"  O.D.+tw+Sg = 1.57.1010.  lE75* l0E?8 = 320?2.11lbf

Loadlnq on welds ocr  UG-41 {b)(  I  }

W = (A -  (d  -  2+tn)+(E l ' i t  -  F* t r ) ) rSv
= ( r .3471 -  (9.5 -  2+0.25)*( l *0.25 -  l+0.  l41E))*14700
= 548?.51 tbf

Wl- l  = (A2 + A5 + A4l + A42)*Sv
= (0.257 + 0 + 0.063 + 0)*14700
= 4704 lbf

W2-2 = (A2 + A3 + A4l + A43 + 2*h.r.frl)*Sv
= (0.257 + 0 + 0.063 + 0 + 2,r0.25t0.25tt)+14700
= 6541.5 lbf

Load for path l-I lesser of W orWl-1 = 4704 fbf
Path l-l Thru (l) & (3) = 28271.78 + 39378-55 = 6?650.33 lbf
Patb l-l is srotrger than W l- l so it is acceprable per UG-4lO)(l).

Load for path 2-2 lesser ofW or W2-2 = 5487.51 tbf
Path 2-2 Tbru (l), (4) = 28271.78 + 32OZ2.l I = 60293.89 lbf
Path 2-2 is slrong€r thar W so ir is acccprable per UG4l(b)(2).

e inforccmcnt  Cdlculat ions For  Nozzle MAP

Llmlts ol rclnforcement UG'40

Parallel to the vess€l wall d = 9. E83 in
Normal to the vessel wall outsid€ 2.5*(tu-Cu) + te = -625 in
Normal to the vessel wall inside 2.5+(ln-Cn-C) = .625 !n

De terminat ion of  Chord Lcpqth

Thetal = Arccos((Lo + RD)/Rni)
= ArcCos((4 + 4.75>l15.3209\
= 55.17227

Theta2 = ArcCos((Lo - Rn)/Rur)
-- ArcCos((4 - 4.75)115.3?O9)
= 92.8O641

d = 2+Rm+Sin((Thcta2 - Theral)/2)
- 2+ 15.3209*Sin((92.8064 I - 55. r7227')tZ)
= 9.883 i r

Nozzle redul red th ic  kness

trn = PrRn//(Sn*E - 0.6+P)
.-. = 154.4704*4.75l( 16700* l -0.6r'154.4704)

t 
= o'0442 in

R.eoui red th ickness t r  f ronr  UG-37(a)
Rwision No. t
Doc. No. V049-1457
Page 15 of63



COMPRESS 5.53 C: \COMPRESS\MODECLNR\BS-REVl .VSLD;q

Nl  I  2 'CF  (  l o ' od )

tr= Pr.w(srE - 0.6+P)
= 154.47O4* 15.25/(16700'1 - 0.6*t54.4704)
=  0 . 1 4 l E  i n

ArGa rcoulrcd

Allowablc suess€s: Sn = 16700, Sv = 16799, n.'

frl = lcsser of I or Sn/Sv so tii = I
fr2 = lcsser of I or Sn"/Sv so fr2 = I

A = 6*6*5 * t*a*1r*p*1I - frI)
=  9 . 8 8 3 * 0 . 1 4 t 8 * 0 . 5  +  2 + 0 . 2 5 + 0 . t O t g * 9 . 5 * 1 t  _  1 )
= .7007 in^2

Area avrllrble

A1 = lsf,ger of the following = 1.77 in^?

= d,i(E I +r-F*r) - 2*h*(E 1*t-F+tr)*( l -fr I )
= 9.883r(  I  *0.25-0.5, r0.  14 I  8)  -  2 i0 .25+(  I  +0.25-0.5*0.  14 l8)* (  t  -  I  )
= r.77 ir-'2

= 2,|(t +tn)+(E 1 *t-F'rrr) - 2*tn*(E 1*1-p*6) +( 1 -fr I )
- 2 * ( 0 . 2 5 + 0 . 2 5 ) { , ( l * 0 . 2 5 - 0 . 5 * 0 . 1 4 1 8 ) - 2 * 0 . 2 5 * ( 1 * 0 . 2 5 - 0 . 5 + 0 . 1 4 1 8 ) * ( r - r )
= .179 'n '2

A2 = smaller of the following = 0,257 in'2

= 5 *(tu - trn)*frz*t
= 5*(0.25 - 0.O4421* 1*g.25
= .257 it'2

= 5 *(tn - tr)+fi2 *tn
= 5r(0.25 - 0.04421t' 1*9.25
= .257 in^Z

A4l = Leg'2+fr2
= O.E^Z*L = .063 in-2

A r e a = A I + L 2 + A 4 1
= | .77 + 0.257 + 0.063
= 2.09 ia'2

As Area > A lhe reinforcemenl is adeguate for MAP = 154.4704 al 0 Deg F

Rcinforcamcnt  check ln  the p lane para l le l  to  the lons.  rx is

Ar€r  rcdul red

A = d* t r*F *  2*6*6*p*( l  -  f r l )
=  9 . 5 + 0 . 1 4 1 8 * l  +  2 * 0 . 2 5 * 0 . 1 4 l 8 r l ' r ( l  -  t )
= | .347 | in'2

Arca avallable RevisioD No. I
Doc. No. VO49-l{57
Page 16 of63



COMPRESS 5 .53  C: \COMPRESS\MODECLNR\8S-REVT.VSLD;q

I = la.rger of the following

Nr  r  2 'CF  (  l 0 ' od t

= 1.028 in '2

= d*(E I ir-F*u) - 2$tn*(E I r.t-Frtr).( I -fr l)
=  9.5. (  I  r0 .25-  I  r ,0 .  14 lE)  -  2*0.25+(  I  r0 .25-  I  *0.  14 l8) r (  l -  l )
= r.028 in'2

= 2+(t+t!)+(Elrr-F+rr) - 2+rn',(E I *1-pt tr;*( I -fr 1)
-  2 . (0.25 +0.25)r (  I  *0.25-  I  *0.  14 l8)  -  2*0.25+(  I  +0.25-  l  t0 .  14 l8) t ' (  l -  l )
=  . lOE in-2

Area = Al + A2 + A41
= 1.028 + 0.257 + 0.063
= 1.348 in^2

As Area > A the reinforc€m€nt is ad€quate for MAP = 154.4704 at 0 Det F

Check thc wclds -  From UW-16(dl :

tmin = lesser of 0.75 or tn or t, tmitr = 0.25 in
t l  or  t2(min)  = lesserof0.25 or0.7* tmin,  t l (mir )  = 0.1?5 in
t l (actual )  = 0.7*L€8 = 0.7+0,?5 = 0.  175 in
O(actual) = 0.1875 in
t l  +  t 2  =  0 . 3 6 2 5  > =  1 . 2 5 * t m i n

rJr'all thictness per UG-45(a):
Wall thickness per UG45(b)( 1):
Wall thickness per UG- l6(b):
Std pipe wall per UG45(bX4):
The greeter of tr2 or tr3 :
The lesser of ir4 or trs :

= 0.02t42 in (E = r)
=  0 . 1 4 1 8  i n
= 0.0625 in
=  0 . 3 1 9 3 7 5  i n
=  0 . 1 4 1 8  i n
=  0 .  1 4 1 8  i n

trl
trZ
tr3
tr4
tr5
tr6

Req'd per UG45 is lbe larger of trl or tr6 = 0.1418 in

Available nozzle wall lhickness new. rn = 0.25 in

The nozzle neck thickness is adequate for MAP.

Al lowrbl .  s t resses in  io in ts  UG-45(c)  rnd UW-15(c)

Groovc weld in tcnsion = 0.74*16700 = 12358 psi
Nozzle wall iu shear = 0.7*16700 = 11690 psi
Inner fil let weld in shear = 0.49t16?00 = 8183 psi

Sl rensth of  welded jo ints :

( l) Inner fillet w€ld in shear
(Pi /z) iNozzle O.D.*Les*Si  = 1.57*10+0.25*8 183 = 32118.28 lb f

V131 Nozzle wall in shear
{Pil2r*llles;a nozzle dia. *tn*Sn = 1.5?+9.75 +0. .)5'r' I 1690 = 44736. l7 lbf

R.vision No. I
Ooc. No. VO+S_|+57

The weld sizes for t 1 and t2 are sadsfactory,

-45 Nouzle Neck Thickness Check



COMPRESS 5 .53  C: \COMPRESS\MODECLNR\85-REVI  .VSLD;q

N l  l 2 " C F  ( 1 0 " o d l

(4) Groove weld in tension
(Pi l2) .Nozzle O.D.r tw+sg = 1.57+10+0.1875*12358 = 36378.E6 lb f

L o a d i n g  o n  w e l d s  n c r  U G - 4 1 ( b ) ( l )

W = (A - (d - 2*ttr).(E1*r - Frtr))*Sv
= ( f ,3471 -  (9.5 -  2*0.25)+( t+0.25 -  1 .0.  l4 l8) )*16700
= 6234.11 lb f

wl - l  =  (A2 + 45 + A4l  + A42) .Sv
= (0.257 + 0 + 0.063 + 0)*16?00
= 5344 lbf

412-2 = (A2 + .43 + A4l + A43 + 2+mrr*ft l)*Sv
= (0.257 + 0 + 0.063 + 0 + 2+0.25+0.25t1)*16700
= 743 I .5 lbf

Load for parh l-1lesserof W orWl-l = 53!14 lbf
Patb l - l  Thru (1)  & (3)  = 32118.28 + 44736.r7 = ?6854.45 lb f
Patb 1- l is stronger than W 1- I so it is acceptable per UG-4 1(b)( l).

Load for patb 2-2 lesser ofW or W2-2 = 6234.1 I lbf
Path 2-2 Thru ( l), (4) = 321 18.28 + 36378.86 = 68497. 14 tbf
Path 2-2 is stroDger thae W so it is acceptable per UG-41(b)(2).

e inforccment  Calculat ions for  Exlernal  Pressure

Limi ts  of  re inforcement  UG-40

Parallel to the vessel wall d = 9.883 in
Normal to the vessel wall outside ?.5t(tu-Cn) + le = .625 in
Norrnal to the vessel wall inside 2.S*(tn-Cn-C) = .625 in

Deierminet ion of  Chord Lenqth

Thetal = Arccos((Lo + Rn)/Rm)
= ArcCos((4 + 4.75)l15 .3214,
= 55.17357

Theta2 = ArcCos((Lo - Rn)/Rnr)
= ArcCos((4 - 4.75)115 .3214)
= 92.40632

d = 2+Rm+Sin((Thera2 - Th€ral)/2)
= 2t  15.3214 *Sin((92.80632 -  55. t7357) l?)
= 9.  E83 in

Nozzle requ I  red th ickness

U D o  =  3 . 1 5 / 1 0  =  . 3 1 5
^ From table G;

I From labl€ HA-3:
-

Pa= 4*B/(3 *Do/t)
= 41494 | | (3 * l0/ O.02239)

Do/r = 10/0.02?39 = 446.6?8
A = 0.000481

B = 494 I

Revision No. I
Doc. No. V049-l-057
Page | 8 of63



coMPRESS 5.53 C : \COMPRESS\M ODECLNR\85-REV r  .YSLD;q

N t  1 z " C F  ( 1 o ' o d )

= 14.?505 psi

Nozzle required thickness trn = .02239 in

Reouired th icknesi  t r  f rom UG-37(d)( I  )  =  .142E ln

Arcr rcdulrcd

Allowable stresses: Sn = 14?00, Sv = 14700, psi

frl = less€r of 1 or Sn/Sv so frl = I
&2 = lesser of I or Sn/Sv so frZ = 1

A = o.s+(drtr+F + 2rrn*rr*F*(l - frl))
= 0.5*(9.883*0.  1428*0.5 + 2*0.25r0.  1428' t0 .5r( l  -  l ) )
= .352E in-2

Arer  gvr l l rb lc

A I = largcr of the following = | ,765 it^Z

= d'.(E I +r-F*rr) - 2th*(E I *r-F*rr) *( 1-fr l)
-  9.883+( I  +0.25-0.5*0. 1428) -  2.0.25.(  I  *0.25-0.5 +0. t428)r(  l -  l )
= 1.765 in'2

= 2*111tn) +(E 1*t .F*tr)  -  2*tn*(El*,-p*11;*( l - f r l )
= 2+(O,25 +0.25)*(  1*0.25-0.5 r0 . l4?8) -  2*0.25*( I  *0.25-0.5 *0.  t428)*(  l -  l )
= . l 79 in 'Z

A2 = smaller of the following = 0.285 in'2

= 5,}(tD - trn)*fr2 *t
= 5+(0.25 -  0 .02239)+ l *0.25
= .285 io�'2

= 5+(tn - un) rfr2atr
= 5*(0.25 - O .02239)'* 1*0 .25
= .285 in'2

A4L = Leg^2*fr?
= O.25^2* l  = .063 in-2

A r e a = A l + 4 2 + A 4 l
= 1.765 + 0.285 + 0.063
= 2.  I  13 in '2

As Area > A the reinforcement is adequat€ for Pe = 14.? at 400 Deg F

R.€inforcement  eheck in  the p l lnc para l le l  to  the lone.  rx is

Area res u l  red

O^ = tr."*-F + 2{,h'rr{,F+(l -  rrt))
= 0.5+(9.5*0.  l42E* I  + 2t0.25*0.  l42E+ I  * (  l  -  l ) )
= .6783 in^2 Revision No- I

Doc. No. V049-l{57
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COMPRESS 5 .53  C: \COMPRESS\MODECLNR\BS-REVT.VSLD;q

Al = larger of the following

lVall thickness pcr UG- l6(b):
Std pipc wall per UG45(bX4):
The greater of tr2 or tr3:

lThe l€sser of tr4 or trs:
-

Nr  I  2 'CF  (  lO 'od )

=  I  . 018  i n^  2

tr3 = 0.0625 in
tr4 = 0.3 193?5 in
tr5 = 0.0625 in
116 = 0.06?5 in

= d+(E I *r-F+rf) - 2rtnr(E 1,rt-FrE)+( l -fr l)
=  9.5*(1r0.25- l  *0.  1428)  -  2+0.25*( l *0.25-  1 *0.  1428)*( l -  l )
= I.OIE in'2

= 2.(l+rn)t(EI*r-F+lr) - 2*rn*(E I *r-F+tr)+( l -fr t)
-  2 . (O,25+O,25) . (  1 .0.25-  1*0.  l42E\  -  ?rO.25.(1.0.25-  1.0.  1428)*(  l  -  l )
= . 107 in-2

A r e a = A l + A 2 + A 4 l
=  1 . 0 1 8  +  0 . 2 8 5  +  0 . 0 6 3
= 1.366 in-Z

As Area > A the reinforcement is ad€quat€ for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Thlckness Chcck

Wall rhickness perUG-45(a): . trl = 0.02239in(E = l)
Wall thickness per UG-45(b)(2): tr2 = 0.0153 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

Tle nozzle neck thicksess is adequate for Pe.

Revisioo No. I
Doc. No. V049-l{57
Page 20 of63



COMPRESS 5.53 C: \COMPRESS\MODECLNR\85-REVr 'VSL

Nl  I  2 'CF  (  l 0 ' od r

Radial load
Circumferential moment
Cirsunferential shear
Longitudinrl moment
LongitudiDrl shear
Torsion EomeDt
Intemal presslre

: Vlrrurr foo.- (9'o6 C^P traJ

?z:=

Pr = 1042 lbf
Mc = 0 lbf-fi
Vc = Olbf
ML = 0 lbf-fl
VL = 0lbf
Mr = 0 lbf-fi
P = 0 psi

rr- rL (ra.-r)

slrcsses rt the noztlc OD Der WRC brlletin I 07 ( Dsll

Mea! radius Rm = 15.375 in
t{m/r = 61.5

Stresr concentratioD factor K! (tension) = I
Stess coDcentration ftctor Kb (bending) = I

Pressure strcss int€nsity factor' Fan equation 11.5

l= .25+(4 a f+(r/x)'2 + 3*(r/x)'4)
= .25r(4 + 3*(4.7515.25)^2 + 3r(4.7515.25)^ 4'
=  2 . 1 1 7

^ 
Local circ' Prcssure stress = I*P+Rm/t =€ 1914. e:r

1"""t long. pressure sress = P*Rm./2t =F *5L. %t

Maximum conbined stress = -=r=!t 95Bl . p:r

Allowable combined stress = + -3 +S = + - ,14100 psi

The maxiDum coEbined stress is within allowable limits'

Maximum primary membtaue slre$s = -€EEFi= 4O43. get

Allowable trimary mcmbrane su€ss = +-l-5*S = +- 22050 Pci

The maximum primary membrane stress is within allowable linits'

g.-r- : L*lq)( ra. srs'^,) - 45'L, esr
Z (.ea'"r)

6-c- - (t4:? P6)(15'415'"") : 9o4p6r -+

.25r..l

MAy. trr{6r$sD \-e=ls -- -??-16 
esr + 45t P5\ + \g\+ft^

: 956\. rar

= \t"11 p5\ + 452. b\ \9\4esr = 4c4aP5\

Rcvisiorn No. I
Doc. No. V049-l{5?
Page 2l of63

€- (go+atrlz.ur\
:- tg\dr rbr

Max PRrNrna{ S.et*



COMPRESS 5.53 C: \COMPRESS\MoDECLNR\85-REVl .vs l ,

N l  l 2 ' C F  (  l o ' o d l

I  Froml value I  betal
I  Fls.  I  read I  I A1 D18 u

3c*  12 .7030
4q*  15 .  1853
r c  t 0 . 0 6 4 8
2 c - r  1 0 . 0 1 3 5
3A* I  

. l  .8945
1 A  1 0 . 0  5 9 1
3 B l  1 3 . 9  B  l 7
l B - r  1 0 . 0 1 2 s

0 . 2 8 5
0 . 2 8 5
0 . 2 8 5
0 . 2 8 5
0 . 2 8 5
0 . 2 8 5
0  . 2 8 5
0  . 2 8 5

pressure stress'

Total circ streaa
Primary nembrane
circ stress*

-1677

-  1350

-1677 -1677

1 3 5 0  - 1 3 5 0

-  l J 5

-1577
-5482

1350

-733 -733

-6442 548?

- 1 5 5

5482

-4e4(, - 7?-4t , '494,1

-3s91 -3591 -3s91

-\9r4, - r9r4
-?74\, -q\27, '7&�34 -9tL1 Xb*.

3c*  12 .7030
4c*  16 .  1853
1 c - 1 1 0 . 0 3 2 0
2c  10 .0306
4A+ 15 .8096
2 A  |  0 . 0 2 4 5
4 8 *  t 2 , 0 5 9 2
2 8 - 1 1 0 . 0 2 1 8
oregsure Stress '

0 . 2 8 5
0  . 2 8 5
0 . ? 8 5
0  .285
0 . 2 8 5
0 . 2 8 5
0 .  285
0 . 2 8 5

-733

-3201

-  t  5 5  -  r  5 5

3201  -3201

-733
- t o r t

3201
-3061

-1577 -1677 -1577

3051  -3051  3051

'44. -4s2. -452. -4<2, '152. -4<2. -452. '452,

Total long stresg
Prinary membrane
long stress*

'At4t, '?.Dtv, -4\gt. Totb -5190,

' l | 4 5 ,  r r b 6 , ,  
- 1 1 6 5 .  - t t g 5 .  - 2 1 z a t

932. -steo- )tL,

-2t'11 -Ztzq. -L\21.

toraion tnofient i,tt
Circ ahear from vc
Long shesr from vL

Total Shear stsress

combined stress -4941 -}s)t -4%l , - 361 -9t21, ?935 -9\4 3E6<

Lbellgt"€1 I
- 4<9 -A+. - 4(?. -4(2. -4<2. .4s7, - 4S2. _4S2,

I t4c*Cong*r.o t"oel' i - sr>:
T - -
lfil*-?e,uraltE*csAJl | -35!t

- T - -  -
' l r -
t ?o'.aAaf\al'tto:€\r+6 | -4S2,

-4045 -s191, -4o4b, -?531 3)6) atCl. 3)s5

'3591 - 3s91 -)591' -tu41 '%n ' i l41. '2t41

- lSr -4(?. -4S?. -{s?. -{s?, +tr;. '4sL

-#. -(o{4. -5oe9 -bo9g -xcD9 -3oBg

Revision No. l
Doc. No. v049-145?
Page 22 of63
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eninn N2 RelnforcemGnt

COMPRESS 5.53 C: \COMPRESS\MoDECLNR\Bs-REvT.VSLD;q

N2 1 6"CF (  l4 'od l

User inprt vcssel thickness:
Liquid slatic bead included:
Flange deecripion:

Nozzle Esterial specification :

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

tn -t l  l . -

tr/ 1->
< - d - >

-tw2

Spool B-5
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 dcgrees
18 . I25  i n
0 i n
2.625 in

corrosion allow =
noz th ick new En=
nozzle id ,  new d=
fi11et weld twl =
groove weld Err2 =

To daEum L= 98 in

0 i n
. 2 5  i n
1 3 . 5  i n
. 2 5  i n
. 1 8 7 5  i n

1- 1- -; I

Llml ts  of  re lnforcement  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*(rn-Cn-C) = .625 in

Nozzle recui red th ickncss

trn = P+IlDi,(Sn*E - 0.6.P)
= 130.5334'6.75t (I47OO* l - 0.6* 130.5334)
= 0.06O3 in

Reauircd th ickness t r  f rorn UG-37(r )

rr.= P+Itif(s rE - 0.6+P)
= 130.5334+ 15.251( t4700* l  -  0 .6*130.5334)
=  0 .  1 3 6 1  i n

Area reoui  red

Allowablc stresses: Sn = 14?00, Sv = 14700, psi

- fr I = lesser of I or Sn/Sv so fr I = I
]tz = lesser of I or Sn/Sv so frz = t
-

A = 6r6rp + z* tn* t r rF*( l  _  f r l )
=  1 3 . 5 * 0 , 1 3 6 1 t 1  +  2 * 0 . 2 5 * 0 . 1 3 6 1 *  I  t (  I  -  l )

Revision No. I
Doc. No. VOl9-t{57
Psge 23 of63

I  Calculat ions For



coMPRESS s.ssC : \COM PRESS\M oDECLNR\85-REv LVSLD;q

= 1.8373 in '2

N 2  1 6 " € F  ( l 4 " o d l

Area avr lhb le

A I = Iarger of Oe following = I  .538 in^2

= da(E l rt-F+F) - 2*tDr(E I *t-Frrr).( l -fr l)
=  13 .5 r (  I  *0 .25 -  1 .0 .  136  t )  -2+0 .25+( t .0 .25 - I+0 .136 l )+ ( t - t )
= 1.538 ia^2

= 2*(t+tn)+(E I +r-F+tr) - 2+ra*(E I rt-Ftr) +( I -fr l)
= 2*(0.25 +0.25)*(  I  i0.25- I  *0.  136 l )  -  2 i0.25 *(  I  *0.25- I  i '0.  136 1)*(  l  -  l )
= . 1 1 4 i n ' 2

A2 = smaller of the following

= 5r(tn - tr!)*fr2+t
= 5 ' i (0 .25 -  0 .0603)r  I  +0.25

= O.237 in'Z

= .237 in'2

= 5+(tn - tm)*fr2*atr
= 5 *(0.25 - 0.0603)+ l *0.25
= .237 ir'Z

A4l = LeE 2'fr7
= 0.25 '2\  L  = .063 in^2

V A r " " = A l + . { 2 + A 4 l

= 1.538 + 0.237 + 0.063
= 1.83E in-2

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

Chcck the welds -  From UW- I  6(d l  :

tmin = lesser  of  0 .75or tDor t ,  tmin = 0.25 in
tl or tz(miD) = lesser of 0.25 or 0.7*tnin, tI(min) = 0.175 is
t I (ac!ual) = 0.?*Leg = O.71Q.25 = 0. 175 in
r2(achal) = 0. 1875 in
t l  +  t2  = 0.3625 >= 1.25 ' tmin

Tbe weld sizes for t I aDd t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall rhickness per UG-45(a): t r l  = 0.0603 in (E = l )
Wall thickness per UG-45(bX l): tr2 = 0.136lin
Wall rhickness per UG-16(b):
Std pipe wall per UG-a5G)(4):
The greater of tr2 or u3 :
The l€sser of tr4 or tr5:

tr3 = 0.0625 in
tr4 = 0.328125 in
tr5 = 0.  136l  in
116 = 0.  136l  in

Req'd per UG-45 is the larger of tr I or tr6 = 0. 136 I in

Available nozzle wall thickness new. tn = 0.25 in Revision No. I
Doc. No. V049-l-057
Page 24 of63



COMPRESS 5.53 C r \COMPRESS\M ODECLNR\BS-REV I  .VSLD gq

N2 r 6"CF ( 14"od)

fhe trozzlc neck thicktres$ is adequate for MAWP.

Al lowrblc  s t resses in  jo in ts  UG*{5(c)  rnd UW- I  5(c)

Groove wcld in tension = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi
Inaer fillet weld in shear = 0.49t 14700 = 7203 osi

Strcneth of  wclded lo i  n ts :

( l) Inner lillet weld in sbear
(Pi/2).Nozzle O.D.*Leg+Si = 1,57* 14*0.25*7203 = 39580.49 lbf

(3) Nozzlc wall in shcar
(Pi.l2)rMen n.ozzle dia..tn+Sn = 1.57*13.75'r'0.25*10290 = 55533.84 lbf

(4) Groove weld ir tension
(Pi/2)|Nozzle O.D.'.w *Sg = 1 .57* 14*0. I 875 * 10878 = .14E3O.96 lbf

LoadinS on welds oer  UG-41 (b)(  1 l

W = (A - (d - 2*tn)+(E1+t - F*tr))*Sv
= (1.8373 -  (13.5 -  2*0.25)*(  1r0.25 -  1+0.  I  36 l ) ) *  14700
= 5242.018 lbf

aWl- l  -  (A2 + A5 + A4l  + A42)*Sv
I  = (0.237 + 0 + 0.063 + 0)+14700
v = ++to tuf

W2-2 = (A2 + A3 + 44l + A43 + 2+to+t+frl)+Sv
= (0.237 + 0 + 0.063 + 0 + 2+0.25*0.25+r)* 14700
= 6247 .5 lbf

Load for path 1-l lesser of W or Wl-l = 4410 lbf
Path l - l  Thru (  l )  & (3)  = 39580.49 + 55533.84 = 95114.33 lb f
Path l-l is stronger thanW1-l soit is acceptable perUG.4lO)(l).

Load for path 2-2 lesser ofW or W2-? = 5242.018 lbf
Path2-2 Thru (1) ,  (4)  = 39580.49 + 44830.96 = 844l l .45 lb f
Path 2-2 is rtronger than W so it is acceptable per UG-41(b)(2),

Reinforcement  Calculat ions For  Nozzlc  MAP

Llml is  of  re lnforcement  UG.40

Parallel to the ves$el wall d = 13.5 in
Normal to the vessel wall outside 2.5+(h-Cn) + te = .625 in
Normal to the vessel wall inside 2.5+(1n-Cn-C) = .625 in

Nozzle rcqul red th ic  kness

r;a = P+Ror(Sn*E - 0.6*P)
= 148.2763+6.75l (  16700' i  I  -  0 .6*148.2763)
= 0.0603 in
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COMPRESS 5.53 C : \COM PRESS\M ODECLNR\Bs-REV I  .VSLD;q

N 2  l 6 " C F  (  l 4 ' o d )

tr= PrR/(S*E - O.6*.P)
= 14E.2763* 15.25l (  t6700* l  -  0 .6* I48.2763)
= 0,  1361 in

Arca rcoulrcd

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

frl = less€r of I or Sn/Sv so frl = I
fr2 = lcsser of I or Sn/Sv so fr2 = I

A = d* t r*F *  2+6+6*f+( l  - f r l )
=  1 3 . 5 . 0 . 1 3 6 1 * l  +  2 * 0 . 2 5 * 0 .  1 3 6 1 * 1 * 1 1  _  t )
= 1.8373 ia 'Z

Arca evrllrble

Al = larger of rhe following = 1.538 in'2

= d+(E I tt-F,'tr) - 2 *|n+(E I +l-F*rr)*( r-fr l)
=  13.5*( l  *0.25-  r+0.  1361)  -  2r0.25*(1a0.25-  l , *0.  1361)*( l - l )
= 1.538 in '2

= 2*(t+tD)i(E I *l:F*tr) - 2+tn*(E 1,rr-Frh)+( 1-fr l)
=  2 + ( 0 . 2 5 + O . 2 5 ) * ( l * 0 . 2 5 - 1 r 0 . 1 3 6 1 )  _  2 r 0 . 2 5  * (  I  * 0 . 2 5 _  I  * 0 .  l 3 6 l ) + ( l - l )
= . l 1 4 i u ' 2

A2 = smaller of the following = 0.237 in^Z

= 5*(tn - trn) *fr2*t
= 5'(0.25 - 0.0603),r I *0.25
= .237 it^2

= 5.'(tn - trn) *ft2{'tl
=  5*(O.25 -  0 .0603)r ' l  *0 .25
= .237 ir^Z

A4l = l*E'?*ftZ
= 0.25 '2.1 = .063 in '2

Area = Al  + A2 + A4l
=  1 .538  +  0 .237  +  0 .063
=  l .E3E  i r ' 2

As Arca > A the reioforcemenl is adeauate for MAP = 148,2763 at 0 Des F

C h e c k  t h e  w e l d s  -  F r o m  U W -  l 6 ( d l :

tmin = lesser of 0.75 or tB or t, tmiD = 0.25 iD
t l  or  t2(min)  = lesser  of  0 .25 or  0.7* tmio,  l1(min)  = 0.175 in
t1(actual )  = 0.7*Leg = O.7+O.25 = 0.175 in
t2(actual )  = 0.1875 in
t l  + t 2 =  0 . 3 6 2 5  > =  1 . 2 5 * t u r i n
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COM PRESS 5.53 C : \CoMPRESS\M ODECLN R\85-REV I  .VSLD;q

N 2  I  6 ' C F  (  l 4 ' o d )

The weld sizes for t I and t2 are satisfaclory,

UG-45 Nozzl3 Ncck Thickness Chrck

Wall rhicttcas p€r UG45(a): trl = 0.0603 in (E = l)
Wall thickncss per UG-45(b)(r): tr2 = 0.1361 in
Wall tbicktress p€r UG- 16(b): tr3 = 0.0625 in
Std pipc wall per UG45(bXa): tr4 = 0.328125 in
The greater of 12 or tr3 : rr5 = 0. I 36 I in
Ile lesscr of tr4 or tr5: tr6 = 0. 136l in

Rcq'd per UG-45 is the larg€r of trl or tr6 = 0. 1361 ia

Available nozzle wall thicLness new. tn = 0.25 in

Tbc nozzle neck thickaess is adequate for MAP.

Al lowabla s t resses ln  lo ln ts  UG-45(c)  and UW-15(c l

Groove weld in tension = 0.74+16700 = 12358 psi
Nozzle wall in sbcar = 0.7+16700 = I1690 psi
Inaer til lcr weld in shear = 0.49*16700 = E 183 psi

Strensth of  welded io ints :

( l) Inner frllet weld in shear
(Pi/2)aNozzle O.D.*Leg*Si = 1.57'14*0.25*8183 = 44965.59 lbf

(3) Nozzle wall in shear
(Pi l?)*Me a iozz le d ia.+tn+Sn = 1.57*13.75*0.25r11690 = 630E9.47 lb f

(4) Groove weld in tension
(Pi l2) .Nozzle O.D.* tw*sg = 1.5?+14+0.18?5*12358 = 50930.41 lb f

Lord lnr  on wclds oer  UG-41fb)(1)

W = (A -  (d  -  2* tn)*@l*1 -  F* t r ) ) rsv
=  ( 1 . 8 3 7 3  -  (  1 3 . 5  -  2 * 0 . 2 5 ) * ( 1 * 0 . 2 5  -  1 r ' 0 . 1 3 6 1 ) ) * 1 6 7 0 0
= 5955.218 lb f

Wl- l  =  (A2 + A5 + A4l  + A42)*Sv
= (0.237 + 0 + 0.063 + 0)"16700
= 5010 lb f

W 2 - 2 =  ( A 2  + 4 3 + A 4 l  +  A 4 3  +  2 ' r t n + l + f r l ) * S v
= (O,237.+ 0 + 0.063 + 0 + 2*0.25*0.25* l ) ' i16700
= 7097 .5 tbf

Load for path l-1 lesser of W orWl-l = 5010 lbf
Path l-l Thru (l) & (3) = 44965.59 + 63089.47 = 108055.1 lbf
Patb l-l is stronger thrn Wl-l so it is acceptablc per UG4l(b)(t).

I-oad for path 2-2 lesser of W or W2-2 = 5955.2 I E lbf
Path 2-2 Tbru (1), (4) = 44965.59 +50930.41 = 95896 lbf
Path 2-2 is stronger lban W so il is acc€ptable per UG-41(b)(2). Revision No. I
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COMPRESS 5.53 C: \COMPRESS\MODECLNR\BS-REVl .VSLD;q

N 2  l 6 " C F  (  l 4 ' o d )

Limits of relnforccment UG.{0

Parallel to the vessel wall d = 13.5 in
Normal to the vcssel wall outs'de 2.5.(tn-CD) + t€ = .625 iD
Normat to &e ve$sel wall irside 2.s*(tr-Cn-C) = .625 in

Nozzlc  requl red th ickness

UDo = 2.625114 = .1E75 Do/t = 1410.02907 = 481.5962
From table G:
From table llA-3:

Pa= 4+B/(3*Do/0
= 4r5338.9/(3 * l4lO.O29O7)
= 14.781I  ps i

Nozzlc r€quirsd thickaess trn = .02907 in

R e c u i r e d  t h i c k n e s s  t r  f r o m  U G - 3 7 ( d ) ( l )  =  . 1 4 2 8  i n

Area rcouired

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

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

A = 0.5*(d+tr*F *  2*6{6* !* ( l  -  f r l ) )
= 0.5+(13.5+0.1428* l  + 2+0.25+0.14281 1+(  I  -  t ) )
= .9639 in'2

Area avel leble

A I = larger of rhe following = | .447 in^2

= d,t(E 1.a-F*tr) - z.tn*(EI*t-F*r)*(l-frl)
= 13.5 i ( l *0.25- l '0 .1428)  -  2 '0 .25.( t r0 .?5-  1*0.  l42E)+(  l  -  l )
= 1.447 it^2

= 2*(t+ tn)*(E I *t-F+rr) - 2+rn+(E I +r-F{.rr)+( t -fr t)
= 2 i (0.25 +0.25)*( l 'N0.25-  I  *0.  1428)  -  2 .0.25*( l *0.25-1r0.  1428)*(1- l )
= . 107 in-2

A2 = snaller of the following

= 5t(!u - trn)*fr2 +a
= 5+(0.25 - O.O29Ot1+ 1*9.25
= .276 io'?

= 5+(tn - hn)*fr2+tn
= 5t(0.25 -  0.O29O7)+ I  *0.25
= .276 in'2

= 0.276 in'2

A = O.000747
B =  53  38 .9
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COMPRESS 5.53 Cr \COMPRESS\MODECLNR\BS-REVl .YSLD;q

N2 r 6"CF ( l4"odl

A4l = Leg'Zttt2
= o.25 '2* l  =  .063 in '2

A r e a = A l + A 2 + A 4 l
= 1.447 + 0,276 + 0.063
= 1.786 in'2

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

UG-45 Nozzlc  Neck Thic  kness Check

Wall thickress per UG-45(a):
Wall thickness per UG45(b)(2) ;
Wall tbickness per UG- 16(b):
Srd pip€ waU per UGa5o)(a):
Tbe grcater of tr2 or tr3 :
Thc lcsscr of lr4 or lr5 :

trl = 0.02907 in (E = l)
t r2 = 0.0153 in
tr3 = 0.0625 ir
rr4 = 0.328125 in
tr5 = 0.0625 in
116 = 0.0625 in

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

Available nozzle wall thickness new, tn = 0,25 in

Thc aozzlc ncck thictness is adequate for Pc.
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COMPRESS 5.53 Cr \COMPRESS\MoDECLNR\85-REVI.VSL

N2 16'CF ( l4"odl

Pr = 4354 tbf - P,r(e l*lar+r + VAa.rrrt 444
Mc = 378.5 lbf-ft
Vc = 126,5 lbf

Radial load
Circumferential moment
Circunfercntial shear
Longinrdinal momeot
Longitudinrl shcar
Torsion momcot
InterDal pressur€

ML = 378.5 lbf-ft
vL = 126.5 lbf
Mr = olbf-ft
P = 0 psi

Ree. A\.. Voqt- t-o+1

Stresscs rt thc nozzle OD per WRC bullctln 107 ( psll

Mea.n radius Rm = 15.375 in
Rm/t  = 61.5

Sress concentration factor Kl (tension) = I
Stress conccntration factor Kb (bendirg) = I

hessur€ stress intensity factor, Farr equation I I .5

I = .25+(4 a 3r,(r/x)'2 + 3*(r/x)'4)
= .25r(4 + 3+(6.7517 .25)^? + 34(6.7517 .25)'4)
= 2.214

_Local 
circ. pressure stress = I*P*Rml't - +t ?40cJ1-

Jocal long. prcssure str€ss = P+Ro/2t = tF +52.

Maximum conbined $tress
Allowable combined stress = +-3*S = +-44l00psi

The naximurn combined stress is withia allowable limits.

Maximum primary meurbrane stress =ffi 6521 ?at
Allowable priE8ry membrane sbess = +-1.5*S = +- 22050 psi

The maximum primary membrane stress is within allowable limits.

0+r ei( r6.x15,J

"3\

?5\

crL --

v C -

z i,zs,r)
(r+reJ[ 153-15,.r\

.?5 . *

452.6 esr

:  )D4.bbpgs+ { IC. - -

:

e.er+Lgo+osestr
ZDoZ. Par

l4lr< G.asu"er> Sree-ts -- 33\T3esr + 462. rcr + ?DDL esr

- 1.tr lA1 o;.r

Mal- Pe,,,raet td"rrto* r.t"*=:r. = ($(iT"t,r + 482.rcr *zDCZA\
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COMPRESS 5 .53  C: \COMPRESS\MODECLNR\BS-REVl .VSL

N2 I  6"CF ( 14'od)

I  Froml  va lue I  beta l
I  F lg.  I  read I  I D1

3c* |
4Cr I'lc

2c- 1
3Ar
1 A
3Br
'tB- 1

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

0  .398  |
0 . 3 9 8  |
0 . 3 9 8  |
0 . 3 9 8
n  ? o r
0  . 3 9 8
0 . 3 9 8
0 . 3 9 8

-1"t52
-4974 -4974 -4974 -4974

-27085
-2717 2717 -2717 2717

-257
-4079

-483 -483 483 483
-552 562 562 -562

-1'162 -1162 -1752

2't085 -27085 27085

-267 257 257
4079 4079 -4079

Dresaure  Bt reag*

Tolal circ strese
Primary nprbrane
ci rc  6! ress*

| - 262, '?@- '26". -2.Doz, '2Do2., -2.@2, -ZdL '?-oo'�z.

-\o?34 -4reo, -8rc4b, -4334, -35t95. 211^3, -2b9' t95f,

-1439. -?+9 't'+1a -b497 -4oxt. '4031, -1491- -2141.

3C* |
4C'  I
1 c - 1 1

1 . 5 5 5 7
4 . 3 9 1 1
0 . 0 r 5 0
0 . 0 3 0 0
5 . 6 6 5 2
o .0227
1 . 4 4 8 7
0 . 0 t 5 8

0  . 3 9 8
0 . 3 9 8
0 - 3 9 8
0  . 3 9 8
n  t o o

0 . 3 9 8
0  . 3 9 8
0 ,  3 9 8

2c
4A*
2A
4 8 r
2 A - 1
pressure gt ress*

-175? -1752 -1762 -1762
-4974 -4974 -4974 -4974

- 5 5 8 8  5 5 8 8  - 5 5 8 8  5 5 8 8
-12540 12540 -12540 12540
- 1 0 9 3  - 1 0 9 3  1 0 9 3  1 0 9 3
- 1 6 1 5  1 5 1 5  1 5 1 5  - 1 5  1 6

-279 -?79 279 279
- 1 1 2 5  1 1 2 5  1 1 2 5  - 1  1 2 5

'44€J\ -+52. -44, '45�7. '454. -437, -152. -%2,.

Total long stress
Primary membrane
long streesr

'tog, 5\zo. '14b

- ?4%. - 2�495. '\rza,

1tszg. -2bA5 1b31. -152t G591.

- ,935 ' r rs l9  - { ,5r9,  -4aj1.  -4113.

torsi.on moment tilt,
Circ 6hear from Vc
LonO ehear from VL

-23-23?323
- 2 5 -23 23

Tatal Shear stress 23 23z 5-23- 2 5-23-232 3

Conbined atress -1o13, 14:9 'Sgt 4g 441) -a5\95, L'1t75. -1J43oa. tgf.D

r . l  I

Il$iatbun>_::r{Ea l_ 
- t\\q-o:

r _ t l

rl$r:s ?qn&l \beege L- 
- 
l-+st'

I

l,t: 3"J :btr 3efl ttr_t's).-?J,Tl_ !ro!.
"14p. 

3W, 
'@.,_ 

15'e 
-0'sle._ 

33j?._-9!9
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N-ll,Bejnforcemcnt Crleulrtlons Per UG -37

COM PRESS 5.53 C : \COM PRESS\M ODECLNR\Bs-REV I  .VSLD;q

N3 t '  CF (6"od)

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

Nozzle materisl sp€cification:

Nozzle orientation:
End of aozzlc to slell ccnlcr:
Nozzle offset from ce[ter Lo:
Projection outside vessel Lpr:

tn - t l

Spool B-5
.25 in
0 psi
Not installed

SA 240 3O4L HICH

75.5 degrees
t  8.125 in
4 i n
3 . 1 5 i n

tvl->
< - d - >

ot

corroslon allow =
noz th ick ney tn=
no2zLe id .  ney d=
fill-et weLd tw1 =
groove wel-d E\d2 =

0  in
.  t l )  L n

5 . 7 5  i n
. 2 5  l n
.  1 8 7 5  i n

<_ L _>l To daEun L= 74  in

Limi ts  of  re in lorcement  UG-40

Parallel ro the vessel wall d = 5.965 in
Nornal to the vessel wall outside 2.5r(tn-Cn) + Le = .3125
Nornal to the vessel wall inside 2.5*(tn-Cn-C) = .3 125 in

Dctcrmlnatlon of Chord Leneth

Thetal = Arccos((Lo + Rn)/Rm)
= ArcCos((4 + 2.875) /  15.3 125)
= 63.3?21t

T\er^z = ArcCos((Lo - Rn)/Rnr)
= ArcCos((4 - 2.875)115.3125,
= 85.787 19

d = Z+RmtSin((Th eaa? -'lhetal)|z)
= 2f  15.3125*Sin((85.?8719 -  6 l .3221| \ tZ)
= 5.965 in

Nozzle resui  red th ic  kness

l f n = P + R D / ( S n + E - 0 . 6 * P )
= l 19.9299*2.875/( l4?00 ' I - 0.6 * 119.9299)
= 0.0236 in

ID
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CoMPRESS 5.53 C: \COMPRESS\MODECLNR\B5-REVI.VSLD;q

N3 E"  CF  (6 'od l

tr'= P+R/(S+E - 0.6.P)
= L 19 .9299'15 .25l( 14700'* I -.O.6'|19.9299)
= 0. 125 in

Arca r:oulrcd

Allow.ble stresses: Sn = 14700, Sv = 14700, psi

frl = lesser of I or So,/Sv so frl = I
fr2 = lcsser of I or Sr./Sv so fr2 = I

A = 6r6rp + Z.tD*tt*F*(I - frl)
=  5 . 9 6 5 4 0 . 1 2 5 * 0 . 5  +  2 * 0 , 1 2 5 . 0 . 1 2 5 * 0 . 5 * ( 1  -  l )
= .3728 it^2

Arca rvr l lgble

A I = larger of the following =  l . l  l 8  i n ' 2

= d+(E I tt-F+tr) - 2r'tn*(E I *r-F.tr) *( l -fr l)
=  5.965r(  I  +0.25-0.5*0.  125)  -  2*0.  125 *(  1  *0.25-0.5, r .0 .  125)*(  l -  1)
=  l .  I  1 8  i n ' 2

= 2*(t +ttr).(E I +t-F*rr) - 2*rn,r,(E1rj-p*11)*(1-frl)
= 21(0.25 +O.125)+(  I  +0.25-0.5 *0.  125)  -  2r '0 .  125 '* (  I  *0.25-0.5 *0.  125) t (  I  -  1)
= .l4l in^Z

A2 = smallcr of tbe following

= 5+(h - trn) *fr2*r
= 5+(0.125 -  0.0236){ '  1 ' '0.25
= .l?7 in'2

= 5+(tn - trn).fr2*ln
- 5*(0.125 -  0.0236). l  *0.125
= .063 in'2

A4l = I*g'2*fr2
= Q,25'2t l  = .063 in^2

Area = Al + A2 + A4l
=  1 .118  +  0 .063  +  0 .063
= L .244 in'2

= 0.063 in^2

As Area > A the reiaforcement is adcquate for MAWP = I19.9299 at 400 Det F

Relnforccment  check in  the ohne orre l le l  to  the long.  ax ls

Area reoul red

A = d+tr:F + 2*rn*trr,F*(1 - frl)
=  5 . 7 5 * 0 . 1 2 5 * l  +  2 t 0 . 1 2 5 + 0 . 1 2 5 r 1 * ( 1  -  l )
= .7lA75 in'z

Rwision No. I
Doc. No. Y0rl9-l{57
Page 33 of63

Area evr i lab le



cOMPRESS 5.53 C: \CoMPREss\MoDECLNR\BS-REVI.VSLD;q

A I = largcr of rbe following

N3 t "  CF (6 'od)

= ,7 19 in'Z

= d. (E I  i t -F* t r )  -  2+tn. (El+t -Ft t r )+( l - f r l )
-  5 .75r(  l { ,0 .25- l  *0.  125)  -  2+0.  125+( I  t0 .25.  I  +0.  125)  * (  r  -  l )
= .7l9 it'2

= z*(r+tr)*(E I *t-Frtr) - 2*tn,i(E I *t-F*tr) *( 1-fr 1)
= 2 i (0.25+0.  125) . (  1 i0 .25-  I  *0,  125)  -  2 '0 .  l?5*(L*0.25-  1.0.  125)+( l - l )
= .094 in-2

Area = Al + A2 + A4l
= 0.719 + 0.063 + 0.063
= .845 in'2

As Ar€a > A the reinforcement is adequate for MAWP = I19.9299 at 400 Deg F

Checl  thc wclds -  From UW-16(dl :

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
tl or O(Din) = lesser of 0.25 or 0.7+tmin, tl(min) = 0.0875 in
t l (actual )  = 0.?+Leg = 0.7 i0.25 = 0.175 in
t2(actual) = 0. t8?5 in
tl + t2 = 0.3625 > = 1.25*tmitr

Wall thickness per UG-45(a):
Wall thickress per UG-45(b)( I ):
Wall thickness per UG- t6(b):
Std pipe wall per UG45 (b)(4):
The greater of tr2 or tr3 :
The lesser of tr4 or tr5 :

rr1 = 0.0236 in (E =
tr2 = 0. 125 iu
tr3 = 0.0625 iu
tr4 = 0.245 in
tr5 = 0. 125 in
116 = 0.125 in

l )

Req'd per UG-45 is the larger of trl or tr6 = 0. l?5 iD

Available aozzle wall thickDess ncw, tn = 0. 125 in

T\e n.ozzle neck thickness is adequat€ for MAWP.

Al lowablc s t resses in  io in ts  UG-{S(c)  and UW-15(c)

Groove weld in t€Dsion = 0,74*L47M = 10878psi
Nozzle wall in shear = 0.7* 14?00 = 10290 psi
Itrner nllet.wcld in shear = 0.49* 14?00 = 7203 psi

Strenqth of  wcldcd io in ts :

( l) Iuner filler weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = I .57*6*0.25.7203 = 16963.O6lbt

(3) Nozzle wall in shear
(Pil?)+Me^t Dozzle dia.+tn*Sn = 1.57*5.875*0. 125' 10290 = I f 864.05 lbf

Redsion No. I
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CoMPRESS 5.53 C: \COMPRESS\M ODECLNR\BS-REV I  .VSLD;q

N3 E" CF (6 'od)

(4) Groovc weld in tension
(Pi/2)tNozzle O.D.tlw*Sg + 1.57t610.1875*10878 = 1921t.27 lbt

Loadlng on * 'e lds pcr  UG-41 (b)(  I  I

W = (A - (d - 2*tn)*(El't - F*tr))*Sv
= (0.?1875 -  (5.75 -  2+0.125)*( l *0.25 -  l+0.125))+14700
= 459.3?5 lbf

W l - l = ( A 2 + A 5 + 4 4 1
= ( 0 . 0 6 3 + 0 + 0 . 0 6 3 +
= 1E52.2 tbf

w 2 - 2 = ( A 2 + 4 3 + A 4 l
= ( 0 . 0 6 3 + 0 + 0 . 0 6 3 +
= 2770.95 lbf

+ A42)*Sv
0){'14700

+ A43 + 2+tn*t+fr I ) +Sv
o + zao ,125*0 .25* 1r+ 14700

I
R

Load for path l- l lesser of W or W l- l = 459.375 lbf
Path l - l  Thru (1) & (3) = 16963.06 + 11864.05 = 28827.11lbf
Path l-l is strorger thaD w so it is acccptable per UG-41(bX2).

Load for path 2-2 lesser of W or W2-2 = 459.375 lbf
Path 2-2 Thru (t), (4) = 16963.06 + 19213.27 = 36176.33 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(bX2).

nein lorcement  Calculat ions For  Nozzle MAP

Panllel to the vessel wall d = 5.965 in
Normal  to  the vessel  wal l  outs ide 2.5*( tu-CD) + le  =.3125in
Noreal to the vessel wall inside 2,5*(ttr-C!-C) = .3125 in

Detcrmlnr t ion of  Chord Lenqth

Tletal = ArcCos((Lo + Rn)/Rm)
= ArcCos((4 + 2.875)115,3125)
= 63.1221 |

Tbeta2 = ArcCos((L,o - Rn)/Rur)
= ArcCos((4 - 2.875)t 15 .3125,
= 85.787 19

d = 2*Rm.Sin((Thela2 - Tb€ral)/2)
= 2+ 15.3125 +Sin((85.78719 -  63.3221l)12)
= 5.965 in

Nozzle rccu i  red th ickness

- P+Rnif (Sn*E - 0.6'fP)
= 136.243l+2.8?5/(  16700* I  -  0 .6*136.2431)
= 0.0236 in

Rwision No. I
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COMPRESS 5.  53 C : \CoM PRESS\M ODECLNR\85-REV I  .YSLD;q

N3 E" CF (6"od)

= PtR/(StE - 0.6.P)
= 136,2431+ 15.25l (  16700* I  -0 .6 '136.2431)
= 0. 125 irl

Aree rcculrcd

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

frl = Iesser of I or Sn"/Sv so fr I = I
fr2 = lcsser of I or Sn/Sv so fr2 = I

A = 6rgrP + 2+tn*tr*F*(1 - frl)
= 5.965'+O. 125*0.5 + 2t0,  125*0.125*0.5r ' ( l  -  l )
= .3728 it'2

Arca rvrlleble

Al = larger of the following =  1 . 1 1 8  i n ' 2

= d+(E l.,t-F*tr) - 2rrnl(E I *r-F*rr)*( l-fr l)
-  5.965*11*0.25 -0.5 *0.  125) -  2.0.  125 *(  I  +0.25-0.5 *0.  125)+( l  -  l )
=  l . l 1 8 i n ' 2

= 2r(r+tll)*(l I *t-F+rr) - 2+rnr.(E I rr-Ftrr).( l-fr l)
= 2.  (O.25 +O. 125)*(  1 *0.25-0.5.0.  r25) -  2*0. I  25+( I  *0.25{.5 r0.  125)*(  l  -  l )
= . l4 l  i r -2

A2 = snaller of lhe following

= 5 +(tn - trn) +fr2'ir
= 5+(0.125 -  0 .0236)*  l+0.25
= .127 in'2

= 5+(t! - trn) *frz *tB
-  5r(0.125 -  0 .0236)? l  a0.  125
= .063 in'2

A4l = L,eg'2tftZ
= e.25'2+1 = .063 in'Z

A r e a = A l + A ? + L 4 l
=  r . l 1 8  +  0 . 0 6 3  +  0 . 0 6 3
= 1.244 in'2

= 0.063 in '2

As Area > A the reioforcement is adequate for MAP = 136.?,43l at 0 Deg F

neinforcement  check In the p lane prra l l . l  to  the lon8.  rx is

Area rco utred

A = d+raF + 2* tn* t r+F*(1 -  f r1)
=  5 . 7 5 + 0 . 1 2 5 * l  +  2 * 0 . 1 2 5 + 0 . 1 2 5 1 1 { ' ( l  -  l )
= .71875 in'?

Area avai lsb le
Revision No. I
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A I = larger of rhe following

N3 E" CF {6"odt

= .7 19 in'Z

= d+(E l . t -Frr f )  -  2rtn*(EI*t-F+tf ; t11-fr l )
= 5.75 +( 1.0.25- 1.0.  125) -  2 *0.  125 *(  I  .0.25- 1 *0.  125)*(  l  -  l )
= .7l9 tn'z

= 2+(t +b)+(E I *r-F*rr) - 2*tn+(E I *t-F+tr)*( l -fr 1)
= 2r(0.25 +0. 125)r(  I  +0.25- 1.0.  125) -  2{ '0.  I  25*( I  r0.25- I  *0.  125)r(  l -  l )
= .094 in'2

Area = Al + A2 + A4l
= 0.719 + 0.063 + 0.063
= ,845 ia'2

As Area > A the reiuforcement is adequate for MAP = 136,2431 at 0 Deg F

Ch€ck thc wclds -  From UW-16(d):

tmin = lesser of 0,75 or tn or t, tmin = 0. 125 in
tl or !2(min) = lcsser of 0.25 or 0.7*tmin, tl(nrin) = 0.0875 in
t l (actual)  = 0.7+Leg = 0.7*0.25 = 0.175 iu
t2(actual) = 0. 1875 in
t l  + t2 = 0.3625 > = 1.2s+lmiD

The weld sizes for t I and t2 are sati sfactory.

Wall rhickness per UG-45(a):
Wall t&ictness per UG-a5$)( l)
Wall lhickDcss per UG- 16(b):
Srd pipe wall per UC45(b)(4):
The greatcr of tr2 or tr3 r
The lesser of tr4 or tr5 :

trl = 0.0236 in (E = 1)
rr2 = 0.125 in
tr3 = 0.0625 in
rr4 = 0.245 in
rr5 = 0.  125 in
tr6 = 0. 125 in

Req'd per UG45 is the larg€r of trl or tr6 = 0. I25 in

Available nozzle wall Oickness new, tn = 0. 125 in

The Dozzle neck thickness is adequate for MAP.

Al lowable s t resses in  io in ts  UG-45(c)  end UW-15(c)

Groove weld in tension = 0.74* 16700 = 12358 psi
Nozzle wall in shear = 0.7'r16700 = I1690 psi
Lnner fil let.weld i! shear = 0.49+ 16700 = II83 psi

Strenl th  of  wcldcd io in ts :

( l) h.ner fillet weld in sbear
(Pi /?)*Nozzle O.D.+Leg*Si  = 1.5? ' .6*0.25+8183 = 19270.96 lb f

(3) Nozzle wall in 6hear
(Pi /2)+Mcan nozzlc  d ia.* tn+Sn = 1.57*5.875+0.125+11690 = 13478.21 lb f

Rcvision No. I
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N3 8'  CF (6"od)

(4) Groove weld in tensiou
(Pi/2)rNozzte O.D. +tw +Sg = I .571610. I 875.* I 2358 = 21827 .37 bf

Loadln{  on welds per  UG-41 (b l (  I  )

W = (A - (d - 2*tD)'(E I *r - F*tr;;*3t
= (0.? l8?5 - (5.75 -z tO.125)*( I *0,25 -  l t0 .125)) '16700
= 52 t .875 lbf

Wl- l  =  (A2 + A5 + A4l  + A42)*Sv
= (0.063 + O + 0.063 + 0)*16700
= 2104 .2 tbf

W2-2 = (A2 + A3 + 441 + A43 + 2r!tn*t*frl)*Sv
= (0.063 + O + 0.063 + 0 + 2a0.125'0.25+l )*16700
= 3147 .95 lbf

Load forpath l-l lesser of W or Wl-l = 521.875 bf
Patb l-l Thnr (l) & (3) = 19270.96 + 13478.21 = 32749.17 Lbf
Patb l-l ic stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 = 52 I .8?5 lbf
Patb 2-2 Thru (1), (4) = 19270.96 + 21827 '32 =41098'28 lbf
Path 2-2 is slronger than W so it is acceptable per UG.tl(b)(2)'

Rcinf  orgelent  Calculat lons f f f i

L imias of  re lnforcement  UG-40

Parallel to the vessel wall d = 5 .965 in
Normal to the vessel wall outside 2.5r16-Cu) + te = .3125 in
Normal to the vessel wall inside 2.5'(tn-Cn-C) = .3125 in

De terminr l ion of  Chord Leueth

Thetal = ArcCos((Lo + Rn)/RnD
= ArcCos((4 + 2.875)115 .3214)
=  6 3 . 3 3 8 8 3

T\e.a2 = Arccos((Lo - Ro)/Rm)
= ArcCos((4 - 2.875)l 15 .32141
= 85.78963

d = 2+Rm*Sin((Tbeta2 - Th€la 1)/2)
= 2115.3214'Sin((85.78963 -  63.33883y2)
= 5.965 in

Nozzle requi red th ickn ess

L/Do = 3. l5 t6 = .525 Do/ .  = 6/0.01523 = 393.9593
From table G: A = 0.000333
From lable HA-3: B = ,140E.2

Pa= 4.8/ (3*Do/r )
= 4 * 44Q8.21 (3 * 6 t 0.O 1523)

Revision No. I
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N3 E"  CF  (6 "od )

= 14.9193 psi

Nozzle rcquired thickness trn = .01523 in

Reoulrcd th lckness t r  f rom UG-37(d)( l )  =  .1428 ln

Arcr rcdulrcd

Allowable stress€s: Sn = 14700, Sv = 14769, O.'

frl = lesser of I or Sn/Sv so frl = I
fr2 = lesser of I or Sr./Sv so fr2 = I

A = o.s*(d'rtr*F * 2+6+s+p+( 1 - fr l))
= 0.5+(5.965*0.1428r0.5 + 2+0.125+0.1423+6.5t (1 -  l ) )
= .213 in'2

Aree evalla blo

Al = larger of the following = |.065 in'2

- d+(E I +t-F+tr) - z'.rn+(E I +l-Fr.rr)*(r-frI)
= 5.965*( I+0.25-0.5r0.1428)  -  2+O. t25*( t*O.25-0.5 *0.  1428)*(  l -  l )
=  1.065 in '2

= 2*(r +rn) *(E I *r-F*tr) - 2*tn*(EI*1-pr6;,r(l-frl)
= 2r(0.25 +O.125)  * (  1*0.25-0.5*0.  1428)  -  2*O.125*( l *0.25-0.5 *0.  1428)*(  l -  l )
-  .134 in^2

A2 = smaller of the following

= 5 *(tn - trn)*fr2*r
= 5*(0.125 -  0 .01523) '  l  r '0 .25
- .137 ir'?

= 5*(tn - trn)*f(2 +tn
=  5 * ( 0 .  1 2 5  -  0 . 0 1 5 2 3 1 + 1 * 6 . 1 2 5

= 0.069 in-2

= .069 in'2

A4l = Leg^?+fr?
= o.25 '2al  = .063 iu 'Z

A r e a  =  A l  +  A 2 + A 4 l
= 1.065 + 0.069 + 0.063
= 1.197 in'2

As Area > A the reinforcem€nt is adequate for Pc = 14,7 at 400 Deg F

X.e lnforcemcnt  check in  the p l rne parNl le l  to  the lons.  rx ls

Areo resui red

O^ = t-a""F + 2+.n*rr*F*(r -rr l))
= 0.5*(5,75+0.142E* l  + 2*O.L25*O.1478*1+( l  -  l ) )
= .41055 in '2
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= d*(E I +r-F+F) _ 2*tn*(Eli.l-F+rr),r(l-frl)
-  5 .75.(  I  +0.25-  I  +0.  1428)  -  2r0.  125.(  I  *0.25-  I  *0.  t42E). (  I  -  l )
=  .616 iD '2

.= 2r(t+rr).(E I *t-Ftrr) - 2'+tn*(E I *1-pr,6;r( I -fr I )
= 21(O,25+O.125)*( 1*0.25- 1*0. l42E) - 2.O.125+( I r0.25- l *0. 1428) *( l- l)
= .08 in^2

Area = Al  + A2 + A4l
= 0.616 + 0.069 + 0.063
= .748 in'2

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

UG-45 Nozzle Ncck Thlcknrss Chcck

Wall thichess per UG45(a): t r l  =  0.01523 in  (E = l )
Wall thichess per UG-45(bX2): tr2 = 0.0153 in
Wall thickness per UG-16(b): 1r3 = 0.0625 in

Arca avr l leb le

Al = larger of the following

Srd pipe wall per UG-45(bXa);
The greater of tr2 or tr3 :
The lesser of tr4 or tr5 :

r,\gc to1 .

N3 E" Ctr  (6 'odl

= . 6 t 6 i n ^ 2

14 = 0.245 in
trS = 0.0625 in
tr6 = 0.0625 in

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

Availablc nozzle wall thickness new, rn = 0. 125 in

The aozzlc ncck thickness is adequate for Pe.

,L*,
Ix b ce Lu'"J Jo*"

b ou&rFreo tr( *\! *"0-

Jo fue'or'atl--
\

611"r165PJ \'? (Z@b '
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N 4  1 6 "  C F  (  l 4 ' o d l

Locaaed o!:
Uscr iqrut vessel thickDess:
Liquid saltic head included:
Flaage description:

Nozzle materid specifi cation :

Nozzlc oricDtation:
End of aozzle to shell center:
Nozzle offsct from ceDter Lo:
Projection oubide vessel Lpr:

tn -rl l .-

Spool B-5
,25 it
0 psi
Not irstalled

SA 240 3O4L HIGH

0 degrees
18. 125 io
0 i n
2.625 in

tr/l-> |
I t

a- 1 -11

corrosion allow =
noz thick neY, tn=
nozzle id .  new d=
fillet hreld twl =
groove weld twz =

To datum L= 50 in

< - d - >

-t

0 i n
.25  i n
1 3 .  5  i n
.25  i n
.  1875  i n

Rcln lorccment  Calculat ions For  Nozzle MAWP

Llmlts ol rcinforcement UG-40

Parallel to tie vessel wall d = 13.5 in
Normal to the vessel wall oulside 2.5*(tn-Cn) + re = .625 i!
Normal lo the vessel wall inside 2.5+(tu-Cn-C) = .625 in

Nozzle rcoui red th ickness

rm = P*R/(Sn*E - 0.6*P)
= 13O.5334+6.7 5/( 14700+ r - 0.6*130.5334)
= 0.0603 in

Reouired th ickncss t r  f rom UG-37(e)

tr= P*R/(S*E - 0.6*P)
= 130.5334+ 15.25l (  14700* I  -  0 .6+130.5334)
= 0.  136l  in

Arca reoui rcd

Allowable $tresses: Sn = 14700, Sv = 14769, n"t

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

A = 6*1s+P + 2* tu+tr+F*( l  - f r l )
=  1 3 . 5 * 0 . l 3 6 l 4 l  +  2 * 0 . 2 5 * 0 . 1 3 6 1 + l * ( l  -  t )

Revlsion No. I
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cOMPRESS 5.53 C r \COMPRESS\MoDECLNR\Bs-nEV r  .VSLD;q

N 4  t  6 "  C F  ( 1 4 " o d )

= I  .8373 io '2

Aree evellrble

= 1.538 in '2A I = largcr of t[e followiqg

= d.(E 1.t-F.tr) - 2'rDr(E I rt-Far) +( l-fr l)
= t3.5r( l*0.25-1+0.1361) -  2r0.25..(  I  t0.25- l  *0.  l36l)  +( l -  l )
= 1.538 in '2

= 2f(r+tD)t(E I *r-F*tx) - 2*r!+(E I *t-F+rr),r( I -fr 1)
= 2*(0.25+0.25)*(  I  *0.25- I  +0. 1361) -  2r0.25 *(  1 *0.25- I  *0.  136 1) ' (  l -  l )
= . l  14 in-2

A2 = snaller of the following

= 5+(tn - rur)'tfr2+t
= 5+(0.25 - 0.0603)r l +0.25
= .237 in'?

= 5 i(tn - rrn) +fr2 *tn
= 5 +(0.25 -  0.0603)* l+0.25
= .237 !o�'2

A4l = l*E^2+tt2

= O.237 in'Z

= 0.25'2'r I - .O63 ir'Z

A r e a = A l + , { 2 + A 4 l
= 1.538 + 0.237 + 0.063
=  1 .E38  in ' 2

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

Check the welds -  From UW-16(dl :

tmin = les3cr of 0.?5 or tn or t, tmin = 0.25 in
tl or t2(min) = lesset of 0.25 or 0.7*tuitr, tl(min) = 0. 175 in
t l(actnal) = 0.7*Leg = 0.7*0.25 = 0.175 in
r2(zctu'zl) = 0. 1875 in
t l  +  12 = 0.3625 > = 1.zs* tmin

Th€ wald size$ for t I and t2 are satisfactory.

UG-45 Nozzle Neck Thlckness Check

Wall thickress per UG-45(a): t r l  = 0.0603 in (E = l )
Wall thickness per UG45(b)(l)r .r2 = 0.1361 in
Wall thictness per UG- 16(b):
Srd pipe wall per UG45(b)(4):
Tbe greater of tr2 or tr3:
The lesser of lr4 or tr5:

tr3 = 0.0625 in
14 = 0.328125 in
rr5 = 0.  136l  in
tr6 -  0.  136l  in

Req'd per UG-45 is the larger of trl or u6 = 0. l36l in

Avaitable nozzle wall tbickness ncw, tn = 0.25 in
Revisiott No. I
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N4 r  6"  CF {  l4 'odt

ilhe nozzlc neek thickness is adeguat€ for MAWP.

Al lowrble s t re sses in  io in ts  UG-45(c)  end UW-15(c)

Groove wcld ia tension = 0.74* 14700 = 10878 psi
Nozzle wall in shear = 0.7. 14700 = 10290 psi
Inncr fillct weld in shcar -- O.49114700 = 7203 psi

Strenl th  of  welded jo ints :

(l) Isner fillct weld in shear
(Pi/2;*11ottr. O.D.*Leg*Si = 1.57+ 14r0.25*7203 = 39580.49 lbf

(3) Nozzle wall in shear
(Pilzr.Met\ tozzle dia.*tn+Sn = 1.57+13.?5.0.25+10290 = 55533.84 lbf

(4) Groove wcld in tcnsior
(Pi/2)rNozzle O.D.*tw*Sg = 1.57.14*0.1875'*10878 = 44830.96 lbf

Lordlnq on rvclals pcr UG-4 1 {bl f I }

W = (A - (d - z*tn)*(El*t - F*lr))*Sv
= (1.8373 -  (  13.5 -2{ '0 .25)+(140.25 -  l  '0 .  l36 l ) )*  14700
= 5242.018 lb f

Jill-l = (A2 + A5 + A41 + A42)rSv
= (0.237 + 0 + 0.063 + 0)*14700
- 4410 lbf

W2-2 = (42 + A3 + A4l + A43 + z*ro'|r{fr l)*Sv
= (0.237 + 0 + 0.063 + 0 + 2+0.25+0.25+l)+14700
= 6247.5tbt

Load forparh l-1 lesser of W orWl-l = 4410 lbf
Path 1- l  Thru ( l )  A (3)  = 39580.49 + 55533.84 = 95114.33 lb f
Path l - I is stronger tban W I - I so it is acc€ptabte per UG-4 I (b)( l).

Load for path 2-2 lesser of W or W2-2 = 5242.Ol8lbf
Path2-2Thru( l ) ,  (4)  = 39580.49 +,$4830.96 = 84411.45 lb f
Path 2-2 is strongcr than W so it is acceptabl€ per UG-41(b)(2),

x 'c in forccmcnt  Calculat ions For  Nozzle MAP

Limits of reinforcement UG-40

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

Nozzle reoul red th lckness

r n = P * R n / ( S n * E - 0 . 6 + P )
= 148.2763*6.75l (  16700+ I  -O.6+148.2763)
= 0.0603 in
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coul rcd th lckncss t r  l rom UG-37{e

CoMPRESS s.s3 C : \COMPRESS\MODECLNR\85-REV 1 .vSLD;q

N 4  1 6 "  C F  (  l 4 ' o d l

r= P*R/(S*E - 0.6rP)
= 148.2?63i  15.25l (  16700r  I  -  0 .6+148.2763)
= 0.  136l  iu

Arca rcoulrcd

Allowable atresseE: Su = 16700, Sv = 1679p, nrt

frl = lesscr of I or Sn/Sv so frl = I
fr2 = lesser of I or Sn/Sv so fr? = I

A = d*t!.rF * 2*s1+1s*p*(l _ frl)
=  1 3 . 5 + 0 . 1 3 6 1 + 1  +  2 * 0 . 2 5 ' i 0 . 1 3 6 1 * 1 + 1 1  _  l )
= 1.8!73 ia '2

Area avrilable

A I = larger of tbe followirg = I  .538 in '2

= d*(E l1r-F+rr) - 2+rn*(E I *r-Fru)r( l -fr l)
= 13.5+( I  *0.25- 1 *0.  136 1) -  2*0.25*(t*O.25- 1 ' |0.  I  36 l )*(  l -  l )
= 1.53E in^2

= 2*(t+tn)*(E I +t-F+tr) - 2trn*(EI*t-F*rr)+(l-frI)
= 2+(O.25 +0.25)*(  I  *0.25- l  t0.  1361) -  2*0.25*( I  +0.25- l  *0.  l36l) . (  l  -  l )
= .l14 ir�^Z

A2 = smaller of the following

= 5*(tD - tm)*frz*t
= 5+(0.25 -  0 .06031+ 1*6.25

= Q.237 in'?

= .237 it'2

= s*(tn - tm) *fr2*tn
= 5*1Q.25 -  0.0603)* I  *0.25
= .237 in-Z

A4l = Leg^?*fr?
= o.25^2rt = .063 in'2

A r e a = A l + A 2 + A 4 l
= 1.538 + 0.237 + 0.063
= 1.838 in '2

As Area > A the reinforcement is adequat€ for MAP = 148.2763 at 0 DeB F

Chcck  the  we lds  -  F ron r  UW-  16 {d l :

lmin = lesser of 0.75 or tn or t, tmin = 0.25 in
t l  or  t2(min)  = lesserof0.25 or0.7* tmin,  r l (n in)  = 0.175 iu
t l (actual )  = O.7.Let  = O.7 'O.25 = O.175 in
t2(actual) = 0. 1875 in
r l  +  t2  = 0.3625 > = 1.25*tmin Rwision No. I
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N 4  1 6 "  C F  { 1 4 ' o d )

e weld sizes for t I aDd t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a):
lirall thickress per UG-{S(b)( l):
Wall thiclncss per UG- 16(b):
Std pipe wall per UG-aS(bX4):
Tbe greater of trz or tr3 :
The less€r of tr4 or lf5:

trl = 0.0603 in (E = l)
tr2 = 0. 136 I in
tr3 = 0.0625 in
lr4 = 0.328125 in
r r5 = 0.  1361 in
t r6 = 0.  1361 in

Req'd per UG45 is tbe larger of tr1 or tr6 = 0. 136l in

Available oozzle wall thickne$s u€w. tn = 0.25 in

Ile nozzle Deck thickness is adequate for MAP.

Al lowablc s t resses in  io in ts  UG-45(c)  and UW-15(e)

Groove weld in temion = O.74*16700 = 12358 psi
Nozzle wall in shear = 0.7r16700 = I 1690 Psi
Inner fil let weld in sbear = 0.49+ 16700 = 8183 psi

Strenqth of  *e ldcd lo ln ts :

.r. ( l) Inner fillet weld in sbear

!ifitZ)*t'lo""le 
O.D.*Leg+Si = I .57+ 1410.25 *s 183 = 44965.59 lbf

(3) Nozzle wall in shear
(Pilz)tMeaD trozzle dia.*tn+Sn = I .57+ l3.75 *0.25* t 1690 = 630E9.47 lbf

(4) Groove weld in tensiol
(Pi /2) .Nozzle O.D.+tw*Sg = 1.57*14t0.  1875*12358 = 50930.4r  lb f

Lo8i l log on wcld6 pcr  UG-41(b l ( l )

W = (A - (d - 2*tn)*(Ellt - F*tr))*Sv
=  ( 1 . 8 3 7 3  -  ( 1 3 . 5  - 2 * 0 . 2 5 ) ' | ( l * 0 . 2 5  -  l * 0 ' 1 3 6 1 ) ) * 1 6 7 0 0
= 5955.218 lb f

Wl-1 = (A2 + AS + A4l  + A42)+Sv
= (0.237 + 0 + 0.063 + 0)*16?00
= 5010 lb f

W2-2 = (AZ + 43 + A4l  + A43 + 2* t ! * t+f r l ) ' *Sv
= (O.237.+ 0 + 0.063 + 0 + 2+0.25+0.25r ' l ) 'N16700
= 7097.5 lbf

Load for path l-l less€r of W orWl-l = 5010 lbf
Parh l -1  Thru (1)  & (3)  = 44965.59 + 63089.47 = 108055.1 lb f
Path 1-1 is stronger than Wl-1 so ir is acceptablc per UG-41(bXl)

VLoaa for path 2-2 lesser of W or W2-2 = 5955.2lE lbf
Path 2-2 Tbru (l), (4) = 44965.59 + 50930.41 = 95E96 lbf
Path 2-2 is stronger lban W so il is acc€Ptable Per UG-4 I (bX2).
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N4 1 6"  CF (  14 'od)

Llmits ol rclnforcempnt UG-40

Parallcl lo the vessel wall d = 13.5 in
Normal to the vessel wall outside 2,5r(tn-Cn) + l€ = ,625 in
Normal to the vessel wall ilside 2.5*(tn-Cn-C) = .625 in

Nozzlc  rcoul red th ickness

uDo = 2.625tr4 = .1875 Do/t = 1410.02907 = 481.5962
From table G:
From table HA-3 :

Pa= 4*B/(3*Do/t)
= 4'5338.9/(3 * l4lO.O29O7)
= 14.781 I  ps i

Nozzle rcquired thicBness trn = .02907 in

R e q u i r e d  t h l c k n e s s  t r  f r o m  U G - 3 7 ( d l ( l )  -  , 1 4 2 8  l n

Arca rcoulrcd

Allowable str€sses: Sn = 14700, Sv = 14799, O.'

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

A = 0.5*(d* t r*F *  2*1o+p+p* i l  - f r l ) )
=  0 . 5 + ( 1 3 . 5 * 0 . 1 4 2 8 * l  +  2 + 0 . 2 5 * 0 .  1 4 2 8 * 1 , ' ( 1  -  l ) )
= .9639 in'2

Arca evalhble

Al = larger of the following = | .447 in^2

= d+(E 1*t-Fttr) - 2*tn*(E 1,r.t-F*tr)*( l-frl)
= 13.5 +( I  r ,0.25- l  *0.  1428) -  2.0.25 $( I  *0.25- l  +0. 1428) +( 1- l )
= 1.447 in'Z

= 2r(r+ rn) *(E 1 *t-F{.tr) - 2*rn*(E 1 *1-p*s;+1 l -fr l)
= 2r(0.25 + 0.25) +( l ' r0.25- I  +0. 1428) -  2+0.25 +( I  { '0.25- 1.0.  1428)*(  l  -  l )
= . 107 in'2

A2 = smaller of the following

= 5*(tn - 'f,0)1tt2*t
= 5 ' (0.25 -  0 .02907)*  I  *0.25
= .276 ir'2

= 5a(tn - trn)+fr2+tn
= 5+(0.25 -  0 .02907)+ 1*0.25
= .276 in^2

= 0.276 in^2

A = 0.000747
B =  5338 .9
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N 4  I 6 "  C F  { 1 4 ' o d )

A4l = Lc9'2rft?
= 0.25'2* l  = .063 iu^2

A r e a = A l + A 2 + 4 4 1
= 1.447 + 0.276 + 0.063
= 1.7E6 in^2

As Arca > A tbe reiaforccment is idequate for Pe = 14.7 at 400 Deg F

UG45 Norz lc  Ncck Thickness Chcck

Wall thickncss per UG-45(a):
Wall thickness per UG-45(b)(2):
Wall tbickness per U6- l6(b):
srd PiPe wall Per uG-45(bX4):
The grealer of tr2 or tr3:
IX€ lesscr of tr4 or trs:

trl = 0.02907 in (E = l)
t r2 = 0.0 153 iu
tr3 = 0.0625 in
rr4 = 0.328125 in
tr5 = 0.0625 in
tr6 = 0.0625 in

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

Available nozzle wall tbickness new. tn = 0.25 in

Ile Dozzle neck ihickness is adequate for Pe.

Revision No. I
Doc. No. V049-1457
Page 4? of63



COMPRESS 5.53 C: \COMPRESS\MODECLNR\BS-REYI .VSLD;q

Ntl  I  6"  CF (  14"od)

Radial load
Circumf€rential moment
CircuEfcr€ntial shear
LongitudiDal momenl
Longitudinal shear
Torsion momcnt
Iateroal pressure

Pr = 4354 lbf
Mc = 378.5 lbf-ft
Vc = 126.5 lbf
ML = 378.5 lbf-ft
VL = 126.5 lbf
Mt = 0 lbf-ft
P = Opsi

Strosses r t  thc nozzlc  OD oer  WRC bul le t in  107 (  os i )

Mean radius Rm = tS.lZS in
R n / t  =  6 1 . 5

Stress concentration factor Kn (teusios) = I
Stress conceDtration factor Kb (bcndiag) = 1

Pressure stress iDtcosity factor, Farr equation I I .5

I = .25.(4 + 3*(rtx)^2 + 3*(r/x)'4)
= .251(4 + 31(6.7517 .25)'2 + 31(6.7517 .25r'4)
= 2.214

Local circ. pressure stress = J*P*Rm/t = tfr. = 2EL ?5\

Local long. pressure stress = P*Rn/2t -EF 462 ?b\

MaXiEUm C66bined stres$ = -?:l:a{Ebsi-
Allowa.ble combined stress = +-3+S = +-44I00psi 

Vb\%+ ?boL + 4<7_: 3(u41 p:t

The maximun combined stress is withi! allowable limits.

ffi*T'"tJirlHH:HT'T:'.*1., 
==ffi 

= +- 2z05opsi bou1" 2po1-*4€L' &€21 g:r

Tbe maximum primary membrane stress is within allowable limits,

zl,$
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N4 I  6 '  CF (  14 'od)

Fronl value I
F iC . l  r ead  I

- t _ l

beta I
I Bu

3 9 r  1 1 . 5 5 5 7  1 0 . 3 9 e  I
, 46 t  1 t f . 3911  10 .3981

l c  1 0 . 0 5 4 8  |  0 . 3 9 8  |
2c -1  10 .006s  10 .39 I
3Ar  |  

' t  . 3830  10 .398
1 A  1 0 . 0 5 7 3  1 0 . 3 9  e

, /38*  12 .5018  10 .398
1 B - 1  1 0 , 0 0 7 9  |  0 . 3 9 8
pregsure 6tressr

Tot.al circ Btreas
Primary mei{crane
circ atress*

-17 62
-4974 -4974 -49'14 -4974

-27 0eS

-1762 - '176? -1762

27085 -27085 27085

-267 267 267
4079 4079 -4079

-?L5o3. l?5c8.

-3491, -34e'1.

-2717 2717 -2717 2717
-267

-4079
-483 -483
-s52 562

483 483
552 -552

-2rc?. -
-io%a -4t80,'et&,

-1+sr. '145r. -(Nb.

-417b. -t'tfr. q,|?,1.

-l*91, -4o3t. -4o3\.

3 c r  1 1 . 5 5 5 7
4c*  14 .391  I
1 c - 1 1 0 . 0 1 6 0
2 c  1 0 . 0 3 0 0
4p  1  ! . 6652
2 A  1 0 . 0 2 2 7  1 0 . 3 9 8
4Ba  l t  - 4487  |  0 .398
2 8 - 1 1 0 . 0 1 5 8  1 0 . 3 9 8
pressure st reas*

0 . 3 9 8
0  . 3 9 8
0  . 3 9 8
0 . 3 9 8
0  . 3 9 8

-1752 -1762 -1752 -1762
-4974

-5588 6588 -6688 5588
-12540
-1093
-1616

27.9 279
1 1 2 5  - 1 1 2 5

-4974 -4974 -4974

'r  2540 -12540 12540
-1093  1093  1093

' |  515  1515  - ' 1515
-27 9

- 1125
-279

1  1 2 5

- 45L. -4C?, -a'€a -{€. '432. -42: '+32. -452,

TotaL lono stress
Primary membrane
long 6tress*

- roSo(e. 53?D. -149. 3t'?3. -2-Db15.

'242. -243?,. -lrr9, 't155. -tr5l1'

11o31. - tsL31. 659\.

-tArr, -*51b.'4at?.,

torsion moment ll!
Circ ehear from vc
Long shear from VL

-?3-23
-23-23

ToEaI Shear stress I -2323 23- 2 3-23-2!

combined atress -1rJ1?E, 'As9. '?,u+A. '4r3, -35195' aitla' '2r.5�'l ' lg5e.

-45?, -4s2. -4s?, -4a2" -4aL -{52,
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St i f fner  Rinqs (A)

St l f f rp ing Rlna Cr lcu lat ions Pcr  UG-29

ASME Sccalor  VI I I  Diy is ion 1 .  1992 Edi t ion.  A94 Addcndr

Idcltificr: SliffDer Rings (A)
Ring mstcrial specification: SA 240 304L HIGH
Nunber of rings in thj$ group: 2
Dislance Iirsl ring to datuE liD€: 64 in
Ring spacing: I l7 iu

Riug description: 2x2x1l4 Equal Angle
Ring is rolled: leg il (bard way)
Ring cross sectioDal area: As = 0.938 in'2
Rirg Eoeent of iD€rtia: lr = 0.348 in'4

Calcul r t ions for  r ins 64 in  f rom datum

Shell material specification: SA 240 304L HIGH
Required shell lhicknessr t = 0. 14281 in
Coroded shell thickness: ts = 0.25 in
Shell outer diameler: Do = 3l in
Desig,n temperalur€: = 400 deg F
Exlernal design pressure: P = 14.7 psi
Stiffener supporied letrgth: Ls = 58.27083 in

B = .75*(P'Do/(t + As/Ls))
= .75r(14.7*3 l l  (0 .  l42E I  + 0.938/58.27083))
= 2150.783

From table HA-3 (ring) A = 1.63585 1E-04

Leoulred moment  of  iner t is  of  the combined r ing-shel l  sect lon

ls= @o'2rls*(t + As/Ls)*A)/ 10.9
= (3I^2*58.27083*(0.1428I  + 0.938/58.27083). | '  1  .635t5 lE-04) /  10.9
= .1335474 iu^4

Avai lab lc  moment  of  iner t ia  of  thc cornbined r inp-shcl l  scct lon

Shell widtb cortributing smaller of = 3.06?27

W = l. I tsqr(Do+ts)
=  l . l * S q r ( 3 1 + 0 . 2 5 )
= 3.O6227 in

W = Ls = 58.27083 in

Shell area Al = W*rs = 0,7655676 in'z

I 
Oi*t*"" to the ring neutral axi s

Y2 = Ring NA + ts/2
= 1.408 + 0.2512 RevisionNo. I
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St i f fncr  Rints  (Al

= I .533 in

Neutral aris of combined sestion

NA = AsiY2/(Al + As)
= 0.93E'1.533/(0.7655676 + 0.938)
= .8440839 in

h€rtia of rhe sb€ll about the combined section NA

I l  = Wrts^3/12 + Al 'NA'2
-- 3 .06227 *O.25' 3 I 12 + 0.7 65 5676+0. 844083 9 ̂  2
=.5494371i t '4

Inertia of tbe riug about the combined section NA

1 2 = l r + A s * ( N A - Y 2 ) - 2
= 0.348 + 0.938*(0.8440839 -  | .533)^2
= .7931799 in'4

Total available I = Il + l?= 1.342617 in'4

The 2x2x l/4 Equal Angle vacuum stiffener is satisfactory.

Calculat ions for  r lns l6 l  in  f rom datum

hell material specificalioD: SA 240 304L HIGH
Required shell thickness r t = 0. 14281 in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter: Do = 3l il
Design temperature: = 400 deg F
Bxternal design pressure: P = 14.7 psi
Stiffener supported leDgtlr: Ls = 66 in

B = .75.(P*Do/(t + As/Ls))
= .75+(14.7*3 l l  (0 .  14281 + 0.938/66))
= 2r76.6M

From table HA-3 (riug) A - 1.655302E-04

ncoui red moment  of  iner t i t  o f  thc combined r in f -shel l  scct lon

Is= (Do'Z+Ls+(t  + As/Ls)*A) /10.9
= (31^2+66*(0.  14281 + 0.938166)+ I  .655 30?E-04) /  l0 .9
= .1512443 in'4

Avai lab le moment  of  iner t ia  of  the comblned r ins-shcl l  scct ion

Shell width contributing smaller of = 3.06227

W = l . l tSqr(Do*ts)
=  I .  I  * S q r ( 3 1 * 0 . 2 5 )
= 3 .06227 it

W = Ls = 66in

Revision No l ---
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St i f fner  Rincs (A)

Shellarea Al = W*ts = 0,76556?6 in'2

Distsnce lo the ril8 neltrat axis

Y2 = Ritlg NA + ts/2
= l . 4 O E + O . 2 5 1 2
= I .533 i!

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
= 0.938+ 1.533/(0.7655676 + 0.938)
= .8440839 in

Inertia of tbe shell about the combiued section NA

l l = W + t s ' 3 / 1 2 + A 1 + N A - 2
= 3 .06227 rO .25'31 12 + 0.7655676+0.8440839'2
=.5494371ir � '4

Inertia of the ring about the combiDed section NA

12 =l t  +  AS.(NA -  y2)-2
= 0.34E + 0.938+(0.8440839 -  1 .533) '2
=.7931799ir '4

I 
Total avaitable I = Il +12= r'342617 it'4

The 2x2x l/4 Equal Angle vacuum stiffcncr is satisfactory '
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St i f fencr  Rlnrs (Bl

St l f fcn lns Rlng Calculat lons.Pcr  UG-29 .

ASME Sect ion VI I I  Dlv ls lon 1.  1992 Edi t ion.  A94 Addenda

IdeEtificr: StiffeDer Rings (B)

Ring material specification: SA 240 304L HIGH
Nunber of rings in tbis group: 2
Distance firsl ring to dalum liDe: 292 in
Riag spacing: 108 in

Ring description: 2x2xll4 Equal Angle
Ring is rollcd: leg in (hard waY)
Ring cross sectional area: As = 0.938 in'2
Ring DomeDt of inertia: Ir = 0.348 in'4

Calculet lons for  r lnq 292 in  f rom datum

Sh€lt material specification: SA 240 304L HIGH
Required sbell thickness: t = 0.14281 in
Corroded sbell thictness: ts = 0.25 in
Shell outer diameter: Do = 3l in
Desigl temperatwe: = 400 deg F
External design pressure; P = l4'7 Psi
Stiffener supported length: Ls = 52 in

B = .75r,(P+Do/(t + As/Ls))
= .?5*(  14.7+31/(0.  l42E I  + 0.938/52))
-  2124.826

Fron table HA-3 (ring) A = I .616295E-04

Beouired moment  of  iner t la  of  the combined r ing-shcl l  sect lon

Is= (Do'2'rl-s+(t + As/Ls)*A)/10.9
= (31 '2*52+(0.14281 + O.938152) *  I  .616295E-04) /  10.9
= . l 1 9 1 8 9 4 i n ^ 4

Avai lab le moment  of  iner tb of  the combintd r in

Sbell widtb cortributing smaller of = 3.06227

W = I . 1r5tt19o+,t,
= L l *Sqr(3 1+0.25)
= 3 .A6227 it

W = L s = 5 2 i n

Shell area Al = W+ts = 0.7655676 in^2

I 
oi.,"o"" to tlre rirg neutral axis

Y2 = Ring NA + ts/2
= l.4OB + 0.2512 Revision No. l
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= 1.533 in

Neutrat atis of combined section

N A = A s r Y 2 / ( A l + A s )
= 0.93E* I .533/(0.7655676 + 0.938)
= .8.$40839 in

St i f fener  Rlngs (B)

lnertia of the shell about the combined section NA

I l  =Wr ts '3 /12  +  A1+NA-2
= 3.O6227'0.25' 3 1 lZ + O.7 655676*0. 8440839'2
= .5494371 iu-4

Inertia of tte ring abo[t th6 combitred section NA

1 2 _ I r + A E * ( N A - y 2 ) - 2
= 0.348 + 0.93 8 +(0.8440839 -  1.533) '2
=.7931799in'4

Total available I = Il + 12 = 1.342617 in^ 4

The 2x2x1l4 Equal Angle vacuuur stiffen€r is satisfactory.

Calculet lons for r ins 400 in f rom dstum

Shell marerial specification:
Required shell thickness :
Corroded shell thickness:
Shell outer diameter:
Design t€mperature :
External dcsign pressure:
Stiffener supporaed length :

SA 240 3O4L HIGH
t = 0.1428 t  in
ts = 0.25 in
Do = 3l  in

= 400 deg F
P = 14.7 psi
Ls = 45.5 in

B = .75.(P*Do/(t + As/Ls))
= .75*(t4.7+3l l  (0.14281 + 0,938/45.5))
= 209t.321

From rable HA-3 (ri!g) A = 1.591049E-04

R.€oui r€d momcnt  of  incr t i r  o l  the combined r ing-shel l  scct lon

Is= (Do'2*Ls*(t + As/Ls)+A)/ 10.9
= (31 '2*45.J * (0.  1428 I  + 0.938/45.5)*1.591049E-04) /10.9
= . 1043065 in^4

Avai l ib lc  moment  of  iner t ia  of  thc comblned r ing-shcl l  scc l ion

Sbell widtb contributing smallcr of = 3.O622?

w = l .  I  *Sqr(Do+ts)
= I  .  l  +Sqr(31*0.25)
= 3 .O6227 in

\# = Ls = 45.5 in Rcvision No, I
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St i f fencr  Rln ls  (Bl

,aqhell area Al = W*ts = 0.76556?6 in'Z

U
Distance to the ring ncutral aris

Y2 = Ridg NA + ts/z
= 1.408 + 0.2512
= I .533 in

Neutral axis of combined sect.ion

NA = AsiY2/(A I + As)
- 0.938* 1.533/(0.7655676 + 0.938)
= .8440839 in

Inertia of the shell about the combined section NA

I l = W * t s ' 3 / 1 2 + A l t N A ' z
= 3 .O6221*O .25'31 12 + O.1655676*0.8!90839'2
= .5494371 in'4

Inertia of the rirg about the coubined section NA

1 2 = l r + A 3 + ( N A - Y 2 ) ^ 2
= 0.348 + 0.938 *(0.8440839 -  1.533) '2
=.7931799in'4

IToral available I = I1 + l? = l�342617 in^ 4
-

The 2x2x 1/4 Equal Angle vacuum stiffener is satisfactory.
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Su ooor t  * , lne s  (Al

St i f fcn lng Rinc Cr lcu let lons Per  UG-29

ASME Scct lon VI I I  Div ls lon l .  1992 Edi t ion.  A94 Addenda

Idautificr: Support Rings (A)
Ring Drtcrial epecification: SA 240 304L HIGII
Number of rilgs in this group: 2
Distance first ring to datum line: I 12 i!
Riag spacing:

Ring description:
Riag is rolled:

236 ia

3x3x l/4 Equal Angle
leg iD (hard way)

Ring cross sectional area: As = l�44 in^2
Riag mouent of inertia : Ir = | ,M iD-^ 4

Calcul r t ions for  r ins 112 ln  f rom dr tum

Shell Darerial specification: SA 240 304L HIGH
Required shell thickness: t = 0.14281 in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter: Do = 3l in
Design temperature: = 400 deg F
Extemal design pressure: P = 14.7 Psi
Stiffener supportcd l€Dgth; Ls = 5E.5 in

B = .7s*(P*Do/(t + As/Ls))
= .75+( t4.713 l / (0 .  14281 + 1.44158.5))
- z04r.357

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

*.eoui rca l  mom€nt  of  incr t ia  of  the combincd r in ! -shc l l  scct ion

Is= (Do'2rls*(t + As/Ls)tA)/ 10.9
= (31 '2*58.5*(0.14281 + I  . .14158.5)*  I  .553394E-04y 10.9
= .1341392 in^ 4

Avai lab lc  moment  of  iner t ia  of  the combined r ing-shel l  scct ion

Shell width contributing smaller of - 3.062?7

W = l. I *Sqr(Do+ts)
= l . l  *Sqr(31*0.25)
= 3.06227 in

W = L s = 5 8 . 5 i n

Shell area Al = w+ts = 0.7655676 )n'2

f 
oir,uo"" to the ring neutral axis

Y2 = Ring NA + ts/2
= 2.158 + O.2512 Revision No. I

Doc. No. V049-l-052
page 56 of63



COMPRESS 5 ,53  C: ICOMPRESS\MODECLNR\85-REvI .VSLD;q

Su ooor t  Rlngs (Al

| 
= z.zr: in

Neulral sris of combiued section

N A = A s . Y 2 l ( A l  +  A s )
= | .44'2.2831(O .7655676 + |.44)
= 1.490555 iu

Iuertia of Oe Ehell about the corubined secliol NA

I l = w * r s - 3 / 1 2 + A t i N A - 2
= 3.0622740.8^3112 + O.7655676* 1.490555^2
= I .70489 in'4

Ioertia of thc ring about the combiaed scctiod NA

1 2 = k + A S * ( N A - y 2 ) ^ 2
= | .24 + 1.44*(1.490555 -  2 .283r^2
= 2.144275 in^4

Total available I = Il + 12 = 3.849f66in'4

The 3x3xl/4 Equal Angle vacuum stiffener is satisfactory.

Calculat ions for  r ing 34E in  f rom dr turn

Shell malerial specificalion :
Rcquired shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature :
External dcsign pressure :
Stiffener supported length ;

B = .75*(P'Do/(t + As/Ls))
= .75*( t4.7*3 v  (0.  14281
= ?016.649

From rable HA-3 (rirg)

SA 240 3O4L HIGH
t  =  0 . 1 4 2 8 1 i n
ts = 0.25 io
Do = 3l  in

= 400 deg F
P = 14.7 psl
Ls = 54in

+ r.44l54rt

A = | .534769E-04

Reauired moment  of  inor t is  of  thc combined r inE-shcl l  sect lon

Is= (Do'2*Ls+(r  + As/Ls) tA) /  10.9
= (31'2*54*(0. 14281 + 1 .44154>*l .534769E-04y 10.9
= . 123835 I ia'4

Aval lab le moment  of  iner t ia  of  thc combincd r ing-shel l  sect ion

Shell widtb contributing smaller of = 3.A6227

W = I . I *Sqr(Do*ts)
=  l .  I  +Sqr (31*0 .25 )
= 3 .06227 it

W = L s = 5 4 i n l(e'lrslon No. I
Doc. No. V049-l{57
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CoMPRESS 5.53 C: \COMPRESS\MoDECLNR\BS-REV I .VSLD;q

Su ppor t  R lnqs (Al

Shcll area Al = W*ts = 0.7655676 in'2

Distalce to llc ring neutral axis

Y2 = Ring NA + ts/z
= 2. 158 + 0.2512
= 2.283 in

N€ulral erjs of combined section

NA = AsfY2/(Al + As)
= | .44*2.2831(0 .7655676 + 1.44)
= 1.490555 in

Inertia of the shell about the combined section NA

I l = W + t s ' 3 / 1 2 + A l * N A ^ z
= 3 .M227 *O .25^ 3 | 12 + 0.7655676* 1.490555^2
= 1.70489 in'4

In€rtia of tle ring about tbe combined section NA

1 2 = I r + A E I ( N A - Y 2 ) ' 2
= r .24 + 1.44.(1.490555 -  2 .283) '2
= 2.144275 ir'4

f ro.u, avaitable I = Il + 12 = 3.849166 in'4

The 3x3* l/4 Equal Angle vacuurn stiffener is satisfaclory.

llevision No. I
Doc. No. V049-t457
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COMPRESS 5.53 C: \CoMPRESs\MODECLNR\85-REVl .vsLD;q

Su nnor t  Rinq (B)

St i f fen lnr  Rlns Cr lcu l r t lons Pcr .UG.29

ASME Scct lon VI I I  Div is ion l .  1992 Edl t ion.  A94 Addandr

Number ofrings in this group: I
Distance first riag to datum line: 244 it

Ring descriptiou:
Ring is rollcd:
Ring cross s€ctional erea:
Ring moocnt of inertia:

Idcntitier:
RinS Eraerial speci ficatioD :

Support Ring (B)
SA 240 3O4L HIGH

3x3x l/2 Equal Angle
leg in (hard way)

As = 2.75 iu^2
k = 2.22 in^4

SA 240 3O4L HIGH
t  =  0 . 1 4 2 8 1  i n
ls = 0.25 in
Do = 3 l  in

= 400 deg F
P = 14.7 ps i
Ls = 55.5 in

Celculations for riuq 244 in from datun

Shell matcrial $pecifi carion:
Required shell thickness:
Corroded shell thicktress:
Shell outcr diameter:
Design temp€rature:
Extemal design pressure:
Stiffcoer srpported letrgth :

B =,?S+(PlDo/(t + As/Ls))
= .751(14.7*3 l l  (0 .14281 + 2.75155.5))
= 1776.75r

From table HA-3 (ring) A = I  .353823E-04

Reouired nroment of  inert ia of  the combined r ing-shcl l  scct lon

Ie= (Do'2rls*(t + As/Ls).A)/ 10.9
= (31'2 '55.5*(0.14?8t + 2.75155 .srt  |  .3538?3E-04)/  10.9
= .1274282 in^ 4

Ayai lab lc  homent  of  Incr t ia  of  the combined r ing-shcl l  ecc l ion

Shell width contributiug smaller of = 3.O6227

W = I . I rSqr(Do+ts)
= l .  I  +Sqr(31+0.25)
= 3.06227 in

W = L s = 5 5 . 5 i n

Shell area Al = W*ts = O.7655676 it^2

DistaDce to lhe ring neulral axis

Y2 = Ring NA + ts/2
= 2.O68 + O.?517
= 2.193 i t Revisi@ No. I
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COMPRESS 5.53 C: \CoMPRESS\MoDECLNR\B5-REVT.VSLD;q

S u  o o o r t  R i n q  ( B |

N€[tral aris of combined section

N A = A s r Y 2 / ( A l + A s )
= 2.75'2. $! (O.7655676 + 2.75)
=  1 . 7 1 5 4 4 1 i n

Inertia of the sbcll about rhe combined scction NA

I l = W ' t s ^ 3 / 1 2 + A 1 * N A ' 2
= 3 .A6227 aO .25'31 l? + O.7655676+ 1.71544t'7
= 2.256853 in'4

Inertia of the ring about the cornbined section NA

1 2 = b + A s * ( N A - Y 2 ) ' 2
= 2.22 + 2.751(r .7 15441 -  2 .1931^2
= 2,847172 ia'4

Total available I = I1 + 12 = 5.104024 in'4

The 3x3x l/2 Equal Angle vacuurn stiffener is salisfactory.

Revisim No. I
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COMPRESS 5.53 C: \CoMPRESs\MoDECLNR\85-REvI .VSLD;q

l,ug oatcrial sp€cification
Lug allowable stress
Top plate width
Base ptlte width
Top plate thiclness
Basc phtc thickness
Lug lcngth eirc. direction
Gussct height
Gussct tiickncss
Nunber of lugs
Angul& posilior, first lug
Fillet weld size
Force bearing widtb
Distance to load

Lug torp p l r te  reol l red th ickt rcss.  Bcdnar  p!  153

sa = 9.fJ +(VL+d*L)/(Sa*wp^2 *h)
= 0.751( 1604 *4 . 5'6)t (24000+2'2*6'
= 0.25 in

Lug eussct  rcdul red th ickness

Sc = 18000/( r + ( l/ I E000)*(h/(0.289*tg))'2 )
= 18000/(l + ( l/ 18000)+(6/(0.289*0.375)) -2 

)
= 15380.89 ps i

rg - vL*(3*d - wb)/(sc*wb-2*SIN(Alpha)-2)
- 1604*(3.4.5 - 6)/( 15380.89+6^2*SIN(56.3 I )'2)
= 0.0314 in

Luq base p ls te resui red th ickness

From Escoe table 4-8

fc  = VL/(Fb*L)  = 89.1 I  l l l  ps i

Mx = Cr+fc+Gs'2
= 0. 1085*89. 1 l 1 1 l't5.25^2 = 266.4896

My = gy*1"**5-2
= - .124.89.  I  I  I  I  l+6^2 =-397.792

tb = Sqr(6+Mmax / Sa)
= Sqr(6r397.792 I 24000)
= 0.3 154 in

Chrck lu !  r t t rchment  s t resscs

Radial load
Circumferetrtial moment
Circumferential shear
LoDgitudinal moment
Lonsiludiral sbear

Pr  = 0 lbf
Mc = 0 lbf.fi
Vc = Olbf
ML = 0 lbf-ft
vL = 1604 lbf

BELLOWS LUGS

= SA 206 340L HIGH
= 24000 psi

wP = 2in
wb = 6in
t = 0.375 ir

tb = 0.3?5 in
L  =  6 i u
h  =  6 i n

tB = 0.375 in
= 3
= 120 degrees

tw = 0.25 in
Fb  =  3 in
d = 4 . 5 i n

Kevtslol No. I
Doc. No. V049-t-057
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COMPRESS 5 .53  C: \COMPRESS\MODECLNR\BS-REVI .VSLD;q

BELLOWS LUGS

I 
lor"-:t prc""ut" P  =  o p $ i

Strcsscs et  the lug cdse oer  WRC bul lo t in  107 (  os l )

Mean radius Rm = 15.375 in
Rm/t  = 61.5

Cl  = 3.  C2 = 3.375 in

Stress coaccntration factor Kr (teDsion) = I
Slress conceltrstion factor Kb (bcading) = I

Ircal circ. pressure stress = P*Rm/t = 0 psi

Local loDg. pressure stress = P'*RD/2I = 0 psi

Max.inum combined stress = 950 psi
Allowable combin€d stress = +-1.5+S = +-22050psi

. The maximum combined stress is within allowabl€ lirDit$.

Maximum primary ruembrane stress = 0 psi
Allowable primary tbembraDe stress = +-1,5*S = +- 22050 psi

Tbe maximum primary menbrane stress is witbin allowable limits.

Relrsron No. I
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COMPRESS 5 .53  C: \COMPRESS\M oDECLNR\BS-REV 1  .VSLD;q

AELLOWS LUGS

I Froml
I  Fle.  I

value I beta I
read | | CuB IBuAI

3 c r  1 3 . 9 0 8 3  1 0 . 2 2 2
4c r  17 .5544  I  0  .213
l c  1 0 . 0 5 4 8  1 0 . 2 0 3
2 c - 1 1 0 . 0 2 5 7  1 0 . 2 0 3
3 A *  1 2 . 3 8 1 8  1 0 . 2 0 3
1 A  1 0 . 0 5 4 9
361  19 .3623
l B - 1  1 0 . 0 1 9 1
preaaure atress'

0  -2?3  |
0 . 2 1 1 1
0 . 2 0 8 1

Tota1 circ atresa
Prinsry menbrane
circ stress*

3 c *  1 4 , 1 . t 4 9
4 c *  t 7 . 3 8 5 4
'rc- ' t  I  0.050 0
2c  t  0 .0  334
4 A r  I  5 . 3 2 9  3
2A |  0 .0274
4 B r  1 2 . 3 9 3 6
2 8 -  1  1 0 . 0 2 5 8

0 . 2 3 7 1

0 . 2 1 3
0  . 2 2 2
0 . 2 1 5
0 . 2 1 5
0 . 2 0 3

0 . 2 1 1
0 . 2 2 5

pressure etress*

Total  long stress
Prj.mary ft|embrane
Iong gCress*

torsion moment tllt
Circ shear from vc
Long shear from vL -475 -475 475 475

Tota l  ghear  s t ress -475 -475 475 47s

combined stress 9 5 09 5 0o  E n

Revision No. I
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGFI, MA

ENGINEERING
CALCULATIONS

NO: V049-l-058
PAGE 1 OF 21

REV. DEO # DATE BY: CI{ECK TITLE:

SPOOL B-6 (4E in)
0 a t 3 { 4,/zz,4r,t^JDg [<D L-

BY: W. Bilynsky DEm..744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: Determine spooyadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stifener rings and support
rinss.

METHOD: Thickness requirements per the ASME code, Sec{ion VI , Division I,
are derived using the COMPRESS computer program, version 5.3 1 .

ASSUMPTIONS: None

INPUTS: 1 .
2.
J -

VacuumPressure : 14.7 psi
Design Temperature : 400 F.
Ion Pump Nozzle Loads

Pr : 2250.0 lbs
Mc = Ml = 4542.0 inlbs
Vc:  M =  126.5  lbs

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

Systems, Inc.
3. Doc. No. V049-l-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (sEE ATTACITED)

CONCLUSIONS: The requirements of the ASME Code are m€t 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 aad aralysis see calculation numbers V049-l-016, 017, 018" 019-& 051

Revision No. 0
Doc. No. V049-1{58
Pase I of 2l



PROCESS SYSTEMS INTTRNATIONAL. INC.
WESTBOROUGH.MA

ENGINEERING NO: V049-1458
CALCULATIONS PAGE 2 OF z1

PROJECT: LIG'O VACUUM EOUIPMENT
BY: W. Bilnskv CHKD: F,Ou
PROJECT NO: V59049
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Spool 8-6 (48 in dia)
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COMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-6. VSL Apr- 22, 1996

Pressure Summarlt

I Pressure summary for Dressure chamber 1

l F l l c l l A I { P

I deergr I desrqrr I

I  ( p s i )  l ( d e s  F )  ( p s i )

I  o . o  o , o  I  1 a 6 . 1

I  O . O  O . O  I  O . O

I  o - o  o - o  I

I  o - o  I  o - o  I  2 t - l

sAP Pe I sc-ee I ttcs--€6 lcoEosronl

extedat Ralio r'osT ExeDPtion or lAlroEaDcel

(p.i) I (psi) | | (des F) s!!€es Red@tion I (rn) |

not al't'ricaltle

I Not atrt}rlcable

I not aPPu€rrle

I l{ot al>plicabie

I

l - l

I  o.ooo I

I  o.ooo i
t l

l - 1 - l -
|  1 .6 .1  I  34 -5  i  1 -ooo  I

I  o .o  I  14 .7  |  1 -ooo  I
I  aa-25  1d  F lanqe

44.25T TD FIATGI

I suFport Rtngd

|  2 4 . 4  |

I  1-Ooo l

1.OOO I

I  I  r . ' . ' t  1 l

t _ t _ _ l _ t _ - r - l

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

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

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

Hvdrotest pressure calculation based on Pe

= 1.5'Pe*1 :22psi

Vessel hydrotest pressure is 22 psi.

Revision No. 0
Doc. No. V049-1458
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CoMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-6. vSL Apt- 22, 199,6

Weight Summary

t{elght (t-bs) contrlbuted rry vessel Eleuerts ----

xetal tretal rriys eaciea In6uA [,.ntng PlPinq L6atd€ Rlngs ot]d test trotrle

I sup E4ds e PIat & nisc tlqEtd t -Iquid & frg

.s. >5 td f1s9e

4e-2s '  id  f  169

vcBsel opelatl,ng reigbt, c.rroded: 2,o.. lb€L

vessel dl'ty eelgbt. cor.oded: 2,o.. llrs

v6es€1 elpty Eelgnt, DeE: 2,o{a lbs

vessel test uelgbr. n6: 7.5/ta lbs

Vessel center of gravitv location (from right weld seam)

155

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

2,@.tbs
41.4 in

Revision No. 0
Doc. No. V049-1458
Pase 5 of 2l3-21.1996



COMPRESS 5.53 C: \COMPRESS\MANIFOLD\8-6. VSL

Nozzle SummarJr

Apr- 22, 1996

( l t r )  (1n)  A1? A2?

xo6 t Req !

( i D )  ( r n )  (  t n )

6 .OO O.1250 0-0625 y y  o-zsoo o . r53o o . o o o o  t a 6 - 2

tl - nozzle thickness
Req m - nozzle thiclness required per UG-45/16
Noin t - vessel wall thickneis
Req t - required vessel wall thickness due to pressure + corr per UG-37
Us& t - lodal vessel wall thickness (near openins)
Aa - area available per UG-37, soverni;ls condition
Ar - area required Der UG-37. e-overnins"cotrdition
Corr - corrosibn allowance on no;zle id. 

'

Revision No- 0
Doc. No. V049-1458
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COMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-6.VSL Apt.22, 1996

Nozzle Schedule

xate!1a13

tlo2.1€ rltEst? $oi!? Pad rrtEct? ro!n?

5.?5  ID*O.12 Sr  240 3 | )a r ,  E IGE

Revision No. O
Doc. No. V049-l{58
P^se1 of2l3.21.1996



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

Thickness Sunmary

ID teq t ;roirt Goeern.i.g

(tn) E Load st.ta stless

o . a s 2 9  0 . € 5

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loadfug
E - longitudinal seam joint efftciency

Load:
internal - circ sfress due to internal pressure govems
external - external pressure governs
wind - combined lonq stress due to STATUS * wind soverns
seismic - combined lon-g stress due to STATUS * seismic governs

Revision No. 0
Doc. No. V049-l{58
Pase I of2lI 

3.2r.ree6



COMPRESS 5-53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr- 22, 1996

SPool B-6

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

ComDonent: Cylinder
Material specification: SA 2.10 304L HIGH

External design pressure: Pe= l4-7 psi @ 4O0 deg F

Corrosion allowance: Inner C : 0 Outer: 0 in

PWHT is not performed

Radiography: Category A joitrts - Spot ffw-ll0) type 1
Category B joints - Spot Uw-llO) type I

Estimated weieht: new : 921 con : 921 lb
capa;ity: new = 659.945 con:659.945 US ga

ID = 48.25 length I-c: 83.375 t : 0.25 in (new)

MAP: (New & atO deg F) UG-27(cXl)

P : S*E*til(R + 0.6*t) _ Ps
= 16700*0.85*0.251Q4.125 + 0.6*0.21 - 0
: 146.1E95 psi

MAWP: (Corroded & at 0 des F) UG-27(cX1)

P :S*E*V (R+0 .6 * t ) -Ps
= 16700*0.85*0.251Q4.125 + 0.6t.25) - 0
= 146.1895 psi

External Pressure: (Coroded & at 4{D deg F) UG-2E

UDo : 43.375148.75 :0.8897 Do/t : 48.7510.15297 : 31E.6899
From table G: A = 0.000268
From table HA-3: B : 3540.3

Pa: 4*B/(3*Do/t)-- 4*3540.3 I 3* 48.7 5 | 0. 1529T1
: 14.8119 psi

Design thickness for exrcrnal precsure Pa : l4.8ll9 psi:

: t + Corrosion
:0.152n + 0
:0.15297 in

Maximum Allowable External Pressure: (Corroded @ 4(D deg Ff

L/Do: 43.375148.75 =0.8897 Do/t: 48.7510.25 :195
Fron table G: A = 0.000559
From table HA-3: B = 5073.4

Revision No. 0
Doc. No. V049-l-058
Paee 9 of2l| 
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-6.VSL Apr.22, 1996

Spool B{

Pa:4*B/(3*Do/t)
: 4* 507 3 .4t (3* 48.7 5 I 0.25)
= 34.6899 psi

Rer.ision No. 0
Doc. No. V049-l-O58
Pase l0 of 2la i.zr.rss6



C0MPRESS 5-53 C :\COMPRESS\MANIFOLD\B-6. VSL Apr.22, 1996

6" od CF

I Opening 6" Reinforcement Calculations Per UG-37
- located on: Spool 8-6

l,ocal vessel thickness: .25 n
Liquid satic head included:
Flange description:

Nozzle material speciflcation:

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

0 psi
Not installed

SA 240 3@L HIGH

90 desreer
27.375 in
0 i n
3 i n

tn -> l  l<-

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

l / l  l v
\ l  I  tw2

<- L ->l

' l l; 0 i n
. 1 2 5
5 .  75
.  I 25
.1875

corrosion al low =
noz thick new tn=
nozz le  id .  new d=
f i  l l e t  we ld  tw l  =
groove we ld tw2 =

i n
i n
i n
i n

To datum L= 41.87 in

Reiaforcement 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*(fir-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle requirod thickncss

trn = P*Rn/(Sn*E - 0.6*P)
: 0*2.E75i(16700*1 - 0.6*0)
=  0 i n

Required thickness a from UG-37(a)

t: P*R/(S*E - 0.6*P)
: 0*24.1251(16700*l - 0.6*0)
: 0 i n

Area required

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

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

Rwision No. 0
Doc. No. V049-l{58
Paee l1 of2lO 3.2r.rss6



CoMPRESS 5.53

A = d*fi{.F +
: 5.75*0*1
: 0 in^2

2*ul*fi+F*(l _ frl)
+ 2*0.125*0*1*(l _ l)

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

6 'od  CF

Area available

A1 : larger of the following -- 1.438 1n^2

: 0.078 in^2

: d*(El xt_F*tr) _ 2*tl*(El *t_F*tr){.(1_frI)
= 5.75*( I *0.25- l*0) - 2+0. 125x(1 +0.25- I x0)+(l - I ): 1.438 in^2

= 2*(t+ ul)*(E1*t-F*tr) - 2*h*(El *t-F*tr)*( 1 -fr 1 )
= 2*(0.25 +0. 125)*(1*0.25-l*0) - 2*0. 125*(l*0.25-1*0)*(l-l)
= .188 in^2

A2 : smaller of the followine

- 5*(tn - trtr)*frz*t
: 5*.(0.125 - 0)x1*0.25-- .156 n^2

: 5*(fi1 - trn)*fr2*tn
: 5*(0.125 - 0)*l:'.0.125
: .078 n^2

A4l = Ins.^2*ft2
:0.125^2*1 -- .016 in"2

A r e a : A l + A 2 + A 4 1
: 1.438 + 0.078 + 0.016-- 1.532n^2

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

Check the welds - From tlYr/-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*tmh, tl(min) : 0.0875 in
tl(actuaD : 0.7*tre : 0.7*0.125 = 0.0875 in
t2(acnrali = 0.1875in
tl + t2 = O.ns >= 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thiclness per UG-45(a):
WaIl thickness ber UG-45OXI):
Wall thickness ier UG-16ft):
Std prpe wall pir UG-45O)G):
The gieater of tr2 or tr3:' 

' '

The lesser of tr4 or tr5:

bl :
trz:
tr3 =
t 4 :
tr5 :
1 6 :

0 i n 6  =  1 1
0 in
0.0625 in
0.245 in
0.0625 in
0.0625 in

Rwision No. 0
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COMPRESS 5.53

Req'd per UG45 is the larger of rl or tf : 0.0625 in

Available nozzle wall thickness n€w, 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 mi

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

6" od CF

Strength of welded joints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*lrg*Si : 1.57*6i.0. 125*8 183

(3) Nozzte wall in shear

: 9635.482 lbf

(Pi/2)*Mean nozzle dia. *tn*Sn : 1.57*5.875*0.125*l 1690 = 13478.21 lbf

(4) Groove weld in tension
(Pi/2)*Nozde O. D. *tw*Sg = 1.57*6*0. I 87 5* L2358 : 21827 .32 lbf

Loadins on welds per UG-41(bXl)

W : (A - (d - 2*tn)*(El*t - F*t1;x5u
= (0 - (5.75 - 2*0.125)*(1+{.25 - l+0))+16700
=-22962.5 tbt

W1-1 : (M + A5 + A41 + A42)*Sv
: (0,078 + 0 + 0.016 + 0)*16700
= 1569.8lbf

W2-2: (M + A3 + A41 + A43 + 2tui*t*fr1)*Sv
: (0.078 + 0 + 0.016 + 0 + 2*0.125*0.25"i)*16?00
= 2613.55 lbf

l-oad for patl l-l lesser of W or W1-1 :-22962.5lbf
Path l-l laru (1) & (3) = 9635.482 + 13478.21 : 23113.69 lbf
Paft 1-1 is saonger than W so it is acceptable per UG-41OX2).

Load for path 2-2 lesser of W or W2-2 = -22962.5 lbf
Parhz-z itru (1), (4 :9$5.a82 + 21827.32 :31462.81bf
Path 2-2 is stronger than W so it is acceptable per UG-41OX2).

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

Revision No. 0
Doc. No. V049-l{58
Pase 13 of 2lI 
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CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-6. VSL

6" od CF

: .558 in^2

Apr- 22, 1996

Revision No. 0
Doc. No. V049-l{58
Page t4 of2 |

.-. Nozde required tfrickness

- L/Do : 316 = .5 Do/t : 6/0.01491 : &2.4145
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. 0 149 l)
- 14.7828 psi

Nozzle required thickness trn : .01491 in

Required thickness tr from UG-37(dXl) : .153 in

Atea required

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

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

A : O.s"(d*rFF + 2*tn*tr*F*(l _ frl))
: 0,!1(5,75-*0. 153*1 + 2*0.i25*0. f53*l*(1 - 1)
: .4399 n^2

Area available

A1 = larger of the following

: d*(El *t-F*tr) - 2*tn+(El*t-F*rr)+(l _frI ): 5.75*(1*0.25-1 *0. 153) - 2*0. 125*(1*0.25_l*0. 153)*(1_1)
: .558 in^2

: 2x(t+tn)*(El *t-F*tr) - 2*fr|*(El t-F*tr)*(1-frl)
: 2*(0.25 +O.125)*(1 *0.25-l*0.153) - 2iO.l25*(i *0.25-l *0. 153)*(l-1)
: .M3 in^2

A2 = smaller of the following : 0.069 in^2

: 5*(ul - m)*fr2t t
: 5*(0.125 - 0.01491)*1*0.25
: .138 in^2

: 5*(tn - trn)*fr2*tn
: 5*(0.125 - 0.01491)*1*0.125
= .069 in^2

A4l : Les.^2+fr2
: o.t25'2*t: .016 in^2

A r e a : A l + M + A 4 l
: 0.558 + 0.069 + 0.016
= .643 in^2

I 
3.2r.ree6



CoMPRESS 5.53

Req'd per UG45 is the larger of trl or ffi : 0.0625 in

Available nozzle wall thickness new. tn : 0.125 in

The nozzle neck thickness is adequate for Pe.

C : \COMPRESS\MANIFOLD\B-6-VSL Apt-22, 1996

6 'od  CF

a 
As Area > A the reinforcement is adequate for Pe = 14.7at400DegF

UG-45 Nozde Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UGa5O)(2):
Wall thickness ber UG-16(b):
Std pipe wall per UGa5OXa):
The^sieater of h2 or h3:'
The lesser of tr4 or tr5:

trl : 0.01491 in (E = l)
f2 : 0.0241 in
tr3 : 0.0625 in
tr4 : 0.245 in
f5 : 0.0625 in
16 : 0.0625 in

Revision No. 0
Doc. No. V049-1458
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r ffiffi+
Circumferential moment
Circumferential shear
Loneitudinal moment
LonEitudinal shear
Tors]on moment
Internal oressure

Stresses at the nozde OD per WRC bulletin lO7 ( psi)

Mean radius Rm : 24.25 in
Rm/ t : 97

Suess concentration factor Kn (tension) : I
Stress concentration factor Kb @ending) : 1

Pressure stress intensity factor, Farr equation I 1.5

l: .25*A + 3*Elx\^2 + 3*(rix)^4)
= .25* (4 + 3* a.g1 5 I 3 . 125J^ 2' + 1* Q.8t S t3. tZSl^ +)
- ', 1'11

lncal circ. pressure stress : I*P*Rm/t : 0 psi

Local long. pressure shess = P*Rr/2t : 0 psi

Maximum combined stress : -6976 psi
Allowable combined stress = +-1.5*S : +- 25050 psi

The maximum combined shess is within allowable limits.

Maximum orimarv membnrne stress :-1375 osi
Allowable inimary membrane stress = +-1.5*S -- +- 25050 psi

The maximum primary membratre stress is within allowable limits.

Revision No. 0
Doc. No. V049-1-05E
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COMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-6. VSL Apr- 22, 1996

6 'od  CF

Pr = 416 lbf
Mc :75 lbf-ft
Vc : 150 lbf
ML :5lbf-ft
w : 1 0  l b f
Mt : 0lbf-ft
P = Opsi

3.2r.1996



CoMPRESS 5.53

roml  va  lue
F i g .  I  r e a d

-34* 
lII.o-46-ld.lod

4 C *  1 1 4 . 6 3 4  1 0 . 1 0 8
1 C  I 0 . 0 8 3 3  t 0 . 1 0 8
2 C - 1 1 0 . 0 5 0 5  1 0 . 1 0 8
3A* I3 .8020 I0 . t08
r A  1 0 . 0 8 1 3  1 0 . 1 0 8
3 8 *  |  1 0 . 6 9 9  1 0 . 1 0 8
1 B - 1 1 0 . 0 3 1 5  1 0 . 1 0 8
pressure stress*

TotaT c irc stres s
Primary membrane
ci rc  s t ress*

ic.  l i i : ; i i  lo: ioE
1 C - t  1 0 . 0 8 1 5  1 0 . t 0 8
2 C  t 0 . 0 5 1 6  t 0 . 1 0 8
4 A *  1 6 . 5 5 9 5  1 0 . 1 0 8
zA t0 .04 r7  t0 .108
48*  13 .7815  10 .108
2B-110 .0439  10 .108
pressure stres s*

-Tottfinngllress
Pr'inary membrane
long stress*

tors i on moment ltlt
Circ shear from Vc
Long shear from VL

ToETTIear stress
--:----i--i-----

LOmDrned sT,res s

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

6" od CF

AI

Apr. ?J2, 1996

DIDuc lCuBIBuAu
-7s8 -758

- 1004 - 1004 - 1004 - 1004
-3327 3327

-20t7 20t7 -2017 2017
-215 -215

-2676 2676
-40 -40 40 40
-69 69 69 -69

-758 -758

-3327 3327

215 215
2676 -?676

-1044 -1044 -964 -964 -973 -973 -543 -543

-1004 -1004 -1004 -1004
-3255 325s -3255 3255

2061 -2061 2061
-371 371 37r
1373 1373 -1373

- 1 4
-96

-4r?3

-772
2579 -3903

-772 -744

- 1 4
96

-2061
- J T  I

-  1373
14  14
96 -96

2415 -4809 2059

-744 -1375 - 1375

-1321 55

-633 -633

-64-646464
-4

-4-64-64

Revision No. 0
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I Stiffening Ring Calculations Per UG-29

Identifier:
Ring material specification:

ASME Section VIII DiviCron 1, 1992 Edition. A% Adden&

Number of rinss in this erouo:
Distance first frne to dadm ffne:
Ring spacing:

Rins descriotion:
Rin! is roll-ed:
Rins cross sectional area:
Rin! moment of inertia:

Calculations for ring 20 in from datum

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desipcr Dressure:
Stiffener supforied length:

I 
": ir'ifl:Pi{:'trffBi' + L 6st34 6s7sz))

From table HA-3 (ring) A = 2.0228398-44

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Ls+(t + As/t-s)*A)/ 10.9
= (48.7 5 " 2*34.697 92* (0. t52n + t.69 I 34.69792)*2.0228398-M) I 70.9
: .3086327 in"4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.8,10166

W: l . l*Sor(Do*ts)
: 1.1*Sort48.75*0.25)
: 3.8+016ii in

W : Ls :34.69792n

Shell area A1 : W*ts : 0.9600415 in^2

Distance to the ring neural axis
Revision No. 0
Doc. No. V049-1{58
Paee 18 of 2l

COMPR-ESS5.53 C:\COMPRESS\MANIFOLD\B-6-VSL Apr-22, 1996

SuDoort Rings

A s :
I r :

Suooort Rines
SA 240 3@t HIGH
2
20 in
43.375 n

4x3xll4 Un Equal Ang
leg in (hard way)
1.69 in^2
2.77 n^4

SA 24O 3O4L HIGH
0.15297 lrl
0.25 in
48.75 n
4.00 deg F
14.7 wi
34-69792 n

t :
t s :
D o :

P :
L s :

I 3.2r.r996



CoMPRESS 5.53

Support Rings

Y2 = Rine NA + ts/2
= 216 + O.2st2
: 2.885 in

Neutral axis of combined section

NA: As*Y2l(A1 + As)
= 1.69*2.885/(0.9600415 + 1.69)
: 1^839839 in

Inertia of the shell about the combined section NA

I l :W* t s ^3 /12+A1*NA^2
: 3. 8,[0166*0.25^ 3 I 12 + 0.9600415* 1.839839"2
: 3.254748 n^4

Inertia of the ring about the combined section NA

12 = Ir -t- As*(NA -Y2\^2
= 2.77 + 1.69*(1.839939 _ 2.885)^2
= a.616091 in^4

Total available I : I1 + 12 :7.870839 n^4

The 4x3xl/4 Un E4ual Ang vacuum stiffener is mtisfactory.

Calculations for ring 63-375 in from datun

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

Shell material specification:
Required shell tJrickness :
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desien oressure :
Stiffener supiorid bngth :

SA 240 3O4L HIGH
t = 0.15297 it
ts : 0.25 in
Do : 48.75 in

: 4 0 0 d e g F
P = 14.7 psi
I-s = 31.6875 in

B = .75*(P*Do(t + As/L,s))
= .75*(14.7*48.751(0.15297 + 1.69/31.6875)
:2605.235

From table HA-3 (ring) A: 1.977894EM

Reeuired moment of inertia of the combined ring-shell section

l5= ([s^f *15*(t + As/Ls)*A)/10.9
= (48.7 5 ̂  2*3 1.687 5* (0.15297 + 1.69i3 1.6875)* 1. 977894E-04y 10. 9
:.2819162n^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.840166

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

3.2r.1996
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CoMPRESS 5.53

Support Rings

: 1.1*Sqr(48.75*0.25)
: 3.840166 in

W : Ls : 31.6875 in

Shell area A1 : W*ts : 0.9600415 in^2

Distance to the ring neutral axis

Y2 = Rine NA + ts/2
:2.76 7 0.2sD
: 2.885 in

Neutral axis of combined section

NA=As*Y2 l (A l+As )
: 1.69*2.885/(0.9600415 + 1.69)
= 1.839839 in

Inertia of the shell about the combined section NA

11 :W*ts"3/12+A1*NA^2
: 3.840166*0.25^31 12 + 0.9600415*1.839839"2
: 3.254748 n^4

Inertia of the ring about the combhed sectron NA

12: Ir + Asx(NA -Y2)^2
:2.7:7 t 1.69*(1.E39839 -2.8E5)^2
: 4-616091 in^4

Total available I : I1 + 12 = 7.870839 in'4

T'he 4t3xll4 Un Equal Ang vacuum stiffener is satisfactory.

C :\COMPRBSS\MAMFOLD\B-6. VSL Apr- 22, 1996
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-059
PAGE I OF2I

REV. DEO # DATE BY: CTIECK TITLE:

SPOOL B-7 (48 in)
0 o  t 3 L r'/ez/tl UJ\:r� /4..t1

BY: W. Bilyns$ DEPT...744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: Determine spooyadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
nngs.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer progran\ version 5.3 l.

ASSUMPTIONS: None

INPUTS: l .
2.
3 .

Vacuum Pressure - 14.7 psi
Desigr Temperature = 400 F.
Ion Pump Nozzle Loads

Pr : 2250.0 lbs
Mc= M = 4542.0inlbs
Vc =  M:  126.5  lbs

REFERENCES: l. 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: (SEEATTACHED)

CONCLUSIONS: The requirernents of the ASME Code are met for spool B-7 outer shell.

NOTES; Flanges were included in the COMPRESS model simulating radial stifeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017, 018, 019.& 051

Rwision No. 0
Doc. No. V049-l-059
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH.MA

ENGINEERING NO: V049-l{59
CALCULATIONS PAGE 2 OF 2l

PROJECT: LIGO VACUUM EOUIPMENT
BY; W. Bilvnskv CEKD:
PROJECT NO: V59{49

TABLE OF CONTENTS

Spool B-7 (48 in dia)

Spool B-7 - 48 in (Conceptual Drawing)

Spool B-7 (48 in dia) COMPRESS Plot

COMPRESS Output For Shell Design

Pressure Sumnury

weight sumnary

Nozle Su.mmary

Nozle Schedule

Thickness Summary

Spool B-7

12" cF

Stiffener Rings

Loads @ 10" Nozzle

6

7

8

9

10

12

19
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CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-7. vSL Apr.22, 1996

Pressure Summary

I

l e l T l x A o P

des.lgn I destgn

|  ( p s i )  l ( d e s  F )  |  ( p e r )

L P €

lexterrar I Eatlo I

lcorrGlon l

Erert)t1or o! lArtovscel

l ( p e i )  l ( F i ) I  (deq F) strcas R€ductior | (1n) |

I spoor. D-7

I 44."5i tat Flange

I aa - 25n id P1ange

I stlffn€E Rihg

o . o  ? 4 . 5

I

34 .6  |  1 -ooo  I

I a-ooo I

1 4 . ?  |  |

I xot .t)pt l€arJle

I Not at)prlc.ble

I not aFpticai,le

I ot aPplicable

o - o  I

o ' a  I
o . o  I

I

a 4 5 . r  I

2 . . 5  |

I

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

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

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

Hydrotest Dressure calculation based on Pe

: l .sx.Pe*l :22psi

Vessel hydrotest pressure is 22 psi.

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

neigtlt (fbs) Contl.lbuted by vesset EleDentB

Itetal Iletar. t]lays Plcked rnsul LiDtng PlPing r,adareE Rinqs oFer Test rrozal,€

llcw corr & sup Bed< & Plat & siec Llqu.ld Liqllld & flg

4 €  - 2 5 i  i d  f l & g

4 a . 2 5 i  t d  f t u g

vc6se1 operatlng retgtrt , cffioded : 2 r 02" lbs

v*e1 erlrty reight, coEdcd. 2.O2? ltt€

V€ss6l eLPty reight, net: 2,O2? l"bg

Vessel, test ueigtrt, reE: 7'531 lbs

Vessel lift weisht. new:
Center of gravi"ity to seam:

2,027 tbs
41.6 in

Vessel center of

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

Nozzle Summary

( in )  Aa? n2?

tloi t Req t I'sei t

( i r )  ( i n )  (  r D )

a6-oo 0 .2500 0 .06?5 y y  o ,25OO O.153( ) o.oooo r '74 -7

tn - nozzle thickness
Req m - nozzle thickness required per UG-45/16
Noin t - vessel wall thickness
Req t - required vessel wall thickness due to pressure + corr per UG-37
Us& t - to&t vessel wall thickness (near open'ing)
Aa - area available Der UG-37. sovernins condition
Ar - area required p'er UG-37,'givernindcondition
Corr - corrosion allowance on nozzle id.

Revision No. 0
Doc. No. V049-t{59
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3.2r.1996



CoMPRESS 5.53 C :\COMPRESS\MANTFOLD\B-7. VSL Apr.22, 199,6

Nozzle Schedule

llat€ials

rro.zle rlpact? tlorD? Fad r4Pact? xotn"

9-50  rDxo-2s  SA 24( }  304L BIGB

R€vision No. 0
Doc. No. V049-1459
Pase 8 of 2l3.2r.1996



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

Thickness Sunm4ry

Apr.22, 1996

ID LeDg.$r Dor t t.eg t

(1h)  ( i ' )  (  in ) status Stress

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

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

Load:
internal - circ stress due to internal pres$ne govems
external - external pressure governs
wind - combined long sress due to STATUS * wind soverns
seismic - combined long stress due to STATUS * seisnric governs

Revision No. 0
Doc. No. V049-l-O59
Page 9 nf 2lI 
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CoMPRESS 5-53 C :\COMPRESS\MANIFOLD\B-7. vSL Apr-22, 1996

Spool B-7

deg F

in

new :921 corr : 921
new : 659.945 corr : 659.945

ID : 48.fi length Lr: 83.375 t : 0.25 in (new)

MAP: (New & at O des F) Uc-27(cXl)

lb
US ga

A = 0.000268
B = 3540.3

A:0.000559
B == 5M3.4

Revision No. 0
Doc. No. V049-1459
Page l0 of 2l

I ASME Section.VIII Division l. 1992 Edition. A94 Addenda

Component: Cylinder
Mateiial specification: SA 240 304L HIGH

External design pressure: Pe: 14.7 psi @ 400

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performed

Radiography: Category A joins - Spot UW-l1(b) type I
Category B joints - Spot tIW-l 1@) type I

Estimated weight:
capacry:

P:S*E*t / / (R+0.6*0_Ps
: 16700'f.0.E5*0.25t(24.r25 + 0.6*0.25) - 0
: 1,16.1E95 psi

MAWP: (C.orroded & at 0 deg F) UG-27(cXl)

P=S*E* I / (R+0 .6 * t ) _Ps
= 16700*0.85{.251(24.125 + 0.6*0.2t - 0
: 146.1895 psi

External Pressure: (Corroded & at 4fi) deg F) UG-2E

L/Do : 43-375148.75 =0.8897 Dolt: 48.7510.15297 = 318.6899
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4*3540 -3 I (3* 48 -7 5 | 0. $2n)
: 14.E119 psi

From table G:
From table HA-3:

Design thickness for external pressure Pa : 14-8119 Dsi:
: t + Corrosion
:0 .$2n  +  O
:0.15297 in

Marimum Allowable External Pressure: (Corroded @ zl0o deg F)

LlDo : 43.375148.75 =0.8897 Dolt: 48.7510.25 : 195

t 3.2r.rss6



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

Spool B-7

Pa= 4+B/(31'D0/t)
: 4* 507 3.4 I (3+ 48.7 5 I 0.25\
= 34.6899 psi

Revision No. 0
Doc. No. V049-l-059
Paee I I of 2la 
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CoMPRESS 5.53

Nozzle material specification:

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

SA 24O 3O4L HIGH

90 deprees
27.373 n
0 i n
3 i n

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

t2'cF

Openiae 12' Reiuforcemeot Calculations Per UG-37

t ***"".-
Local vessel thickness: .25 in
Liquid static head included: 0 psi
Flange description: N6t insalled

tn  -> l  l<-

l - l < -  d
twl-> I .l< l

t / l  I  v
\ l_ l_tw2

<_ L _>l

"l
t_

0 i n
. 2 5  i n
9 . 5  i n
. 25  i n
. 1 7 5  i n

corros ion a l  low =
noz thick new tn=
nozz le id .  new d=
fi I let weld twl =
qroove weld ttrz -

To datum L= 30.625 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcemetrt UG40

Parallel to the vessel wall d = 9.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 in

Nozzle required thickness

trn: P*Rn/(Sn*E - 0.6*P)
: O*4.751(I67UJ*1 - 0.6*0)
: 0 i n

Required thiclmess a from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: O*24.1251(16700*1 - 0.6*0)
= 0 i n

Area required

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

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

3-2r.1996
Revision No. 0
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COMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-7.vSL Apt-22, L996

1 2 ' c F

A = d*tr*F
= 9.5{'0{.1
: 0 in^2

+ 2*.rr*rr*Fi (1 - frl)
+ 21!.0.25*0*l*(l _ l)

Area available

Al = larger of the following : 2.375 in'Z

= 0.313 in^Z

: d*(81 *t-F*r) - 2*ur*(E1 *t-Fr.ff)*(l-fr l)
: 9.5*(1*0.25-1 *0) - 2x0.25*(1*0.25- 1*0)*(1- 1)
= 2.375 in^Z

= 2*(t + fir)*(El *t-F*tr) - 2*ul*(E1 *t-F*E )+( I -fr l)
: 2*(O.25 + 0.25)*( 1'F0. 25- I *0) - 2*0.25* (t*0.25- 1 *0)*( 1 - 1 )
: .25 n^2

A2 = smaller of the following

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

: 5*(m - rn)*fr2*tn
= 5*(0.25 _ 0;*1*6.rt
= .313 in^2

A41 : l-es^Z*ft?
: 0.25-2*l: .063 in^2

A r e a : A l + 4 2 + A 4 l
: 2 . 3 7 5 + 0 . 3 1 3 + 0 . 0 6 3
:2.751 n^2

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

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

trnin : lesser of 0.75 or tn or t. trnin : 0.25 in
tl or t2(mh) : lesser of 0.25 cir 0.7*mfn, tl(min) : 0.175 in
tl(actual) : 0.7*Les :0.7*0.25 = 0.175 in
t2(actual) :0.175 ii
tl t t2 : 0.35 > = 1.25*trnin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozde Neck Thickness Check

t r l = o i n ( E : 1 )
t r 2 : O i n
tr3 : 0.0625 in
t4 :0319375 in
tr5 : 0.0625 in
ffi : 0.0625 in

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness per UG-16(b):
Std pipe wall per UG S@)(a):
The'pieater of 12 or tr3:' 

- '

The iesser of tr4 or h5:

3.2t.1996
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apt-22, 1996

12" cF

Req'd per UG-45 is the larger of a1 or ffi : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

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

Groove weld in ten$on : 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 weldcd joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Irg*Si : 1.57*10*0.25*8183 : 32118.28 lbf

(3) Nozzle wall in shear
iPi/2)*Iraean nozzle dia.*tn*Sn = 1.57*9.75*0.25*11690 : M736.17 lbf

(4) Groove weld h tension
(Pi/2)*t'lozzle O.D. *tw*Sg : 1.57*10t. 175*12358 : 33953.61 lbf

Loading on welds per UG-4IOX1)

w = (A - (d - 2*tn)*(El*t - F*61;*5u
: (0 - (9.5 '2*0.25)*(1*0.25 - 1*0))*16700
:-37575 rbf

Wl-l = (A2 + A5 + A41 + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
:6279.21bf

W2-2: (A2 + A'3 + A4l + A43 + 2*tn*t*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*1)*16700
= 8366.7lbf

Load for path 1-l lesser of W or W1-1 :-37575 lbf
Path l-1 Thru (l) & (3) : 32118.28 + 44736.17 = 76854.45tbf
Path l-l is stoirger tian W so it is acceptable per UG4l(bXz).

Load for path 2-2 lesser of W or W2-2 :-37575 lbt
Path2-2 iXru (1). @l : 12118.28 + 33953.61 : 66071.88 lbf
Path 2-2 is strongbr than W so it is acceptable per UG4 I OX2) .

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Paftllel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5*(tr-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) -- .625 n

t 3.zr.rsf,6
Revision No. 0
Doc. No. V049-l-059
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COMPRESS 5.53

Area required

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

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

C :\COMPRESS\MANIFOLD\B-7. VSL Apr.22, 19%

12" cF

^- Nozzle required thickness
Iv LiDo = 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* 497 4.8 | (3* lO I O.O22l8)
: t4.7t21 psi

Nozzle required thickness trn = .02218 in

Required thiclmess tr fron UG-37(dXl) : .153 in

: .922n^2

: 0.285 n^2

Re'vision No. 0
Doc. No. V049-1{59
Prse l5 of 2l

n _ [.Jx(d*tr*F + 2*tn*tr*F*(l - fr1)

=:d;[nJ:t t53*1 + 2*0-25*0-153+1*(l - 1))

Area available

A1 = larger of the following

= d*(El *t-F*tr) - 2*tr*(El r.r-F*b)*(l -frI)
= 9. 5*(l *0.25-l *0. I 53) - 2*0.25+ (1*0.25- I *0. I 53)+(l - I )' - . 922n^2

= 2+(t+ Er)*(E I *t-F*tr) - 2*fl*(El t-F*tr){.( I -fr I ): Zx(o.25+0.25)*(I *0.Z5_ I *0 .|53, _ 2*0.25*(I*0.25_ I *0.153)*(I_ I)-- .W'7 n^2

A2 : smaller of the following

: 5*(tn - tm)*fr2*t
: 5*(0.25 - 0.02218)*1*6.25
: .285 n^2

: 5*(tn - trn)*fr2*tl
: 5*(0.25 - 0.02218)*l*0.25
: .285 n^2

A4l = l-e*^2*fr?
= O.Z5'Z*I = .063 in^2

A r e a : A l + M + A 4 1
:0.922 + 0.285 + 0.063
: 1.27 in^2

I 3.2r.r996



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

t2" cF

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

- UG-45 Nozzle Neck Thickness Check

Wall thickness Der UG45(a):
Wall thickness ier UC-+SOXZ):
Wall thickness 

-per 
UG-16(b):

Std pipe wall per UG-aS@Xa):
The'gieater oftr2 or t3:- 

"

The lesser of tr4 or trs:

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

Available nozzle wall thickness new. tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

tl : 0.02218 in (E = l)
trZ : 0.0241 n
tr3 : 0.0625 in
tr4 : 0.319375 in
tr5 : 0.0625 in
tr6 : 0.M25 n

or tr6 : 0.0625 in

Revision No- 0
Doc. No. V049-1459
Pase 16 trf 2l3.2r.1996



^-. Applied Loads

- Radial load
Circumferential moment
Circumferential shear
Ionsitudinal moment
LonEitudinal shear
Torsion moment
Internal pressure

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

t2 cF

Pr : 1155 lbf
Mc = 75 lbf-ft
vc : 150 lbf
ML :5 lbf-ft
YL : 10 lbf
Mt : 0lbf-ft
P :  0 p s i

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

Mean radius Rm : 24.25 in
Rm/t: 97

Stress concentation factor Kn (tension) : 1
Stress concentration factor Kb Oending; : 1

Pressure stress intensity factor, Farr equation 11.5

I = .25+(4 a 3*Q/x)^2 + 3*(r/x)^4)
= .25*(4 + 3*(4.7515.25)^2 + 3*(4.7515.25)^4)
: 2 . 117

lncal circ. pressure stress : I*P*Rr/t : 0 psi

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

Maximum combined stress :-9285 psi
Allowable combined sress : +-1.5*S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum Drirnarv membfane stress :-2484 Dsi
Allowable ir.i.ati membrane stess = +-1.5+S : +- 25050 psi

The maximum primary membrane stress is withitr allowable limits.

Revision No. 0
Doc. No. V049-1{59
Page 17 of 2l3.2t.1996



t
coMPREss 5.53 C : \COMPRESS\MANIFOLD\B-7. VSL Apt- 22, 1996

12" cF

romt  va  tue
DIDua lCuBIBuAu AIF ig .  I  r ead

3C-  16 .0971  10 .  l 8
4 C *  t 1 1 . 5 2 4  t 0 . l B
1 C  1 0 . 0 6 1 0  t 0 . l B
2 C - r 1 0 . 0 2 2 7  1 0 . 1 8
3A*  13 .5774  10 . t 8
1A  t 0 . 0627  t 0 . I 8
3 8 *  t 8 . 1 3 7 4  t 0 . 1 8
I B - 1 1 0 . 0 t 6 6  1 0 . 1 8
pressure stress*

TotaT clta-ltre-ss
Primary nembrane
c i rc  s t ress*

Total long stress
Primary membrane
long stress*

torsion moment Mt
C'irc shear f rom Vc
Long shear from VL

TotaTTIear-stress

-1162 -1162 -1162 -1162
-2t96 -2196

-2517 2517

- i 8  - 1 8
-22 2?

-?196 -2196
-6764

-2517 25t7
-121

-  1238
18 l8
?2 -22

6764 -6764 6764

-l?t r21 121
1238 1238 -1238

-2214 -?2r4 -2178 -2178 -1283 -1283 -104I -1041

-1162 -1162 -1162 -1t6?
-2196

-5400 5400 -5400 5400
-3881
-288
-559

-?t96 -2196 -2196

3881 -3881 3881
-288 288 288
559 559 -559

-8  -8
-29 29

-1170 -1 i70 -1154 -1154 -2484 -2484 -1908 -1908

- J'J -38  -3 - ?

8 8
29 -?9

-38-?n3838
. J- 1

3838

Combined stress 44s5

4 C *  1 I 1 . 5 2 4  1 0 . 1 8
1 C - l 1 0 . 0 4 8 7  1 0 . 1 8
?c  t 0 . 0350  t 0 . 18
4A*  t 8 . 4746  t 0 . 18
?A  10 .0283  10 .18
48*  I 3 . 6264  10 .18
2 8 - 1 1 0 . 0 2 2 1  1 0 . 1 8
Dressure stress*

Revision No. 0
Doc. No. V049-l-059
Pa se l8 of 2l3.21.199.6



COMPR.E,SS5.53 C:\COMPRESS\MANIFOLD\B-7.VSL Apr. 22, 1996

Stiffner Riag

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Stiffuer Rine
sA 240 304t HrGH
2
20 in
43.375 n

4x3xll4 Un Equal Ang
leg in @ard way)
1.69 n^2
2.77 n^4

Calculrtions for ring 20 in from datum

A S :
I r :

SA 240 3O4L HIGH
0.15297 ta
O.25 in
48.75 in
400 des F
14.7 ps-i
31.6875 in

I Stiffenins Ring Calculations Per UG-29

Identifier:
Ring material speciftcation:
Number of rinss in this srouD:
Distance first frns to datim fine:
Ring spacing:

Rins descriDtion:
RinE is roltd:
Rin! cross sectional area:
Ring moment of inertia:

Shell material specification:
Reouired shell fhicftness:
Conoded shell thickness:
Shell outer diameier:
Design temperature:
Extemal design oressure:
Stiffener supio,ried length :

t :
t s :
D o :

P =
L s :

B = .7s*(P*Do/(t + As/Ls))
= .7 5* (74.7 *48.'t 5t (0.15297 + 1.69/31.6875D
:2ffi5.235

From table HA-3 (ring) A: 1,.977894E44

Required moment of inertia of the combined ring-shell sectron

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
: (48. 75 ̂ 2*3 1 . 687 5 * (0. 15297 + 1.69 I 3 1 . 687 5\* 1 .97 7 89 4F.-Ml I lO.9
: .2819162tn"a

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.8,10166

W = 1.l*Sqr(Do*ts)
= 1.1*Sori48.75*0.25)
= 3.840f66 in

W : Ls : 31.6875 in

Shell area Al : W*ts : 0.9600415 in^2

Distance to the ring neutral axis

Revision No. 0
Doc. No. V049-1459
Pase 19 of2lI 3.zr.rss6



C0MPRESS 5.53 C :\COMPRESS\MANIFOLD\B-7.VSL

Sttffoer Ring

Y2 : Rine NA + ts/2
= 2.76 + 0.25t2
: 2.885 in

Neutal axis of combined section

NA: As*Y2l(Al + As)
: 1.69*2.885/(0.9600115 + 1.69)
= 1.839839 in

Inertia of the shell about the combined section NA

11 :W*ts^3/12+A1*NA^2
: 3.840166*0.25^ 3l 12 + 0.9600415*1.839839"2
: 3.254748 rn^4

Inertia of the ring about the combined section NA

12: Ir + As*(NA -YZ)^z
: 2.77 + 1.69*(1.E39839 - 2.885)^2
: 4.61ffi1 n^4

Total available I : Il + 12 : 7.870839 n^4

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

Calcs for ring 63.375 itr from datum identical to ring 20 itr from datum-

Rwision No- 0
Doc. No. V049-l-059
Paee 2O of 213.21.1996
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH. MA

ENGINEERING
CALCULATIONS

NO; V049-l-060
PAGE I OF II

REV. DEO # DATE BY. CIIECK TITLE:

SPOOL B-8 (72 in)
0 o/3 L ,/2 z,q / lr}Db />4 L-

BY: W. Bilynsky DEPT.:'744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

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

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer progranL version 5.3 1 .

ASSUMPTIONS: None

IMUTS: l .
2.

VacuumPressure : 14.7 psi
Design Temperature : 400 F

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

Systems, Inc.
3. Doc. No. V049-i-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEEATTACHED)

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 aad analysis see calculation numbers V049-i-016, 017, 018, 0i9.& 051

Revision No. 0
Doc. No. V049-1{60
Paee I ofll



PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGE.MA

ENGINEERING NOr V049-1-060
CALCI'LATIONS PAGE 2 OF 1I

PROJECT: LIGO VACIruM EOUIPMENT
DY: W. Bilvnskv CHKD:
PROJECT NO: V59049

TABLE OF CONTENTS

Spool B-8 (72 in dia)

Spool B-8 - 72 in (Concephral Drawing)

Spool B-8 (72 in dia) COMPRESS Plot

COMPRESS Outpnt For Shell Desiga

Pressure Summary

Weight Summary

Thickrcss Summary

Spool B-E

Stiffener Ring

5

6

7

8

l0
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CoMPRESS 5_53 C : \COMPRESS\MANIFOLD\B-8. VSL Apt.22, 1996

Pressure Sunmarv

I 
Pressure sumqarv for Dre.ssure chamber I

I Pe sG--49 I

lextdDa1 l Rati.o I

4 1 . 7  1  |

Erelpt.lor o! I

str€€s Reductlon

_ l

I  O.OOO l

I  (psi )  l (dca F) |  (psi )  (p31) i  (psi )  l

I  o - o  i  o - o  I  e 2 - e  I  e ? - e  I  2 r - e  I  l , o o o  l

l P l r l xNsP I r.P

I deslsh I deslsb I I

I  o .o  I  o .o  2 ' 2 .2  |  2 ' r . 2  |
I  o - o  o - o  |  2 s . .  2 e . .  I
r r t l

l{Dt{lr

|  ?2 .25n id  F ] 'aDEe

72 - 2s t' id Flalte

I stlffnd xiDg

J no€ al)pltcarrr.e

I Dot apl)]'icabre

I raot applicdJl€

Vessel MAWP hot & corroded is27.27 psi @ 0 degrees F.

Vessel MAP new & cold is27.27 psi @ 0 degrees F.

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

Hydrotest pressure calculation based on MAWP

: I.5*(MAWP + Operating Liquid Head)*l : 40.9 psi

Vessel hydrotest pressure is 40.9 psi.

Note: vessel MAP rating not valid unless hvdrotest pressure based on MAP.

Revision No. 0
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COMPRFJS 5.53 C :\COMPRESS\MANIFOLD\B-8. VSL Apt-22, 1996

Weight Summary

r4e!qbt (rbs) coDilibuled by vesset EleleDts

r{etat xetal r';ays Paiked hsul Lininq piping Ladde! Rtngs ot €! T€t lrorale

& pr,at & xisc Liquid l,iquld & flg

spool b-a 1371 L374

72 -2s i  id  f ldg

72-25n .!d flang a'72 e'r}

vessel olEr6tin9 reigrrt, cor"loded: 3,1€3 tbg

vassal erpty F€tgb!, corroared: 3.1a3 lb6

vessel eapty Detqr|!, neD: 3.1a3 .s

vesBe1 test oelgllt'. nec: r5.t97 lls

Vessel center of gravitv location (from right weld seam)

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

3,183 lbs
4 1 . 1 i n

Revision No. 0
Doc. No. V049-1{60
Paee 6 of 
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COMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-8.VSL Apr - 22, 1996

Thichness Summary

(  t n )

Nor t leq t Jo1n!

( t n )  ( r n )  E

GovEning

Idad status stless

o . 2 5 0 0  0 . 2 0 2 4  o .  s 5

Nom t - vessel wall thickness
Req t - required vessel wall thicftness due to governing loading
E - longitudinal seam joint eff,tciency

Load:
internal - circ stress due to intermal pressure governs
external - extemd pressure governs
wind - combined lons stress due to STATUS * wind soverns
seismic - combined lon"g stress due to STATUS + seismic govems

Revision No. 0
Doc. No. V049-l{60
P a e e T o f l l3-2r.1996



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

Spool B-8

a ASME Section VIII Division l. 1992 Edition. A94 Addenda

Component:
Matefral specification:

External design pressure:

PWI{T is not performed

Radiography: Category A joints - Spot IIW-llO) rype 1
Category B joints - Spot UW-11@) type I

Estimated weight:
capacity:

lD = 72.25 length Lc: 83.19 t: 0.25 in (new)

MAP: (Itlew & at 0 deg F) UG-27(cXl)

p=S*E* I | (R+0 .6x t ) _ps
: 16700*0.85*0.251(36.125 + 0.6*0.25) - 0
: 97.82909 psi

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

P :S *E*U(R+0 .6 * t ) -Ps
: 16700*0.85*0.251(36.125 + 0.6*0.2fl - 0
= 97.82W psi

External Pressure: (Corroded & at zl.(D deg D UG-2E

L/Do : 49.52081 172.75 :0.6807 Dolt : 72.7 510.20247 -- 359.3125

Pa:4*B/(3*Dolt)
: 4*a967 .4 I G*72.7 5 | 0.20247\
: 14j222psi

Design thickness for external pressure Pa : 14.7222 psi:

: t * Corrosion-- 0.20247 + O
:0.20247 n

Maximum Allowable External Pressure: (Corroded @ zl{X} deg F)

L/Do : 49.52083172.75:0.6807 Dolt -- 72.7510.25 :291

Conosion allowance: Inner C : 0

lb
US ga

From table G:
From table HA-3:

From able G:
From table HA-3:

A :0.0003
B -- 3967.4

A:0.0@401
B = 4785.4

Revision No. 0
Doc. No. V049-l{60
P a e e S o f l l

Cylinder
SA 240 3O4L HIGH

Pe: 74.7

new = 1373.7 corr = 1373.7
new = 7476.469 corr: 1476.469

psi @ 400 deg F

Outer: 0 in

I 3.zr.rss6
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COMPRESS5.53 C:\COMPRESS\MAMFOLD\B-8-VSL

Spool B-8

Pa: 4*B/(3*Do/t)
: 4* 47 85.4 | (3*72.7 5 I 0.25)
:21.9262psi

Apr- 22, 1996
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COMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-8. vSL Apr-22, 199,6

Stiffner Ring

I Stiffening Ring Calculations Per UG-29

Rins material sDecification:
Nufrber of rines in this roup:
Distance fust frng to datim fine:

Ring description:
Rins is rolled:
RinE cross sectional area:
Rin! moment of itrertia:

Shell material specification :
Required shell ftickness:
Corroded shell thickness:
Shell outer diameter:
Desitn temperanre:
Exteftral deiien oressure:
Stiffener suffiried length:

t s :
D o :

P =
L s :

B : .75*(P*Do/(t + As^r))
: .7 5 * (l 4.7 *7 2.7 5 | (0.20147 + 0.938 | 45 .605 42))

A = 2.721819E44

ASMESectionVIIIDi@

Stif,her Rine
SA 2,O 3O4L HIGH
I
41.5 in

2x2xll4 Equal Angle
les h (hard way)
0.938 in^2
0.348 in^4

Calculations fo,r ring 41.5 in from datum

A s :
I r :

SA 240 3O4L HIGH
0.20247 n
0.25 n
72.75 n
400 dee F
14.7 psi
45-ffi542lrl,

:3596.112

From table HA-3 (ring)

Required moment of inertia of the combined ring-shell section

Is= (Do^2*lsx(t + As/Ls)+A)/10.9
: (72.7 5^ 2*45.60542*(0.20247 + 0.9381 45.ffi542)*2.721819844)/10.9
:1.344292n^4

Available moment of inertia of the combined ring-shell section

Shell width contributing snaller of : a.691149

W = 1.l*Sqr(Do*ts)
= 1.1xSqr(72.?5*0.25)
: 4.691149 n

W:  Ls  :45 .@542n

Shell area A1 : W*ts : 1.172'187 n"2

Disance eo the ritrg neuh"l axis

Y2 : Ring NA + ts/2
Revision No. 0
Doc. No. V049-1460
Pase l0 of I II 
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COMPRESS 5.53

Stiftoer Ring

: 1.408 + 0.2512
= 1.533 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: 0.938*1.533/(1.1727W + 0.938)
: .68124Mn

Inertia of the shell about the combined section NA

I l :w * t s ^3 /12+A1*NA^2
: 4.691149*0.25^3|t2 + 1.172787*0.6812406 2
: .5503E57 in^4

Inertia of tlte ring about the combircd section NA

12 : l r +As * (NA-Y2 ) ^2
: 0.348 + 0.938*(0.68124M - r.s33)^2
: 1.0285L3 in^4

Total available I : Il + 12 : 1.578899 in^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

C : \C0MPRESS\MANIFOLD\B-8.VSL Apr.22, 1996
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PROCESS SYSTEMS INTERNATIONAL, INC.
\4'ESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-061
PAGE 1 OF 25

REV, DEO # DATE BY: CHECK TITLE:

SPOOL B-9 (72 in)
0 a ( ? L y'/zzlz UJDB� /21> L-

BY: W. Bilynsky DFFI.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: Determine spooVadapter shell thickness. Additionally when applicable, evaluale
nozzle opening(s), calculate size and spacing of stiffener rings and support
rinss.

METHOD: Thickness requirements per the ASME codg Section VIII, Division I,
are derived using the COMPRESS computer prograrq version 5.3 I -

ASSUMPTIONS: None

IMUTS: 1 .
z .

VacuumPressure = 14.7 psr
Design Temperature = 400 F.

REFERENCES: l. ASME Boiler & Pressure Vessel Codg 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

CAICULATIONS: (SEE ATTACIIED)

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

NOTES:
Flarges were included in the COMPRESS model simulating radial stiffeners at the cylinders

open end(s). For flange design and analysis see calculation numbers V049-l-016, 017, 018, 019.& 051

Revision No. 0
Doc. No. V049-1{6i
Paee I of 25



PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH,MA

ENGINEERING NO: V049-1{61
CALCULATIONS PAGE 2 OX' 25

PROJECT: LIGO VACUUM EOUIPMENT
BY: W. Bilwskv CflKD:
PROJECT NO: V59049

TABLE OF CONTENTS

Spool B-9 (12 n dra))

Spool B-9 (72 in dia) COMPRESS Plot

COMPR.ESS Output For Shell Desren

Pressure Sum.nary

Weight Surunary

Thickness Summary

Spool B-9

Stiffener Rings

Suppon Rings

Sriffener Rings @)

Calculation Check for lnngitudinal Stresses in Shell

4

5

6

'7

9

t2

l5

l8
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CoMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-9.VSL Apr.22, 199.6

Prcssure Sumnary

O Pressure summary f.or pres-sure chamber I

I P I T I r,rariP I x-ap I P" ls#s oc3-65

I ale3lqn destqn I I le!te!n.1i natio I ttDt{l

I  (F i )  l (deg F)  1  (ps i )  I  (ps i )  I  (ps i )  I  (des  F)

I  o - o  I  o - o  I  s ? , s  I  9 1 . a  |  1 5 - 6  1  r . - o o o

E!@ption o! |

stlca6 R€drctioa I ( i n )  |

l - l

i not appucable

I
I

] xot al)pl.Ic€lrle

lrot al'P11€bl€

I suptFrt R.l.rqs

TIDUCTNG fLG

I stiffne rinss I I I  I  ! 4 - 7

I  a 4 . 7  L  I

o. aeo I
I  O .aao  I

1 1 . ?  |

I  o . o  i  o - o  I  t - e  I  1 - e  j

I  o . o  I  o . o  1 . 9  r . 9 i

I stlffeDe! RiDss (slj I | | |

Vessel MAW? hot & corroded is 1.95 psi @ 0 degrees F.

Vessel MAP new & cold is 1.95 psi @ 0 degrees F.

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

Hydmtest pressure calculation based on Pe

: 1.5*Pe*0.88 = 19.4 psi

Vessel hydrotest pressure is 19.4 psi.

Revision No. 0
Doc- No. V049-l-061
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COMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-9. VSL Apr.22, 199.6

Weight Summarv

rGight (1bs) contrlbuted by veasel Ele&€Dts

xetal ueta.l Fra)6 paikeat rnsul r-lnLng PiFing LaddE Rtngs ot'a lest rlottle

reE & sup D€ds ! Prat & lrlsc rtquid Liquid e flg

v€sel otreatirrg Eeigl.t, coro<tert: s_96" tbs

veds€I ebpty uetqirt? coliod€d: e.96J lbs

v6ael erpty 'eigtrt, neE: 9,96? 1bs

vc€el t4t rreigbt, Dcvr 69.361 lbs

Vessel center of gravity location (from right weld seam)

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

8,968 lbs
2M.2ila

Rsvision No. 0
Doc. No. V049-l{61
Pase 5 of 25
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr-22, 1996

Thickness_!gsq4ry

coDFondt ID Lengtr! $o! t Req t ;toini Govenltrg ItefleqE

fd€htlf'le! (lr) (in) (in) (tn) E r,oad status stress (1n)

Ss l ro l l l  b -9  ?2 .25  4OA.OO O-25oo o-23s6 O.S5 ex t€rE l

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E 

' - loniitudinal seam joint efficiency

Load:
internal - circ stress due to internal presflre govems
extemal - extemal pressure governs
wind - combined lons stress due to STATUS * wind sov€rns
seismic - combined lon! shess due io STATUS + seisrnic governs

Revision No. 0
Doc. No. V049-l{61
Pase 6 of253.21.1996



CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-9. VSL

Spool B-9

ASME Section VIII Division l, 1992 Edition. A94 Addenda

Component:
Matefral specification:

External design pressure:

Cylinder
SA 240 3O4L HIGH

Pe: 14.7 psi @ 400 deg F

inCorrosion allowance: Inner C : 0 Outer: 0

PWHT is not perfomed

Radiography: Category A jointr - Spot LIW-I l(b) type 1
Category B joints - Spot UW-l1(b) type I

Estimated weiglt:
cilpaclry:

lD :72.25 length I,c: 408 t : O.25 in (new)

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

P :S *E*V (R+0 .6 * t ) -Ps
: 16700*0.85*0.251Q6.125 + 0.6*0.25) - 0
: 97.82909 psi

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

P=S{ .E *U (R+0 .6 * t ) -Ps
: 16700*0.85x0.251G6.125 + 0.6*0.25) - 0
: 97.82909 psi

External Pressure: (Corroded & at rtfl) deg Fl UG-28

LlDo :71.A2084172.75 =O.9762 Dolt = 72.7510.23867 : 3M.8142
From table G:

new :6737.3 cort = 6737.3
new = 7241-248 corr : 7241.248

lb
US ga

A :0.0ffi256
From table HA-3: B : 3380.3

Pa: 4*B/(3*Do/t)
: 4*3380. 3/(3*7 2.7 5 I O.23867\
: 1a.7863 psi

Design thiclness for external pressure Pa : 14.7t63 psi:

: t + Corrosion
:0.23867 + 0
: 0.23867 rn

Maxinum Allowable External Pressure: (Corroded @ 4O0 deg F)

UDo : 71.02084172.75 :0.9762 Dolt : 72.7510.25 : 291
From table G:
From table HA-3:

A = 0.fi[275
B :3633.7

Revision No. 0
Doc. No. V049-l{61
Pase'7 of 25I t.zr.rss6



COMPRESS 5-53 C:\COMPRESS\MANIFOLD\B-9.VSL

Spool B-9

Pa: 4*B/(3*Do/t)
= 4*3633.7 | (3*72.7 5 10.25)
: 16.6493 psi

Apr- 22, 1996
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COMPRESS5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr.22, 1996

Stiffner Rings

ASME Section VIII Division l, 1992 Edition. A94 Addenda

Stiffoer Rines
SA 240 3O4L HIGH
2
63 in
119 in

2.5x2.5x114 Equal A
leg in (hard way)
1 .19  n "2
0.703 in^4

Calculations for ring 63 in ftom datum

A s :
I r :

+ -

t s :
D o -

SA 240 3O4L HIGH
0.23867 n
0.25 in
72.75 n
400 deg F

P : 14.7 psi
Ls - 67.0f@l in

W: 1.l*Sqr(Do*ts)
: 1.1*Sqr(72.75t.25)
= 4,691149 n

Revision No. 0
Doc. No. V049-l-061
Page 9 of 25

O Stiffening Rins Calculations Per UG-29

Identifier:
Rine material sDecifi cation :
Nutber of rines in -1is qrouD:
Distance first frng to dafrm fine:
Ring spacing:

Rine descriotion:
RinE is rollbd:
RinE cross sectional area:
RinE moment of inertia:

Shell material specification:
Reouired shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External desien Dressure:
Stiffener supioried length:

3 = .7J+(P+Do/(t + As/Ls))

= {,};ltolrr.l 
s | (0'23867 + 1. 1el67.0104r))

From table HA-3 (ring) A -- 2.3705398-0/.

Required moment of inertia of the combined ring-shell section

Is: (Do^2*h*(t + As/Ls)*A)/10.9
: (72.75^2*67.01041 +(0.23867 + 1.191 6'1 .OLMI)*2.3705398-04)I lO.9
: 1.977858 in^4

Available moment of inertia of the combined rhg-shell sectiotr

Shell width contributing smaller of : 4.691149

W :  Ls:67.01M1 in

Shell area Al : W*ts : l.nn87 rn^z

Distance to the ring neutral axis

t 3.2r.rss6



COMPRESS 5.53

Stitrer Rings

Y2 : Rins NA + ts/2
: r.783-+ 0.2s/2
: 1.908 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: l . l9*1-908(1.172787 + 1.19)
= .9609499 in

Inertia of the shell about the combined section NA

11 =W*ts-3/12+A1*NA^2
: 4.691149*O.25^ 3 | 12 + t.t727U *0.96W499^ 2
: 1.0E9089 in^4

Inertia of the ring about the combined section NA

t2 : k+AS* (NA_y? ) ^z
= 0.703 + 1.19*(0,9@9499 _ 1.908)^2
:1;770316n^4

Total available I : Il + 12 : 2.859,105 in^4

The 2.5x2.5xll4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 182 in from datum

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperanfe:
External design oressure:
Stiffener supi'oried length :

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

= {;;{\tlrr.1 
s | (0'23867 + 1. 1els6))

From table HA-3 (ring) A: 2.3389968-M

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Lsx(t + As/Ix)*A)/10.9-- Q 2.7 5 ̂  2* 56* (0.23867 + | . t9 | 56)*2.33 8996844)/ I 0. 9
: i.ostogt in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.691149

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

3.2r.1996

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

t :
t s :
D o :

P :
L s :

SA 240 3O4L HIGH
0.23867 in
0.25 in
72.75 n
4.00 deg F
14.7 psi
56 itr-

Rwision No. 0
Doc. No. V049-1-061
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9.VSL Apr.22, 1996

Stiffoer Rings

: 1.1*sor(72.75*0.25)
= +.691f+9 n

W :  L s : 5 6 i n

Shell area Al : W*ts : 1.172787 n^2

Dista-nce to the ring neufal axis

Y2 : Rins NA + ts/z
: t.783-+ 0.25t2
: 1.90E in

Neuhal axis of combined section

NA: As*Y2l(Al + As)
: l-19*1.908(1,.172787 + l.19)
: .9609499 in

Inertia of the shell about the combined section NA

I l :w * t s ^3 /12+A I *NA^2-- 4.691149*0.25 ^ 3 I 12 + l.nn 87 *{.9ffi499^ 2
: 1.0E9089 in^4

Inertia of the ring about the combined section NA

t2 : k+As* (NA-Y2 \ ^2
= 0.703 + 1.19*(0.9609199 - 1.908)^2
: 1.77O316 n^4

Total available I : 11 + n : 2.859405 ln'4

The 2.5x2.5x114 Equal A vacuum stiffener is satisfactory.

ReYision No. 0
Doc. No. V049-l{61
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COMPR-ESS 5.53 C :\COMPRESS\MANIFOLD\B-9. vSL

Support Rings

ASME Section YIII Division 1. 1992 Edition, A94 Addenda

Identifier:
Rins material soecifi cation:
Nufrber of rinsl in this erouo:
Distance first frng to datim fine:
Ring spacing:

Rine description:
Rin! is roltid:
Ring cross sectional area:
Ring moment of inertia:

Suooort Rinqs
sA 240 304t HrGH

Calculations for ring 126 in from datrm

SA 240 3@L IIIGH
0.23867 in
0.25 in
72.75 n
400 deg F
14.7 psi
59.5 in

A s :
I r :

2
126 in
168 in

4x3x1l4 Un Equal Ans
lee in (hard wav)
1.-69 i^2
2.77 it'4

I Stiffening Ring Calculatiom Per UG-29

Shell material specifi cation :
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External design pressure:
Stiffener supi'oried length :

t =
b :
Do 

=:
P =
I . s :

o 
'1ffi,f[i:lr*'ff!!tll' + 1 6el5e 5)

From table HA-3 (ring) A = 2.276935E-M

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Ls*(t + As/ts)*A)/10.9
= (7 2.7 5 ̂  2+ 59 . 5* (0.23867 + l. 69 | 59 . 5)*2.n 6$ 5E{4) I 10.9
= 1.756862 n'4

Available moment of inertia of the combined ritrg-shell section

Shell width contributing smaller of : 4.691149

W: 1. l*Sqr(Do*ts)
: 1. 1*Sqr(72.75t.25)
: 4.691 f49 in

W : I s : 5 9 . 5 i n

Shell area Al : W*ts : 1,.172787 n"2

Distance to the ring neuEal axis

Apr.22, 1996
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CoMPRESS 5.53 C :\COMPRFSS\MANIFOLD\B-9. VSL Apr-72, 1996

Support Rings

Y2 : Ring NA + ts/2
:2.76 + 0.2512
: 2.885 in

Neutral axis of combined section

NA: As*Y2i(A1 + As)
: 1.69*2.885(1.fln87 + 1.69)
- 1.703113 in

Inertia of the shell about the combined section NA

I l :w * t s ^3 /12+A l *NA^2
: 4.691149*0.25^ 3l 12 + 1.172787*7.703113^ 2
= 3.407887 in^4

Inertia of the ring about th€ combined section NA

12:Ir + As*(NA -YZ)^z
: 2.77 + 1.69*(1.703113 - 2.885)^2
: 5,130688 in"a

Total available I : Il + I2 = 8.53E576 in^4

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

Calculations for ring 294 in fron datum

Shell material specification: SA 24.0 304L HIGH
Required shell thic*ness: t : 0.23867 n
Conoded shell thic*ness: ts : 0.25 in
Shell outer diameter:
Design temperature:
Extemal desien Dressure:
Stiffener supforted length:

Do : 72.75 n
= 400degF

P = 14.7 psi
Ls = 56.5 in

B : .75*(P*Do(t + As/Ls))
: .7 5*(14.7*72.7 5l (0.23867 + 1.69/56.5))
:2986.314

From table HA-3 (ring) A: 2.2642TE4a

Required monent of inertia of the combined ring-shell section

Is= (Do^ 2+Lx*(t + As/t"s)*A)/10.9
- (7 ? l -5-" 2! 56,5 * (0. 23 867 + 1 .69 I 56. 5)*2.2@27F.44) I t0.g
= 1.ffi837 n^4

Avaihble moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.6911a9

W: 1.l*Sqr(Do*ts)
Revision No. 0
Doc. No. V049-1461
Pace 13 of 25a 3.2t.ree6



CoMPRESS 5.53

Support Rings

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

W = L s : 5 6 . 5 i n

Shell area Al : W*ts : 1.172787 n^2

Distance to the rhg neutral axis

Y2 : Rine NA + ts/2
:2.76 I 0.2512
: 2.885 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: 1.69*2.885/(1.172787 + 1.69)
= l-703113 in

Inertia of the shell about the combined section NA

Il = Vi*ts^3/12 + Al*NA^2
= 4.691149*0.25^ 3l 12 + 1 -172787*l.703ll3^2
:3.407887 in^a

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 : Il + 12 = 8.538576 in^4

The 4v3xll4 Un Equal Ang vacuum stiffener is mtisfuctory.

C:\COMPRESS\MANIFOLD\B-9. vSL Apr-22, 1996
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I Stiffenine Ring Calculations Per UG-29

Identifier:
Ring material specification:

ASME Sectiqq YIII Division t. tq92 Edition.

Number of rinss in this souo:
Distance fust frns to dadm line :
Ring spacing:

Rins descriDtion:
RinE is rollid:
RinE cross sectional area:
Rin! rnoment of inertia:

Shell material specification:
Requfued shell thickness :
Corroded shell thickness:
Shell outer diameter:
Desip temperature:
External design oressure:
Stiffener supfrried tengftr:

Calculations for ring 238 in from datum

t :
t s :
D o :

P :
L s :

B : .75*(p*Do/(t + Asilr)

1 .liirll#l-rr.7 st (o -23E67 + r. 1el56)

From table HA-3 (ring) A: 2.338996E-Ol

Required noment of inertia of the combined ring-shell section

Is: (Do^2xls*(t + As/Lr)+A)i 10.9
: (7 2.7 5 " 2* J$*(0.23867 + 1.19 I 56)*2.338996E-04y 1 0.9
: 1.653091 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.691149

W : 1.I*Sqr(Do*ts)
: l.l*Sqr(72.75*0.25)
: 4.691f+9 in

W:  Ls  =  56 i n

Shell area Al : W*ts : 1.172787 in^2

Distance to the ring neutal axis
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COMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-9. VSL Apr-22, 1996

Stiffener Rings (B)

A s :
h :

Stiffener Rines (B)
sA 240 304rHrGH
2
23E in
113 in

2.5x2.5x114 Equal A
leg in (hard way)
l. l9 in^2
0.703 in^4

SA 24O 3O4L HIGH
0.23867 tn
0.25 in
72.75 in
,{00 deg F
14.7 psi
56 in-



C0MPRESS 5-53

Stiffener Rings (B)

Y2 : Rins NA + ts/2
:1.783-+ 0.2512
: 1.908 in

Neutal axis of combined section

NA:As*Y2l (A l  +As)
: l-19*1.908(1,.172787 + 1.19)
=.9ff i499n

lnertia of the shell about the combined section NA

I l :w * t s "3 /12+A l *NA^2
: 4.691149*0.25^ 3 | 12 + 1.1727 87 *0.96@499^ 2
:1.0E9089in^4

Inertia of the ring about the combined section NA

12: Ir + As*(NA -Y2\^2
: 0.703 + 1.19*(0.96,09499 - 1.908)^2
= 1.770316 n^4

Total available I : I1 + 12 -- 2.859405 rn^4

The 2.5x2.5x114 Equal A vacuum stiffener is satisfuctory.

Calculations for ring 351 in fron datum

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

Shell material specification:
Requhed shell ihiclness:
Corroded shell thiclness:
Shell outer diameter:
Design temperahre:
External design onessure:
Stiffener supforied length:

B: .7s*(P*Do(t + As/Ls))
: .7 5* (14.7 *72.7 5 | (0.23867
:309o.261

From table HA-3 (ring)

t :
t s =
D o :

P :
L s :

SA 2,!0 304L HIGH
0.23867 in
0.25 itr
72.75 n
400 deg F
14.7 psi
f / rn

+ r.r9l57))

A: 23aB23E-M

Required moment of itr€f,tia of the combined ring-shell section

Is: (Do^2*h*(t + As/Ls)*A)/10.9-- (7 2.7 5 ̂  2* 57 * 0.23867 + | . t9 I 57 \*2.342323E-0/.\ I lO.9
: 1.682587 in^4

Available moment of inertia of the combined ring-shell section

Shell width contibuting smaller of -- 4.691149

W: 1.l*Sqr(Do*ts)
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CoMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-9. VSL Apt.22, 1996

Stiffener Rings (B)

: l.l*Sqr(72.75*0.25)
: 4.6911,49 n

w : h : 5 7 i n

Shell area Al : W*ts : 1.172787 n"2

Distance to the ring neutral :xis

Y2 : Rine NA + ts/2
: 1.783-+ 0.2512
: 1.908 in

Neutral axis of combined section

NA :As *Y2 l (A l+As )-- l.19*1.9081(1.172787 + 1.19)
:.96CF,499ul

Inertia of the shell about the combined section NA

I l :w * t s ^3 /12+A I *NA '2-- 4.691149*0.25^ 3 | 12 + 1.1727 87*09@9499^ 2
: 1.089089 in^4

Inertia of the ring about the combined section NA

12 :h+As* (NA-Y2 \ ' 2
: 0.703 + 1.19*(0.9609499 _ 1.908)^2
: 1.77O316 n^4

Total available I : I1 + 12 : 2.859405 in^4

T\e 2.5x2.5x114 Equal A vacuum stiffener is satisfactory.

Revision No. 0
Dos. No. V049-1461
Pase 17 of 25t 3.2r.rss6



Cr""- Lor.l4,-r'r>,oL- 6toe-*+ rJ VAaurH 6{EH-

6e*l il*e-> b-9 r..t''-r.- be \.'tED A6 THE f5/f€r-r *r €
' EEFbC 1l' fut{ -TL, rb€ FlArr|F rJr 5. su?Ponf, 5flcr O4-

b tta"

t\ATeinu- tlPe 3o+L

e=  L6 , l  r tD 'F rL
E.  zc.6 '< to '  ?st

@
@

70"F
4b"F

: 0.049

'

A: T ( o.'- d,") = o. zas+(re.?5''")1 ('tt ,sf]
4

A -5L-94 ,'.tz

l: -Tr- 
(o*-r,-)

T : 3-?4t2.-l r*+

S = 
.:5 (oJ-J,') ,/u"3 2 \  / /

: o. oraffrz.'?s,"lq' !z.zs $ /tz:tsf

(', r.',u,{ - 1',. ".')iJ

Revision No. 0
Doc. No. V049-I-06I
Pase 18 of 25

O.D. = -I2.15 
E> = 1?.L5

THLs * O.25"

= lbLb,E ,uz



L1'6EIE$G. I
A:v\E Cooe
, a G

JECTo'.r \ljl ,

oG-L1
br(t:tor-\ 1

A-- o.tzS

F"/')
A =

_ / e,rzs \
\ tto,514',1zs"l

o. Doo659

Go -fo Fre., rtA-a
Guoa-Ea A.req,o.r Ge.-rT{ee 3o+L

F-oe A= , @o4s.9 @ 1cp'F

66. 5 6+0o ?5\

0 PRo +
?.L

M.
_!__:=-

: (t+,'i */,u\(au ors,-)
+ bt'

I t t , ^

t

7ts
5

Revision No. 0
Doc. No. v049-1461
Paee | 9 of25

L L,tso,^t \

o o o
5 C ' 0

ai a{ a.l



DereurdE . M o.n*

r -.., -r[r ,, /t \t r rz\l ,,i : (+ro +/'-)|(dt1lu1).!' *$ ) l('*/,., n,l
1 4 J

, *
7+O y1o l t , . l6*110 l15t+

ooo+dlJ!fi\r€Jt ,6bu|.\E :ft)o ?i*JOd) 6^rPFDr55

e"q. @ t'to. = (rsr')(,.r-,)+ (u.r*/")(rsu,.)1 = 4l'l(3s.2 ,".-\tt
o..'\*6- Z

M*, = ft+of (,,+,\ * (p,,t"d(,to,$= 2lebO41,5 t,*-\\*

L\""*-. E-C?t:
Yt= n,, Lt = (r-.rsY")Lr,,e''J.

b b
- 5ta911.2- rp-Ws

i l**= 4\-1 \39.2 ,^r-\L:.

Revision No. 0
Doc. No. V049-1461
Paee 20 of 25

F F F

o o o

.{at<{



/:( \
i6: l
\:,/

I

l4.r */,fl(&415; tb9. ?- rvi-lb
\D26 .5  r n

rD69.+Y; + 106,b+1,*

n r

Q"- -- l+16 */,^ta
' )

F^* = S4oo r l  l ' L

a

O, t(
-

Revision No. 0
Doc. No. V049-1{61
Paee 2l of 25



UG.2O 1992 SECTION Vlu - DMSION I uc.23

UG-2I DESIGN PRESSURE'

Vessels covcred by this Division of Section VIll
shall be designed for at least lhe most severc condition
of coincidenr prcssurc and temperature €xp€cted 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

[se€ UG-98, UG-99(e), and 3-21.

UG.22 LOADINGS

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

(a) intemal or extemal design pressure (as dcfined
in UG-21):

(bj weight of the vessel and oormal contents under
operating or test conditions (this includes additional
prcssure due to staric head of liquids);

(c) superimposed stafc rcactions from weight of at-
tached equipmenl, such as motors, machinery, other
vessels, piping, linings. and insulation;

(d] the anachm€nt oi
(/) intemals (see Appendix D);
(2.) vessel suppons, such as lugs, rings, skirts,

saddles, and legs (see Appendix G);
(e) cyclic and dynamic rcactions due to pressure or

thermal variations, or from equipment mornted on a
vessel, and mechanical loadings;

(fl wind, snow, and seismic rcactions, wherc re-
quircd;

(g) impact reactions such as those due to fluid shock;
(iJ temp€rature gradients and differential thermal ex-

pansion.

UG.23 MAXIMUM ALLOWABLE STRESS
VALUES9

(a) The rnaximum allowable stress value is the max-
imum unit str€ss permitted in a given rnaterial used in
a vessel constructed under lhese rules. The maximum
allowable tensile stress values permitted for different
materials are given in Subpan I of Section Il, Pan D.
A listing of these materials are given in the following
rables. which are included in Subsection C-

rh is recomnrended that a suikble hargin be Fovidcd abo\t ihc
pressure at which the vetscl will be normally oFrated to allow for
probable prcssure surges in the vesscl up ro lhe sriting of thc pEssure

relieving devic.s (see UG-l ll)
" For rhc balir on which thc tahulatcd sues! valucs have be.t c5-
rablished. see ApFrndir I of Seclron ll. Pan D
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UG.2O DESIGNTEMPERATURE

(o) Muimum. Excepl as required in UW-2(dX3),
the maximunr tempemture used in design shall be not
less than the mean metal temperature (thfough the
rhickness) cxpected under operating conditions for the
pan considered (see 3-2). lf necessary. the metal tem-
perature shall be determined by computation or by
measurement froar equipment in service under equiv-
alent operating conditions.

(b) Minimum. The minimum metal tem;rrature used
in design shall be the lowest expected in sewice exc€pt
when lorper lemperarures are permined by rhe rules of
this Division (see UCS-66). The minimum mean metal
temperature shall be determired by the principles de-
scribed in (a) above. Consideration shall include the
lowest operating emp€rature, operalional ups€ts,
autorefrigeration, atmospheric temperature, and any
other sources of cooling [except as permitted in (f)(3)
trlowl.

(ci 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-
aturcs for vessels under extemal prcssure shall not ex-
ceed the maximum temperatures given on the extemal
prcssurc chafis.

(d) The design of zones with different metal tem-
peratures tnay be based on their determined tempera-
tures.

(eJ Suggested methods for obtaining the operating
tempcrature of vessel walls in service are given in Ap-
pendix C.

(/) Impact esdng per UG-84 is not mandatory for
pressure vessel materials which satisfy all of the fol-
lowing.

(,1/ The material shall be limited to P-No. l, Gr.
No. I or 2, and the thickness, as defined in UCS{6(a),
shall not exceed that given in (a) or (b) below:

(a) '/, in. for materials listed in Curve A of
Fig. UCS-66;

(D/ I in. for marerials listed in Curve B, C, or
D of Fig. UCS-66.

(2/ The completed vessel shall be hydrostatically
tcsled per UC-99(b), (c). or (k).

fJ) Design temp€rature is no warmer than 650PF
nor colder than -20"F. Occasional operaaing temper-
atures colder than -20"F are acceptable when due to
lower scasonal atmospheric temp€raturc.

(4/ The thermal or mechanical shock loadings are
not a controlling design requirement. (See UC-22.)

{J) Cyclical loading is not a con.rolling dcsign re-
quiremenl- (See UC-22. )

20



PART UG _ GENERAL REQUTREMENTS UG.23

Tablc UCS-23 Carbon and t-ow Alloy Steel (stress val-
ues in Section lI, Pafi D, Table 3 for bolting, and
Table lA for other carboo stesls)

Table UNF-23 Nonfenous Meta.ls (stress values in Sec-
tion ll, part D, Tabl€ 3 for bolting, and Table lB
for other nonfefious metals)

Table UHA-23 High Alloy Sle€l (stress values in Sec-
tion Il, Pan D, Table 3 for bolting, and Table lA
for other high alloy steels)

Table UCI-23 Maximum Allowable Stress Values in
Tension for Cast lron

Tablc UCD-23 Maximum Allowable Strss Values in
Tension for Cast Ductile lron

Table UHT-23 Ferrilic Steels with Propenies Enhanced
by Heat Trealment (stress values in Section II, Pan
D. Table lA)

Table ULT-23 Maximum Allowable Stess Values in
Tension for 5%, 8%, and 9% Nickel Steels and
50E3-0 Aluminum Alloy at Cryogenic Temperaturcs
for Welded and Nonwelded Construcdon
(b, The maximum allowable longitudinal comprcs-

sive sEess to be us€d in the d€sign of cylindrical shells
or tubcs, cithcr seamless or bun welded, subjected to
loadings that produce longitudinal comprcssion in the
shell or tube shall be the smaller of the following val-
ues:

(.1) the maximum allowable tensile stress value
p€rmined in (a) above;

(2) the value of the factor B derermined by rhe
following procedure where

r:the minimum rcquired thickness of the cylin-
drica.l shell or rube, in.

R,= outside radius of cylindrical shell or tube, in.
E=modulus of elasticity of material at design

temperature, psi. The modulus of elasticity ro
be used shall be taken from the applicable ma-
terials chan in Section U, Part D, Subpan 3.to
(Interpolation may be made between lines for
intermediate temperaturcs. )

The joint effrciency for bun-welded joints shall be uk-
en as unity.

The value of I shall be determined as follows.
Slep 1- Using the selected values of t and R, cal-

culate the value of factor A using the following for-
mula:

0.  r25
"  (R. t t ,

Srep 2. Using the value of 14 calculated in Step I,
enter the applicable material charr in Seclion ll, Pan

'oNore thal rhc nodulu! of €lasticiry values lisred ir UF-?7 of rhis
Division shall oot be ured for axial comp.ession desiEn-

TABLE UG.23.I
MAXIMUM METAL TEMPERATURE TOR WHICH

FACTOR OF I.2 IS APPLICABLE

Table in Which Ma&rial
lr Listcd Tmo., 'F

uc5-23

ur{F-23.1
UNF -23-2
ul{F-23.3
uflF-23.4
u F-23.5

uflA-23

uH.r -21

700

too
15{t
900
6(X)
600

8(X)

700

D, Subpan 3 for the material under consideration.
Move venically to an intersectior wilh the materiav
temperature line for the desigD temperature (see UG-
20). Inreryolation may be made betwe€n lin€s for in-
termediate temperatures.

In cases wherc the value al A falls to the right of
the end of the material/temperature line, assume an in-
tersection with the horizontal projection of the upper
end of the malerial/temperature line. For values of A
falling to the lefi of the materiavtempcrature linc, see
Step 4.

Srep 3. From the intersection obtained in Step 2,
move horizonElly ro the dght and read the value of
faclor 8- This is the maximum allowable compr,essive
smss for the values of I and R. used in Step l.

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

A F
8 : =

I

Sr?p J. Comparc the valuc of I determined in Stcps
3 or 4.with the computed longitudinal compressive
stress in the cylindrical shell or tube, using the selecrcd
values of I and R". lf the value of I is smaller than
the computed compressive suess, a grealer value of t
must b€ selecrcd and the design procedure rcpeated un-
til a value of I is obtalned which is greater than the
compressive stress computed for the loading on the cy-
lindrical shell or tube.

The joint efficiency for burt welded joints may be
taken as unity.

(c) The wall thickness of a vessel computed by these
rules shall be determined such that. for anv combi-
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GENERAL NOTE: See Table HA-3 for rabular values.

PART D - PROPERTTES ngs. HA-3, HA-4
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FIG. HA-3 CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE
WHEN CONSTRUCTED 0F AUSTENITIC STEEL (L8Cr-8Ni-0.035 MAXIMUM CARB0N, TYPE 3&L) INOTE (l)I
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Tsbhs HA-3, HA.4
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PART D _ PROPERTIES
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PROCESS SYSTEMS INTERNATIONAL, INC.
\MESTBOROUGTI MA

ENGINEERING
CALCULATIONS

NO: V049-1-0s0
PAGE 1 OF 9

REV. DEO # DATE BY: CIIECK TITLE:

SPOOL BE2 (60 in)
0 o  t 3 4 ' {/B/91 \^blb f4a e-

BY: W. Bilynsky DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: Evaluate outer shell of spool piece BE-2 for required thickness
oer ASME Code. Section VIII. Division L

METHOD: Thickness requirements per the ASME code, Section \rlII, Division I
are derived using the COMPRESS computer progmrn, version 5.31.
Treat bellows sectioned cvlinder as continuous.

ASSI]MPTIONS:

INPUTS: 1 .
j

Vacuum preszure : 14.7 psi
Design Temperature = 400 F.

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

Systems, Inc.
3. Doc. No. V049-l-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.

t

t
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PROCESS SYSTEMS INTERNATIONAI. INC.
WESTBOROUGE.MA

ENGINEERING NO: V049-l-{150
CALCULATIONS PAGE 2 OF 9

PROJECT: LIGO VACUIIM EOIIPMENT
BY: W. Bilvnskv CEI<D: ED C,.
PROJECT NO: V59049

TABLE OF CONTENTS

Spool BE-2 (60 in dia)

Spool. BE-2 - 60 in (Conceptual Drawing)

Spool BE-2 (60 in dia) COMPRESS Plot

CoMPRESS Output For Shell Design

Pressure Sunnury

Weight Sumrnary

Thickness Summary

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

Pressure Summary

t Pressure summary for presswe chanber 1

l P l T l l t , . n F

I desisr I desisn

|  (p3j ' )  l (deq F) |  (p6i)

r{a.p Pe oG-99 I OCS-56

lexterDali iatio ltDt{t ExeEPtIoD or

(p€r )  (P6t ) I (dcs F) stle3s Rcdqction | (i.) |

I  BE-2  I

| 60-112" td Frargo(R I

I 6o-a/2" id fraige

r a 6 . - ,  |  2 ? . 1  1 1 . o o o  I

6 - 0 l  l l , o o o  I

6 . a  I  l r - o o o  l

I r|ot epDucarr,.e

I rot aPpllcabr,e

I xot alrpLtcd.ble

l - r
I  o.ooo l

I  o.ooo I

Vessel MAWP hot & corroded is 6.09 psi @ 0 degrees F.

Vessel MAP new & cold is 6.09 psi @ 0 degrees F.

Vessel allowable external pressure is 27 .19 psi @ 400 degrees F.

Hydrotest pressure calculation based on Pe

: 1.5*Pe*1 :40.8psi

Vessel hydrotest presswe is 40.E psi.

Rsvision No' 0

Doc. No. V049-i-050
Pase 5 of 9
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COMPRESS 5.53 C :\COMPRESS\ADAPTER\BE-2.VSL Apr.23,1996

Weight Summary

I{elgrrt (rb3) CoDtlituted by v€el Eladts

netar uetal rEays PaciRed rnsuf Lining PipLng La<ld* Rings o|)e! tlest LoElle

tlcw coE & suD teds 6 plat 5. rais€ Ltqu-id t.lquld E t19

6(}-1/2€ id f1a

6O-1/2n id ftu

502

vessel opelatilrg raigbt, coroded; 1,?€o lbs

v€sel al'ty weigbt. corlor:ted: 1."SO Ibs

vessel erpty Eelght, n€D: 1,?ao lbs

vessel t€t selqtrlt. b6{: 5.5a9 1bs

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

1,780 lbs
17.7 in

Rex/ision No. 0
Doc- No. V049-1450
Page 6 of9

3.2r.1996



CoMPRESS 5.53 C : \COMPRESS\ADAPTER\BE-2.vSL

Thickness Summary

Apr.23,1996

(  1o) st!ess

35-31 0 .2500 0 .1730 ( ' .S5

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governitrg loading
E - longitudinal seam joiot efficiency

Load:
internal - circ stress due to internal pressure governs
extemal - external pres$re governs
wind - combined lons stress due to STATUS * wind qoverns
seismic - combined lon-g stress due to STATUS + seismic governs

Revision No. 0
Doc. No. V049-1450
Paee ? of9O 3.2r.re6



CoMPRESS 5.53 C :\COMPRESS\ADAPTER\BE-2. VSL

BE.-z

Cylinder
SA 240 3O4L HIGH

Pe= 14.7 psi @ 400

= 0 Outer: 0

PWHT is not performed

new = 502.4 con:502.4
new:451.896 corr :451.896

Apt.23, 1996

Revision No. 0
Doc. No. V049-I-050
Pase 8 ofq

Component:
Material specifi cation :

External design pressure:

Corrosion allowance: Inner C

Estimated weight:
capacrry:

deg F

in

Radiography: Category A joints - Spot LIW-IlO) type I
Category B joints - Spot LfW-llO) type 1

lb
US ga

ID : 60.5 lengthl*:36.312 t = 0.25 in (new)

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

P :S *E* i / (R+0 .6 * t ) _Ps
: 16700t.85*0.251(30.25 + 0.6*0.2fl - 0
: ll6.7352psi

MAWP: (Corroded & at O deg F) UG-27(cX1)

P : S*E*trf(R + 0.6*t) - Ps
: 16700*0.85*0.251(30.25 + 0.6*0.2t - 0
: 116.7352 psi

External Pressure: (Corroded & at 4m deg F) UG-2E

LlDo : 43.35367161 :O.7lg7 Do/t = 61/0.17305 :352.a993

Pa: 4*B/(3*Do/t)
: 4*39 t4 | (3* 61/0. 1 7305)
= 14.8048 psi

Design thicloess for external pressure Pa - 14.8048 psi:

= t + Corrosion
= 0.17305 + 0
:0.17305 in

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

L/Do : 43.35367161 :0.7107 Dolt: 6u0.25 :744

From table G:
From table HA-3:

From table G:
From table HA-3:

A = 0.0002%
B :3914

A = 0.000501
B = 4976.5

t 3.zL.ree6



COMPRESS5.53 C:\COMPRESS\ADAPTER\BE-2.VSL Apr-23, 1996

BE-z

Pa: 4*Bi (3*Do/t)
: 4*497 6.5 I (3*61 | 0.25)-- 27.194 psi'

Revisiol No. 0
Doc. No. V049-1450
Prse 9 of9O 3.zr.rss6
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUG}I MA

ENGINEERING
CALCULATIONS

NO: V049-1-049
PAGE 1OF 15

REV. DEO # DATE BY: CIIECK TITLE:

SPOOL BE-3 & BE-3A (60 in)
/3q 42.4.qb trl se, AC-[\

BY: W. Biliroslq DEPI..744

PROJECT: LIGOVacuumEquipment PROJECTNO: V59049

PURPOSE: Evaluate outer shell of spool piece BE-3/BE-3A for required thickness
per ASME Code, Section WII, DMsion I. Additionally evaluate offset flanges.
BE-3 uses a single plate for eccentric matchup. BE-3A uses a flange connection
for eccentric matchup.

METHOD: Thickness requirements per the ASME code, Section VIil, Division I,
are derived using the COMPRESS computer progmm, version 5.53.
Treat bellows sectioned cylinder as continuous. l-ncalized stresses due to
eccentric flange matchup/alignment are reviewd per Roark Stress calculations.

ASSUMPTIONS:
See Calculation

INPUTS: Vacuum pressure = 14.7 psi
Design Temperature : 400 F.

1 .
2.

REFERENCES: l. ASME Boiler & Pressure Vessel Code Section VItr, Div. 1, Preszure Vessels.
2. COMPRESS 5.53, Computer Aided Pressure Vessel Desig!, Codeware Computer

Systems, Inc.
3. Roark & Young's Formulas for Stress and Strain 6th Edition
4. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structr.ral Desigrr Criteria

CALCULATIONS:
v049-t-084 - Expansion Joint Tie-Rod Lug Design

CONCLUSIONS:
REQUIRED SI{ELL THICKNESS FOR BE-3 & BE-3A = 0.375'"

The requirements of the ASME Code are met for spool BE-3IBE-3A outer shell.

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



PROCESS SYSTEMS INTERNATIONAL. INC. ENGINEERING NO: V049-1{49
WESTBOROUGH.MA CAIfIJLATIONS Revision No 0
PROJECT: LIGO VACUUM EOUIPMENT PROJECT NO: V59049 PAGE 2 OF' 15

TABLE OF CONTENTS

Spool BE-3 / BE-3A (60 rn dra)

Spool BE-3 - 60 in (Original Conc€pt BE-3)

Spool BE-3A- 60 in (Modified Concept BE-3A)

Spool BE-3 (60 in dia) COMPRESS Plot BE-3

COMPRESS Ouput For Shell Design

Pressure Summar5r

Weight Summary

Thickness Sumnary

Spool BE-3

Evaluation Of Flange Due To Spool Eccentricity

Detailed Dosigns of BE-3 & BE-3A
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1 l
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Revision No. 0
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CoMPRESS 5.53 C :\COMPRESS\ADAPTER\BE-3 - VSL Apr- 24, 1996

Pressure Summary

Eteeplion or I

stres Reductton I ( i n )  I
- l

l P l r i x r l { P l x r F

deslq:b ldcsig '  I  I

|  (psi )  l (d€q F) I  (psi )  |  {psi )

I qc-es I

exte4a1l Ratlo I r{I,|fr

(psI '  I (deg a)

BE-3

6o-1l2n 1d FlaDEe I

I 6o-altn i.! Frdge

o . o  r r c - ?  |  \ L 6 - ' t  I  2 6 . "  I  a . o o o  l

2 O - 1  2 O . a  I  I  1 - O o o  I
o - o  2 o . 4  2 o . 4  |  I  1 . o o o  L

o . o  I

o . o  I

I taot apprlcaDl.e

| rlot apPucaltl6

L rot aFplic-ble

I  o-ooo I

I  o.ooo

_ l

Vessel MAWP hot & corroded is20.43 psi @ 0 degrees F.

Vessel MAP new & cold is2O.43 psi @ 0 degrees F.

Vessel allowable external pres$ne is 26 .7 1 psi p 466 degrees F .

Hvdrotest pressure calculiation based on Pe

= 1.5*Pe*1 :40.1 psi

Vessel hydrotest pressure is 40.1 psi.

Revision No. 0
Doc. No. V049-1449
Pas€ 6 of 15
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COMPRESS 5.53 C :\COMPRESS\ADAPTER\BE-3. VSL

$elqht (1bs) conttibu!ear by v€ssel E1ei€nte

Apr.24, 1996

r{etal�etal tlats Packed rnsur Lining Pit'inq lidd€ Rings oper Test xoz .le

Nel, Cort 6 suP Beds & plat E sisc Liqrid Liquld & flg

6o-1l2n Id f]'an

6 0 - 1 1 2 r  I d  f l a D

o o o

o o o

o o o

v€sel op*athg EeLght, corloded. 1,9oo lbg

vasser erpty lrelgibt'/ colEoded: 1.9oo r.rrs

vessel eal)ty r,eigbt, neE: l.9oo lr.s'

vcss.t t6t letqitrt, ntr: 6,110 1bg

Vessel center of graviw location (from right weld seam)

Vessel lift weieht. new:
Center of gravity 

'to 
seam:

1,900 lbs
19.9 in

Revision No. 0

Doc. No. V049-1449

Paee T of l5
3.2t.1996



COMPRESS 5.53 C:\COMPRESS\ADAPTER\BE-3.VSL Apt- 24, 1996

Thickness Summary

coEponeDt ID Lene&h NoE t Req t ;to.int Governirq Def.ledt

Id4 t i? id  ( in )  ( in )  ( tn )  ( ln )  E  Ldd s ta tus  s t less  ( i r )

aO-"5  O.25OO O. laoa O,85 e : te lna l

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

Load:
internal - circ stress due to inlernal pres$re governs
external - external pressure govenN
wind - combined long stress due to STATUS + wind soverns
seismic - combined long stress due to STATUS + seismic govertrs

Revisiotr No. 0
Doc. No. V049-l-049
Pase I of t.5t 3.2r-rss6



CoMPRESS 5.53 C : \COMPRESS\ADAPTER\BE-3.VSL

BE-3

I 
ASME Section VIII Division l. 1992 Edition. A94 Addenda

Component: Cvlinder
Matefral sDecification: SA 240 3ML HIGH

External design pressure: Pe= 14.7 psi @ 400

Corrosion allowance: Inner C : 0 Outer: 0

PTilIIT is not pedormed

Radiography: qategory A joints - Spot UW- I I O) type 1
Category B joints - Spot UW-l l@) type f

Estimated weighr:
capacny:

new - 563.8 corr = 563.8
new = 507.126 cotr = 507.126

P :S*E*V (R+0 .6 * t ) _Ps
: 16700*0.85*0.251G0.25 + 0.6*0.2t - 0
: 116.7352 psi

MAWP: (Conoded & at 0 des F) UG-27(cXl)

P -S*E*U(R+0 .61 ) -Ps: fozoo*d.rs.o.ist(to.is + 0.6*0.2t - 0
: 116.7352 psi

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

L/Do: 47.79167161 :0.7835 Do/t = 6ll0.18@,t:337.9E76

deg F

in

ID : 60.5 length lr: 40.75 t : 0.25 in (new)

MAP: (New & at 0 dee F) UG-Z7(cXl)

From table G:
From table HA-3:

Pa: 4*Bi(31'Do/t)
: 4*37 53.8 I (3*6 l/0. 1 8048)
= 14.8084 psi

Design thickness for external Dressure Pa : 14.8084 psi:

= t + Corrosion
: 0.180a8 + 0
: 0.18048 in

Maximum Allowable Erternal Pressure: (Corroded @ z[(X) deg F)

L/Do : 47.'19167161 :0.7835 Dolt: 6110.25 = 144
From table G:
From table HA-3:

3.2r.1996

A = 0.0fiD84
B : 3753.E

A:0.000452
B : 4887.2

Revision No. 0
Doc. No. V049-1{49
Pase I of l5

dote', Rearrtcet, €{eul_
'I-*v,= -- o,3?€*. T{Yg

\5 @\rFa+rEb b{

Car-e rl". \o4C - l-064



-

COMPRESS5.53 C:\COMPRESS\ADAPTER\BE-3.VSL

BE-3

Pa: 4*B/(3*Do/t)
: 4*4887 .2t (3*61 | 0.25)-- 26.706 psi

Revision No. 0
Doc. No. V049-1{49
Pase l0 of | 5| 
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ENGINEERING
CALCULATIONS

NO:V649-t-U1{e

PROJECTNO: v.S1041EBQIEC�I: LrGo

IUETHOD:eOyI P'.Ra$S 6.S-� eop!F,-)n'4 P,?€.SSJAq VE,S€EL S:OF:-r^.i,{4€

IN!E:-5*lle-r;cTU{lcg Desrs^l C.F.rrEAiA' Doc-. .N.. Vo4?-l-O6a
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CALCULATIONS: (SEE ATTACHED)

CONCLUSrONS: 
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TABI,E OF CONTEI|ITS

Pressure Sulltrnary
weight Sumnary
Thickness Sunrnary
SPOOL BE-4

Total Pages rn This Report

3 . 1 2 . L 9 9 6
Revo
Ooc. No. V4{l-t'O'lL
P . s o F B



Pressure Srmnarv

I Pressure sumraqy for pressure chamber 1

|  ( i ! )  I

t - l
I  o . o o o  l

l P l r l i a r { P l n A P

I desis!  |  d€Bisn |  |

I Fe I uc-9 e

l . x te rD! !  |  R . t io

|  ( p 8 t )  l { d e g  r )  |  { p E ! )  |  { p 6 i )  I  t p 6 i )  |

I scs--6 6

I ItDr,tT axg$ption 6!

|  (deg P) s! ! .as Reducl lor

t - t - t - t - t - t - l
I  o - D  |  4 0 0 - o  I  r o { - 4  |  1 1 3 . 6  I  2 s . 1  1 1 . r . 3 6  | I  ! |o t  app i i c !b Ie

Il _ t_ t_ !_ t_ l

vessel MAWP hot & corroded is L04.47 psi @ 400 degrees F.

vessel MAP new & cold is 118.69 psi @ 0 degrees F,

Vessel al lowable external pressure is 25.15 psi @ 400 degrees F.

Eydrot'est pressure caleulation based on IrIAtlP

= 1.5* (MAWP + Operating t iquid Head)*1.136 = 178 psi

vessel hydrotest pressure is 178 psi.

[ote: vessel UAP ratinq not va1id unLess hydrotest pressure based on MAP-

s P o o l  8 B - 4

Rev o
Doe. l.io.Vo41-t-oit-
Page * oF63  -L2 .L996



weight Sumary

c o n p o D e r t  - - - - - ' - - -  -  - : - . - - - -  -  - - - . : - - -  r e i 9 b c  ( I b s ,

I te ta l  Meta l  t !ay6  Pack€a l

le f  co ! !  &  sup BedE

coDl l ibu led  by  ve . .e r  E l  e rn€Dts

IDEul  L iD iDg F iP i [9  L .dder R ingE OP€!  TeEt  ao t2 l€

& r r i . c  l , iqu ia l  t iqu id  &  f lg

ve66e l ,  op€r : t lnE ve lE l t ,  cor roded:  276 tbB

v€Ese l  . rpay  rs igb t ,  co . roded:  t76  1be

ves . . l  euFry  ,e !gh t ,  Def , :  2?6 lbs

v e s . e 1  t e 6 t  r e i g b t ,  D e r :  ? , 3 0 9  l b s

vessel center of grravitv location (fron right seld seam)

Vessel l i f t  weight, new:
center of gravity to seam:

275 7bs
18 in

Rav o
boc. rb. vaAq-t -o
Page f  oFO3  .12  .1995



lbickness Sumary

Co[Ponent  ID  n€ !g !h  Req !  , to iE t  eove.E iDg De l lec t

Ia l€n t t l le r  { i ! )  ( iD)  ( in )  ( in )  E  r road s t . ru6  gr reaa ( in )

s p o o f  b e - {  4 4 - 6 2  3 6 . 0 0  0 . 1 a 7 5  0 . 1 5 2 1  O . A 5  € x ! € l r a l

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

Load:
internal - cj-rc stress due to internal pressure governs
external - external pressure SJoverns
wind - comlcined long stress due to STATUS + wind governs
seismic - combined long sEress due to STATUS + seismic governs

Bev O
Doc. Na.vo49-l-o?c
Page & aPA3 -L2 -L995



SPOOL BB-4

I .ASITIE Section VIII Divi-�jon 1. 1992 Bdition. A94 Addenda

Component: Cylinder
MaEerial specif  icat. ion: SA 240 304L HIGH

Ext,ernal desigrn pressure: Pe= 1-4 . 7 psi @ 400 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in

PWI{T is not performed

Radiography: Cacegory A joints - Spot llw-11 (b) t)T)e 1
Category B joincs - Spot IrW-11 (b) type 1

Estinated weight: new = 275.6 corr = 275 -6 lb
capacity: new = 243.745 corr = 243.745 US ga

lD = 44.625 length Lc= 36 t = 0.1875 in (new)

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

P = S * E * L / ( R + 0 . 6 * t )  - P s
=  L 5 7 0 0 * 0 . 8 5 * 0 . t 8 7 5 /  ( 2 2 . 3 1 2 5  +  0 . 5 * 0 . 1 8 7 5 )  -  0
=  L 1 8 . 5 8 7 3  p s i

MAtfP: (Corroded & at 4OO dea F) Ircl-z7(c) (1)

P = S * E * L / ( R + 0 . 5 * t )  - P s
=  1 4 7 0 0 * 0 . 8 5 * 0 . L 8 7 5 /  Q 2 . 3 ! 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  1 0 4 . 4 7 3 2  p s i

Bxtersa1 Pressure: (Corroded & at 400 deg Fl IE-28

L/Do =  47 .4375/45  =L.o542 Do/E =  4s /0 .L5279 =  295.683
From tab le  G:  A  =  0 .000247
From tab le  HA-3 :  B  =  3250.4

Pa= 4*B/ (3*Dolt)
=  4 * 3 2 5 0 , 4 /  ( 3 * 4 5  /  0 . 1 5 2 1 9  )
= 1-4 .7 022 psj-�

Desigm thiclf,ess for e)fternal pressure Pa = 14.7022 psi:

= t + Corrosion
=  0 . 1 5 2 1 - 9  +  0
=  0 . 1 5 2 1 9  i n

Maximmr A]-].owab].e &rternal Pressure: ( Corroded e 40O deg F)

L /Do =  47 .437s /4s  =L .0542 Do/ r  =  as /o .a875 =  240
From tab le  G:  A  =  0 .000342
From lab le  HA-3 :  B  =  4528.5  Rg"o

Doc, I*Jo- V4?-i<.?L
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SPC}OL BE-4

Pa= 4*B/ ( 3 *Dolt )
=  4 * 4 5 2 8 . 5 /  ( 3 * 4 5 /  0 .  1 8 7 5 )
=  2 5 . 1 5 8 3  p s i
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGFI MA

ENGINEERING
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REV. DEO # DATE BY: CIIECK TITLE:

SPOOL BE-s (72 in)
0 0141 4t24t96 WDB AGR
I a z 9 a 9lrli rt, \^DD QD U.

BY: W. Bilynsky DFFI.:744

PROJECT: LIG0 Vacuum Equipment PROJECTNO: V59049

PI]RPOSE:
Determine spool minimum shell thickness. Additionally, evaluate nozzle openings,
calculate size and spacing of stifener rings and support rings.

METHOD:
Thickness requirements per the ASME code, Section Mtr, Division I,
are derived using the COMPRESS computer prografiL version 5.53.

ASSLJMPTIONS: See Calculation

IMUTS: 1. Vacuum pressure: 14.7 psi
2. Design Temperatre = 400 F.
3. Unbalanced Loads at Roughing Pump Nozzles

6" dia : 382. lbs tb- cia = 1042. lbs fz6 r- (a-ee v o 4f -t - i" 7

P ,  / a

REFERENCES: l. ASME Boiler & Pressure Vessel Code, Section VI[, Div. l, 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-S's outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stifeners at the cylinder's
open end(s). For flange design and analysis see calculation numbers V049-1-016, 017, 018, & 019.
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PROCESS SYSTf,MS INTERNATIONAL. INC. ENGIIVEERING
CALCI]LATIONS

NO: Vft9-1-065
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PROJECT: LIG0 VACUIIM EOIIIPMENT PROJECTNO: vs9049
CALCULATION TITLE: Soool BE-5 {72 in) B€am Tirbe Manifold Desiqn

REVISIONHISTORY

Rov. 0 Original Issue
April24, 1996

Rev. I Iszue Date
September 19, 1996

. Revised looation of 6" dia. & I 0" dia. nozzles

r Recalculared local and primary mernbrane stresses at the nozzles

o Revised 2'x 2" x 1i4" stifter rings to 2'112" x2'I12" x l/4" stifto rings

. Relocated stiftFr rings to acmmodale rovised nozzle locations'
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COMPRESS 5.5C : \COMPRESS\MANIx 'OLD\BE-5R r 'VSL Sept  19 ,  I996

Pressure Summarv

O Pressure sumrqary f,or org,ssure chamber I

tdenti f ier

P I T
design I design
(pei) l(des F)

IATJP

tpe i  )

UG-99
Ratio

- l

1 .000
1 . 1 5 6
1,  136

ucs-66IAP I Pe

lexternal
(p6 i )  |  (F i )

to$r
(deg F)

Exerption or
stress Reducti on

corrosionl
AL torcnce I

( in )  |
-lt - l - l -t-l

I BE-5
Ftgnge a 8-1
6tr 5n Roughing PIP
10x l0o Roughing Pm
S|.pport Ring
Stiffner Rings ( Fta
Stiffner Rings (Bet

t- l- l- l- l- l-

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

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

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

Evdrotest  pressure calcu lat lon bss€d on Pe

= I .5 {.Pe:} I = 22 psi

Vessel bydrotest pressure is 22 psi.

l_ l - r  - r-

RevisionNo. I
Doc. No. V049-14E5
Page 5 of 47

0 . 0
0 . 0
0 . 0
0 . 0

400.0
0 . 0

400.0
100.0

85.1
17.5
0 . 0
0 . 0

97.8

0 . 0
0 . 0 14.7

11,7
11.7
14.7

0.000
0.000
0.000
0.000

Iot sppt icabte
lot mticable
t{ot appt icsbte
lot appl icobte



COMPRESS 5 .5C: \COMPRESS\MANI I 'OLD\BE-5R1.VSL Sept  l9 '  1996

Weight  Summrrv

Cc.rFonent - - - - - - - : 
- - - 

: 
-- - - - - ' - - - ' - - tJeight ( lbs) Contributed by Vesset EteflEnts

Metal etal t fays Packed InsuL Lining Piping Ledder Rings Oper Test l lozzle

l leH corr & sup Beds & pl€t & t ' l isc Liquid Liquid & ftg

Be-5
Ftange A b-1

5e45
840

0
0

5945 0 0
8 4 0 0 0

597
0

0 53289
0 0

14
0

0 53289

Vessel operating reight, corroded: 7,396 tbs
vesset gtpty xeight, corroded: 7,396 tbs
vessel €npty ueight, neH: 7,396 Lbs
vessel test ueight, neH: 60.685 Lbs

Vesse l  cen ter  o f  q rav l tv  loca t ion  ( f rom r iqh t  we ld  seam)

Vessel lift weight, uew:
Center of gravity to seaB;

7,395 lbs
198.8 in

Revision No. I
Doc. No. V049-l{85
Page 6 of 47



COMPRESS 5 .5C : \COMPRESS\MANIFOLD\BE-5R 1  .VSL S e p t  1 9 ,  1 9 9 6

Nozzle Summarv

l lozzte
rErk

OD
( i n )

tn Req tn
( i n )  (  i n )

ilofll t

A1? A2? ( in)
Req t lJser t
(  i n )  ( i n )

Corr Aal,dr
( in )  ( r )

1otr

6.00
10.00

0. r250 0.0625
0.2500 0.0625

0.2500 0.2r35
0.2500 0.2155

0,0000 197,1
0.0000 121.3

Y
Y Y

tn - nozzle thicEn€ss
Req tn - nozzle thickness required per UG-45/ 16
Nom t - vessel wall thickness
Req t - required vessel waII thickness due to pressurc + corr per UG-37
User t - local vessel wall thickness (near opening)
Aa - area available per UG-37, governing conditiou
Ar - area required per UG-37, governfug cordition
Corr - corrosion allowance on nozzle id.

Revision No. I
Doc. No. V049-1485
Page7 of 47



COMPRESS 5:5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

Nozz le  Schedu le

llozzle
ntafk

Service size t latel iats

llozzle llpact? ilomo Pad Irp€ct? florn? Ftange

10,1

roughing Fp
roughing Fp

240 3041 HrGt
240 f,041 HIGH

3041 HIG n n
3041 tlIG n n

5 .75  IDxo.12
9.50 lDx0.25

sA 240
sA 240

SA

SA

n n

n n

Revision No. I
Doc. No. V049-1485
Page 8 of47



cOMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

Thickness Summarv

Colponent lO l-ength Not[ t Req t Joint Gove.ning Deflect

l den t i { i e r  ( i n )  ( i n )  ( i n )  ( i n )  E  Load  s ta tus  s t ress  ( i n )

72.25 360.00 0.2500 0.2155 0.85 exterrEl

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

Load:
intemal - circ stress due to intemal pressure governs
extemal - extemal pressure Soverns
wind - combined long stress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs

Rwision No. I
Doc. No. V049-l{85
Page 9 of47



COMPRESS 5 .5C : \COMPRESS\MANIFOLD\BE-5R I  .VSL Sept  19,  1996

BE.5

ASME Sect ion YI I I  Div is ion 1.  1995 Edi t lon.  A95 At ldenda

P e  =  1 4 . 7 psi @ 400

Outer= 0Conosion allowa-nce: In-ner C = 0

PWHT is not performed

Radiography: Category Ajoints - Spot tIW-11(b) type I
Category B joints - Spot UW-i 1(b) lype I

Component:
Material specification :

Extemal design pressure:

Estimated weight:
capacity:

Cylinder
SA 240 3O4L HIGH

deg F

in

new = 5944.7 corr = 5944.7 lb
new = 6389.336 corr  = 6389.336 US ga

OD = 72.75 length Lc= 360 t = 0.25 in (uew)

MAP: (New & at  0 dee F)  Aopendix I  -  I  (a l

P = S * E + V ( R o - 0 . 4 * t ) - P s
= 16700+0.85+0.251(36.375 -  0 .4*0.25)  -  0
= 97.8?909 psi

MAWP: (Coroded & st  400 d€q F)  ApDendix 1-1{a)

P = S+E*r/(Ro - 0.4*t) - Ps
= 14700*0.85 *0 .251(36.375 - 0,4*0.25) - 0
=  8 6 . 1 1 3 0 3  p s i

External  Pressure:  (Corroded & at  400 dee F)  UG-ZE

LlDo = 56172.75 =0.7698 Dolt = 72.7510.21354 = 340.6856
From table G: A = 0.000286
From table HA-3: B = 3780.5

Pa= 4+B/(3 *Do/t)
= 4437 80.5 I (3*72.7 5 I 0.2 1354)
= 14.7957 psi

Desicn thickness for externtlLrrcs!ullEa-:--!4-'?95?-

= t + Corrosion
=  0 . 2 1 3 5 4  +  0
= 0.21354 in

Maximum Al lowable External  Pressure:  (Corrod€d @ 400 deq F)

LlDo = 56/72.75 =0.7698 Dol. = 72'7510'25 = 291
From table G: A = 0.000353
From table IlA-3: B = 4675 .5

Revision No. 1
Doc. No. V049-1{85
Page l0 of47



COMPRESS 5.5C r \CoMPRESS\MANIFOLD\BE-5R I  .vs l .

BE-5

Pa= 4*B/(3 {'Do/t)
= 4* 467 5 .5 1 (3+72.7 5 1 0.25)
= 21.4227 psi

Sept  19 , 1996

Rwision No. I
Doc. No. V049-l-085
Page I I of47



CoM PRESS 5.5C : \COM PRESS\MANIFOLD\BE-SR 1 .vsL Sept  19 ,  1996

6" Roughing Pmp

Onening 6"  Reinforcement  Calculat ions Per  UG-37

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

Nozzle material specification :

Pad material specification :

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

BE.5
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

SA 240 3O4L HIGH

90 degrees
39.375 in
0 i n
3 i n

.  Tn - ' l

-f, 1..,'l l . -EYl I
l < - l

t \

l < - c o r r o s i o n a l l o w = 0 i n
noz th ick new t 'n= , i25 in
nozzle id .  ns\d d= 5.75 j -n
pad diameter dp = 9 in
pad th ickness te= .25 in
f iUet weld Ew1 = .25 in
f i l le t  weld Ew2 = .25 in
groove weld tw3 = .25 in

To datum L= 48 in

< - d - >
-'l l<cv;
. . l r t -

<- L ->l

-Ew3

Reinforcement  Cr lcu lat ions For  Nozzle MAWP

Limits of relnforcemeut UG'40

Parallel to the vessel wall d = 5.75 in
Normal to the vess€l wall outside z,5{'(tu-Cn) + te = .5625 in
NorBal to tle vessel wall inside 2.5*(tn-Cn-C) = .3125 it

Nozzle reoui red th ickness

t r t r = P * R n / ( S n + E - 0 . 6 * P )
= O*2.8751(14700* I  -  0 .6*0)
= 0 i n

Recul red th ickness t r  f rom UG-37(e)

t r =  P ' * R / ( S * E . 0 . 6 + P )
= o+36.  L25t  (147 00* I  -  0 .6+0)
=  0 i n

Ares requi red

Allowable stresses: Sn = 14700, Sv = 14700, Sp = l4700Psi

Revision No- I
Doc. No. V049-l{85
Page 12 of 47

fr1 = lesser of I or So./Sv so frl = 1



COMPRESS 5.5C : \COMPRESS\MANIFOLD\BE-5R 1 .VSL Sept  19 ,  1996

6 "  R o u g h i n g  P m o

fr2 = lesser of I or Sn/Sv so fr2 = 1
fr3 = lesser of fr2 or Sp/Sv so fr3 = 1
fr4 = lesser of I or SpTSv so fr4 = 1

A = d*tr*F + z*tn'*tr*F*( 1 - fr l)
=  5 . 7 5 * 0 * 1  +  2 r 0 . 1 2 5 * 0 * 1 + ( l  -  l )
= 0 in^Z

Area gvai la  b le

A1 = larger of the following = 1.438 in^2

= d*(E I *t-F*tr) - 2*tn+(E I *t-F*tl)t ( l-fr l)
=  5 . 7 5 + (  I  * 0 . 2 5 -  1 * 0 )  -  2 * 0 . 1 2 5 f ( l + 0 . 2 5 - 1 + 0 ) * ( 1 - l )
= 1.438 in^2

- 2*(t + rn) +(E I +t-F*tf) - z*tn*(El*r-F+rr)+(l-fr1)
= 2*  (0.25 + O.  125)  * (  1  *0.25-  1 *0)  -  2*0.  125 *  (L *0.2.5-  I  *0)  +(  l -  1)
=  . 1 8 8  i n ^ 2

A2 = smaller of the following

= 5*(ta - trtr)'tfr2*t
= 5+(0.125 -  0)  *  l  *0.25
= .  156 in-Z

=  0 .  1 4 1  i n ^ 2

= 2*(tn - trn)*(2.5*tn + te)*fr2
= 2*(0.125 -  0)*(2.5*0.125 + 0,25)+l
=  . l + l  t n  4

A4l = Le9^2*fr3
= 0.25^2* l  = .063 in^2

A42 = l*g'2*fr4
= O.25 '2* l  = .063 in^2

A5 = (Dp - d - 2*tn)+te*fr4
= (9 -  5 '75 -  2{ '0 .125)*0.25* l
= .75 it^Z

Area = Al + A2 + A4l + A42 + A5
=  1 . 4 3 8  +  0 . 1 4 1  +  0 . 0 6 3  +  0 . 0 6 3  +  0 . 7 5
= 2.455 ir^2

As Area > A the reinforcement is adequate for MAWP = 0 at 400 Deg F

Check the welds -  From UW-16(c)(2)

Inner Fillet: tmin = lesser of 0.75 or tn or te, tmin = 0. 125 in
tw(min) = 0.7*tmin = 0.0875 in
tw(actual) = O.1*Leg = O.7*0.25 = 0.175 in

Outer Fillet: tmin = lesser of 0.75 or te or t, tmin = 0'25 iD
tw(min)  = 0.5* tmin = 0.125 in

Revision No. I
Doc. No. V049-1485
Page 13 of47



COMPRESS 5.5C: \COMPRESS\MANIFOLD\BE-5Rr.vSL Sept  19 '

6'  Rouqhlne Pmn

tw(actual) = O.1+Leg = O.7a0'25 = 0.175 iu

UG-45 Nozzle Neck Thick iess Check

Wall thickness per UG-45 (a): t r r  =  O in (E  =  1 )
Wall thickness per UG-45(b)( l): tr2 = 0 in
Wall thickness per UG- 16(b): 13 = 0'0625 in

1 9 9 6

Std pipe wall per UG-45(b)(a):
The greater of trz or tr3 :
The lesser of tr4 or tI5 :

E4 = 0.245 it
tr5 = 0.0625 in
tr6 = 0.0625 in

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

Available nozzle wall tbickness new, tn = 0. 125 in

The nozzle neck thickness is adequate for MAWP.

.A. l lowable s t resses in  io in ts  UG-45(c)  and UW-15(c)

Groove weld in tension = 0.74+747O0 = 10878psi
Nozzle wall in shear = 0.7*14700 = 10290 psi
Inner fillet weld in shear = 0.49* 14700 = 7203 psi
Outer fillet weld in shear = 0.49* 14700 = 7203 Psi

Strength of  welded io ints :

( 1) Inner fillet weld ia shear
(Pi/2)*Nozzle O.D.+Leg*Si = | .57*6tNO,?5+7 203 = f6963.06 lbf

(2) Outer fillet weld in shear
(Pi/2)+Pad O.D.*Leg*So = 1.57 +9+0.25*7203 = 25444.6lbf

(3) Nozzle wall in shear
{Pi lz)+Mean nozzle d ia.* tn+Sn = 1.57+5.875*0,125*10290 = 11864 05 lb f

(4) Groove weld in teusion
(Pi /2)*Nozzle O.D.* tw*Sg = I  .57r '6*0.25 *  10878 = 25617.69 lb f

Loai l ing on welds oer  UG-41 (b)(  1)

w = (A-A1 + 2* tn* f r l * (El { ' t  -  F{ ' t r ) ) *Sv
=  ( 0 -  1 . 4 3 8  +  2 * 0 . 1 2 5 r * l * ( l * 0 . 2 5  -  l + 0 ) ) * 1 4 7 0 0
= -20219.85 lb f

Wl- l  =  (A2 + A5 + A4l  + A42)*Sv
=  ( 0 . 1 4 1  +  0 . 7 5  +  0 . 0 6 3  +  0 . 0 6 3 ) + 1 4 7 0 0
= 14949.9 lbf

W2-2 = (A2 + A3 + A41 + A43 + z*tn''t ' if i 1) '�r'Sv

=  ( 0 . 1 4 1  +  0  +  0 . 0 6 3  +  0  +  2 * 0 . 1 2 5 * 0 . 2 5 + 1 ) * 1 4 7 0 0
= 3917.55 lb f

W 3 - 3 = ( A 2 + A ' 3  + A 5 + A 4 1  +  A 4 2  +  A 4 3  +  2 * t ! * t + f r l ) * S v
= (0.141 + O + 0.75 + 0.063 + 0.063 + 0 + 2"O'1254Q'25*1)+14700

Revision No. I
Doo. No. V049_l{85
Page 14 of 47



COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

6" Roushing Pmp

= 15 868.65 lbf

Load forpath 1- l  les ier  of  worWr-1 =-20219.85 lb f
Path l-l ThIu (2) & (3) = ?5444.6 + 11864.05 = 37308.65 lbf
Path l - 1 is strotrger than W so it is acceptable per UG-4 I O)(2).

Load for path 2-2 lesser of W or W2-2 = -20219.85 lbf
Path 2-2 Thru (1), (4) = 16963.06 + 25617.69 = 42580.75 lbf
Path 2-2 is sronger than W so it is acceptable per UG-al(b)(2).

Load for  path 3-3 lesserof  WorW3-3 =-20219.85 lb f
Path 3-3 Thru (2), (4\ = 25444.6 + 25617.69 = 51062.29lbt
Patb 3-3 is stronger than w so it is acceptable per UG4l (b)(2) ,

Pad strength = A5*Sp - I 1025 lbf
Outer fillet weld strelgth is adequate.

Reinforcement  Calculat ions for  External  Pressure

Llmi ts  of  re inforcement  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

Nozzlc reo |lired thickness

L/Do = 3/6 = .5 Do/t = 6/0.01491 = 402.4145
From table G: A = 0.000337
From lable HA-3 : B = 4461 .6

Pa= 4*B/(3*Do/t)
= 4*  446 l .6 l  (3*6/0.0 149 1)
= 14.7828 os i

Nozzle required thickness trn = .01491 in

R e s u i r e d  t h i c k n e s s  t r  f r o m  U G - 3 7 ( d ) ( l )  =  . 2 1 3 5  i n

Area requi red

Allowable slress€s: Sn = 14700, Sv = 14700, Sp = 14700 psi

frl = lesser of I or Sn/Sv so frl = I
fr2 = lesser of I or Sn/Sv so fr2 = I
fr3 = lesser of fr2 or Sp/Sv so fr3 = I
fr4 = lesser of I or Sp/Sv so fr4 = 1

A = 0.5*(d* t r ' *F + 2+tn* t r*F*(1 - f r l ) )
=  0 . 5 * ( 5 . 7 5 * 0 . 2 1 3 5 * 1  +  2 * 0 . 1 2 5 + 0 . 2 1 3 5 * 1 * ( i  -  l ) )
=  . 6 1 3 8  i n ^ 2

Area avai lab le

Revision No. I
Doc. No. V049-1e85
Page 15 of47



COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 ,  1996

A I = larger of the following

6" Rouqhins Pnr

-  t l  i n ^ t

= d,*(E I *t-F*rr) - 2*tn*(E 1+r-F*tI)*( l -fr 1)
=  5 . 7 5  + (  1 r 0 . 2 5 -  1 * 0 . 2 1 3 5 )  -  2 * 0 . 1 2 5 * ( l * 0 . 2 5 - l * 0 . 2 1 3 5 ) * ( 1 - 1 )
= .21 in'2

= 2*(r+tn)*(EI*t-F*rr) - 2*tn*(E I *r-F,8rr)*( I-fr l)
=  2*(0.25 +0.  125)+(  I  +0.25-  I  *0.2135)  -  2*0.  125 *(  I  r '0 .25-  I  *0.2 135)*(  1-  l )
= .O27 in^ 2

A2 = smaller of the following

= 5{.(tn - trn) *frz+t
= 5*(0.  125 -  0 .0 149 1) ' r '  l ' r '0 .25
= . 1 3 8 i n ^ 2

= 2*(tn - trn)+(2.5+tn + te)*fr2
= 21(O.125 -  0 .01491)*(2.5*0.125 + 0.25)* I
= ,124 it'2

,{4I = Leg^2*fr3
= 0.25 '2* l  =  .063 in-2

A42 = l*E^Z*fr4
-  0.25^2* l  = .063 in^2

A5 = (Dp -d - 2*tn)*te+fr4
=  ( 9  - 5 . 7 5  -  2 * 0 . 1 2 5 ) + 0 . 2 5 8 1
= .75 in'?

Area = Al + A2 + A4l + A42 + A5
= 0.21 + Q.124 + 0.063 + 0.063 + 0.75
= | .21 in'?

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

UG-45 Nozzle Neck Thickuess Check

Wall thickness per UG-45(a): t r l  =  0 . 0 1 4 9 1 i n  ( E  =  1 )
Wall thickness per UG-45(b)(2): tr2 = 0.0361in
Wall thickness per UG- 16(b):
Std pipe wall per UG-45(b)(a):
The greater of tr2 or tr3:
The lesser of tr4 or tr5:

=  v . L z + t n  z

tr3 = 0.0625 in
tr4 = 0.245 in
tr5 = 0.0625 in
tr6 = 0.0625 in

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

Available uozzle wall thickness new, tn = 0.125 iu

Tbe aozzle neck thickness is adequatc for Pe.

Revisior No. 1
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COMPRESS 5 .5C : \COMPRESS\MANIFOLD\BE-SR I  .VSL Sept  19 ,  1996

6 "  R o u  E h i n s  P m p

Anpl led Loads

Radial toad
Circlrmferential moment
Circumferential shear
Longitudinal monent
Longitudinal shear
Torsion moment
Internal pressure

Pr = 382 lbf
Mc = 0 lbf-ft
Vc = 0 lbf
ML = 0 lbf-ft
VL = 0 lbf
Mt = 0 lbf-fr
P  =  0 p s i

Stresses at  the nozzle OD oer  WRC bul le t in  107 (  ps i )

Meaa radius Rrn = 36,25 in
Rm/t  = 72.5

Stress concentration factor Kn (tension) = I
Str€ss concentration factor Kb (bending) = I

Pressure stress intensity factor, Farr equation L I.5

I = .25+(4 a 3*(1tx)^2 + 3*(r/x)'4)
= .25*(4 + 3*(2.87513.25) '2  a ! * (2.87513.?5) '4)
= 2.046

Local circ. pressure stress = I*PiRm/t =-{!*

Local long. pressure stress = P*Rm/2t = 4F

Maximum combined stress - -l+t?"F tf
Allowable combined stress = +-l.5*S = +- 22050 psi

lcxr's,'i5 */,"ia -Ltbo,5

5;3n .gls */r.rl

1,0,,. '7,.') 11...zs,)
'  5o ,J

(r+.. 'r,"\ (ac..sJ
z(. ao '-)

The Eaximum combined stress i$ within allowable limits.

Maximum primary membrane stress =4F.

Allowable primary membrane stress = +-1.5*S = + - 22050 Psi

The maximum primary membrane stress is within allowable limits.

. t
* +W. r.\eor- Yr<"e

*  *  3 , D  S  t s  4 e e E P 7 4 e ' ' L

F o z -  D  t  S  /  ! " "  7 :  / :  L t  ,  ,  . . '  l 7 ' 2  ' : ^

\

l4Z4ea, + 563?5\ 12Pa'(1osv7\
--  { \ }Dgt i  <zZosoe:- I

Zte 41ar. + Sb\t- '. Z a"'c'(ra'" g\

: ?'f i5?+ 4 uzo5orf^ ' eK,

REvision No. I
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

6 "  R o u q h i n q  P m n

I  F roml  Va lue  I
I  F i s . l  r e a d  I
t _ t _ l

beta I
, AI

3 c i  1 1 1 . 3 2 9  l 0 , 0 7 2
4 C *  1 1 2 . 5 4 6  1 0 . 0 7 2
l c  10 .1292  10 .072
2 c -  l  1 0 . 0 9 4 1  1 0 . 0 7 2
3 A +  1 2 .  i 4 7 5  1 0 . 0 7 2
1 A  1 0 . 0 9 6 4  1 0 . 0 7 2
3 8 *  | 7 . 2 8 2  1  1 0 . 0 7 2
1 B -  1  1 0 . 0 4 7 2  l  0  . 0 7 2
pressure st ress*

Tota l  c i rc  s t ress
Pr imary membr ane
ci rc  s t ress*

-264

- 8 6 3

-264

- 8 6 3

- z 5 t

-254
- 1 1 8 5

8 5 3

-239 -239 -239

1 1 8 5  - 1 1 8 5  l i 8 5

- ) r d-  L t e l
-+wg,

-244<

- t58.L -?',od

-Zqc< -24?-a

-  z rb l  -7 \2 \
-tsfu - 1bb

-744< -241<

' ' 42

-\zrt o - lZl.a

.AZD:A?O

3C*
4C*
1 c - 1
2c

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

2 A  1 0 . 0 s 5 1  1 0 . 0 7 2
4 8 *  1 2 .  1 3 2 9  1 0 . 0 7 2
2 B - 1  1 0 . 0 7 5 3  1 0 . 0 7 2
pressure stress*

Tota l  long at ress
Pr imary menbrane
Iong st ress*

- '1  208

- z J t

'1208
-254

-844

-264

844

-239 -239

1208 -  1208
-254 -254

-844 844

-t98D, 4% '\e&

-'l '?L -?L -al?-

1?'C -toql 4-1

--'l-IL - -191 -'19'1

- lr"r{l

-"191

4 1

- 191

torsion noment Mt
c i rc  shear  f rom vc
Long shear  f rom VL

Tota1 Shear s t ress

combined st ress '7na

te$o^.€ +.'ar

-244< -3W

-513 - . \ \

-394\ -25'lb -''tuc\ -2z11b - tzt, 'zf.t -4\rb -Z1S1l

'qes -2+?D '7bo -?AZo

-513 -577 -s\n
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COMPRESS 5 .5C : \COMPRESS\MANIFOLD\BE-5R I  .VSL

6 '  Rouqh inq  Prno

St rcsses  r t  the  pad edge per  WRC bu l le t in  107 (  ps i )

Mean radius Rn = 36.2S in
Rm/t = 145

Stress conceutration factor Kn (tension) = I
Stress concentratioD factor Kb (bending) = 1

Pressue stress intersity factor, Farr equation 1 1,5

I = .25*(4 + 3*(r/x)^2 + 3*(r/x)^4)
= .25*(4 + 3*(2.87514.75r^2 + 3*(2.87514.75)^ 4)
=  7 . 3 7 5

Maximum combined stress = -T tfrlF*
Allowable combined stress = + -1.5+S = +- 22050 psi

lbe naxinum conbined stress is within allowable limits.

Maximun primary membrane stress = FEIF
Allowable primary membrane stress = +-1.5*S = +- 22050 Psi

The maximum primary membrane stress is within allowabl€ limits.

Sept  19 ,  1996

Local circ. pressure stress = I*P*Rm/t = t: 
(+r"ft) (* z<{\ = era'( (r'lrS)' z.93\ g:i

+p6721=ffi [*.'r;t:fi?<\- = -\o6ii( a \ob(- ?:^

?zb4?d + 293tgf. +tetl"g*'= 1Zr-,tpi

8+1 lti + 293\g'rr" + 1gx,6ga. = 4B4o g:i

Revision No. 1
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COMPRESS 5.5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

6 "  R o u  e h i n e  P m o

DI^1Au AI  Bu BI  cu
I  Froml  Value I  beta l
I  F i s . l  r e a d  I  I

3c*
4C*
i c

3A*
1 A
3 B r

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

0 . 1 0 9
0 . 1 0 9
0 . 1 0 9
0 . 1 0 9
0 . 1 0 9
0 . 1 0 9
0 . 1 0 9
0 . 1 0 9

pFessure Stress '

Tota l  c i rc  s t ress
Primary mearbrane
ci rc  s tsress*

- 1 4 8 5

-547

2717
-843

1 4  8 5

-541
-843 -843

-2717
- 1 4 8 5  1 4 8 5

-547 -547

-2717 2711

-L\1
-6|95 -'lb t

-Jn-o -1q7A

. L -L?3\ 2e5
-52s7 -zzbi -fj}#) '?24'b\n<

-3r't4 -3r{1?{ -??1q -?''1+ -3410 - 2.4 'l e.

3 C *  |  1 2 . 9  5 9  1 0 . 1 0 9
4 C *  1 1 9 . 9 9 5  1 0 . 1 0 9
1 c - 1  1 0 . 0 7 ? 6  1 0 .  i o e
2 c  1 0 . 0 4 3 7
4 a *  |  1 1  . 0 4 0
2 A  1 0 . 0 3 7 8
4 8 *  1 5 . 5 9 2 3
2 8 - 1 1 0 . 0 3 s 1

0 . 1 0 9
0 . 1 0 9
0 . 1 0 9

0 . 1 0 9
pressure g Eress *

Tota l  long st ress
Pr imary membrane
long st ress*

-541

-2562

-547 -547 -547
- 8 4 3

2 6 6 2  - 2 6 6 2  2 6 6 2
-  1 5 0 3

-843 -843 -843

1 5 0  3  - 1 5 0 3  1 5 0 3

-{oGG -! Ot c -  1066

-421<

-  l ( r  11.

\oq9

- l(rl? .

- {

- ttt lV,

- \ a . b ' l 6 b v

ro49 -bSr?-

-1o11. -1 9

'Atv - iS\Z

- $o9. -l9o?

' bu

' tw,

tors ion moment  Mt
c i rc  shear  f rom Vc
Long shear  f rom vL

ToEal  Shear  s t ress

combined stress -("t96 -}q]�e�

- 
lobL, +  lDba  

- tDo l J  - t o , . a

-1b40 -{,D5 -1*o -12r.1 -4944. -1a'\.
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l
COMPRESS 5.5C r \COMPRESS\MANIFOLD\BE-5R I  .VSL

1 0 "  R o u e h i n g  P m o

Openlng 10"  Reinforcement  Caleulat ions Per  UG-37

Sept  19 ,  1996

Located on:
Local v€ssel thickness :
Liquid static head included:
Flange description:

Nozzle material specification:

Pad material specification:

Nozzle orientation:
End ofnozzle to $hell center:
Nozzle offset from ceuter Lo:
Projection outside vessel Lpr:

BE-5
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

SA 240 3O4L HIGH

90 degrees
39.375 in
0 i n
3 i u

En ->

oo-' 
I-'l | ..'rz

* l r t - '

< - d - >

l .-
l .-.Y1 I

l < - l

t \

c o r r o s i o n a l l o i r / = 0 i n
noz th ick new tn= .25 in
n o z z l e  i d .  n e w  d =  9 . 5  i n
pad d iameter  dp = 12 in
pad th ickness te= .25 in
f i l le t  weLd Ewl  = .25 in
f i l leL weld E. l i .2  = .1875 in
groove weld tw3 = .25 in

To datum L= 155 in< - L _>l

_ew3

Relnforcement  Calculat ions For  Nozzle MAWP

Limi ts  of  re inforcement  UG-40

Parallel to the vessel wall d = 9.5 in
Nornal to the vessel wall outside 2.5+(t-C) = .625 in
Normal to tbe vessel wall inside 2,5*(tn-Cn-C) = 625 iL

Nozzle requi red th ickness

trn = P*Rn/(Sn*E - 0.6*P)
= O*4.751( l47OO* I  -  0 .6*0)
=  0 i n

Reouired th ickness t r  f rorn UG-37(a)

t r= P+R/(S*E -  0 .6*P)
= 0*36. l25 l  (147 00* I  -  0 .6+0)
=  0 i n

Area reoui  red

Allowable stressesl Sn = 14700, Sv = 14700, Sp = 14700 Psi

frl = lesser of L or Sn/Sv so frl = I
Revision No. I
Doc. No. V049-1-085
Page2l of 47



COMPRESS 5.5C: \COMPRESS\MANIFOLD\BE-SRr.VSL Sept  19,  1996

l 0 '  R o u s h i n g  P m o

fr2 = lesser of I or Sn/Sv so ft2 = 1
fr3 = lesser of fr2 or Sp/Sv so fr3 = I
fr4 = lesser of 1 or Sp/Sv so fr4 = I

A = d*r*F + 2* tn* t r , *F*( l  -  f r l )
=  9 . 5 * 0 * 1  +  2 * 0 . 2 5 * 0 + 1 + ( 1 -  l )

Area avai la  b le

A I = larger of the following = 2.375 in^Z

= d+(E I *t-F{'tr) - 2*tnri(E1*t-F*tr)*(l-fr1)
= 9.5,+( I*0.25- I+0)  -  2+0.25:*(  I  *0.25-  I  *0)*(  1-  l )
= 2.375 in^ 2

= 2*(t+tn)+(E1*t-F'Ntr) - ?*tu*(E 1+t-F+6) *( 1-fr 1)
= 2* (O.25 + Q.25) r'( I *0. 25- I +0) - 2*0.25 * ( 1 *O.25- I *0) *( 1 - 1)
= ,25 in'Z

42 = smaller of the following = 0.3 13 in^?

= 5*(tn - trn)*fr2*t
=  5 * ( 0 . 2 5  - 0 ) * l * 0 . 2 5
=  . 3 1 3  i u ^ 2

= 2*(tn - am)*(2.5+tn + te)+fr2
= 2*(O.?5 -  0)+(2.5+0.25 + 0.25)*1
= .438 in^2

44l  = Leg^2*f r3
= 0.25^2* l  = .063 in^2

A42 = Leg^Z+tr4
= 0.1875^2* l  = .035 in^2

e5 = (Dp - d - z*tn)*te+fr4
=  ( 1 2  -  9 . 5  -  2 : " 0 . 2 5 ) * 0 . 2 5 * i
= . f  u l  Z

Area = Al + A2 + A41 + 442 + A5
-  2 . 3 7 5  +  0 . 3 1 3  +  0 . 0 6 3  +  0 . 0 3 5  +  0 . 5
= 3 .286 in^ 2

As Area > A the reinforcement is ad€quate for MAWP = 0 at 400 Deg F

Check the welds -  From UW-16{c)(2)

Itrner Fillet: tmin = lesser of 0.75 or tn or te, tmin = 0.25 in
tw(min)  = 0.7* t rn in = 0.175 in
tw(actual) = 0.7*Leg = O .7 *0 .25 = 0. 175 in

Outer Fillet: tmiu = lesser of0.75 or te or t, tmin = 0.25 in
rw(min)  = 0.s* tmin = 0,  125 in Redsion No. I

Doc. No. V049-1485
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-5Rl .vSL Sept  19 ,  1996

1 0 "  R o u s h i n g  P m o

tw(actual )  = 0.7*Leg = 0.7*0.1875 = 0.13125 in

UG-45 Nozzle i \eck Thickuess Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(1):
Wall thickness per UG- l6(b):
Std pipe wall per UG-45(b)(a):
The greater of tr2 o! tr3 :
The lesser of tr4 or tI5 :

t r l = 0 i n ( E = l )
t rZ = 0 iu
tr3 = 0.0625 in
r r4 -  0 .319375 in
t r5 = 0,0625 in
tr6 = 0.0625 in

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

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.

Al lowabte s t resses in  io in ts  UG-45(c)  ani l  UW-15(c)

Groove weld in tension = O.74*l47OO = 10878 psi
Nozzle wall iu shear = Q.7+14700 = 10290 psi
Intrer fil let w€ld in shear = 0.49*14700 = 7203 psi
Outer fillet weld in shear = 0.49* 14700 = 7203 psi

Strencth of  welde d io in ts :

( 1) Inner fillet weld in shear
(Pi /2)*Nozzte O.D.+Leg+Si  = 1.57*10*0.25*7203 = 2427 L.78lbt

(2) Outer fillet weld in shear
(Pi/2) +Pad O.D. *Leg+So = 1 .57* l2*0. I 875 +7203 = 25444.6 lbt

(3) Nozzle wall in shear
(Pi /2)*Mean nozzle d ia.* tu+Sn = 1.57+9.75*0.25*10290 = 39378.55 lb f

(4) Groove weld in tension
(Pi /Z)*Nozzle O.D.* tw*Sg = 1.57*10*0.25*10878 = 42696.15 lb f

L o a d i n g  o n  w e l d s  n e r  U G - 4 1 ( b ) ( l )

w = (A-A1 + 2* tn* f r1*(El* t  -  F+tr ) )+Sv
=  ( 0  - 2 . 3 7 5  +  2 + O . 2 5 *  l * ( 1 * 0 . 2 5  -  l * 0 ) ) * 1 4 7 0 0
= -33075 lbf

W 1 - 1  =  ( A 2  + A 5  + A 4 1  +  A 4 2 ) * S v
=  ( 0 . 3 1 3  +  0 , 5  +  0 . 0 6 3  +  0 . 0 3 5 ) * 1 4 7 0 0
=  1 3 3 9  r . 7  l b f

W 2 - 2 = ( A 2 + , { 3 + A 4 1  +  A 4 3  +  2 * t n * t * f r l ) * S v
= (0.313 + 0 + 0.063 + 0 + 2+0.25*0.25*1)*147QO
= 7364 -7 lbf

W 3 - 3 = ( A 2 + , { 3 + A 5 + A 4 1  +  A 4 ?  +  L 4 3  +  2 * t n * t * f i 1 ) * S v
=  ( 0 . 3 1 3  + 0  +  0 . 5  +  0 . 0 6 3  +  0 . 0 3 5  + 0  +  2 * 0 . 2 5 * 0 . 2 5 * 1 ) + 1 4 7 0 0 Revision No. 1
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I
COMPRESS 5.5C r \COMPRESS\MANIFOLD\BE-5R 1 .VSL

1 0 "  R o u  q h i n q  P m o

= 15229 .2lbt

Load forpath 1- i  lesser  of  Worwl-1 =- j3075 lb f
Path 1- l Thru (2) & (3) = ?5444.6 + 39378.55 = 64823. 14 lbf
Path I - I is stronger than W so it i$ acceptable per UG4 1(bX2).

Load for path 2-2 lesser of W or W2-2 = -8A75 bt
Path 2-2 Thru (l), (4) = z&27r.78 + 4?696.15 = 70967.93 lbf
Path 2-2 is stronger than W so it is acceptable per UG-4 1(b)(2)

Load for  path 3-3 lesserof  WorW3-3 =-33075tbf
Path 3-3 Thru (2), (4) = 25444.6 + 42696.15 = 68140.75 lbf
Path 3-3 is stronger than W so it is acceptable per UG4 l(b)(2).

Pad strength = A5*Sp = 7350 lbf
Outer fillet weld strength is adequate.

Relnforccmcnt  Calcul r t ions for  External  Pressur€

Llmi ts  of  re inforcement  UG-40

Parallel to the vessel wall d = 9,5 in
Normal to tbe vessel wall oulside 2.5*1t-C) = .625 in
Normal to the vessel wall inside 2.5+(h-Cn-C) = .625 iu

Nozzle reoui red th ic  kness

L/Do = 3/  l0  = .3
From table G r
From table HA-3:

Dol. = 10N.0222 = 450.4505
A = 0.000501

B = 4976.5

Pa= 4*B/(3 *Do/t)
= 4*497 6.5 1 (3* 1A 1 0.0222)
= 14.7304 psi

Nozzle required thickness art = .Q222 tn

R e o u i r € a l  t h i e k n e s s  f r  f r o m  U G - 3 7 ( d ) ( 1 )  =  . 2 1 3 5  i n

Arer  redui red

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

frl = lesser of 1 or Sn/Sv so frl = I
fr2 = lesser of 1 or Sn/Sv so fr2 = I
ft3 = lesser of ft2 or Sp/Sv so fr3 = I
fr4 = lesser of 1 or Sp/Sv so fr4 = I

A = 0.5*(d i t r *F + 2+tn+tr+F+(1 - f r1))
=  0 . 5 + ( 9 . 5 * 0 . 2 1 3 5 : r l  +  2 + 0 . 2 5 * 0 . 2 1 3 5 * i * ( l  -  l ) )
=  I . 0 1 4 1 i n ^ 2

Area avai lab le

S e p t  1 9 ,  1 9 9 6

Rwision No. I
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 ,  1996

1 0 "  R o u s h i n s  P m n

A1 = larger  of  the fo l lowing =.347in^Z

= 6*191*t -F* t i1  -  2 i6*1g 1+1-F*11)* i  1- f r  1 ;
=  9 . 5  * (  1 , * 0 . 2 5 -  I  * 0 . 2  i 3 5 )  -  2 * 0 . ? 5 *  ( L + 0 . 2 5 -  1  * 0 . 2  1 3 5 ) * (  l -  l )
= .347 iu.'Z

= 2*(t+tn)*(Bl+r-F+rr) - 2,*tn*(E 1*1-p,r61*( I -fr 1)
= 2*(O.25 + O.25)*(  I  *0.25-  I  *0.2 135)  -  2*0.25*(  1 *0.25-  I  *0.2 1 35)*(  l -  l )
= .037 in^?

A2 = smaller of the following = 0.285 in^2

= 5 *(tn - trn)*fr2*t
= 5*(0.25 -  O.02221* 1+g.25
= .285 in^2

= 2*(tn - trn)*(2.5*tn + te)*fr2
= 2+(O.25 -  O.0222)*(2.5*0.25 + 0.25)+l
= .399 \n'2

A41 = Leg-Z*fr3
=  o . 2 5 ' 7 + l  =  . 0 6 3  i n ^ 2

A42 = Leg^2*fr4
=  0 . 1 8 7 5 ^ 2 * l  =  . 0 3 5  i u ^ 2

e5 = (Dp - d - 2+tn)+te*fr4
= (12 -  9  .5  -  Z+0.25)40 '25t*  |
=  .5  in^Z

Area = Al + ,{2 + A41 + A42 + 45
= o.347 + 0.285 + 0.063 + 0.035 + 0.5
= 1.23 in '?

As Area > A the reinforcement is adequate for Pe = L4.7 ̂ t 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall Oickness per UG-45(a): tl = o.0222 in(E = 1)
Wall thickness per UG-a50)(2): tr2 = 0.0361in
Wall thickness per UG- 16@): tr3 = 0.0625 in
srd pipe wall per uc-45(b)(a): tr4 = 0.319375 in
The greater of tr2 or tr3: tr5 =0.0625in
The lesser of tr4 or tr5 : tr6 = 0.0625 in

Req'd per UG45 is the larger of tr1 or tr6 = 0.0625 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequale for Pe.

Rwision No. I
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

1 0 "  R o u g h i n s  P m p

Appl ied  Loads

Radial load
Circumferential moment
Circumferential shear
Lotrgituditral moEent
Longitudinal shear
Torsion noment
Internal pressure

Stresses et  the nozzle OD per  WRC bul le t in  107 (  ps i )

Mean radius Rm = 36.25 in
Rm/t = 72.5

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

Pressure stress intensity factor, Fa.rr equation I 1.5

I= .25*(4 a 3*(r/xJ^2 + 3*(r/x)-4)
= .25*(4 + 3*(4.75t5.25)'2 + 3+(4.7515 .25)'4)
=  2 , 1 1 7

Local circ. pressure stress = I'+P*Rm/t = FFF

Local long. pressure str€ss = P+RE/2I =4!FEF.

{Z.fr ' \  = 275te7*

: 5 9 ) g t a ,

?.b go?aa.i 2?5(,gii.' + Sb3e+ = aa, b't 7it

Pr = 1042 lbf
Mc = 0 lbf-ft
Vc = 0 lbf
ML = 0 lbf-ft
vL = 0 lbf
Mt = 0 lbf-ft
P  =  O p s i

.  5o; ,

r+.r (ix,.zs\
z(,€o)

Maximum combined stress =-ry
Allowable combined stress = +-1.5*S = +- 22050 psi

The maximum combined stress is within allowable limits.

Maximun prinary membrane stress = -'-*

Allowable primary membrane stress = +-1.5+S = +- 22050 psi

The maximum primary membrane shess is within allowable limits.

b44ft, + L1-5ta?1L +€1?fi - 7t$X.7.- ,

Revision No- I
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

1 0 "  R o u e h  i n s  P m o

I  F r o m  I  V a l u s  I
I  F ig.  I  read I
l _ t - r

beta I
I D1D uC uo tBUAI

4Ct

3A*

3B*
I  E t -  |

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

0  . 1 2 ' l
0 . 1 2 1
0 . 1 2 1
0 . 1 2 1
a  . 1 2 1
0 .  t 2 1
0 . 1 2 1
0  . 1 2 1

Dressure sEress '

Tota l  c i rc  s t ress
Pr imary membrane
ci rc  s t ress*

-544

- '1  375

-544 -644

t J t )  - t 5 r )

-479 -419 -479
-644

-2201 2201 -2201
1 3 7 5

-479

2201

- 1 1 .?? -zz -22<u -ZZ<t-,
^421<

-zw

-tszs

-hoD

-+Tl -49?t'

-7'17<

-sx
-z1a<

-qqVe

-71a<

-?z<te
-5?4.

-z-o1-z'toc -z)@

3 c *  1 8 . 3 2 5 0
4 C *  l l 1 , 1 9 6
1 c - 1  1 0 . 0 8 8 5
2 c  1 0 . 0 5 6 5

0  . 1 2 1
0 . 1 2 1
0 -121
0 .  12 ' r
0 . 1 2 1
0 . 1 2 1
0 . 1 2 1
0 . 1 2 1

4 a *  1 4 . 8 4 9 1
2 A  1 0 . 0 4 3 3
48* 12.7447
2 8 -  1  1 0 . 0 4 8 8
oressure sEress*

Tota l  long st ress
Pr imary membrane
long stsress*

-479

-2213

-479 -479

?213 -2213

-479
- o 4 9

2213
- ' t 4 1 3

-644 -644 -644

1 4 1 3  - ' � r 4 r 3  1 4 1 3

-snn '<1* -532 -511 -<t1 -5\1 -57? - 5

-b?z< \?9\

- lo lz  -  to t ' l -

-Yzz<

-to\z

r2o{ -259o Lav 'ZSA) z2*

_ \o\'L -tt..l-'i _tt11 -r\11 _tn1

tors ion moment  Mt
c i rc  shear  f rom vc
Long shear  f rom VL

Tota l  Shear  s t ress

combined st ress 'Az']i '?w -42'$ -ZqfD -lqbv -L11i'17Vb -?,;.\{

-511 -<7\ -sTt -gl\  '579 -sj7 -s17 -S*

'^bob -)qIa -4bfa 'Arj -54b9 -3Lub -54G9 '3zt E

Revision No. I
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SRr .VSL Sept  19 '  1996

1 0 "  R o u s h i n s  P m o

Stresses at  the pad edse p€r  WRC bul le t in  107 (  Dsi )

Mean radius Rn = 36.25 ia
Rn/r - 145

Stress concenhation factor Kn (lension) = I
Stress concentration factor Kb (bcnding) = 1

Pressure stress intensity factor, Farr equation 11.5

l= .25*(4 a 3*(ylx)'2 + 3*(r/x)^4)
= .254(4 + l3r (4.7516.1875) '2  + 3*(4.7516.  1875)^4)
= | .702

Local circ. pressure stress = I*P*Rm/t = F-

Local long. pressure stress = P*Rmi2t = €lFF

Maximum combined stress = -ee*
z( ,2<)

= l)t lD 9'2\

x I. toL -- 3a2b.7.,t

Allowable combined stress = +-I.5*S - +-22050psi

The maximum combined stres$ is within allowable limits.

Maximum primary membran€ str€ss = -lt*Fl#

Allowable primary membrane stress = +-1.5+S = +- 22050 psi

The maxinum primary membrane stress is within allowable limits.

lZrf>7+l +*-'tfe7i'- i Ld'42?'>\- -- \\9r?-t*a

\9 1e2 - li, ?-8 t locat' = tobgZ 2d

RevisiorNo. I
Doc. No. V049-1485
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SR1.VSL Sept  19 '  1996

1 0 "  R o u  e h i n s  P m p

F r o m l  V a l u e  I
F ig.  I  read I

_ t _ l

beta  I
I

_-_t
CIAU AI Bu BI CU D1Du

3 c *  1 9 . 0 0 8 4
4c1,  |  17 .379
1 c  t 0 . 0 5 1 8
2 c -  1  1 0 . 0 2 5 9
3 4 *  1 5 . 3 5 9 5' rA  I  0 .06s3
3 8 *  1 1 2 . 0 6 0
1 B - 1 1 0 . 0 1 7 5
oressure sEressr

- 1 9 9 8  - ' � t 9 9 8  - 1 9 9 8  - 1 9 9 8

-2591 2591 -2591 2591

- 1 0 3 5  - 1 0 3 6  - 1 0 3 6  - 1 0 3 6

- 5 1 8 2  5 1 8 2  - 6 1 8 2  5 1 8 2

0 . i 4 5
0 . r 4 5
0 . 1 4 5
0 . 1 4 5
0 . 1 4 5
0 . 1 4 5
0 . 1 4 5
0 . 1 4 s

_ jbLg _"r.Zb _\;Lb '}-2s'rY?-l,^ -qrZA '!'2e -3624

Tota l  c i rc  s t ress
Pr imary membrane
ci-rc stsress*

-B'Ln -iojs -8a'l

-5t Llr -q"W '*?J.

lSlb-r#b \<tce

-4uo4 -4wq <ut*

- nor<

'1ttzt,

- to6{0

-qboq

9 . 0 0 8 4
1 7  . 3 7 9
0 . 0 5 4 7
0 . 0 3 7 0
' 1 2 . 1 5 5

0 . 0 3 0 4
5 . 0 4 s 6
0 . 0 ? 3 ?

0 . 1 4 5
0 . 1 4 s
0 . 1 4 5
0 . 1 4 5
0 . 1 4 5
0 . 1 4 5
0 . 1 4 s
0 . 1 4 5

4C*

2A
4B*
2 6 -  |

oressure s! ress*

Tota l  long sEress
Pr imary membr ane
long st r  ess*

-  t u j o  -  l u J o  -  t u J o

-5472 5472 -547 2

-  I U J O

- 1 9 9 8
5472

- 3 7 0 1

- ' 1 9 9 8  - 1 9 9 8  - ' � I 9 9 8

3 7 0 1  - 3  7 0 1  3 7 0 1

- (Oeb

-15?4 5b'lo

^ Tloc- - ?-tot

'tD/rt 'IA4r - to{eo
-151q ?'tlo -G1(,< t i1

-?-u2Z -?-\oL - 3ob4 - 3or,zl

- tO(1" - \UJ4

-a]L<

-nod

C,3'l

-1oG\

torsion moment Mt
c i rc  shear  f rom vc
Lonq shear  f rom VL

Tota l  Shear  s t resg

Combined s  Eress -8''41, -'bu-gL\1 -*zo -to&xo -4174'o4do A:tA

r4-,L**-&., - 
f Oq(,o 

- 
\o(r(, 

-\o(4L - \Dt'(. '\'oG{. -\Obb -\oA- -t'J'te

-nb\ 'tr'7L '1t&\ -w7L -t t9\L -5130 - i lqtL -5' l lo
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COMPRESS 5 .5C: \COMPRESS\MANIFOLD\BE-SRl .VSL Sept  19 '  1996

Su ppor t  R inq

t  St i f feninq Ring Calculat ions Per UG-29

ASMB Sect ion VI I I  Dlv is ion 1.  1995 Edi t ion.  A95 Addeni la

Identifi€r: Support Ring
Ring material specification: SA 240 304L HIGH
Nunber of rings in this group: I
Distance first ring to datum lin€: 200 in

Ring description: 4x3x 1/4 Un Equal Ang
Ring is rolled: leg in (hard way)
Ring cro$s sectional area: As= 1.69 ia^2
Rinc moment of inertia: Ir = 2.77 in^ 4

Calculat ions for  r ing 200 in  f rom datu m

Sbell material specification: SA 240 304L HICH
Required shell thickness: t = 0.21354 in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter: Do = 72.75 in
Design temperature.' = 400 deg F
Exterlal design pressure: P = 14.7 psi
Sriffener supported length: Ls = 54 in

B =.75*(P*Do/( r  + As/L$))
= .75*(14.7*72.75t  (O.21354 + 1.69/54))
= 3275 .939

From table HA-3 (ring) A = 2.48 16858-04

Reouired rnoment  of  iner t ia  of  the combined r ing-shel l  sect ion

Is= (Do^ 2 *Ls*  ( t  +  As/Ls)+A)/10.9
= (72.75^2*54* (0.21354 + 1.69154)42.4816858-04)/ 10.9
= 1 .593 146 in^4

Avai lob le moment  of  iner t ia  of  the combined r ins-shel l  s€ct ion

SheU widtl conlributing smaller of = 4.691149

W = 1.  1*Sqr(Do*ts)
= 1.1+Sqr(72.75*0.25)
= 4.69 1 149 in

W = L s = 5 4 i n

Shell areaAl = W*ts = 1.172787 it^2

Distance to the ring neukal axis

Y2 = Ring NA + ts/z
= 2.16 + O.2512 Revision No. I

Doc. ]rle. y949-14g5
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COMPRESS 5.5C : \COMPRESS\MANIFOLD\BE-5R I  .VSL Sept  19 ,  1996

S u n p o r t  R i n s

= 2.885 in

Neutral axis of combined sectlon

NA = As*Y2l(A1 + As)
= 1.69+2.885/(1.172787 + |  .69)
=  1 . 7 0 3  1  1 3  i n

Inertia of the shell about the combined section NA

I 1  =  W * t s ' 3 / 1 2  +  A l * N A ^ 2
= 4.69 1 149*0.25^ 31 12 + 1. 172787 * 1.7O3 1 13^ 2
= 3.407887 in^4

Inertia of the ring about the combined section NA

t Z = k + A S { , ( N A - y 2 ) ' 2
=  2 . 7 7  +  1 . 6 9 * ( 1 . 7 0 3 1 1 3  -  2 . 8 8 5 ) ^ 2
= 5.  130688 in^4

Total available I = I1 + 12 = 8.538576in^4

Tbe 4x3x 1/4 Un Equal Ang vacuum stiffener is satisfactory.

Revision No. I
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COMPRESS 5.5C : \COMPRESS\MANIFOLD\BE-5R I  .VSL

St l f fner  Rings (F lange End)

St l f fen ing Rinq Calculat lons Per  UG-29

ASME Sect ion VI I I  Div is ion 1.  1995 Edi t ion.  A95 Addenda

Sept  19,  1996

Identifier:
Ring material specification:
Number of rings in this group:
Distanc€ first ring to datum line:
Ring spacing:

Ring description:
Ring is rolled:
Ring cross sectional area :
Ring moment of inertia:

Stiffner Rings (Ftange End)
SA 240 3O4L HIGH
J

40 in
52 in

2.5x2.5x l /4  Equal  A
leg in (hard way)
I  .  19 in '2
0.703 in-4I r =

Calculat ions for  r inq 144 in  f rom datum

Shell material specificatioq; SA 240 304L HIGH
Required shell thickness: t = 0.21354 in
Corroded shell thickness: ts = 0.25 in
Shell outer dianeter: Do = 72.75 in
Design temperature: = 400 deg F
Ext€rnal design pressure: P = 14.7 psi
Stiffener supported length: Ls = 54 ia

B = .75 *1P*Po71t + As/Ls))
= .75*(r4.7 +72.751(O.21354 + l . l9154))
= 3404.698

From table IIA-3 (ring) A = 2.5182828-oa

Reouired moment  of  iner t ia  of  the combined r inq 'shel l  sect ion

is= (Do'2+Ls*( t  + As/Ls)  *A) /  10.9
= (7 2.7 5' 2* 54* (0. 2 1 354 + l. 19 1 5 4) * 2. 57 82878 -04\ l lO.9
= 1.592563 in^4

Avai lab le moment  of  iner t ia  of  the combined r inq-shel l  sect ion

Shell width contributing smaller of = 4.691149

W = 1.  I  *Sqr(Do*ts)
=  l . l + S q r ( 7 2 . 7 5 * 0 . 2 5 )
= 4.69 I  149 in

W = L s = 5 4 i n

shell area A1 = W*ts = L.172787 in^2

Dislance to the ring neutral axis

Y2 = Ring NA + ts/2
RevisionNo. 1
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C O M P R E S S  5 . 5 C r \ C O M P R E S S \ M A N I F O L D \ B E - S R 1 . V S L  S e p t  l 9 '  1 9 9 6

Sti f fner Rings (  Flanqe End)

= 1.783 + 0.2512
= I .908 in

Neuhal axis of combiBed section

NA =As*Y2l(A1 + As)
= 1 .  19*  I  .908i  (  I  .172787 + l . l9)
= .9609499 in

Inertia of the shell about the combined section NA

I l = W * t s ^ 3 / 1 2 + A 1 * N A ^ 2
= 4 .69 | 149 *0 .?5^ 3 | 12 + 7 .172787*0.9609499^2
= L089089 in'4

Inertia of the ring about the combined s€ction NA

I2 -  I r  +  As*(NA -Y2)^2
= 0.703 + 1.19*(0.9609499 -  1 .908)^2
= | .770316 ir�^ 4

Total available I = I1 + 12 = 2.859405 in^4

The 2.5x2.5x1/4 Equal A vacuun stiffetrer is satisfactory.

Calculat ions for  r ins 92 in  f rom datum

Shell material specificatiou: SA 240 304L HIGH
Required shell thickness: t = 0.21354 in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter: Do = 72 .75 in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 52 in

B = .75+(P+Do/(t + As/Ls))
= .75+(L4.7 472.75/  (O.21354 + r . l9 l52))
- 3392.492

Fron table HA-3 (ring) A = 2.569 126E-04

Reouired moment  of  iner t ia  of  the combined r ing-shel l  sect ion

Is= (Do^2*Ls*( t  + As/Ls)  *A) /  10,9
= (72.75^2+52*(0.?1354 + |. r9t5?)+2.569 r26E-04)l10.9
= L533632 in'4

Avai lab le mornent  of  iner t ia  of  the cornbined r in fshel l  sect lon

Shell width contributing smaller of = 4.691149

W = I  .  1*Sqr(Do*ts)
= 1. I  *Sqr(72.75 *0.25)
=  4 . 6 9 1 1 4 9  i n

Revision No. 1
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C O M P R E S S  5 . 5 C : \ C O M P R E S S \ M A N I F O L D \ B E - S R 1 . V S L  S e p t  1 9 ,  1 9 9 6

St i f fner  Rings (  F lanee End)

W = L s = 5 2 i n

Shel lareaAl  = W*ts = 1.172787 i r^Z

Distance 10 the ring neutral axis

Y2 = Ring NA + ts/2
= 1.783 + O.2512
= 1.908 in

Neutral axis of combined section

NA = As*Y2l(A1 + As)
=  1 . 1 9 * 1 . 9 0 8 / ( 1 . 1 7 2 7 8 7  +  L . l 9 )
- .9609499 in

Inertia of the shell about the combiued seclion NA

I l = w * t s ^ 3 / 1 2 + A 1 * N A ' 2
= 4.691149*0.25 ^31lZ + |  .172787 *0.9609499^2
= L089089 in^4

Inertia of tbe riug about the combined section NA

1 2 _ _ y + A 3 ' * ( N A _ Y 2 ) ^ 2
= 0.703 + 1 . 19 ' ' '(0.9609499 - r.908)^2
= 1.770316 in^4

Total available I = 11 + 12 = 2.859405 in'4

T\e 2.5x2.5/.114 Equal A vacuum stiffener is satisfactory.

Calculat ions for  r ins 40 in  f rom datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.21354 in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter:
Design temperatufe:

Do = 72.75 in
= 400 deg F

External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 47.56274 in

B = .75*(P'rDo/(t + As/Ls))
= .75*(14 .7 +72.751(0.?f354 + | .19147 .562'14))
= 3362. r3Z

From table HA-3 ( r ing)  A= 2.5463518-04

Required moment  of  iner t ia  of  the combined r inq-shel l  sect ion

Is= (Do^z*Ls+(t  + As/Ls)*A)/10.9
= (72.75^ 2*47 .56274*(0 .21354 + r.19147 .56274) *2.54635 1E-04)/ 10.9
= 1 .402884 in^4

Revision No. I
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COMPRESS 5 .5C : \COMPRESS\MANIFOLD\BE-5R I  .VSL

St l f fng r  Rings (F lange End)

Avai lab le moment  of  iner t ia  of  thc combined r ing-shel l  sect ion

Shell width contributing srnaller of = 4.691149

W = l .  I  *Sqr(Do*ts)
=  1 . 1 + s q r ( 7 2 . 7 5 + 0 . 2 5 )
= 4.69 I  149 in

W = Ls = 47.56274 i t

Shel l  area Al  = W*ts = LL72781 in^?

DistaDce to the ring neutral axis

Y2 = Ring NA + ts/2
= 1.783 + 0.?512
= I .908 in

N€utral axis of combined section

N A = A s + Y z l ( A l + A s )
=  l . 1 9 * 1 . 9 0 8 / ( 1 . 1 7 2 7 8 7  +  l . l 9 )
= .9609499 in

Inertia of the sbell about the combined section NA

I 1  =  W * t s ^ 3 / 1 2  +  A 1 * N A ^ z
= 4.691149*0.25'3112 + f .172787*0.9609499^ 2
= 1.0E9089 in^4

Inertia of the ring about the combined section NA

1 2 = k + A S * ( N A - Y 2 ) ^ 2
= 0.703 + 1.  19, ' (0 .9609499 -  1 .908)-2
= 1.7703 16 in-4

Total available I = Il + 12 = 2.859405 iri^4

Tt|e 2,5x2.5xld Equal A vacuum stiffener is satisfactory.

S e p t  1 9 ,  1 9 9 6
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I  St i f fening Rinq Calculat ions Per UG-29

ASME Se ct ion VI I I  Div is ion 1.  1995 Edi t ion.  A95 Addenda

Identifier:
Ring marerial specification:
Number of rings in this group:
Distance first ring to datum line:
Ring spaciug:

Ring descriptioD:
Riug is rolled i
Ring cross sectional area:

Ring moment of inertia;

Sriftuer Rings (Bellows End)
SA 240 3O4L HIGH
5

?52 it
4E in

2.5x2.5x 1/4 Equal  A
leg in (hard way)

A s  =  1 . 1 9 i n ^ 2
Ir  = 0.703 in^4

CoMPRESS 5.5C: \COMPRESS\MANIFOLD\BE-sRr.VSLS e p t  1 9 ,  1 9 9 6

St i f fner  Rinqs (  Bel lows Endl

Calculat lons for  r inq 348 in  f rom datum

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

SA 240 3O4L HIGH
t  =  0 . 2 1 3 5 4  i n
ts  = 0.25 in
Do = 72.75 i t

= 400 deg F
P  =  1 4 . 7  p s i
Ls = 32.4476'l in

B = .75*(P*Do/(t + As/Ls))
= .7 5,E (14.7 *72.7 5 t (O.2 1354 + |. 19 t 32.447 67))
= 3205 .5?s

From table HA-3 (ritrg) L = 2.425844E-04

Reouired moment  of  lner t ia  of  thc combined r lnq-shel t  sect ion

Is= (Do^z*Ls*( t  + As/Ls)*A) /10.9
= (7 2.7 5' 2* 32. 447 67'* (0 .Z 13 5 4 + | . 19 / 32. 447 67 ) * 2. 428844E -04) I 10 .9
= .9574919 in^4

Avai lab le moment  of  iner t la  of  thc combined r inq-shel l  sect ion

Sbell width contributing smaller of = 4.691149

W = I . I +5t.1Po*r",
= I  .  1*Sqr(72.75 +0.25)
= 4.69 1 149 in

W = Ls = 32.44767 in'

Shel lareaAl  = W*ts = 1, .172787 i \^?

Distance to the ring neutral axis

Y2 = Rine NA + ts/z
Revision No. I
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COMPRESS 5 .5 l i : \COMPRESS\MANIFOLD\BE-5R1.VSL Sept  19 ,  1996

St i f fner  Rines (  Bel lows End)

= 1.783 + O.2512
= l.908 in

Neutral axis of combined s€ctio!

NA = As+Y2l(Al + As)
=  1 . 1 9 * 1 . 9 0 8 / ( 1 . 1 7 2 7 8 7  +  l . l 9 )
= .9609499 itr

Inertia of the shell about the combined section NA

I l = w * r s ^ 3 / 1 2 + A l * N A ^ 2
= 4.69 1 149+0.25 ^ 3 1 12 + | . 17 2'1 87 +0.9609499' 2
= I .089089 in-4

Inertia of the ring about the combined section NA

IZ __ tr + Asr,(NA - y2)^2
= 0.703 + r .19*(0.9609499 -  1 .908)^2
= I .7703 16 in'4

Total available I = Il + 12 = 2.859405 in^4

T\e 2.5x2.5x114 Eqral A vacuum stiffener is satisfactory.

Calculat ions fgr  r ing 300 in  f rom i la tum

Shell Daterial specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperatue:
External desigtr pressure :
Stiffener supported l€ngth:

SA 240 3O4L HIGH
t  =  0 . 2 1 3 5 4  i n
ts = 0.25 in
Do = 72.'15 in

= 400 deg F
P = 14.7 ps i
Ls = 48 in

B = .75+(P*Do/(r + As/Ls))
--  .75+(14.7*72.75/ (0.21354 + r .  19/48))
= 3365 .347

From tabl€ HA-3 (ring) A = 2,548763E-0a

Reauireat  moment  of  iner t ia  of  the combined r lng-shel l  sect ion

Is= (Do^!* !s*( t  + As/Ls)*A) /10.9
= (72.75'2*48.(0.21354 + | .r9t4a)*2.5487 63E-04)/ 10.9
= 1 .415768 in-4

Avai lab le moment  of  iner t ia  of  the combined r ing-shel l  seet ion

Shell width contributing smaller of = 4.691149

W = 1.1+Sqr(Do*ts)
=  1 . 1 + S q r ( 7 2 . 7 5 * 0 . 2 5 )
= 4.69 1 149 in
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COMPRESS 5 .5C : \COMPRESS\MANIFOLD\BE-5R I  .VSL Sept  19 ,  1996

St i f fne r  Rings (Bel lows End)

W = L s = 4 8 i n

Shel l  areaAl  =.W*rs= L.17278T in 'Z

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
= 1.7a3 + 0.2512
= I .908 in

Neutral axis of combined section

NA = As*Y2l(Al + As)
=  l . 1 9 * 1 . 9 0 8 / ( 1 . 1 7 ? 7 8 7  +  L . l 9 )
= .9609499 in

Inertia of the shell about the combined section NA

I l = W * t s ^ 3 / 1 2 + A 1 * N A ^ 2
= 4.691149*0.25^ 3/ l? + | .172787*0.9609499^2
= 1.089089 in-4

Inertia of the ring about the combined section NA

I Z = b + A S * ( N A - Y 2 ) ^ 2
= 0.703 + 1.19*(0.9609499 -  1 .90E)^2
= | .770316 |n' 4

Total available I - Il + 12 = 2.859405 in-4

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

Calculat ions for  r ine 252 in  f rom datum

Shell naterial specificatiori
Required shell thickness:
Corroded shell tbickness:
Shell outer diameter:
Design temperature:
External design pressure ;
Stiffener supported letrgth ;

SA 240 3O4L HIGH
t  =  0 . 2 1 3 5 4  i n
ts  = 0.25 in
Do = 72.75 in

= 400 deg F
P -  14.7 ps i
L s  =  5 0 i n

B = .75*(P*Do/(t + As/Ls))
= .75*(r4.7 +72.751(0.21354 + 1.19i50))
= 3379 .4OE

From rable HA-3 (ring) A  =  2 . 5 5 9 3 1  l E - 0 4

Required moment  of  iner t ia  of  the combined r inc-shel l  sect ion

Is= (Do^2*Ls*( t  + As/Ls)+A)/10.9
= (72.75^?*50*(0.21354 + I .  19/50)*2.5593i  1E-04) /10.9
= | .4747 in'4
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CoMPRESS 5 .5C : \COMPRESS\MANIFOLD\BE-5R1 .vsL

St i f fner  Rings (Bel lows End)

Avai lab lc  moment  of  iner t ia  of  the combined r ins-sh€l l  sect ion

Shell widtb contributiig smaller of' = 4.691149

W = ]. I *Sqr(Do+ts)
= 1.1*Sqr(72.75+0.25)
= 4.69 I 149 in

W = L s = 5 0 i n

Shell area 41 = W*rs = L.172787 it^ 2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
= 1.783 + O.25t2
= 1 .908 in

Neutral axis of combined sectiou

NA = As*Yzl(Al + As)
= l .  19*  L908/(  1  ,17?787 + l . l9)
= .9609499 in

Inertia of ttre shell about the combined section NA

I t = W * t s ' 3 / 1 2 + A l * N A ^ 2
= 4.691149*0.25^3112 + L 1727 87 *0 .9609499^ 2
= I .089089 in-4

Inertia of the ring about the combined section NA

1 2  =  I r  +  A S * ( N A - Y 2 ) ^ 2
= 0.703 + 1.  19*(0.9609499 -  1 .908)^2
= L770316 in-4

Total available I = I1 + 12 = 2.859405 in^4

T\e 2.5x2.5xL/4 Equal A vacuum stiffener is satisfactory.

S e p t  1 9 ,  1 9 9 6
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UG.2O

UG-20 DESIGNTEMPERATURE

(a) M.Ltimu'1... Except as rcquircd in UW-2(dXl).
the maximunr lenrperature used in design shall b€ nol
lcss than thc mean metal tcnrlrcralure (through the
thickness) expected under operating condirions for the
pan considered (see l-2). lf necessary. the meral rem-

l)cmture shali bc determined by conrpuralion or by
measurement fron equipment in service under equiv-
alent operating conditions,

(b) Minimum. The minimum metal rempcrarurc used
in d€sign shall be the lowest expected in service cxccpr
when lower temp€ratures are permrtred by rhc rules of
this Division (sce UCS-66). The minimum mean meral
tempc.atrrc shall b€ determined by rhe principles de-
scribed in (a) above- Considerarion shall include the
lowest operatlng tempenrture. operational upsets,
autorefrigeration, atmospheric temperature, and any
other sources of cooling lexcepr as permitted in (O(3)
belowl.

(c,l Design temp€raaur€s liskd in excess of the max-
imum temperatures listed irl the tables referenced in
UC-23 are not permined. In addition, design temper-
aturcs for vessels undcr cxtrnal pressure shall not ex-
ceed the maximum rcmperaturcs given on the extemal
prcssurc chans.

(d,l The design of zones with different metal tem-
pcmtures may bc based on their determined tempen-
rurcs.

(e/ Suggestcd methods for obtaining the opeating
tcmpcratur€ of vessel *alls in servicc arc given in AF
pcndix C-

(f) lmpact Fsting per UG-84 is nor mandatory for
prcssure vessel materials which sarisfy all of thc fol-
lowing.

(,1, The material shall bc limired ro.P-No. I, Gr-
No. I or 2, and the thickncss, as deEned in UCS{6(a),
shall not exceed that given in (a) or (b) bclow:

(a)'/z in. for metcdals listed in Curvc A of
Fig. UCS{6:

16l I in. for marerials listed in Curve B. C, or
D of Fig. UCS.66.

(?J The completed vessel shall be hydrosEtically
tcsrcd pcr UG-99(b), (c), or (k).

(JJ Design temperatur€ is no warmer rhan 650PF
nor colder than -20oF. Occasional op€rating temper-
atures coldcr than -20'F arc acceptable when due to
lower seasonal atmosphcric tcmpera(ure.

(4) The thcrmal or mechanical shock loadings are
not a controll ing design rcquiremenr. (See UG-22.)

f5l Cyclical loading is not a controll ing design re-
quiremenr (See UC-22. )

r992 SECTION Vll l - DTVISTON I uc-23

UC.2I DESIGN PRESSURE"

Vessels covercd by this .Division of Section Vlll
shall be designed for al lcast the most scvere condition
of coincident pressurc and rempcrature expected in nor-
mal operaaion. For this conditioa and for tcst condi-
tions, the marimum differcnce in pressure between rhc
inside and outside of a vessel. or bctween any two
chambers of a combination unit, shall bc considered

[sce UG-98, UG-99(e), and 3-2].

IJG.22 LOADTNGS

The loadings to be considercd in designing a vessel
shall include rhose from:

ia) internal or extemal design pressurc (as defined
in UG-21);

(b, weight of thc vcsscl and normal contents under
operating or test conditions (this includes additional
prcssurc due to static head of liquids);

{c, superimposed static reactions from weight of at-
rached equipment, such as motors, machinery, other
vessels, piping. l inings, and insulation;

(d, the anachment ol
(/) intemals (see Appeodix D);
(?) vessel suppons, such as lugs, rings, skins,

saddles, and legs (see Appcndix G);
(€, cyclic and dynamic rcactions due to prcssure or

tbermal variations, or from equipment mounted on a
vesscl, and mechanical lotdings;

(f) wind, snow, and seismic reaclions, whcrc r€-
quired;

(g, impact reactions such as lhose due to fluid shock;
(/r, tempcratur€ Eradiens and diffcrcntia.l thcrmal ex-

Daosion.

UG.23 MTXIMUM-ififfi' STRESS

(a, Thc maximum allowable stress value is the max-
imum unit stress permitted in a given material used in
a vcss€l consructed under these rules. The maximum
allowable tensile strcss values permitted for differcnt'materials 

arc given in Subpan I of Secrion It, Patt D.
A lisring of lhesc materials arc given in the fotlowing
rables. which arc included in Subscction C.

'h is r.comm.ndcd thal . surrablc maryio bc providcd ebovc lhc
p.essurc a! $hich thc vca:scl sill b. noflnrlly opc6lcd lo atlos for
probabl. Fessurc surges in thc vcsscl up lo lhc scttinS of thc Pltssurc
{chcvrng dcvtcc! (!ct t{C- | 1{rJ
"For 

thc brsrt on *hii rhc rabularc<l' iIrcr:' valucs hav. bccn cs'
tablirhcd- scc Appcndix I of Sccnon ll. Pad D.
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PART UC _ GENERAL REQUIREMEN'TS uc-23

Table UCS-23 Carbon and t w Alloy Sreel (stress val-
ues in Scction Il, Pan D, Table 3 for boking, and
Table lA for other carbon steels)

Tablc UNF.23 Nonferrous Mctals (str€ss valucs in Sec-
tion II, pan D, Table 3 for bolting, and Table lB
for othcr oonfcrrous mctals)

Tablc UHA-23 High Alloy Sreel (stress values in Sec-
tion ll, Pafl D, Table 3 for bohing, and Tabte lA
for other high alloy sreels)

Table UCI-23 Maximum Allowable Srress Valucs in
Tcnsioo for Cast lron

Tablc UCD-23 Maximum Allowablc Stress Values in
Tcnsion for Cast Ducrile lron

Tablc UHT.23 Ferdtic Srecls wirh hopenies Enhanced
by Heat Trearmcnt (strcss valucs in Sccrion ll. Pan
D. Table lA)

Table ULT-23 Maximum Allowable Strcss Values in
Tcosion for 5%,8%, and 9% Nickel Slccls and
5083{ Aluminum Alloy at Cryogenic Tcmperatures
for Welded and Nonweld€d Construcdon
(D/ Thc maximum allowablc longinrdinal compres-

sive stress to be uscd in the design of cylindrical shcUs
or tubcs, either scarnlcss or bun e€lded. subiectcd to
loadings that p,roducc longitudinal comprcssion in the
shell or tube shall be thC smifer of the following val.
ues:

{// the maximum allowable tensile strcss value
permincd in (i) above;

(2, the value of the factor B dctcrmincd by the
following proccdurc wherc

t=the minimum rcquired thickncss of the cylin-
drical shcll or 0tbc, in.

R.= outsidc radius of cylindrical shcll or rube, in.
E= modulus of clasriciry. of marcrial rt dcsign

tcmpcraturc, psi. Thc modulus of elasticity to
be uscd shall bc rakeo fmm thc applicablc na-
terials chart in Scctior U, Part D, Subpan 3.r0
(Intcrpolatiol may bc madc berwccn lincs for
idermediate rcmpcraurcs.)

Thc joint cfncicncy for bun-naldcd joints shall be rak-
en as unity.

Thc valuc of 8 shall bc dcrermincd as follows.
Slep /. Using the selccrcd values of r and R. cal-

culatc thc value of factor A using rhc following for-
mula:

Ste2 2. Using the value of i{ calculated in Srcp l.
cnter the applicablc material chan io S€ction ll, pafl

"'Norc 
rhar rhc modul!! of clalricily veluci tirtcd in UF.27 of rhis

Drvrsron shalt nor bc urcd for arial comprcssion dciign.

TABLE UG.23.1
MAXIMUM METAL TEMPERATURE FOR WHICH

FACTOR OF I2 IS APPLICABLE

Table in nhich Mataiial
ls lirt d Tcrnp., 'f

ucs-2,

ut{F-23.1
UIF-?!,?
UNF-21.3
u F-23-4
utJF-23.5

UHA.23

UHT.?]

l indrical shcll or tube.
The joint efficiency for bun wcldcd joints may bc

taxen as  unr lv .
fcl tte *aitihictniss of f, vessel computed by thesc

rules shall be determincd such lhat. for anv combi-
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300
150
900
600
600

800

700

D, Subpan 3 for the material under consideration-
Move venically to an interscclion with &e material/
temperature line for the design cmpcraturc (see UG-
20)- Interpolation may be madc between lines for in-
termediatc temperaurcs.

In cases where thc value at A falls to th€ right of
the end of the matcriaUtcmperaturc line, assume an in-
tersection with the horimntal projecrion of thc upper
end of rhe maErial/temperaturE line. For values of ,4
falling ro rh€ left of the matcridrcmpcraturc line, scc
Srcp 4.

Srep 3. From thc inrcrscction obtaincd io Stcp 2,
move horizontally to thc and rcad
factor 8. This is
stscss for

to thc left of thc
applicablc materiaUtcmpcrature linc, the valrc of I,
psi, shall be calculatcd using the following formula:

Step 5 Compa.rc dic
3 or 4.with the 6iiii
stEss in lhe cylin&ical
values of I and &. lf thc valuc of I is smaller than
th€ compured comprcssive stress, a greater valuc of r
must b€ sclcct d and thc dcsign proccdurc rlpcarcd un-
til a value of I is obtaircd which is grcatcr than the
compressive stress computcd for fte Ioeding on thc cy-

a=+



GENERAL NOTE: See Tabte HA-3 for rabutar values.

PART D - PROPERTIES Figs. tlA.3, HA-4
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PART D _ PROPERTIES Trbl€s HA-3, HA-4
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Pressure SuMoarv

I Pressure suunary for pr,essur,e chamber 1

|  |  P I  T I  NerP I  r ' r tp I  Pe IDG-ee I  ncs-66 lcol ro8io l l

I  rdent i l ie-  |  de. isD I  desis!  |  |  ler !€ l rar l  aar lo I  xD| l t r  Eredpl ioE or la l rotr lc€l

I  I  ( p E i )  l ( d e s  F )  |  ( p E i )  |  ( p 5 i )  l ( p s i )  |  l { d e g  F )  s E r . E .  B c d u c r l o n  I  ( i n )  I

t - l - t - t - t - l

l s p o o !  r - r  I  0 . 0  |  4 0 0 . 0  |  1 0 4 . 4  |  1 1 8 . 6  |  1 6 . 1  1 1 . 1 3 6  |  l u o t . p g r l c . b l e  |  0 - 0 0 0  I

l - t _ r_ r_ t_ r_ t - l

vessel MAWP hot & corroded is 104.47 psi @ 400 degrees F.

Vesse1 MAP new & cold is 118.69 psi @ 0 degrees F.

vessel allowab1e external pressure is 76.41 psi @ 400 degrees F.

Eydrotest pressure calcu-Iation based on MAIiIP

= 1.5*(I{AWP + Operating Liquid Head) *1.136 = 178 psi

Vessel hydrotest pressure is 178 psi.

I[otse: vesseMAP rating not \ralid un1ess lrvdrotest, gressure based on llAP -

3 . L 2 . L 9 9 6
REVO
v049-r-077
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Weight Suntmary

C o n p o n e D l  - - - - - _ . _ - _ _ _ - : _ _ _ - _ _ _ : - - -  * € i g b r  ( I b B )

ue la l  t te ta l  T !ay6  Packed

Ice*  Cor !  &  6uP EedB

cont r iDu l€d  by  ve-Eer  l l c reDlB

t t rau l  L ia i lg  E iP iEg t  add€r

&  D I a l

r i ,DgE OP. r  lea t  Nozz le

r  x iBc  L iqu id  l , lqu id  &  t Ig

{ 5 9

vcB.c I  op€r r t i !9  re igh t .  cor rode i l :  {59  1b3

veEE€l  e ip ty  re ig l t ,  cor io i lea t :  459 lb6

v€s6e1 € t rD ly  {€19t r t .  reP:  {59  1b6

V e . 6 e l  ! € u t  r € i g n t ,  r e x j  3 , S 1 7  l b g

vessel center of grravity location (frm right w€].d seam)

Vessel l i f t  weight, new:
center of gravity tso seam:

459  lbs
30  i n

RXVO
v049-1471
Page 11 of 56
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llrickness Sumarv

I D

( r . ! )

l,ength ton t Req t

(  1 n )  ( i t r )  ( i r ) s l r lu r  s  E  leaa (  1 r )

4 4  - 6 2 o .  1 t 7 s  0 .  1 8 1 2  0 , 3 s

Nom t
Req t
E

- vessel waLI thickness
- required wessel wal1 thickness due to governing loading
- Longitudinal seam joint efficiency

REVO
vo49-1477
Page 12 of56

Load:
internal - circ stress due to internal pressure governs
external - extsernal pressure governs
wind. - conUcined long' stress due to STATUS + wind governs
seismic - combined long stress due Eo STATUS + seismic aoverns

3  _L2 .L995



sPoo', A-1

ASUE Sect.ion VIII Division 1- 1992 Edition. A94 Addenda

ConDonents:
Material specif ication :

External design pressure :

Corrosion allowance: fnner

Cylinder
SA 240 3O4L EIGH

Pe= L4  .7 ps i  @ 400

Outer= 0

Uw-11 (b) type L
ttw-11- (b) tl4)e 1

c o r r  =  4 5 9 . 3
coff,  = 406.242

deg

in

PtflHT is not performed

Radiography: category A joints -
CaLegory B joints -

Spot
Spot

Estimated neight :
capacity:

n e w  =  4 5 9 . 3
new = 4Q6 .242

Ib
US ga

ID = 44.625 lenqth Lc= 60 t  =  A .7875 in  (new)

I!AP: (New & at O deg F) Irc9-27 (c) (1)

P = S * E * L / ( R + 0 . 5 * t )  - P s
=  1 5 7 0 0 * 0  . 8 5 * O  . 1 , 8 7 5  /  ( 2 2 . 3 L 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -
=  1 1 8 . 5 8 7 3  p s i

Desigm thickness for external pressure Pa = 14-8544 psi:

= t + Corrosion
=  0 . 1 8 1 2 5  +  0
=  0 . 1 8 1 2 5  i n

I{aximrm Aflowable External Pressure: ( Corroded e 4OO degi F)

Do/L  =  4s /0 .18L26 =  248.2622
A  =  0 . 0 0 0 2 1
B  =  2 7 6 7  . 7

D o / r = 4 5 / O . 1 8 7 5 = 2 4 0
A  =  0 .  O O O 2 2 4
B = 2954

REVO
vo49-r477
Page 13 of56

I uAvrP: (Corroded & at 4oo deg F) Ire-27(c) (1)

p = S * E * L / ( R + 0 . 6 * t )  - p s
=  1 - 4 7 0 0 * 0 . 8 5 * 0 . 1 8 7 5 /  ( 2 2  - 3 L 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -
=  1 0 4 . 4 7 3 2  p s i

El(temal Pressure: ( Coxroded & at 400 deg F) ItGi-2 8

L/Do =  7L .4375/45  =1 -  5875
From table G:
From table HA-3 :

pa= 4*B/  (3*Do l r )
=  4 * 2 7 6 7 . 7 /  ( 3 * 4 s  /  O . 1 8 1 2 5  )
= L4.8644 osj.

L /Do  =  7L .437s /4s  =L  .5875
From table G:
From table HA-3 :

3  . 1 2 . 1 9 9 6



spoot, A-1

Pa= 4*B /  (3 *Do  /  t )
4 * 2 9 5 4 /  ( 3 * 4 5 l 0 . 1 8 7 5 )
1 6 . 4 1 1 L  p s i

REVO
v049-1477
Page 14 of56
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TABI,B OF EONIErfTS

3 .2
Pressure SuTmary
weight Sumnary

1
.7

3
4

5

Thickness Sumnary
Dt.vv.L A-Z

fotal Pages In This Report
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Pressure Srllmarv

I Pressure sulrnafy foF pr.essur-e chamber 1

I  I  P  I  T  I  n A r P  I H A P  I  p "  l u e - 9 9  I  D c 6 - + 6  l c o ! . o E i o D l

I  rdeDri r le.  I  design I  desisD |  |  lexte 'D.r l  n. ! io I  l tDut  axerPl ion o!  la l ror .bcel

|  |  ( P E i )  l { d € g  F )  l ( P s i )  l ( P s i )  I  ( P 3 i )  |  |  ( i l c s  r )  6 t r € s B  R e d u c t i o q  |  { i ! )  |

t - t - t - t - t - t - l t - l
I  s p o o r ,  A - 2  |  o . o l 4 o o . o l  e 6 . 6  l r o e . s l  2 4 . 5  1 1 . 1 3 6  I  I n o t  a p p l i c a D r e  |  0 . 0 0 0  I

t _ r_ t_ t_ t_ t_ r - r t - l

Vessel MAWP hot & corroded is 95.55 psi @ 400 degrees F.

vessel MAP new & cold is 109.81 psi @ 0 degrees F.

vessel al lowab1e external pressure is 24.59 psi @ 400 degrees F.

Erirdrotests pressure ca].cu].ation based o�n I{AI{P

= 1.5* (MAWP + Operating Liguid Head) *1.135 = 164.7 psi

Vessel hydroEest pressure is 164.7 psi.

l[ote: vesse]- UAP ratirg not valid unless hldrotest oressure based on ]IAP -

REVO
vM9-1-077
Page 16 of56
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t n

tleights Surunarv

coEpoDdDt  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  
:  

-  -  -  f i . igh t  ( lba)  conc i ibu ted  by  vesae l  816re ! t .

ne !a1  l ie ta l  T r .yE Pac*ed 1 !6u I  t r in l tE  P ip l rg  Ladd. !  R ing .  OPe!  Tes t  l co t . l .

t re r  cor r  &  sup aeds  & P l . t  &  t { i6c  L iqu ia l  l . lqu i i t  &  l l9

224 224 o  O O O O 0  0  0  1791 0

2 2 4 2 2 4 0 0 0 0 0 0 0 0 1 ? 9 1

vcB6e l  opera t iDg re igb t ,  cor loa led i  2 t4  1bs

v€86e1 eoPly  e€ lgDh,  cor toded:  ??{  lba

v€6s€!  e rpEy re i ,gb t ,  Der :  22a Lba

Y e E E e l  t ' e B r  r e i g h E ,  ! e x :  2 , 0 1 5  1 b a

vessel cenLer of grravitv location {frm rights weld seam)

vessel l i f t  weight, new:
Center of gravity to seam:

224 l-bs
1 3 . 5  i n

REVO
v04�9-r-017
Page 17 of56
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t , 4

Ttrickness Swmary

rreDgtrr Nor t

{ i ! )  B

Gover ! t tE

Lo.ll staiua

Def lac t

g t l e a a  ( 1 [ )
J D

( 1 n )

2 7  . 4 3 0 . r 8 ? 5  0 . 1 4 5 4  0 - 4 5  e r a € r ! . 1

Nom t
Da.t l-

E

Load:
internal -
external -
wind
seismic

vessel rdaf 1 lhickness
required vessel wal1 thickness due to governing loading
longitsudinal seam joint efficiency

circ stsress due to internal pressure
external pressure governs
combined long stsress due tso sTAlus +
combined long stress due to STATUS +

governs

wind gowerns
seisruic governs

REVO
v{M9-r-077
Page l8 of563  .12  .1996



sPoor, A-2

O ASME Section vlII Division 1- 1992 Bdition. A94 Addenda

Conponent: Cylinder
Material specif icatsion: SA 240 304L HIGH

External design pressure: Pe= 14.7 psi @ 40A

Corrosion allowance: fnner C = 0 Outer= 0

A  =  0 . 0 0 0 2 8
B  =  3 7 0 0 . 4

PWIIT is not performed

Radiography: Category A joints -
Catsegory B joints -

spot Uv{-11 (b) type r
SpoE Uw-11 (b) type 1

Estimated weight :
capacity:

new =  224.5  cor t  =  224.5  ]b
'J:ew = 2!4.744 corr = 2L4.744 US ga

L U  =  + 6 - Z ) lenqth Lc= 27 .r3 t  =  0 .1875  i n  (new)

UAP: (Nes & at O deg F) Irci-27(c) {1)

P = S * E * L / ( R + 0 . 6 * t s )  - P s
=  1 6 7 0 0 * 0 . 8 5 * 0 . 1 8 7 5 /  ( 2 4 . L 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  1 0 9 . 8 1 1 8  D s i

I 
HAWP: tcorroded & at 400 deg Fl UC-27(c) (1)

P = S * E * I / ( R + 0 . 6 * t s )  - P s
=  L 4 7 0 0 * 0  . 8 5 * 0  . L 8 7 5 /  ( 2 4 . L 2 5  +  0  . 5 * 0  . 1 8 ? 5 )  -  0
=  9 5 . 5 5 0 6 s  p s i

hftelmal Pressure: {Corroded & at 4OO deg F) tre-28

L/Do =  39 ,77L67/48 .525 =0,8055 Dor / t  =  48 .625/0 . !4541 =  334.2614

A  =  0 . 0 0 0 4
B  =  4 7 8 3 . 3

deg

in

REVO
v049-1417
Page 19 of56

From table G:
From table IIA- 3 :

Pa= 4*B/  (3*Do l t )
=  4 * 3  7  0 0  . 4 /  ( 3 * 4 8 . 6 2 5 / O . 1 4 5 4 7 )
=  1 4 . 7 6 0 5  p s i

Desigm thickness for external pressure Pa = 14-7605 psi:

= t + Corrosion
=  0 . 1 4 5 4 7  +  0
= 0 .L4541 in

Maximrm Al-]-orrab].e &(tsernal- Pressure: (Corroded @ 4OO deg F)

L / D o  =  3 9 . ! 7 ] - � 6 7 / 4 8 . 6 2 s  = 0 . 8 0 s 6  p o / t  =  4 8 . 6 2 5 / 0 . 1 8 7 5  =  2 s 9 . 3 3 3 3
From table G:
From tabfe HA-3 :

3 - 1 2 - 1 9 9 6



zo

sPool, A-2

pa= 4*B/ (3 *Do,/ t )
=  4 *  47  83 . .3  /  ( 31 ,48  .625  /  0  .  18  7  5  )
=  2 4 . 5 9 2 8  p s i

REVO
v049-1477
Pag€ 20 of 56

3 .L2 -L995



z1

TABI'B OF CONTENTS

3.3

sPoor., A- 3

Pressure Sulnnal'y
weight SunErary
Thickness Sunrnary

I

2
5
A

5Total" Pages In This Report
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Pressure Sumary

t Pressure sulmlar-y for pr,essur.e cbamber 1

I  P  I  T  I  r i a r P  l x a P  I  P .  l E c - t e

I  d e s l E r  I  d € . i e n  |  |  l e x t o l l r l l  R a r i o

I  ( p s t )  I { d € s  F )  |  ( p 6 i )  |  { p e i )  |  { D 6 i )  |

I Itcs-55 lco.ro8ion I

I  tDnt  Ex.spl io!  o!  la l ror t lc .  I

I  (des E) gt leEs noducl ion |  ( i r )  |

| - | - | - l - | - | -

I  sPoor, a-l
I

|  0 . 0  I  4 0 0 - o  |  9 6 - 6  |  r o 9 - 3  |  2 0 - s  l r . 1 a 6  |

t _ l - l - l

Vessel MAWP hot & corroded is 96.55 psi @ 400 degrees F.

Vessel MAP nerd & cold is 109.81 psi @ 0 degrees F.

vessel al1owab1e excernal pressure is 20.54 psi @ 400 degrees F.

Eydrotest E ressure calculation based on I{AIYP

= 1.5*(MAI{P + Operating Liquid Head) *1.135 = 154.7 psi

Vessel hydrotest pressure is 164.7 psi.

l[ote: vesse]- l.tAP rating uot. va1id unless hvdrotest pressure based on MAp-

I  ot  appl tcaDr€

REVO
v049-1-07?
Page22 ol fi

3  .12  .1996



weight Sunmary

c o b p o n e r t  - - - - - - - - - - - - - - : - - - - - -  - t . - - -  r e i g n t  ( l b 6 )

! l€ la l  } '€ ta1  T laya  Pac lce i t

!€ r  cor !  &  auP Beda

cor r r ibured  by  vea661 E leEet r ta

t rsu l  L iD ing  P ip lDE raddef

I  P fa t

R j ,Dgs  opeE tea t  Xozz l€

& MlBc l , iqu id  r r igu j ,d  e  l l9

t 2 6

v€ss€1 o?e! ! t i lg  re ig l t ,  cor ro i ted :  3 t5  1b6

ve. re l  eDpty  f ,e ig l t t ,  cor roded:  325 lbs

968.e1  eopty  ve igh t .  nes :  326 tbE

v e g g e l  t . a t  r e l g h t ,  h e { :  2 , 9 2 5  L b a

vessel l i f t  weight, new:
CenEer of gravity to seaml

325 1bs
19 .7  in

REVO
v049-l-017
Page 23 of56
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Tlriclrress Surnnarv

l e lg th  l lo$  t

{ 1 ! )  a

ID

(  i D )

covcr r lng

Lora l  g t r tuB a t r .aa I t d )

4 A  . 2 5 3 9  , 3 7 o - 1 5 s 1  o . a s  G r B e l D a l

Nom t
Req t
E

Load:
internal
externa1
wind
^  ^ . i  ^ - . i  ^

vessel r,{a11 tshickness
required vessel wal-1 thickness due to gioverning loading
longitudinal seam joint efficiency

- circ stress due to internal pressure gioverns
- external pressure governs
- combined long stress due to STATUS + wind governs
- combined ]-onq st,ress due tso STATUS + seismic governs

REVO
v049-1477
Page 24 of56

3  . 1 2  . 1 9 9 5



t ASME Sectsion vrII Di.viqion 1. 1992 Edition. A94 Addenda

Component:
Material specif ication :

External desigm pressure:

Corrosion al1or'rance: Inner

From tabl-e G:
From table IIA-3:

Pa= 4*B/ (3*Dolt)
-  4 * 3 2 7 3  . ?  /  ( 3 * 4 8 . 6 2 s / O . 1 5 5 1 9 )
=  1 4 . 8 2 8 7  D s i

Radiography: Category A joints - spot Uw-11 (b) type
Cacegory B joints - Spot ItW-11 (b) type

l_
1

Estimaled weig:ht :
capaciEy:

n e w  =  3 2 5 . 8  c o r r  =  3 2 5 . 8  1 b
new =  311 .558 cor r  =  311 .668 US ga

I D  =  4 8 . 2 5 leng th  Lc=  39 .375 c  =  0 .1875 in  (new)

IIIAP: {Nes & at O deg F) Ue-27(c) (1)

p = S * E * L / ( R + 0 . 6 * t )  - p s
=  1 6 7 0 0 * 0  . 8 5 * O . L 8 7 5 /  ( 2 4 . a 2 5  +  0 ' 6 * 0 . 1 8 7 5 )  -  0
=  1 0 9 . 8 1 1 8  p s i

uAnP: (Corroded & at 4oo deg F) UG-27(c) (1)

p = S * E * L / ( R + o . G * t )  - p s
=  1 4 ? 0 0 * 0  . 8 5 * 0  . 1 8 7 5 /  ( 2 4 . L 2 5  +  0 . 5 * 0 . 1 8 ? 5 )  -  0
=  9 6 . 6 5 0 6 5  p s i

bftema]" Pressure: (Corroded & at 4O0 degr F) Irc-28

L/Do =  5a .4 : -666/48-625 = ! .0574 Do/ t  =  48 .625/o .16s19 =  294.3se

sPoor, A-3

From tabfe G:
From Eable IIA-3 :

3 -L2.L995

Cyl inder
SA 240 3O4L HIGH

Pe= 74.7  ps i  @ 400

C = 0  O u t e r =  0

PWIIT is not performed

A  =  0 . 0 0 0 2 4 8
B  =  3 2 7 3 . 7

A  -  0 . 0 0 0 3 0 2
B  =  3 9 9 4 . 1

deg F

in

= t + Corrosion
=  0 . 1 6 5 1 9  +  0
=  0 . 1 6 5 1 9  i n

Maximrm Af]-owable E<teraal Pressure: ( Corroded @ 4oo deg F)

L / D o  =  s L . 4 L 6 6 6 / 4 8 . 6 2 s  = L . O s 7 4  D o / t  =  4 8 . 6 2 s / O . L 8 1 5  =  2 5 9 - 3 3 3 3

REVO
v049-r-077
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2 c

sPool A-3

Pa= 4*B/ ( 3 *Do/r )
=  4 * 3 9 9 4  . L /  ( 3 * 4 8  . 6 2 5 / O . l _ 8 7 s )
=  2 0 . 5 3 5 2  p s i

REVO
v049-7-077
Page 26 of56
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TABLB OF COI{|:TEIi|"TS

n*3="rrt" surma y
Weight Suunary

l_
2
5
A

5

Thickness Sumnary
SPOOL A-6

Total- Pagies In Ttris Report

REVO
v049-t417
?z9e27 of56
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Pressure Sutrmary

Pressure sumlary for pr,essure chafiber 1

|  ( i E )  |

t - l
I  o , o o o  I

I  p I  T I  r {are I  xaP I  P.  lDe-99

I  desisr  I  desisD |  |  lex lerDal l  e l t lo

I  t p e i l  1 1 a " "  ? )  |  ( p 6 i )  |  ( p 6 i )  |  ( p B r )  |

llDtlT lxeoptlon or

(a teg  F l  s i re rB Rca luc t ron

s P o o t  a - 6

l - l - t - l - l - l - l
|  0 . 0  I  . r 0 0 . 0  |  e 5 . 5  |  t o e . a  |  1 s - o  1 1 . 1 3 6  |

t - t - t - l - l - l - l - l

Vessel MAWP hot & corroded is 96.66 psi @ 400 degrees F.

Vessel MAP new & cold is 1"09.81 psi @ 0 degrees F.

Vessel allotrable external pressure is 18.07 psi @ 400 degrees F.

Eydrotest pressure calqulat.ion based on Ir{AIiIP

= 1.5* (MAWP + Operating Liquid Head) *1.136 = !64.7 ps!

VesseL hydrotest pressure is 164.7 psi,

l{ote: veslreI I'IAP rat i-ug not valid unless hldrotest pressure based on UAP -

REVO
v049-1417
Page 28 of 55

l { o t . p p l i c l b l e
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t q

c o E p o t r € n t  . - - - - - - - - - - - - : - - - - - - - t . - - -  I r e i E b r  ( l b 3 )

uetal  aetat  ar .yr  ra.ked

llee corr & 3uP Beila

Weight. Sr[lmary

coDt r ibu led  by  veEEel  B lcEenrs

tDEul  l in i lg  P ip iDg L t i tde t Rlnga oD.r  Test  noz: le

& I ' t lac l lqul{ t  , lguJar e ! r9

spool  a-6 3 0 3 t

ve66e1 op€rar ing  *e iEbt ,  co l roa le< l :  381 lbE

l t€66e1 eDpty  *e igh t ,  cor roded:  38r  lbs

v€sse l  eDPly  r€ ig t t ,  [e r :  3a l  t ] rE

v € s s e l  l e a t  r € l g b ! ,  n e r :  3 , a 1 a  I b E

Vessel center of gravity location (frm right reld seam)

3 0 3 7

REVO
v049-r4n
Page 29 of56

Vessel lifts weight., new:
Cenler of gravity to seam:

381 lbs
23 in

3 . L 2 . L 9 9 6



? ^

ltriclmess Surnnary

(  i D )

LeEgtn r'ob t Req I

( i D )  ( i r )  (  i n l erarua streaa t  1 ! )

4 8 . 2 5 0 . 1 a ? 5  0 , 1 ? 3 r ,  0 . 6 5

Nom t - vessel wa11 thickness
Req t - required vessel rrral L tbickness due to governing loading
E - longitudinal seam j oint. efficiency

Load:
internal - circ stress due to internal pressure governs
external - external pressure governs
wind - codbined long st'ress due !o STArUS + wind governs
seismic - combined long sEress due to STAT1IS + seismic governs

REVO
vo49-l-077
Page 30 of56

4 6 .  O 0
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sPoot A-5

I AsIuB section VIII Division 1. 1992 Bdition. A94 Adalenatia

Component: Cylinder
MaLerial specif icaEion: SA 240 304L HIGH

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

Corrosion allowance: Inner C = 0 Outer= 0 in

PIIHT is not performed

Radiography; Category A joints - Spot ttw-l-1 (b) tlpe 1
Category B joints - Spot Uw-11 (b) t],.I)e 1

Estimat.ed weight: new = 380.5 corr = 380.5 lb
capac i ty :  new =  364.108 co f f  =  354.108 US ga

rD =  48 .25  length  Lc= 45  t  =  0 .1875 in  (new)

UAP: (t{ew & at O deg F) ItG-27 (c) (1}

P = S * E * t / ( R + 0 . 6 * t s )  - P s
=  1 6 7 0 0 * 0 . 8 5 * 0 . 1 8 7 5 /  ( 2 4 . ! 2 5  +  0 . 5 * 0 . 1 8 7 5 )  -  0
=  1 0 9 . 8 1 1 8  p s i

I 
lrarp: {corroded e at +oo deq rr re-zz(cr tl-t

P = S * E * I / ( R + 0 . 6 * t )  - P s
=  1 4 7 0 0 * 0 . 8 5 * 0 . 1 8 7 5 /  ( 2 4 . 7 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  9 5 . 5 5 0 6 5  p s i

E<tetma]- Pressure: ( Corroded & at 400 deg F) Irc-28

L / D o  =  5 8 . o 4 L 5 6 / 4 8 . 6 2 5  = L . 1 9 3 7  D o / t  =  4 8 . 6 2 s / o . L 7 3 L !  =  2 8 0 . 8 9 0 8
From tab le  G:  A  =  0 .000237
From table HA-3: B = 3L27.t

Pa= 4*B/  (3*Do l r )
=  4*3L27 .L /  (3*48 .625/0 . f i3a t )
=  1 4 . 8 4 3 7  p s i

Desigm thiclsEss for extea^nal pressure Pa = 14-8437 psi:

= ! + Corrosion
=  0 . 1 7 3 1 1  +  0
=  0 . 1 7 3 1 1 -  i n

Maxiuum Allorrable b(tema]. Pressure: (Corroded @ 4OO deq F)

L / D o  =  5 8 . O 4 L 6 6 / 4 8 . 5 2 5  = L . L 9 3 7  D o / E  =  4 8 . 6 2 s / O . 1 8 7 5  =  2 5 9 . 3 3 3 3
FroR tab le  G:  A  =  0 .000266
From tab le  EA-3 :  B  =  3513.7

REVO
vM9-l-o77
Page 3l of56
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sPooL A-5

4*B /  (3 *Do /E)
4 * 3 5 1 - 3  . 7  /  ( Z * S e  . 6 2 5 / 0  . L 8 7 5 )
1 8 . 0 5 5 3  p s i

REVO
vo49-t477
Page 32 of56
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4 ,2

TABLE OF EOTffEIITS

J . - )
Pressure Sumnary
WeighC Sumnary

L
2
3

f,

Thickness Sumnary
sPool, A-12

Total Pages In This Report

REVO
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Pressure Sumrarl.

a Pressure surmary for pressure chanber 1

I  r 1D)  |

t - l

I  o . o o o  I

t - l

l P l T l u a f l r l n A P

I deeigr  I  deEis!  I  I

I P. I n6--49 |

lexterDrr  I  R. t io I axGbpt io r  o r

(deg F)  s t reaa Reduct toD|  ( p 6 i )  l ( d e E  F )  I  ( p e i )  |  ( p E i )  |  ( p E i )  |  |

t - t - t - t - t - t - l
|  0 . o  |  4 0 0 . 0  |  9 5 - 5  |  1 0 9 . 8  |  r 3 . 0  |  1 . 1 3 5  I

t _ t _ t _ t _ t _ t _ t _
l r o t . p p l i c . b l e

Vesse1 MAWP hot & corroded is 96.66 psi @ 400 degrees

Vessel MAP new c cold is 1-09.81 psi @ 0 degrees F.

Vessel allowabl-e external pressure is 18.07 psi @ 400

El/droLest pressure ca]-cu]-ation based ou I{ArP

= 1.5* (MAWP + OperaLing Liguid Head) *1.136 = 164.7 psi

Vessel hydrotest pressure is 164.7 psi.

degrees F.

Note: vessel llAP rating [ot rralid unless hydrotest pressure based on lBP.

REVO
v049-1477
Page 34 of 56

F .

3 -L2 -1995



a 1 -r )

Weiqht Suflmarv

O cospoDest -  -  -  -  -  -  -  I  -  -  -  -  -  . -  -  -  -  -  -  -  - - :  -  -  -  
-$eighE { . rb6) contr ibuted by ve€set  BlereutE

x e t a l  r r e t a l  f f a y 6  l a c k e d  I n 6 u ] ' E D l D g  P i P i r g  L . d i l e r  R i [ E s  o P a !  t e 6 t  l r o t z l e

rev  Cor r  &  Eup B€de & P la t  e  l i i sc  L iqu id  t iqu id  &  ! l ,E

sPool  . - r2 3al  3ar,  o o o 0 0 o 0 0 3037 0

3 a 1  3 a 1  o  o  o  o  0  o  o  0 3 0 3 ?  o

v€s6e l  op€ra i ing  x€1Eht ,  co l roded.  38r  lb8

veEset  eepEy ve igb t ,  co . loded:  38r  lb6

ves .e t  e rpEy ve igh t ,  sev :  361 lba

v . a . e l  t e B t  r e i g h t ,  ! e x :  3 , a 1 8  l b s

Vessel center of grrawity location ( frmt right weld seam)

Vessel l i f t  weights, new:
Center of gravity to seam:

381 lbs
23  i n

R.EVO
vo49-t477
Page 35 of56
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? /

lbickness srrmarv

t ergih {onr c

( i D )  { 1 . D )(  i n ) { 1 [ )  B

cove.D lDg

Load s la luE a ts teEa

4 8 . 2 5 0 - 1 4 7 5  o - 1 ? 2 4  0 - a s  e x r r l l a l

Nom t
Pa.r l_

E

Load:
internaL
external
wind
seismic

vessel wal-1 thickness
required vessel eratl thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due !o internal pressure governs
- external pressure governs
- combined long stress due to STATUS + wind goverlls
- combined long stress due to STATUS + seismic governs

R.EVO
vM9-1477
Page 36 of56
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SPOOL A-12

t ASffi Section \rrlr Division 1. 1992 Edition. A94 Addenda

Component: Cllinder
Material- specif icat ion: SA 240 304L HIGH

External design pressure: Pe= 14.7 psi @ 400

Corrosion allowance: Irrner C = 0 Outer= 0

PY{IHT is not performed

Radiography: Category A joints - Spot iX,f-11 (b) t)T)e 1
Category B j oint.s - spot lIw-ll (b) L)rye 1

Estimated neight: new = 380.5 corr = 380.6
capac i l l r :  new =  364.108 co f r  =  364.108

T D  =  4 8 . 2 5 Length Lc= 46 U  =  0 . 1 8 7 5  i n  ( n e w )

IrIAP: (l[en & at o deg F) IE-27(c) (1)

P = S * E * L / ( R + 0 . 6 * L )  - P s
=  1 6 7 0 0 * 0 . 8 5 * 0 .  L 8 7 5 /  ( 2 4 . a 2 5  +  0  . 6 * 0  . 1 8 7 5 )  -  0
=  109 .811_8  ps i

A  =  0 . 0 0 0 2 3 6
B  =  3 1 1 3  . 8

A  =  0 . 0 0 0 2 5 5
E  -  ? q l  2  ?

deg

in

REVO
v049-l-077
Page 3? of 56

1b
US ga

Desiqn thickness for external E ressure Pa -- 14.7277 Dsi:

= t + Corrosion
= O .L7249 + O
= O .L'1249 tn

Maxinrm Allowab]-e B<ternal Pressure: {Corroded @ 40O deg F)

L / D o  =  s 8 . o 4 t 6 6 / 4 e . 6 2 5  = L - 1 9 3 7  D o / r  =  4 8 . 6 2 s / o . L 8 7 5  =  2 s 9 . 3 3 3 3

t 
IuawP: (corroded & at 4oo deg F) rre-27(c) (1)

p = S * E * E / ( R + 0 . 5 * g )  - p s
=  1 4 7 0 0 * 0 . 8 5 * 0 .  L 8 7 5 /  ( 2 4 . L 2 5
=  9 6 . 5 6 0 5 5  D s i

+  0  . 6 * 0  . 1 8 7 5 )  -  0

B<ternal Pressure: {Corroded & at 4OO deg F} Ire-28

L /Do  =  58 .04766 /48 .62s  =L . ] -937  Do /E  - -  48 .625 /0 .11249  =  281 .9004
From table G:
From tabl-e HA- 3 :

Pa= 4*B/  (3*Do l t )
-  4*3113 .e /  G*48.625/O. ] - '1249)
=  14  .7277 ps i

From t.able G:
From table HA-3 :

3  -L2 . t996



l
I

sPool, A-12

Pa= 4*B/ ( 3 *Dolt )
=  4 * 3 5 L 3  . 7  /  ( 3 * 4 8 . 6 2 5 / 0 . r c 7 5 )
=  1 8 . 0 6 5 3  p s i

REVO
vo49-1477
Page 38 of 56
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TASLE OF CONTEITTS

3 . U
Pressure Suffinary
Weight Sumnary

5

Thickness Sunmary
sPoot A-13

Total Pages In This Report

REVO
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Pressure Suutrary

t 
pressure sugtra}-y for pTessu€e chamber 1

|  |  p  I  r  I  N A { p  l r A p  I  p "  l o 6 - 3 e  I  D c s - + 6  l c o r r o s i o D  I

I  ldenl i r ie!  |  de. isr  I  dcsisa I  I  lexternal l  t . ! !a I  tDUt Bx€dpt lon o!  lar . rof . rcc I

|  |  ( P s i )  l ( d e s  F )  |  { p E i )  |  ( p s 1 )  I  ( p c l )  |  |  ( d c g  F )  s l r . s s  R e d u c t i o u  I  ( i D )  |

t _ t _ t _ t _ l
I  B p o o r ,  a - r 3  |  o . o  I  4 o o . o  |  1 1  . r  I  s 7 . 6  '  r 9 . s  I  r - 1 3 6  |  t  N o E  l p p r i c . b l e  I  o . o o o  I

l - l - l - t_ t_t_t_t_t_

Vessel MAWP hot & corroded ls 77.L6 psi @ 400 degrees F.

Vessel MAP new c cold is 87.66 psi @ 0 degrees F.

vessel al lowable external pressure is L9.55 psi @ 400 degrees F.

Hydrotest oressure calculation based on HAHP

= 1.5*(MAWP + Operating Liquid l lead) *1.135 = l-31.5 psi

Vessel hydrotest pressure is 131.5 psi.

Note: vessel l,lAP rating not \ralid unless hvdrotest, pressure based on IqAP.

REVO
v049-1477
Page 40 of56
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4 l

Weight Suluoarv

c o a l ' o a e l t  - - - - - - - - - - - - - : - - - - - - - : - - -  L e i g h t  ( 1 b B )

r ieEaI  l re rar  , r f rya  Prcxed

r.e{ coff & 6up Beda

cont r ib l red  by  veeBe l  a leDeat6

In6uI  n in iDg P iP iDg t r rda l€  !

a  P l . i

R i l rgE OI 'e r  Te6t  Notz le

& t r i .Bc  L iqu id  r , iqu i i l  &  !19

s P o o l  a - 1 3

vesse l  ope laE i !9  ,e igh t ,  co l roded:  234 lba

v€B€e l ,  € [p ty  re lgb t ,  cor rod€a l i  234 lbg

v€aE€l  esF ly  r€ i .gh t ,  Der :  234 lba

v c B B e l  E e . !  r € i g l E ,  ! € x :  2 . 6 2 s  7 b a

vessel center of grravity location (from riqht weld seam)

2347

Vessel- l i f t  weight, new:
center of gravity Eo seam:

238 lbs
1 1 . 5  i n

REVO
v049-1417
Page 4l of 56
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llliclmess Sutrmary

compoDgr t  ID  Length  No!  t  Req t  to iDt  Gov€r . lng  Def lec t

I q e a t i l i e r  ( i D )  ( i a )  ( i D )  ( i b )  B  l o a a t  s t . l u r  s t r o a c  ( 1 r )

g p o o l  a - 1 3  5 0 . 5 0  1 3 . 0 0  0 . 1 6 7 5  0 . 1 6 r ?  o . 8 s  e x ! € r n l l

Nom t - vessel wall- thickness
Req t - required vessel waIl 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 stsress due to STATUS + wind governs
seismic - co ibined long stsress due co STArUS + seismic governs

REVO
v049-1417
Page 42 o156
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sPooL A-13

I AsuE section VIII Division 1. 1992 Edition- A94 Addenda

component: Cylinder
Material specif icat ion: SA 240 304L HIGH

Extsernaf design pressure: Pe= L4.7 psi e 400

Corrosion allowance: Inner C = 0 Outer= 0

PWHT is noE performed

Radiography: Category A joints - Spot IJl{-11 (b) t}rpe 1
category B joints - spot llw-11 (b) rype l-

Estimated weigiht :
capaciEy :

From table G:
From table HA-3:

Pa= 4*B/ ( 3 *Dolt )
=  4 * 4 l - � 6 7  . 7 /  ( 3 * 6 0  . 8 7 5 / O . L 6 2 7 )
=  1 4 . 8 5 2  p s i

new = 238.4 corr = 238.4 1b
new = 285.231- coff = 286-23t US

A  =  0 . 0 0 0 3 1 5
B = 4L61 .7

A  =  0 . 0 0 0 3 8 9
B  =  4 7 5 9 . 9

deg

in

R]EVO
v049-1-077
Page 43 of 56

ga

f D  =  5 0 . 5 l-ength lrc= 23 t  =  0 .1875  i n  (new)

UAP: (New & at O deg F) IE-27(c) (1)

p = S * E * I / ( R + 0 . 6 * t )  - p s
=  1 5 7 0 0 * 0 . 8 5 * 0 . t 8 7 5 /  ( 3 0 . 2 5  +  0 , 5 * 0 . 1 8 7 5 )  -  0
=  8 7 . 6 5 9 5 3  p s i

I uaI|P: tcorroaea e at eOo aeq pl UG-Zzfcr trt

P = S * E * L / ( R + 0 . 6 * t )  - P s
=  1 4 7 0 0 * 0  . 8 5 * 0 . 1 8 7 5 /  G O , 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  7 7 . 1 6 1 3 8  p s i .

B(Ler:nal Pressure: ( corroded & at 400 des F) uG-28

L l D o  =  3 7 . 0 8 3 3 3 / 6 0 . 8 ? 5  = 0 . 5 0 9 2  D o / r  =  6 0 . 8 7 5 / O . ] - 6 2 7  =  3 7 4 - 1 5 4 9

= t + Corrosion
= 0 .162'7 + O
=  O. ] - � 627  l n

tila:<im]m A"].lowab1e Efteranal Pressure: (Corroded @ 4OO deg F)

r , / D o  =  3 7 . 0 8 3 3 3 / 5 0 . 8 7 5  = O - 6 O 9 2  D o / X  =  6 0 . 8 7 s / O . 1 8 7 5  =  3 2 4 - 6 6 6 7
From table G:
From table HA-3:

3  -L2 .L996



1ll

sPoot .A.- 13

4*B/  (3*Do l t )
4 * 4 7 5 9 . . 9 /  ( 3 *  6 0 , 8 7 5  /  0 . 1 - 8 7 5  )
1 9 . 5 4 7 8  p s i

REVO
YO49-1477
Page ,14 of 56
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1 5

TABLB OF COI\t'fEr'ruS

s."1
weight Sununary
Pressure Surmnry l-

z

4

5

Ttrickness Sumnary
sPoor, A- 14

Total Pages In This Report

REVO
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Pressure Snman/

I Pressure srnurary for p essurF chafiiber 1

l P l t l r ' t A r P

I  d € s i s D  I  d € s i e n  I

I  ( P e i )  l { d e s  r )  I  t P s i )

I sPoor r-r. I  o - o  |  . o o - o  I  r o a - 4

I Pe I se-ee

lexrernEl  I  Ra! io

( P E t )  |  ( 9 B i ]  |

r r g . 5  |  2 0 . e  1 1 . 1 3 6  |

I
I rDrr

|  (deg r)

scs-<6

|  ( i n )  I

t - l

|  0 . 0 0 0  I

s t reEE Bedu. ! ioE

l r o ! . p p l i c a b l .

t_ t_t_t_t_t_t_,_

vessel MAWP hot a corroded is 104.47 psi @ 400 degrees F.

Vessel- MAP new & cold is 118.69 psi @ 0 degrees F.

vessel al lowable external pressure is 20.93 psi @ 400 degrees F.

Eydrotest pressure ca]-cu].ation based on MAWP

= 1.5* (t tAWp + Operatsing t iquid Headl*1 .!36 = 178 psi

Vessel hydrotest pressure is 178 psi.

Note: vessel llAP rating not valid un]-ess hldrotest pressure based on IGP -

REVO
v049-l-077
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tt,7

c o E p o r € D r  - - - -  - - -  - -  -  -  - - : - - - - - - - : . -  - -  r e i g h i  ( I b . )

ue tar  l i s t r l  T lay6  Packed

Ner  Co! !  I  suP B€dt

weight Sunmarv

coDt t ibure i l  by  ve6ae1 B leDe l ra

In6u l  t  1 ! ing  F iP iaE La l lde ! R i lgs  oP€r  Teat  Nozr le

r  n iEc  L lqu i t l  r , iqu id  E  l tgr  p l . t

vetBet  opera t i lg  * . iEbr ,  co l roded:  f46  Ib5

v€Bae l  e [p ly  re tgh t ,  cor rod€d:  346 lba

veus€ l  € rPty  r€1Ebt ,  D€x :  3 {6  lDB

t e E E e ] .  t e E !  r e i g l t ,  D . e :  2 , a 9 4  I D B

vessel center of grravity location (frm right weld sean)

REVO
vo49-1477
Psge 47 of 56

vessel l i f t  weight, new:
center of gravity to seam:

345 lbs
2 2 . 6  i t
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4E

Ihiclmess Sutrmarv

CoDporent  ID  L6rg t !  Not r  !  R€q t  Jo i lE  Goe€r l idg  De l lec t

I i te t r t i f ie !  t iE l  ( iD)  { iD)  { iu )  I  ! .o !d  s tE tu€  s t rosa  ( iD)

s p o o l  a - 1 4  1 4 . 6 2  a 5 . 1 9  0 . 1 8 7 s  0 . 1 6 3 3  O . a 5  € : ( r e r ! a l

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

Load:
intsernal - circ stsress due to intsernal pressure govems
extsernal - external pressure governs
lqind - combined long stress due to STATUS + wind g:overns
seismic - combined long stress due tso STATUS + seismic governs
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sPoor, A-14

I Asi{B secLioa uIII Divis.ion 1-. 1992 Bdition. A94 Aalclenda

Component: Cylinder
MaLerial- specification: SA 240 304L HIGi{

External desigm pressure: Pe= 14.7 psi @ 400

Corrosion allor ance: Inner C = 0 Outer= 0

PWHT is noE performed

Radiography: category A joints - Spot. uw-11 (b) type
category B joints - spot ltw-11 (b) type

deg F

in

1
1

Estimated weight :
caDac itsv :

n e w  =  3 4 5 . 9
n e w  =  3 0 5 . 9 5 8

cor r  =  345.9  lb
cor r  =  305.968 US

TD = 44,625 length l rc= 45.19 t  =  0 .1875  i n  (new)

IIIAP: (lilew & at o deg F) ItrGi-2?(c) (1)

p = S * E * t / ( R + 0 . G * t )  - p s
=  1 6 7 0 0 * 0  . 8 5 * O  - L 8 7 5 /  1 2 2  - 3 1 2 5  +  0 . 5 * 0  . 1 8 7 5 )  -  0
=  1 1 8 . 6 8 7 3  p s i

ItlAtfP: { Corroded & at 4OO deg F) Irc}-27 (c) (1)

p = S * E * L / ( R + 0 . 6 * t )  - p s
-  1 4 7 0 0 * 0 . 8 5 * 0 . t 8 7 5 /  Q 2 . 3 1 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  1 0 4 . 4 7 3 2  p s i

E:rternal Pressure: ( Corroded e at 4OO decr Fl IrC-28

L/Do =  56 .627s /4s  =1  .2584
From Eable G:
From table IIA- 3 :

Pa= 4*B/  (3*Do l t )
=  4 * 3 0 4 7  . 2 /  e * 4 5 /  O . 1 5 3 3 1 )
=  14 .7448 ps i

Do/ t  =  45 /O.1633L =  275.5496
A  =  0 . 0 0 0 2 3 1
B -  3O4 '7 .2

D o / E = 4 5 / o . ! 8 7 s = 2 4 0
A  =  0 . 0 0 0 2 8 5
B  =  3 7 6 7 . L

REVO
v049-1-077
Page 49 of 56

= ts + Corrosion
=  0 . 1 6 3 3 1  +  0
=  0 . 1 5 3 3 1  i n

Itlaximrm Allowable Erterpal Pressure: (Corroded @ 400 deq F)

L / D o  =  s 6 . 6 2 7 5 / 4 5  = L  . 2 5 8 4
From table G:
From tabl-e HA-3 :

3  -L2 .L995



fo

SPOOL A-14

Pa= 4*B/ (3*Dolt)
=  4 * 3 7 6 7  . L /  ( 3 * 4 5 / 0 . l _ 8 7 s )
=  2 0 . 9 2 8 3  p s i
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TABI,E OF CONTBITS

e e
Pressure Sumarv
Weight SunEnary

1
2

4

5

Ttrickness Sufinarv
sPool A-15

Tota1 Pages In This Report
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v049-1477
P.ge 5l of 56

3 -L2 -1996



Pressure Sunurarv

I rressure srmmafy for priessure chatriber 1

I  { i D )  |

|  0 . 0 0 0  |

l - l

I  P  I  r  I  u a n P  l u a P  I  F e  l o c - 9 9  |  u c s - 6 6

I desiEn I desrgr I  I  lexretnlr l  Ratlo |  $o&a Ex.nptlo! or

|  ( p s t )  l ( d e g  F )  I  ( p . i )  I  ( p e i )  |  ( p s i )  |  |  { d c s  r t  E t r . . s  a e d u c t i o n

I  SPOOT A-15 I  o - o  I  4 0 0 . 0  |  9 5 . 5  |  1 o r . s  |  2 , t . 9  1 1 . 1 3 6  | I  roE rppr icable

t_ t_t_t_t_t_t_ l

vessel NIAWP hot & corroded is 95.55 psi @ 400 degrees F.

vessel MAP new & cold is 109.8L psi @ 0 degrees F.

VeEseI al lowalr le external pressure is 24.94 psi @ 400 degrees F.

Elndrotest pressure ca]-cu].atiou based on I!{AM

= 1.5* (MAWP + Operating t iquid Head) * l- .135 = 154,7 psi

VesseL hydrotes! pressure is 164.7 psi.

Note 3 vessel UA.P ratinq not va1id un]-ess hlnalrotest. pressure based on IqAP -

REVO
vo49-1477
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corporeDt  - -  -  - -  -  -  -  -  -  -  - -  
:  

-  -  - - - - -_ - - -  -  
_ ' re igb t  

( lbE)

I ' l€ la l  u€ la l  t rays  P lcked

N€r  Cor r  &  Eup D€d ls

Weiqht Sumant

coEt r ibu ted  by  veas€ l  Er€ leDlE

t !su l  t J in lng  P i .F i lg  l rdder R iDgs oP€!  Teat  fo .z le

& t i sc  l iqu id  l , igu id  &  t19& p la !

20r

2 0 1

ve.Ee l  oper l t i rg  re igh t ,  Eo l ro4e i l :  2Or  lbE

r reB.e l  eDpty  re lghr .  co l roded:  2Or  Ib6

ve68e1 eapty  {e j ,gh i r  D€r :  201 1b6

1 / e a 6 e 1  r e 6 t  r e i g b ! ,  D e r :  1 , 8 0 6  I b 6

vessel center of grrarrity location (frdtr right veld seam)

vessel lift weights, new:
CenLer of gravity to seam:

201 lbs'J -2 .2  i t

REVO
v049-1477
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f1

Thickness Sunmarv

L e D g t h  N o b  tI D

(  i d ) ( i n )  B ( i r )

Govern tn9

load s t . tu8  g l reaE

4 a  . 2 5 ? 4  . 3 1 0 , 1 8 7 5  0 . 1 4 t 2  0 . a s  e r t € i n a f

NoTTI T
Reg t
E

toad:
internal-
external
wind
seismic

vesse] wal-1 t,hickness
required vessel waII thickness due to governing loading
longitudinal seam joint efficiency

- circ stress due to internal pressure governs
- extenlal pressure governs
- conbined long stress due to STATUS + wind governs
- combined long stress due Eo STATUS + seismic aoverns

REVO
vo49-1471
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a Aslfi section vrrr Di\rision 1. 1992 Bditsion. A94 Addenda

Corq)onent: Cylinder
Material specif  icat. ion: SA 240 304L HIGI{

Elr<ternal desigm pressure r Pe= r4-7 psi @ 400

Corrosion allowance: Inner C = 0 Outer= 0

PY|IHT is noL perf onned

Radiography: Category A joints - Spot Uw-11 (b) type
Category B joints - Spot Uw-11,(b) type

1
1

Estimated weighE :
capacity :

I D  =  4 8 . 2 5 Iength Lc= 24 .3t t  =  0 .1875  i n  (new)

IrIAP: (New & at' O deg F) UG-27(c) (L)

p = S * E * L / ( R + 0 . 6 * t )  - p s
=  1 5 7 0 0 * 0  .  8 5 * 0  . 1 8 7 5 /  ( 2 4  . L 2 5  +  0  . 5 * O  . 1 8 7 5 )  -
=  1 0 9 . 8 1 1 8  D s i

sPool A-15

-7^ -

. : -

new =  201 .  L
new =  L92 .423

c o r r  =  2 0 1 . 1
cof:rf = 192.423

1b
US ga

Desigm thicloess for external pressure Pa = 14-8452 Dsi:

= t + Corrosion
=  O . L 4 L 2 2  +  O
= 0  .L4L22 in

Irlaxim,m Allowab]"e Erternal Pressure: (Corroded @ 40O deq F)

Do/ t .  =  48 .62s /o . r4L22 =  344.3209
A  =  0 . 0 0 0 2 9
B  =  3 8 3 3 . 9

D o / E  =  4 8 . 6 2 s / O . 1 8 7 5  =  2 s 9 . 3 3 3 3
A  =  0 . 0 0 0 4 3 3
B  =  4 8 5 0 . 4

REVO
v049-1471
Page 55 of56

f 
uArP: (corroded & at 4OO deg F) Itcl-27(c) (1)

P = 5 * g * 9 7 ( R + 0 . 6 * t )  - P s
=  1 4 ? 0 0 * 0 . 8 5 * 0  . 1 8 7 5 /  ( 2 4 . 1 2 5  +  0 . 5 * 0  . 1 8 7 5 )  -
=  9 5 . 6 5 0 5 5  o s i

h<tsermal Pressure: ( Corroded & at 4OO deg F) IE-28

r , /Do =  36 .3s161 /48 .625 =Q .7476
From table G:
From table HA-3 :

Pa= 4*B/ (3*Do,/t)
=  4 * 3 8 3 3  . 9 /  ( 3 * 4 8 . 6 2 5 / O . 1 4 ] . 2 2 )
=  1 4 . 8 4 5 2  D s i

I ' /Do  =  36 ,35L67 /48 .625  =0  -7476
From table G:
From table I{A-3 :

3 . L 2 . L 9 9 6
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sPoot A-15

Pa= 4*B/ (  3 *Dolt  )
=  4 *  4850  .4 /  (3 *48 .  625  /  0  . L8751
=  2 4 . 9 3 7 8  p s i
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PROCESS SYSTEMS INTERNATIONAL. INC ENGINEERING
CAICULATIONS

NO: V049-l-062
WESTBOROUGH. MA PAGE I OF 20

REV. DEO # DATE BY: CI{ECK TITLE:

Design of Flexible Support (A-7)
0 0025 qta96 RDC WDB
I D 2 1 3 1/rdqu Q.Du- ttJDib

BY: R. D. Ciatto DEW.: 744

PROJECT: LIGO VacuumEquipmemt PROJECT NO: V59049

PI]RPOSE:
Analyze and evaluate supports for thermal expansion, weight, and seisrnic forces.

Ensure that requirements of AISC Specification are met.

METHOD:
Classical hand calculation methods are used to determine moments and forces in

members. The evaluation is performed in accordance with the AISC Code, Ninth Edition.

ASS{JMPTIONS:
Standard assumptions of linear structural analysis are included in this calculation.

IMUTS:
1 . The weight of spool A-7 is taken from another calculation (V049- I -052).
2. The seismic acceleration is 0.05625 g.
3. The temperature rise during bakeout is from 70'F to 400'F.

REFERENCES:
1� AISC Steel Manual Ninth Edition.
2. Doc. No. V049-1-066, LIGO Vacuum Equipment Structural Design Criteria

CAICIILATIONS:
( SEEATTACHED )

CONCLUSIONS:
The requirements ofthe AISC Code are met. Axial grovrth ofthe shell is allowed

by bending ofthe support leg colurnns without imposing stresses that are beyond the limits
ofthe Code.

NOTES:
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TABLE OF CONTENTS

Revision History

Support legs at Adapter A-7 (sketch)

Adapter Weight Summary

Thermal Displacement

Design/Analysis of Support Legs

Normal Operating Loads

Normal Plus Seismic Loads

Design ofAnchor Bolts

Desigl of Bolted Comectiors

Reaction of Nozzle Unbalanced Force

6

9

l0

l3

lf,

17

l8

20



PROCTSS SYSIEMS INTERNATIONAL. INC. ENGINEERING
CALCI]IATIONS

NO: V049-1-062
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Pase 3 of 20
PROJECT: LIGO VACIIIJM EOUIPMENT PROJECTNO: V59049
CALCTJLATION TITLEI Desicn of Fleible SuDoort (A-7)

REVISION HISTORY

Rev- 0 Original Issue
April 12, 1996

Rev. I Issue Date
September 18, 1996

. Revised the nozzle loads to incorporate O€ vacuum force + vahe weight

. Changed the tube steel from 3" x 2" x 3/16' 6 4' x 2' x3ll6'

e Rwised the support leg calculation
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGII MA

ENGINEERING
CALCTJLATIONS

NO: V049-1-087
PAGE I OF 57

REV. DEO # DATE BY: CTIECK TITLE:
Desi$ of Generic Sl+port Scheme for,
Mode Cleaner Tubes B-5, B-2 & B-3

o nnt{ at\ts6 WDB AGR
? 3t t z g l l 9 . hIY)A R I ) V

RV' W Rilvnskv DEEII44

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

pURPOSE:. The purpose of this calculation is to design a generic support scheme for the Mode Cleaner

T'utes C},{CT 
'O n-5, B-2 & B-3. The support scheme for the MCT's is designed allowing thermal axial

gowthdue to;bakeouf . Thermal gowth occurs in opposite dtections from an anchor at midpoint of

fte MCT, therefore to facilitate tlis 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

thi'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 thu-bolted connections at the support to MCT interface were designed based on STAAD design

output. From previous desig! the MCT's weight was determined including weight of flanges, and nozzle

loads. e uniform load representing the MCT's deadweight was applied to the model, additionally this

load was faotoreal for seismic accelerations and applied as a uniform horizontal toad. A thermal load of

330 F was applied along the lenglh of the Mode Cleaner Tube.

ASSUMPTIONS: See Calculation

- 6437.0 lbs, Flangewght= 1539.0 lbs
External Nozzle Loads:

Pn = 4354.0 lbl Mc:Mt= 4542.0 inJbt Vc: Vr = 126.5 lbf, (ref V049-l-045)

Seismic Acceleration = 0.05625 g
UnbalancedVacuumForces: @JI2OO = 382 lbf. @ Jt500 = 1042' lbf

@ It7 : 33780. lbf(conservative force;
actual force = 32600. lb refV049-1-108)

REFERENCES: STAAD-ff release 21, Research Engineers
COMPRESS - Computer Aided Vessei Desigrr program - version 5'53

ASD - AISC 9th edition
V049-1-066. LIGO Vacuum Equipment SqorqtdlQg.!4-qdloia-

I
2
J

4

CALCTJLATIONS:
VO49-1-057 rev 1 - Mode Cleaner Tube B-5

CONCLUSIONS:
The requirernents ofthe AISC Code and tlle LIGO Vacuum Equipment

Structural Design Criteria are met.

NOTES: STAAD-III Computer file: B5MCTR1
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REVISION HISTORY

Rev.0 Original Issue
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Rev- I Issue Date
Septenber 19, 1996

. Reversed Location of]0" afr€'Arrozzls

o Added unbalanced ltcuum load to ioo pump nozle loads.

o Added u:rbalanced vacuum load (33.78 k) due to the bellows at the HAM.

. Revised bas€plates to Plate 12" x 12" x l-3l8" and 6" x 12'x l-318'.

o Revised Stnrchrral Tube Steel mernbers to 4'x 4" x l/2" tlk

o Rwised trcdy of calc to reflect changes due to new vacuum load.

. Added additional weld calcdations

o Rsvised design details to rcfle(d' change in m€mbers-

. Rwised stifiener/suppon ringsto 3" x 3" xll4" f 3r 3^t/z ,
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DISCUSSION

Mode Cleaner Tirbes

Support Scheme

Step I - Based otr th€ extemd loading ofthe ion pumps ald portable rougling pumps, B-5 was used
for desigring the generic support scheme for all rhe mode cleaner nrbes i.e. B'5, B-2 & B-3. Anchorage
was preferred at midspan but due to limiting space (i.e. "stay clear zone") the anchor vas relocated
as near to the pipe bridge(midspan) as was permissible.

St€p 2 - Fl€xible supports w€re lo€ated based on a naximum allowable thermal displacement of
V2 inch. This in turn determined the maximum spacing between archor atrd fle)dble support.

Step 3 - A finite element model which includes the properties ofthe mode cleaner tube shell and the
support fu.lme was geoerat€d using the STAAD srructural design computer prograrl

Step 4 - Applicable loading conditiors were determined These included; deafiveigbt for vessel and
flangeq unbalanced vacuum pressure loads at punp nozdes and at the IIAM bellows, uttiform thermal
load for the Mode Cleaner Tube, and seismic frctors.

Step 5 - Conputer output results were evaluated.

Step 6 - Using comput€r generated forces and reactions, alchon, baseplates, welds and bolted
connections (support legs to lessel stiffener rings) utere designed.
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E  f  !  A  D  -  T T T

Rev. is ion 21,0
Proprietary Program of
Research Engineers, Inc.
Date= SEP 20'  1996 *

Time= L4t '1 .2'7

USER ID: PROCESS SYSTB,IS INTERNATIONAI IN *
* *  *  *  *  * +  *  * * *  * *  *  * *  *  *  *  *  *  * *  *  * *  * * *  *  * *  *  *  * *  *  *  * *  *  *  + +  +  *  *  * *  *

1. STAAD SPACE 85 }4ODE C],EANER TUBE SUPPORT
2. INPUT WIDTH 72
3. *** RgV. 1 INPUT FII,E B5MCTR1
4. UNIT INCHES POUND
5. *]OINT COORDINATES
6 ,  7  - 2 4 .  o .  0 . ,  2  4 8 .  O '  o . ;  3  9 6 .  0 .  0 . ;  4  1 0 8 '  0 .  0 . ;  5  2 4 4 .  0 .  0 .
? .  6  3 4 8 '  O .  O . r  7  4 3 9 .  0 .  0 . ,  8 1 0 8 .  O .  - ! 7 , 2 5 ;  9  L 0 8 .  - 2 7 ' 1 2 5  - r 7  ' 2 5
8 .  1 0  l - 0 8 .  - 2 !  ' L 2 5  - ! 4 . 7 5 ,  1 1  1 0 8 .  ' ' 1 o '  - L 4 " 7 5 ,  1 2  l - 0 8 '  0 '  L 7 ' 2 s
9 .  1 3  1 0 8 .  - 2 L . L 2 5  ! 7 . ? 5 ;  1 4  L 0 8 .  - 2 L . I 2 5  ! 4 - 1 5 t  1 5  1 0 8 '  - 7 0 '  1 4 ' 7 s

1 0 .  1 6  2 4 4 .  O .  - L ' 1  . 2 5 ,  L 1  2 4 4 .  - 9 .  - 1 7 . 2 5 t  7 8  2 4 4 .  - ' 1 0 .  - ! ' l  - 2 5
\ L .  r s  2 4 4 .  O .  L 7 ' 2 5 ,  2 0  2 4 4 .  - 9 .  L 7 ' 2 5 i  2 1  2 4 4 .  - 1 0 .  ! 7 ' 2 5
r ? .  2 2  3 4 8 .  o .  - ! 1  . 2 5 ,  2 3  3 4 8 .  - 7 0 .  - L 7 ' 2 5 ;  2 4  3 4 8 .  O .  L 7 . 2 5
1 3 .  2 5  3 4 8 .  - 7 0 .  1 1  . 2 5 ;  2 O O  7 2 ,  0 .  0 . ;  5 0 0  3 l - 4 .  0 .  0 .
14. MEMBER INCIDENCES
1 5 .  1 1 2 ; 3 3 4 i  4 4 5 t  6 6 1 i  7  4  8 ;  l - 3  8  9 ,  L 4  L 2  1 3 ,  1 5  9 1 0 ; 1 0  4 1 2
L 6 ,  r g  L 4  1 5 ,  1 , 8  1 0  l l t  1 ?  1 3  1 4 ;  1 5  1 4  1 0 t  I  5  1 6 ;  2 0  1 6  t 7 ,  2 2  L 9  2 0
L 7 .  2 g  2 0  2 ! ;  9  5  ? 2 ,  2 4  2 2  ? 3 i  r Z  5  2 4 ;  2 5  2 4  2 5 ,  2 6  L 7  2 3 i  2 " 1  2 O  2 5
L a .  2 L  7 7  1 8 ,  1 1  5  ! 9 ,  2  2  2 A 0 t  2 Q 0  2 0 0  3 t  5  5  5 0 0 ;  s 0 0  5 0 0  5
19. MEMBER PROPERTY AMER
20.  13 TO 19 24 25 TABIE ST TU830203
21.  20 iO 23 26 27 TABLE ST TUB40408
?2.  1 AO 12 TASLE ST TUB80805
2 3 .  1 T O  6  2 0 0  5 0 0  T A B I E  S T  P r P E  O D  3 1 .  r D  3 0 . 5
24. MEMBER RELEASE
25. 13 14 Z0 22 24 25 START lO{ MY MZ
26. CONSTA}.ITS
27. E STEEL AIt
28. POISSON STEEL AI,I,
29. DENSITY STEEI AT!
30.  BETA 90.  MEMB 1,3 14 18 19 24 2s
3 1 .  A r , P n A  0 . 0 0 0 0 0 9 1 9  M H 4 B  1 T O  6  2 0 0  s 0 0  7  T o  1 2
32.  SUPPORTS
33. 11 15 FIXED BUT MZ
34.  18 2L 23 25 FIXED
3 5 .  *  *  *  *  *  t  *  *  *  *  *  +  +  ' l  *  *  *  * * *  * * * * * * * + * *  + * * * * *  * * *

36. LOAD 1 DW
37. ,rolNT LOAD
3 8 .  1 7  F Y  - 1 5 3 9 .
3 9 . 2 3 F ' Y - 2 2 5 0 .
40. MEMBER 1OAD
4 t - .  1  T O  6  2 0 0  5 0 0  U N r  Y  - 1 4 . 6 6

PAGE NO.

Revision No. I
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85 MODE CI,EANER TUBE SUPPORT - -  gA9 l l  l \ v .

4 2 .
4 3 .
4 4 ,
4 5 .

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

5 5 .
5 6 .

5 8 .
5 9 .

6 5 .
6 6 ,
6 7 .
6 8 .

' 7 0 .

7 2 ." t 3 .

7 4 .

8 0 .

8 2 .
8 3 .
s 4 .
8 5 .
8 6 .

8 9 ,
q n

9 1  .
9 2 .
9 3 .
9 4 .

+  *  * *  *  *  *  *  *  * *  *  *  *  *  * *  *  * *  *  *  *  *  *  *  * *  *  * *  +  * *  +  *  * *  *

LOAD 2 DW+TH+VACUUM
JO]NT LOAD
1  t  F l ,  - 1 q 2 ( l

2  3  F Y  - 4 3 5 4 .
*** UNBALANCED
500 tz Lo42.
*** UNBATANCED
200 Ez 382 .

I/ACUUM LOAD W/DW G ION PUMPS

CuUM LOAD E PUMP

*+* UNBATANCED VACUIIM LOAD g

7 Ee 33779.996
*** UNBATANCED VACUI'M LOAD G
MEMBER I,OAD

PUMP

BELLOWS

1 T O  6  2 0 0  5 0 0  u N r  Y  - 1 4 . 6 6
TEMPERATURE IOAD
1 T O  6  2 0 0  5 0 0  ?  T O  1 2  T E l , l P  3 3 0 .
* * * * * * * * * * * * * * t * * * * + * * * * t  * * * * * * * * * * * * * *

LOAD 3 DW+TH+VACUUM+SEIS-AXIAI
JOINT I,OAD
1  ?  F W  - ] < a o

2 3 f r  -4354.
5 0 0  F z  1 0 4 2 .
200 Fz 382 .
2  3  F X  - 1 2 6 . 5
2 3 MZ 4542,
- L  ! i (  - d O .  J

7 tx  33779.995
MEMBER ],OAD
I  T O  6  2 0 0  5 0 0  U N r  Y  - 1 4 . 6 6
r -  T o  6  2 0 0  5 0 0  u N r  x  - 0 . 8 2 5
1EMPERATURE I,OAD
1 TO 6 200 500 7 TO l -2 TEI4P 330.
* +  * *  * *  *  *  *  * *  *  *  *  *  * *  *  * *  *  * * * *  *  * *  *  *  *  *  * * * *  * *  *

LOAD 4 DW+TH+IIACUIN.{+SEI S_I,AT
JOINT I,OAD

2  3  F Y  - 4 3 5 4 .

5 0 0  F z  L 0 4 2 .
200 Ez 382.
2  3  E z  1 2 6 . 5
2 3 t8 4542,
1  7  F Z  8 6 . 5
7 EX 337'79.996
MEMBER LOAD
1  T O  6  2 0 0  5 0 0  u N r  Y  - 1 4 . 6 6
l -  To 6 200 500 uNr z  0.825
TEMPEFATURE LOAD
1 TO 6 200 500 ? TO 12 TEMP 330'
*  *  *  *  *  *  *  *  *  *  *+  *  *  *  *  * *  *  * *  *  *  *  *  *  +  + *  * , . *  *  * *  *  *  * *

I,OAD 5 THERM DISP], "BAKEOUT "

TEMPERATURE T.OAD
t ro 6 200 500 7 To 12 TEMP 330.
PERFORM A},IALYSIS

RevisionNo. 1
Doc. No. V049-1487
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85 MODE CLEANER TUBE SUPPORT -- PAGE NO.

P R O B L E M

NUI.{BER OF JOTNTS /MEI'IBER+ELEMENTS / SUP PORT S =

OR]GINAI,/FINAT BAND-WIDTH = 24/ 5
TOTAI PRIMARY IOAD CASES = 5. ToTAI DEGREES oF FREEDoM = LzB
SIZE OP STIFFNESS MATRIX = 3840 DoUBLE PREC' I ' fORDS
REQRD/AVAIL .  DISK SPACE = T2.O7/  954 '3  MB.  EXMB4 =  14 .83  MB

S T A T I S T I C S

2 '7  /  29 /  6

++ PROCESSING EI,EMENT STIFINESS MATRIX.
++ PROCESSTNG G],OBAI STIFFNESS MATRIX.
++ PROCESSING TRIANGUI,AR FACTORIZATION.
++ CAIJCUI'ATING .'OINT DISPI,ACEMENTS '
++ CAI,CUI,ATING MEMBER FORCES.

95. PRTNT MATERIAI, PROPERT]ES AI,t

L 4 .  7 : 2 9
! 4 .  1 2 2 9
t 4 r  ' 1 . 2 9

I 4 r  ' 1 r 2 9

lil'i?lY;*'n-'""
Page 16 of 57



85 MODE CLEANER TUBE SUPPORT

MATERIAN PROPERTIES.

-- PAGE NO.

AT], UNITS

MET'{BER

I

7
1 3
1 4
L f

1 0
1 9
L 8
L 7

8
2 0
22

2 4
t2
2 5

2"1
2 t
l-1

2
200

5
5 0 0

ARE - POUN INCH

2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 , 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 , 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0

1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 , 0
1 1 1 5 3 8 4 6 , 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 5 . 0
1 l - 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 , 0
1 1 1 5 3 S 4 6 . 0
1 . 1 1 5 3 8 4 6 . 0
1 . 1 1 s 3 8 4 6 , 0
1 r . r . s 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 . 5 3 8 4 6 . 0
L l - 1 5 3 8 4 6 . 0
1 1 r . 5 3 8 4 6 . 0
1 r - 1 5 3 8 4 6 . 0
1 r . 1 5 3 8 4 6 . 0
l 1 - l s 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 - 5 3 8 4 6 . 0
1 l - t - 5 3 8 4 6 , 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
- L I I T J O q O .  U

r . r . 1 5 3 8 4 5 . 0
r - 1 1 5 3 8 4 6 . 0
t  1 t - 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0

DEN

o.28299999
0.28299999
o.28299999
o.28299999
0 .28299999
0 , 2 8 2 9 9 9 9 9
o.2s299999
0.28299999
0 . 2 8 2 9 9 9 9 9
o -28299999
o.28299999
o.28299999
0.28299999
0,28299999
o.28299999
o,28299999
o.28299999
n  , R ? q o q q q

0.28299999
0,28299999
0.28299999
0,28299999
o.28299999
o.28299999
o .2a299999
o.28299999
o . 2 8 ? 9 9 9 9 9
0.28299999
o.28299999

0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 - 9
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 0 0 0
0 , 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 , 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 .  0 0  0  0 0 9 1 9
0 . 0 0 0 0 0 9 1 9

*****+*+**** END OF DATA f'ROM INTERNAT STORAGE *****+******

96. PR]NT MEMBER INFORMAT]ON ALL
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85 MODE CIEANER TUBE SUPPORT

MEI,IBER ]NEORMATION

RELEASES

0 0 0 1 1 1 0 0 0 0 0 0
0 0 0 1 1 1 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 0 0 0

0 0 0 1 1 1 - 0 0 0 0 0 0

-- PAGE NO.

Revision No. I
Doc. No. V049-l-087
Page l8 of 57

MEI"IBER

1
3
4
b
'l

L 3
1 4
l : )

1 0
1_9
1 8
L 7

2 0

1 5

9

L?
2 5
2 6
2 7
2 T
1t_

200

5 0 0

START
JOINT

t-

4

8
t 2

9
4

I 4
1 0
1 3
1 4

l 6
1 9
2 0

6
2 4
t'7
2 0
I 7

5
2

200

5 0 0

END
JOINT

4
5'1

I
9

! 5

t-0
t?
15
L 1
T 4
1 0
r 6
T 1
2 0
2 1
2 2
2 3
2 4
2 5
z 5
Z J
1 8
1,9

2 0 0
3

5 0 0

],ENGTH
( INCH)

7 2 ,  O O O
1 2 .  0 0 0

1 3 6 . 0 0 0
9 1 . 0 0 0
1,'7 .250
2r.  L25
2L.r25

2 . 5 0 0

4 8 . 8 7 5
4 8 . 8 7 5

2 . 5 0 0
2 9 . 5 0 0
1,7 .250

9 . 0 0 0
9 .  0 0 0

6 1 . 0 0 0
r'1 -250
?  0 .  0 0 0
!1 .250
7 0 . 0 0 0

1 2 0 . 5 6 9
1 2 0 , 5 6 9

6 1 . 0 0 0
7"1 .250
2 4 . 0 0 0
24 .  ODO
7 0 . 0 0 0
3 4 . 0 0 0

BETA
( DEG)

0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

9 0 . 0 0
9 0 . 0 0

0 .  0 0
0 . 0 0

9 0 . 0 0
9 0 . 0 0

0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 .  0 0

9 0 . 0 0
0 . 0 0

9 0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0

0 0 0 1 1 1 0 0 0 0 0 0
0 0 0 1 1 1 0 0 0 0 0 0

+*********r.* END OF DATA FROM INTERNAL STORAGE ************

97. PRINT JOINT COORDINATES A],],



SUppoRT INEORT,IATION (1=FIXEDT

UNITS FOR SPRING CONSTAITS ARE

JOINT FORCE-X/ FORCE-Y/
KFX KFY

-- PAGE NO.

z

0 . 0 0 0
0 .  0 0 0
0 .  0 0 0
0 .  0 0 0
0 .  0 0 0
0 , 0 0 0
0 . 0 0 0

-77.250
-1 '1 .250
- 1 4 . 7 5 0
- 1 4 . 7 5 0

L 7 . 2 5 0
L 7 . 2 5 0
1 4 . 7 5 0
1 4 .  ? 5 0

-L7,250
- L 7  . 2 5 0
- r 1  . 2 5 0

7 7  . 2 5 0
r'1 .250
r '7 .?50

-r'l .250
L'7,250
L 7 . 2 5 0

0 . 0 0 0
0 . 0 0 0

DEGREES

MOM-X/ MOM-Y/ MOvt-Z/
KMX KMY I+IZ

0 . 0

85 MODE CI.EANER TUBE

JOINT COORDINATES

COORDINATES

,lol NT

1
2

5
6
'1

I

L 0
1 1

1.4
L 5
I O

l'1
1 8
1 9
2 0
2 r

200
5 0  0

SUPPORT

ARE INCH UNIT

X

- 2 4  . 0 0 0
4 8 . 0 0 0
9 6 . 0 0 0

1 0 8 . 0 0 0
2 4 4  . 0 0 0
3 4 8 . 0 0 0
4 3 9 . 0 0 0
1 0 8 . 0 0 0
L 0 L  0 0 0
r . 0 8 .  0 0 0
1 0 8 . 0 0 0
1 0 8 . 0 0 0
1 0 8 . 0 0 0
1 0 8 . 0 0 0
1 0 8 . 0 0 0
2 4 4 . 0 0 0
2 4 4  . 0 0 0
2 4 4 . 0 0 0
2 4 4  . 0 0 0
2 4 4 . 0 0 0
2 4 4 . 0 0 0
3 4 8 . 0 0 0
3 4 8 . 0 0 0
3 4 8 . 0 0 0
3 4 8 . 0 0 0

7 2 . 0 0 0
3 1 4 . 0 0 0

Y

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 .  0 0 0
0 .  0 0 0
0 .  0 0 0

-2L.L25
-2L -]-25
- 7 0 . 0 0 0

0 . 0 0 0
-2 r . r25
- 2 L . 1 2 5
- 7 0 . 0 0 0

0 . 0 0 0
- 9 , 0 0 0

- ? 0 . 0 0 0
0 .  0 0 0

- 9 . 0 0 0
- 7 0 . 0 0 0

0 .  0 0 0
- 7 0 . 0 0 0

0 . 0 0 0
- 7 0 .  0 0 0

0 .  0 0 0
0 .  0 0 0

* * *++*** * * * *  END OF DATA FROM INTERNAI ,  STORAGE **+*++*** * * *

98, PRINT SUPPORT ]NFORMATION AI,L

0=RELEASED)

POUN INCH

FORCE- Z/
KF'7'

1
0 . 0
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85 MODE CIEANER TUBE SUPPORT

0
0 . 0  0 . 0

1
0 . 0  0 . 0

1
0 . 0  0 . 0

l-
0 . 0  0 . 0

L
0 . 0  0 . 0

2 5

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

1
0 , 0

1
0 . 0

1
0 . 0

1-
0 . 0

I
0 . 0

1

1

1

t

1

1
0 . 0

1
0 . 0

1
0 . 0

1
0 . 0

1
0 . 0

1
0 . 0

1
0 . 0

1
0 . 0

1
0 . 0

L
0 . 0

* * * * * * * * * * * *  END OF DATA rROM TNTERNA!  STORAGE *** * * * * * * * * *

99. PRINT ANA],YSI S RESUITS
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85 MODE CLEANER TUBE SUPPORT

JOINT DI S P I,ACEI,IENT (INCH RADIANS ) STRUCTURE TYPE = SPACE

-- PAGE NO.

Z-TFANS J-ROTAN Y-ROTAN Z_ROTANJOINT

I

],OAD X-TRANS

I  0 .  0 0 0 2 6
,  - n  ? l q ? q

3  - 0 .  ? 2 1 9 1
,  - n  ? 1 0 ? q

s  - 0 . 8 1 3 2 3
1  0 . 0 0 0 2 6
2  - 0 . 5 0 1 4 4
3  - 0 . 5 0 3 5 4
4  - 0 . 5 0 1 4 4
5  - 0 . 5 9 4 8 8
I  0 . 0 0 0 2 6
2  - 0 . 3 5 5 8 7
3  - 0 . 3 5 7 9 5
4  - 0 . 3 5 s 8 7
s  - 0 . 4 4 9 3 1
1  0 . 0 0 0 2 6
2  - 0 . 3 L 9 4 8
3  - 0 . 3 2 1 5 5
4  - 0 . 3 1 9 4 8
J  - U .  r t  L Z t Z

1  0 . 0 0 0 2 6
2 0 -o929' �1
3  0 . 0 9 0 9 9
4 Q.  09291
5  - 0 . 0 0 0 4 7
1  0 . 0 0 0 2 6
2 0.41,336
3  0 . 4 1 1 3 6
4  0 . 4 1 3 3 6
5  0 . 3 1 4 9 1
I  0 .  0 0 0 2 6
? o ,693 ' �12
3  0  . 6 9 L 7 2
4 0 .693'�12
5  0 . 5 9 0 8 8
1  0 . 0 0 0 2 6
r  - n  ? 1 l c l <

3  - 0 . 3 1 6 0 3
4  - O . 3 L ' 1 6 9
5  - V  .  1 l Z > Z

1  0 . 0 0 0 1 8
2 -0.2L969
5  - V . 2 2 ! L ' t

4 -0.22L9'7
5  - 0 . 2 8 8 3 0
1  0 . 0 0 0 1 8
2 -0.22015
3  - U .  Z Z  L O V

Y_TBTNS

- 0 . 1 0 5 9 3
- 0 .  1 5  0 2 7
- 0 , 1 5 1 5 7
-0,  t -502 ?
- 0 . 0 0 5 8 3
- 0 .  0 5 4 5 2
- 0 . 0 8 0 2 1
- 0 . 0 8 0 8 1
- 0 . 0 8 0 2 1
- 0 . 0 0 4 1 9
- o  . 0 2 4 4 4
- 0 . 0 3 7 5 4
-0 .  o31 '7 4
- 0 . 0 3 7 5 4
- 0 . 0 0 3 1 0
- 0 . 0 1 . 8 1 8
- 0 . 0 2 8 3 1
- 0 . 0 2 8 4 3
- 0 . 0 2 8 3 1
- 0 . 0 0 2 8 3

0 . 0 0 1 5 0
0  .  0 0 5 2 1
0 . 0 0 5 1 9
0 , 0 0 5 2 1

- 0 . 0 0 0 1 9
- 0 . 0 0 5 6 9
- 0 . 0 0 4 6 8
- 0 .  0 0 4  6 9
- 0 . 0 0 4 6 8

0 . 0 0 0 1 7
- 0 . 0 2 8 6 5
- 0 .  0 3 1 - 1 7
- 0 . 0 3 1 1 6
- 0 . 0 3 1 1 7

0 . 0 0 0 2 9
-o .07241
- 0 . 0 1 8 9 7
- 0 . 0 1 9 0 5
- 0 . 0 1 ? 3 3
- 0 . 0 0 2 8 8
- 0 . 0 0 9 8 2
- 0 . 0 1 5 1 2
-  0  .  0 1 5 1 8
- 0 . 0 1 3 3 1
- 0 . 0 0 2 9 0
- 0 . 0 0 6 1 3
- 0 . 0 0 8 5 0
- 0 . 0 0 8 5 4

0 . 0 0 0 0 0
0.02723
0 . o2'123
0 . 1 3 3 3 1

- 0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 5 0 0 9
0 . 0 5 0 0 8
0 . 1 3 9 4 6

- 0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 5 5 2 8
0 . 0 6 5 2 8
0 .L437 4
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 6 9 0 9
0 ,  0 6 9 0 8
0 . 1 4 4 8 9
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0  .  r t 4 4 2
0 . 17442
o . L 6 4 2 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0  .  1 5 2 8 6
0 .  1 5 2 8 5
0 . 1 8 7 8 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 1 8 6 5 L
0 . 1 8 6 5 0
o .20982
0 . 0 0 0 0 0

- 0 . 0 0 0 0 2
0 , o'J,6't 6
0  .  0 1 6 ? 5
0 . 0 9 2 5 5

- 0 ,  0  5 2 2 9
0 . 0 0 0 0 8
0 . 0 4 4 1 4
0 . 0 4 4 1 4
0 , 0 9 2 5 4

- 0 . 0 0 0 1 - 9
0 . 0 0 0 0 ?
0 . 0 4 4 1 3
0 .  0 4  4 1 3

0 . 0 0 0 0 0
0 . 0 0 0 0 6
0 . 0 0 0 0 6
0 . 0 0 0 1 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 6
0 . 0 0 0 0 5
0 . 0 0 0 1 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 6
0 , 0 0 0 0 6
0 . 0 0 0 1 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 6
0 . 0 0 0 0 6
0 . 0 0 0 1 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 , 0 0 0 0 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 2
0 .  0 0 0 0 2
0 , 0 0 0 0 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 2
0 . 0 0 0 0 2
0 . 0 0 0 0 4
0 . 0 0 0 0 0
0 . 0 0 0 3 4
0 . 0 0 0 5 5
0 . 0 0 0 5 5
0 .  0 0 0 6 4
0 . 0 0 0 0 0

- 0 . 0 0 0 9 5
- 0 . 0 0 2 0 0
- 0 , 0 0 2 0 0
- 0 . 0 0 1 2 1
- 0 . 0 0 1 3 7
- 0 . 0 0 0 9 4
- 0 . 0 0 1 7 5
- 0 . 0 0 1 ? 5

0 .  0 0 0  0 0
- 0 , 0 0 0 3 2
- 0 . 0 0 0 3 2
- 0 . 0 0 0 0 8

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0  0 0 3 2
- 0 .  0  0 0 3 2
- 0 .  0 0 0 0 9

0 ,  0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 2
- 0 . 0 0 0 3 2
- 0 . 0 0 0 1 0

0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 ,  0 0 0 3 2
- 0 , 0 0 0 3 2
- 0 . 0 0 0 1 0

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 5
- 0 . 0 0 0 3 5
- 0 . 0 0 0 1 9

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0 0 0 3 ?
- 0 . 0 0 0 3 7
- 0 . 0 0 0 2 4

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 ?
- 0 .  0 0  0 3 ?
- 0 .  0 0 0 2 4

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0 0 0 3 2
- 0 . 0 0 0 3 2
- 0 . 0 0 0 L 0

0 . 0 0 0 0 0
0 ,  0 0 0 0 0

- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 8
- 0 . 0 0 0 0 6

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 8

0 .  0 0  0 ? 2
0 , 0 0 0 9 8
0 . 0 0 0 9 9
0 . 0 0 0 9 8
0 .  0 0 0 0 2
0 .  0 0 0 6 6
0 . 0 0 0 9 2
0 . 0 0 0 9 3
0 . 0 0 0 9 2
0 . 0 0 0 0 2
0 . 0 0 0 5 0
0 . 0 0 0 ? 3
0 . 0 0 0 7 4
0 . 0 0 0 ? 3
0 . 0 0 0 0 2
0 . 0 0 0 4 4
0 .  0 0 0 6 5
0 .  0 0 0 6 6
0 . 0 0 0 6 5
0 . 0 0 0 0 2
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 , 0 0 0 0 1
0 . 0 0 0 0 1

- 0 . 0 0 0 1 7
- 0 . 0 0 0 2 1
- 0 . 0 0 0 2 1
- 0 .  0  0 0 2 1

0 . 0 0 0 0 0
-0.  ooo2'7
- 0 , 0 0 0 3 1
- 0 . 0 0 0 3 1
- 0 . 0 0 0 3 1

0 . 0 0 0 0 0
0 . 0 0 0 4 4
0 . 0 0 0 6 5
0 .  0 0 0 6 6
0 . 0 0 0 6 5
0 . 0 0 0 0 2
0 . 0 0 0 0 0
0 . 0 0 4 4 9
0 . 0 0 4 5 2
0 . 0 0 4 5 4
0 .  0 0 5 9 0
0 . . 0 0 0 0 0
0 . 0 0 4 5 0
0 . 0 0 4 5 3
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JOINT DISPI,ACEMENT (rNcH RADIAI,IS )

_- PAGE NO.

STRUCTURE TYPE = SPACE

JOINT LOA.D X_TRANS Z_TRANS X-ROTAN Y-ROTAN Z-ROTAN

4  - 0 . 2 2 ? 1 2
s  - 0 . 2 8 8 3 0
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 .  0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0
1  0 . 0 0 0 2 6
2  - 0 . 3 2 5 0 0
3  - 0 . 3 2 7 0 8
4 -O.32r27
5 -O.4L292
1  0 . 0 0 0 1 8
2  - 0 . 2 2 6 4 4
3 -Q .22 '189
4  - 0 . 2 2 4 L 6
5  - 0 . 2 8 8 3 0
1  0 . 0 0 0 1 8
2 -0 -22597

4 -0.2240r
5  - 0 . 2 8 8 3 0
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0
1  0 . 0 0 0 2 6
2  0 . 0 8 1 8 6
3  0 , 0 8 0 2 3
4  0 . 0 7 9 6 3
5  - 0 . 0 0 0 3 9
L O .00022
2  0 . o 2 0 e 4
3  0 . 0 2 0 4 3
4  0 . 0 2 0 3 4
5  - 0 . 0 0 0 1 2
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 .  0 0 0 0 0
5  0 . 0 0 0 0 0
r-  0 .  00026
2  0 . 0 ? L 9 0
3  0  .  o ' 1 o 2 1
4  0 . 0 7 4 1 3
R  - n  n d n ? o

1  0 .  oo  022

Y-TRANS

- 0 . 0 0 8 4 0
0 . 0 0 0 0 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- o  .  o L 2 4 7
- 0 . 0 2 1 ? 5
- 0 . 0 2 1 8 3
- 0 . 0 2 3 3 9
- 0 . 0 0 2 8 8
- 0 . 0 0 9 8 2
- 0 . 0 1 8 2 3

- 0 . 0 2 0 0 3
- 0 .  0 0 2 9 0
- 0 . 0 0 6 1 3
- 0 . 0 0 8 5 6
- 0 .  0 0 8 6  0
- 0 . 0 0 8 6 6

0 . 0 0 0 0 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 4 2
0 . 0 0 4 6 5
0 . 0 0 4 5 e
0 . 0 0 4 7 0

- 0 . 0 0 0 0 7
0 . 0 0 0 3 7
0 . 0 0 4 5 9
0 . 0 0 4 5 2
o  .  0 0 4 6 2

- 0 , 0 0 0 0 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 4 2
0 .  0 0 3 9 7
0 . 0 0 3 9 0
0 . 0 0 3 9 1

- 0 . 0 0 0 0 7
0 . 0 0 0 3 7

a .09252
- 0 . 0 0 0 1 7

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0  0 0 2
0 . 1 2 1 3 9
0 . 1 2 1 3 9
0 . 1 9 ? 1 9
0 . 0 5 2 2 8

- 0 . 0 0 0 0 8
0  . 0 4 4 ? 8
0 .0442' l
o .0926'1
0 . 0 0 0 1 8

- 0 . 0 0 0 0 7
o .04421
0.04427
0 .09266
0 . 0 0 0 1 6
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 6 2 0 9
0 . 0 5 2 0 9
0 .  1 1 1 9 4

- 0  .  0 5 2 3 0
0 . 0 0 0 0 0
0 .  0 5 0 6 9
0 . 0 5 0 6 8
0 . 0 9 1 3 8

-0.04259
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 1 6 6 6 9

0  .  2 1 6 5 4
0 . 0 5 2 3 0
0 . 0 0 0 0 0

- 0 . 0 0 1 1 1
- 0 . 0 0 1 0 0

0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0

- 0 .  0 0  0 3 4
- 0 .  0 0 0 3 9
- 0 . 0 0 0 3 9
- 0 . 0 0 0 2 9

0 . 0 0 0 0 0
0 . 0 0 0 9 5
0 . 0 0 3 4 2
0 . 0 0 3 4 3
0 , 0 0 4 2 1
0 .  0 0 1 3 7
0 .  0 0  0 9 4
0 . 0 0 2 8 9
0 . 0 0 2 9 0
0 . 0 0 3 5 3
0 . 0 0 1 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 . 0 0 0 0 6
- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 4
- 0 . 0 0 0 0 3

0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 ,  0 0 1 2 4
0 .  0 0 1 2  4
0  . 0 0 2 ? 4

- 0 . 0 0 1 0 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 6
0 . 0 0 0 0 ?
0 . 0 0 0 0 7
0 . 0 0 0 0 8

- 0 . 0 0 0 0 1
0 . 0 0 0 0 0

- 0 . 0 0 0 0 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 2
- 0 .  0 0 0 3 2
- 0 . 0 0 0 1 0

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 1 - 8
- 0 . 0 0 0 1 8
- 0 . 0 0 0 0 6

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 8
- 0 . 0 0 0 0 6

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 6 6
0 ,  0 0 0 6 4
0 . 0 0 0 7 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 8
0 . 0 0 0 0 8
0 . 0 0 0 1 5

- 0 .  0 0 0 0 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 2 4
- 0 . 0 0 1 2 1
- 0 , 0 0 1 1 1

0 . 0 0 0 0 0
0 . 0 0 0 0 0

0 . 0 0 4 5 4
0 ,  0 0 5 9 0
0 .  0 0 0 0 0
0 .  0  0 4 5 1
0 . 0 0 4 5 4
0 . 0 0 4 5 5
0 . 0 0 5 9 0
0 . 0 0 0 4 4
0 . 0 0 0 6 5
0 . 0 0 0 6 6
0 .  0 0 0 6 5
0 .  0 0 0 0 2
0 .  0 0 0 0 0
0 .  0 0 4 6 4
0 . 0 0 4 6 7
0 . 0 0 4 5 9
0 . 0 0 5 9 0
0 . 0 0 0 0 0
0 . 0 0 4 6 3
0 .  0 0 4  6 6
0 . 0 0 4 5 8
0 . 0 0 5 9 0
0 .  0 0 0 0 0
0  .  0 0 4 6 2
0 . 0 0 4 6 5
0 . 0 0 4 5 8
0 . 0 0 5 9 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 "  0 0 0 0 1
0 . 0 0 0 0 1
0 .  0 0 0 0 1

- 0 . 0 0 0 0 1
- 0 . 0 0 5 0 3
- 0 . 0 0 4 9 3
- 0 . 0 0 4 8 9

0 . 0 0 0 0 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 .  0 0  0 0 1

- 0 . 0 0 0 0 1

1 1

L2

1 3

T 4

1 5

! o

1 8

1,9
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85 MODE C1EANER TUBE SUPPORT

JOINT DI SPI,ACEMENT (INCH RADIANS ) STRUCTURE TYPE = SPACE

-- PAGE NO. 1 0

X-ROTAN Y-ROTAN Z.ROTAN.JOlNT X_TRANS

0 . 0 1 8 2 6
0 . 0 1 ? 8 6
0 .  0 1 8 7 7

- 0 .  0 0 0 1 2
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 2 6
0 . 4 1 9 6 3
o .4L7 64
0 . 4 1 ? 3 3
0 . 3 1 4 8 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o  . 0 0 0 2 6
0 . 4 0 6 8 8
0 . 4 0 4 8 8
0 . 4 0 9 1 8
0 . 3 L 4 8 3
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 2 6

- 0  . 4 2 8 6 5
- 0 . 4 3 0 ? 5
- 0  . 4 2 8 6 5
-0 .52209

0 . 0 0 0 2 6
0 . 3 0 8 6 1
o .30662
0 . 3 0 8 6 1
0 . 2 1 L 8 0

Y-TRANS

0 . 0 0 3 9 4
0 . 0 0 3 8 7
0 . 0 0 3 9 0

- 0 . 0 0 0 0 6
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 3 4 5
- 0 .  0 0 2 6 0
- 0 . 0 0 2 6 r .
- 0 . 0 0 2 3 8

0 . 0 0 0 1 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 3 4 s
- 0 . 0 0 3 0 7
- 0 . 0 0 3 0 8
- 0 . 0 0 3 2 9

0 . 0 0 0 1 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 3 8 5 7
- 0 . 0 s ? 7 9
- 0 . 0 5 8 1 ?
- 0 . 0 5 7 ? 9
- 0 . 0 0 3 6 5
- 0 , 0 0 1 . 4 9

0 . 0 0 0 9 6
0 . 0 0 0 9 3
0 . 0 0 0 9 6
0 . 0 0 0 1 5

Z_TRANS

0 . 1 3 6 0 ?

0 .  1 7 6 7 6
0 .04269
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 1 0 0 5 4
0 . 1 0 0 5 4
U . . t J ) J  /

- 0 . 0 5 2 3 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 2 0 5 1 6
0 . 2 0 5 1 6
o . 2 4 0 L 9
0 . 0 5 2 3 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0  .  0 5 7 7 1
0 . 0 5 ? ? 0
0 . 1 4 1 5 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 1 4 0 3 0
0 .  1 4 0 3 0
0 . 1 ? 9 9 3
0 . 0 0 0 0 0

2 L

?

5
L
.)

5
1

5
1
2
3

5
1

4

1

3

5
1
2
J

5
1

5

0 . 0 0 3 3 4
0 . 0 0 3 3 4
0 . 0 0 4 3 3
0 . 0 0 1 0 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 1 - 3
0 . 0 0 0 r - 2
0 . 0 0 0 r . 2
0 . 0 0 0 1 - 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 . 0 0 0 1 - 3
- 0 . 0 0 0 1 - 0
- 0 . 0 0 0 1 0
- 0 . 0 0 0 0 8

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 0 6
0 . 0 0 0 0 6
0 . 0 0 0 1 4
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 3
0 . 0 0 0 0 3
0 . 0 0 0 0 5
0 . 0 0 0 0 0

0 .  0 0 0 2 2
0 . 0 0 0 2 2
0 . 0 0 0 2 9
0 . 0 0 0 0 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0  0 0 3 6
- 0 . 0 0 0 3 6
- 0 .  0 0  0 2 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0 0 0 3 8
- 0 . 0 0 0 3 8
- 0 . 0 0 0 2 4

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 ,  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 2
- 0 .  0 0  0 3 2
- 0 . 0 0 0 0 9

0 . 0 0 0 0 0
0 . 0 0 0 0 0

-  0 .  0 0 0 3 7
- 0 , 0 0 0 3 ?
- 0 . 0 0 0 2 3

0 . 0 0 0 0 0

-o .00442
- 0 . 0 0 4 3 2
- 0 . 0 0 4 5 6

0 . 0 0 0 0 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0

-  0 ,  0 0 0 1 ?
- 0 . 0 0 0 2 1
- 0 , 0 0 0 2 1
- 0 . . 0 0 0 2 1

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 , 0 0 0 1 7
- 0 . 0 0 0 2 1
- 0 . 0 0 0 2 1
- 0 . 0 0 0 2 1

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 6 0
0 . 0 0 0 8 5
0 . 0 0 0 8 6
0 . 0 0 0 8 5
0 .  0 0 0 0 2

- 0 . 0 0 0 1 0
- 0 . 0 0 0 1 3
- 0 . 0 0 0 1 3
- 0 ' . 0 0 0 1 3

0 . 0 0 0 0 0

2 2

z ,

2 0 0

5 0 0

Revision No. I
Doa. No. V049-1O87
Page 23 of57



85 MODE CIEANER TUBE SUPPORT

SUPPORT REACTTONS -UNIT POUN INCH

-- PAGE NO.

QrDl la 'F l rEF 'FVDF =  qPA( .F '

1 1

. 'OINT

1 1

FORCE-X FORCE-Y FORCE_Z MOM-X MOM-Y MOM Z

1 5

1  0 . 0 0  5 9 6 0 . 8 2  - L 2 ' 1  . 8 L  - 2 0 6 2 , 4 0  0 . 0 0  0 . 0 0
2  0 . 7 2  8 2 ' 1 0 , ' � 7 8  - 4 8 1 . 1 9  - 9 7 8 8 . 1 9  9 l - . 8 9  0 . 0 0
3  0 . 1 2  8 3 0 9 . 2 3  - 4 8 2 . 0 L  - 9 8 0 1 . 8 3  9 1 . 8 9  0 . 0 0
4  . .  0 . 0 4 , _ -  8 1 ? f , , , 0 2  - 6 6 ? . 9 8  - 1 4 9 5 0 . 0 3  2 9 . 1 ! .  0 . 0 0
5  0 . 0 0  - 5 4 . 6 5  - 1 3 4 . 6 8  - 2 ] . 6 2 . 3 0  0 . 0 1  0 . 0 0
1  0 , 0 0  5 9 6 0 . 8 2  ! 2 ' 1  . e L  2 0 6 2 . 4 0  0 . 0 0  0 . 0 0
2  - 0 . r 2  8 3 3 3 , 5 5  1 4 6 . 5 7  3 1 9 , 1 5  9 1 . 8 9  0 ' 0 0
3  - 0 . r 2  8 3 7 2 . 0 0  1 4 ? . 4 0  3 3 2 . 7 2  9 1 . 8 9  0 ' 0 0
4  - 0 . 0 4  8 4 2 1  . 3 L  - 3 5 , 2 2  - 4 8 4 2 . 0 8  2 9 . 7 4  0 . 0 0
5  0 . 0 0  - 5 4 . 6 4  1 3 4 . 7 0  2 1 6 2 . 8 8  0 ' 0 1  0 . 0 0
1  - 1 . 0 1  - l - 1 1 9 . 6 3  0 . 0 0  0 . 0 0  0 , 0 0  6 L ' 7 8
2  2 4 3 6 , 0 o  - 1 3 8 7 6 . 2 5  - 2 3 5 . 2 4  - L 4 4 3 9 , 3 7  - 3 3 1 . 7 1  - 4 4 8 9 8 . 1 1

3  2 3 8 6 . 8 4  - 1 3 6 6 4 . e ?  - 2 3 5 . 2 3  - 1 4 4 3 8 . 5 1  - 3 3 L . 6 9  - 4 3 9 8 9 . 3 3

4  2 3 6 5 . 6 5  - 1 3 9 8 2 . 5 6  - 4 2 4 . L 0  - 2 6 0 3 1 " , 6 4  - 5 9 8 . 0 1  - 4 3 5 8 2 . 1 0

s  - r o .  ? 5  1 8 2 . ' 7 0  1 9 8 . 1 4  ! 2 1 6 2 . 3 8  2 1 9 . 4 0  1 9 3 . 4 3
1  - 1 , 0 1  - 1 1 1 9 . 6 3  0 . 0 0  0 . 0 0  0 . 0 0  6 r . 7 8
2  2 ! 4 L . 9 7  - 1 1 9 0 s . 0 2  - 6 3 1 . 5 2  - 3 8 7 6 3 . 4 8  - 8 9 0 . 4 9  - 3 9 4 9 0 . 1 6

3  2 0 9 ? . 8 r  - 1 1 6 9 3 . 6 8  - 6 3 1 . s 1  - 3 8 " 1 6 2 . 6 L  - 8 9 0 . 4 8  - 3 8 5 8 1 . 3 8

a - .2?lz..3r -rr?ge.r0 -s2 0-3^s*s. ?4. -.1155.p0 -4-0-E 05!. le
5  - 1 0 . ? 6  L 8 2 . ' � l 5  - 1 9 8 . 1 3  - r 2 L 6 L . ' 7  3  - 2 7 9 . 3 9  1 9 3 . 7 5
1  1 . 0 1  ? 3 4 L . 6 0  0 . 0 0  0 , 0 0  0 . 0 0  . 3 6 . 4 5
2  - 2 0 4 0 6 . 7 3  L 4 4 8 3 . 2 4  - 6 8 . 8 ' 1  - 6 8 4 8 . 3 1  - 1 8 0 5 . 1 1  - 1 9 9 0 8 . 1 3
3  - L 9 9 9 6 . 9 6  1 4 2 3 3 . 4 3  - 6 8 . 8 ?  - 6 A 4 1  . 9 8  - 1 S 0 5 . 0 1  - 1 9 3 9 0 . 5 3

4  - L s 8 2 3 . 2 L  1 3 9 6 7 . 9 3  - L 0 2 . 2 0  - l - 0 8 0 9 . 2 4  - 3 2 5 4 . 3 L  - 1 9 1 5 0 . 2 3

5  1 0 . ? 5  - 1 2 8 . 0 3  4 2 . 4 5  4 6 ' ? 9 , 2 r  L 5 2 0 . 4 6  5 6 9 0 . 5 1
1  1 . 0 1  2 3 4 r . 6 0  0 . 0 0  0 . 0 0  0 . 0 0  3 6 . 4 5
2  - r 7 9 5 L . 2 4  ] - 3 2 6 7 . 2 8  - 1 5 3 . ? 7  - 1 6 2 0 6 , 6 1  - 4 8 4 5 . 9 6  - 1 6 8 3 9 . 8 5

3  - 1 ? 5 4 1 . 4 6  1 3 o t ? . 4 6  - 1 5 3 . ? 6  - ! 6 ? ' ] 0 6 - 2 e  - 4 8 4 5 . 8 5  - 1 6 3 2 2 . 2 4

4  . - 1 8 s 3 4 . ? 3  1 3 7 8 2 . 5 8  - 1 8 ? . l O : 2 0 1 6 7 . 5 - a ) ) - 6 2 9 5 . L 4  - 7 7 5 9 7 . 7 2

5 10.90 - r28.r4 -4 i .45 * : -4-6rq:  
bg-  - lszo.se s69o.70

'18\

2 3

2s
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85 MODE CLEANER rFITPF <ITDD.rPT

STRUCTURE TYPE = SPACE

-- TALTIJ llv. 1 3

MEMBER END FORCES

A],], UNITS ARE __ POUN INCH

MEI,IBER ],OAD JT AXIAI SHEAR-Y SHEAR-Z

4  - 2 5 2 , 6 9  - 8 6 7  9  . ' � l 9  5 , 2 4
8  2 5 2 . 6 9  8 6 7  9  . ' t  9  - 5 , 2 4
4  - 2 5 4  . 7  6  - 8 7 1 8 . 2 3  5 . 2 2
8  2 5 4 . 1 6  8 7 1 8 . 2 3  - 5  , 2 2
4  - 4 3 3 . 8 4  - 9 0 3 8 . 1 0  r , ' 1 7
8  4 3 3 .  8 4  9 0 3 8 . 1 0  - L , 7 7
4  3 9 2  . 8 2  5 4  .  6 7  0  . 0 2
8  - 3 9 2 . 8 2  - 5 4 . 6 7  - 0 . O ?

9
I
9

9
8

e

- 8 7 1 8 . 2 3  - 2 5 4 . 6 4
9 O 3 A - 1 1  4 3 4 , 2 4  - 1  . 6 4

1 3 5 9 6 0 .  8 2  3 4 0 .  9 0 0 . 0 0
- 5 9 6 0 . 8 2  - 3 4 0 . 9 0  0 . 0 0

8 6 ' t 9 . ' 7 9  2 s 2 . 4 5  - 5 . 2 3
- 8 6 ' 1 9  . ' 1 9  - 2 5 2  .  4 5  5  . 2 3

8 7 L 8 . 2 3  2 5 4 . 6 4  - 5 , 2 3
5  , 2 3

- 9 0 3 8 . 1 1
-54 - 6't

54 .6 ' l

- 4 3 4 . 2 4
- 3 9 2 . 8 0

3 9 2 .  B 0

3 4 0 . 9 0
8 2 , 1 8

TORSION

0 .  0 1
- 0 . 0 1

0 . 0 1
- 0 . 0 1

0 , 0 1
-0 .  01-

0 . 0 0
0 . 0 0

0 . 0 0
0 , 0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 ,  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

MOM-Y

- 9 0 . 5 0
- 0 . 8 6

- 9 0 . 2 0
0 . L 7

- 2 9  , 7  4
- 1 . 0 1 -

0 . 2 0
- U .  U 5

0 , 0 0
0 . 0 0
0 , 0 0

L L 0 . 3 8 '
0 .  0 0

1 1 0 . 3 9
0 . 0 0

0 .  0 0
- 0 . 0 1

0 . 0 0
0 . 0 0
0 , 0 0

- 1 1 0 . 3 8
0 ,  0 0

- l - 1 0 , 3 7
0 . 0 0

0 . 0 0
- 0 . 0 1

0 . 0 0
0 . 0 0

- 0 . 0 s
1 3 , 0 1

0 . 0 2
1 3 .  0 9
- 0 .  0 3 '

4 . 1 9
0 .  0 ?
0 .  0 5

0 .  0 0
0 . 0 0

- 8 8 . 8 3
U . Y J

0 . 7 1

MOM-Z

0 .  0 7
- 1 5 0 3 8 9 . 3 9

- 0 .  0 3
- 1 5 5 9 0 7 . 4 1

9 4 3 . 0 8
0 . 0 0

0 ,  0 0' t 2 0 !  , 5 7
0 , 0 0

s 3 3 3 . 0 0
0 .  0 0

0 . 0 0
v r / 5 . 5 u

0 , 0 0
- 8 2 9 ? . 9 8

0 . 0 0
-1207.5 '1

0 . 0 0
1 7 3 5 .  9 5

0 . 0 0
L 6 8 9 ,  3 0

0 . 0 0

0 .  0 0
8 2 9 ' l  . 5 4

-'120L .5'l
- ? 7 0 0 . 4 8
- 5 3 3 2 . 9 9

- 1 6 3 6 6 . 4 7

- 9 r 7  3 . 2 9
- t3422 .00

8?9' l  .98
- 8 1 6 1 . 3 0

- L 0 2 A 2 4 . L 5
0 . 0 0

- 1 3 6 6 9 8 . 0 3
0 . t 2

- 0 , 1 0

r 4 5 9 6 0 . 8 2  - 3 4 0 .  9 0

0 . 0 0
0 .  0 0

0 . 0 0
0 . 0 0
5 . 2 2

t 2
1 3

T2

L2

L2

9
1 0

9
1 0

9
t 0
9

l-0
9

1 0

L2
4

4

- 5 9 6 0 .  8 2" t924 .53
- ' t 9 2 4 . 5 3  - 8 2 . r 8  - 5 . 2 2

r s 6 3  -  0 0  1 9  - 9 ' 7  5 , 2 2
- ? 9 6 3 . 0 0  - ' 1 9 . 9 ' 7

/ 5 b b . z _ L  z o 5 . > o

-54 -  62 392 . '7 I
5 4 . 6 2  - 3 9 2 . 7 I

3 4 0 . 9 0  - 5 9 6 0 . 8 2
- 3 4 0 . 9 0  5 9 6 0 . 8 2

2 5 2 , 5 1  - 8 6 7  9  . ' 7  9
-252 .51 86 '7 9 . ' �1  9

?54.69 -8 '718.22
- 2 5 4 . 6 9  8 ' 7 r 8 . 2 2

4 3 4 . 0 0  - 9 0 3 8 . 1 1
- 4 3 4 . 0 0  9 0 3 8 . l - 1
- 3 9 2 . 8 0  s 4 . 6 1

392 .  80 -54 .6 '1

- 3 4 0 , 9 0  - 5 9 6 0 . 8 2
3 4 0 . 9 0  5 9 6 0 . 8 2

8 2 . 2 r  - 1 9 2 4 . 5 r
- 8 ?  . 2 L  ' 1 9 2 4  . 5 L

t o  0 6  - ? q 6 ?  . | 1

- ' 1 9  . 9 6  7 9 6 3 .  0 1

- 5 . 2 2

- 1 , . 6 9
0 .  0 0
0 .  0 0

l ) 0 , 0 0  0 . 0 0
0 .  0 0  0 .  0 0

- 5 . 2 2  - 1 1 0 . 3 8
5 . 2 2  1 1 , 0 . 3 8

- 5 . 2 6  - 1 1 0 . 3 9
5 . 2 6  1 1 0 . 3 9

- L . b u  J 9 .  / J
- 0 .  0 5  - 0  .  0 l -

0 ,  0 5  0 .  0 1

0 . 0 0  0 , 0 0
0 , 0 0  0 ,  0 0
s .  t - 0  0 . 0 1

- 5 . 1 0  - 0 . 0 1
5 . 1 6  - 0 . 0 1

- 5 , 1 6  0 . 0 1

t'..1.i?1.\?*'r-,""
Page 26 of 57
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85 MODE CLEANER TUBE SUPPORI

MEMBER END FORCES STRUCTURE TYPE = SPACE

-- YA('E II{J.

AI.T, UNITS ARE

ME},IBER 1OAD

__ POUN INCH

4  2 6 3 . 5 5
L 2  - 2 6 3 . 5 5

4  3 9 2 . 8 2
! 2  - 3 9 2 . 8 2

1 4  5 9 6 0 . 8 2
-1f ,  -C>OV .  aZ

1 4  8 3 3 3 . 5 s

1 4  8 3 7 2 . 0 0
r " 5  - 8 3 ? 2 . 0 0
! 4  8 4 2 7 . 3 !
t - c  - o q z t . J L

1-4 -54.64
1 5  5 4 . 6 4

1 0  5 9 6 0 .  8 2
L 1  - 5 9 6 0 .  8 2
1 0  8 2 1 0  , ' 1 8
11 -8210. ' lS
1 0  8 3 0 9 . 2 3
1 1  - 8 3 0 9 . 2 3
10 8] .71 .02
1 1  - 8 L 7 ' 1  . 0 2
1 0  - 5 4 . 6 5
1 1  5 4 . 5 5

1 3  3 4 0 . 9 0
1 4  - 3 4 0 . 9 0
I J  -  O Z .  L L

1 4  8 2 . 1 1

1 4  7 9 . 9 3
t 3  - 2 6 3 . 8 8
L 4  2 6 3 .  8 8
1 s  - 3 9 2 , ' 1 8
1 4  s 9 2 . ' 7 8

1 - 4  2 1 3 .  0 9
1 0  - 2 1 3 . 0 9
t-4 -228 . ' l  4
t 0  2 2 8 . ' 1 4
14 -22'�1 . 38
1 0  2 2 7 . 3 8
7 4 -228 . ' � l  5
1 0  2 2 8  . ' l 5
1 4  - 5 2 ' 1  . 4 8
l - 0  5 2 7 . 4 8

MOM-Z

- 1 3 0 5 1 - 6 . 9 8
0 . 1 6

942. t5
0 . 0 0

-4L84.54

- 6 8 4 4 . 3 7
- 3 1 9 .  1 5

- b u  r - L ,  f  o

-3t20 .69
4842 . 08

-4420 .63
-2162.88

1 9

- 7 5 6 6 . 1 9
7  5 6 6 .  ! 9

5 4  , 6 2
- 5 4  . 6 2

- r 2 ' l  . 8 !
L 2 7  . 8 r

- 1 4 6 . 5 7
7 4 6 . 5 7

- 1 4 ' l  . 4 0
1 4 7 . 4 0

3 5  , 2 2
- 3 5 , 2 2

- 1 3 4 .  ? 0
L34 . '10

7 ? ' 7  . 8 r
- r z t . d !

4  8 1 .  1 9
- 4 8 L . 1 9

4 8 2  . 0 L
-  4 8 ?  , 0 r

6 6 2  . 9 8
- 6 6 2 . 9 8

1 3 4 . 6 8
- 1 3 4 . 6 8

- ' 1 9 2 4 . 5 3
'7924.53

- 7 9 6 3 . 0 1
7 9 6 3 . 0 1

- 7  5  6 6 .  L 9

5 4  . 6 2
- 5 4  . 6 2

0 . 0 0
0 . 0 0

4 0 9  . 0 ?
-409 .0?

4 0 8 . 9 9
- 4 0 8 . 9 9

s 6 1 . 1 0
- 8 6 1 .  1 0

- 0 . 0 2
0 . 0 2

SHEAR-Z

- L , 6 9
- 0 , 0 3

0 , 0 3

0 .  0 0
0 .  0 0

- 0 .  1 2
0 . 1 2

o . L 2
- 0 . 0 4

0 . 0 4
0 . 0 0
0 , 0 0

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0

0 . 0 0
0 . 0 0

9 1 . 8 9
- 9 1 . 8 9

- 9 1 . 8 9

0 . 0 1
- 0 .  0 1

MOM-Y

- 2 8 . 5 1

- 0 . 0 3
- 0 . 0 9

0 . 0 0
0 . 0 0
5 . 8 2
0 . 0 0

0 . 0 0
1 . 8 8
0 . 0 0
0 . 0 0
0 . 0 0

1 8 0 . 0 0  0 . 0 0
0 . 0 0  0 . 0 0

o l  a a
- 0 . t 2  - 9 1 . 8 9

0 . 1 2  9 1 . 8 9
- o . L 2  - 9 1 . 8 9

0 . 0 4  2 9 . 7 4
- 0 . 0 4  - 2 9 . ' 1 4

0 , 0 0  0 . 0 1
0 . 0 0  - 0 .  0 L

0 , 0 0  0 . 0 0
0 , 0 0  0 . 0 0

- 5 , 3 1  - 1 1 0 . 3 8
5  . 3 1  l - 1 0  .  3 8

- 5 . 2 8  -  1 1 0 .  3 7
5 . ? 8  l - 1 0 . 3 7

-  1 . .  6 6  - 3 5 . ? 1
L , 6 6  3 5 . 7 1

- 0 . 0 1  0 . 0 0
0 . 0 1  0 . 0 0

0 . 0 0  0 . 0 0
0 . 0 0  0 . 0 0

- 5 . 3 4  - 1 0 4 . 5 6
5 .  3 4  1 0 4  .  5 6

- 5 . 3 4  - 1 0 4 . 5 6
5 . 3 4  1 0 4  .  5 6

- 1 . 7 3  - 3 3 . 8 4
I . ' 7 3  3 3 .  8 4
0 . 0 0  - 0 . 0 1
0 . 0 0  0 . 0 1

0 . 0 0  4 1 8 4 . 5 4
0 .  0 0  2 0 6 2 , 4 0

- 5 . 8 2  L 3 ' 1 2 9 . 3 6
0 . 0 0  9 ' t 8 8 . 7 9

- 5 . 8 3 '  L 3 ? 5 6 . 3 6
0 . 0 0  9 8 0 1 . 8 3

- 1 . 8 9  L ' l 4 5 3 . 2 4
0 .  0 0  1 4 9 5 0 . 0 3
0 . 0 0  4 4 2 A . 2 1
0 .  0 0  2 L 6 2 , 3 0

0 .  0 0  - 7 2 0 ! . 5 ' l
0 . 0 0  - 7 7 0 0 . 4 8
0 . 0 5  1 ? 3 5 . 9 6

L 3 . r 2  - 2 L 3 4 1  - ? 8
0 . 0 8  1 6 8 9 . 3 0

1 3 .  1 5  - 2 L 5 9 6 . 8 4
- 0 . 0 3  5 3 7  6 . 2 6

4  . 2 2  - 2 4 4 9 L . ' 7 6
0.  06 8297 .54
0 . 0 6  - 8 l - 6 1 .  0  0

0 .  0 0  3 5 L 5 .  9 3
0 . 0 0  - 3 5 1 5 . 9 3

'7 8 .82 r47 02.9!
7 8 . 8 2  - 2 6 3 6 . 9 2
1 8  . 8 2  ! 4 ' 7 2 5  . 2 6
' 1 8  . 8 2  - 2 6 5 9 . 9 3
2 5  .  s r - .  2 1 3 7 1 .  0 8
2 5 .  s ] .  4 0 3 1 - . 2 5

0 .  0 1  3 7 4  0 .  3 7
0 . 0 1  - 3 ? 4 1 .  1 - 0

r7

L 6
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85 MODE CLEANER TUBE

MEMBER END FORCES STRUCTURE TYPE = SPACE

-_ PAGE NO. ]"5

A.LL UNITS ARE __ POUN ]NCH

MEN,TBER I,OAD .'T AXIAI, SHEAR_Y SHEAR-Z

2 0

5  0 . 0 0  t t - 2 0 . 5 8  - 0 . 0 ?
! 6  0 . 0 0  - 1 1 2 0 . 5 8  0 ,  0 ?

5  - 2 5 5 , 8 6  1 1 5 ? . 4 3  1 7 8 6 4 . 5 8
1 6  2 5 5 , 8 6  - 1 1 5 ? . 4 3 - 1 7 8 6 4 . 5 8

s  - 2 5 5 .  6 8  1 2 0 2 . 4 8  1 7 s 0 4 . 5 5
16 255.68 -  1  2 0 2 .  4  I  -  1  7 s  0 4 .  5  5

5  - 4 6 r - . 0 0  1 6 2 9 . 0 9  ! 7 3 s 2 . 0 6
1 6  4 6 1 . 0 0  - 1 6 2 9 . 0 9 - 1 7 3 5 2 . 0 6
-  5  2 L 5 . 4 5  - L 2 6 . r 2  - ' 1 9 . 6 3

1 6  - 2 L 5 . 4 5  L 2 6 . 1 2  7 9 ,  6 3

1 6  - 1 1 2 0 .  5 8  - 0  .  0 7  0  .  0 0
r 7  1 1 2 0 . 5 8  0 . 0 7  0 . 0 0
1 6  - 1 1 5 7 . 4 3  L ' 1 8 6 4 . 6 4  2 5 5  . ' 1 9
1 1  1 1 5 7 . 4 3  - r 1 8 6 4 . 6 4  - 2 5 5 . ' 1 9
16 -L202 .4 '7  17504 .  54 255.7 ' l
L ' l  L 2 0 2 , 4 7  - 1 7 5 0 4 . 5 4  - 2 5 5 . 7 1
16 16?s._1-O__Jf352.-43----l6l*lJ_
! 7  1 6 2 9 . 1 0  - L 7 3 5 2 . 0 4  - 4 6 r . 1 3

L 6  1 2 6 . L 2  - ' 1 9  . 6 I  - 2 r 5 . 4 5
7 1  - L 2 6 . L 2  ' 7 9 . 6 1  2 r 5 . 4 5

1 9  - 1 . 1 2 0 .  5 8  - 0  .  0 7  0  .  0 0
2 0  1 1 2 0 . 5 8  0 . 0 7  0 . 0 0
1 9  - ' 1 2 ? . 5 4  1 5 7 0 6 . 4 0  6 8 6 . 6 ' l
2 0  7 2 2 . 5 4  - L 5 1 0 6 . 4 0  - 6 8 6 . 6 7
19 - '16 ' l  ,63 15346.29 686.6 '7
20 '7  6 '7  ,63 -15346-29 -686.6 ' l
1 9  - 2 5 0 . 8 8  ! 6 2 1 - 8 . 9 6  8 9 2 . 0 5
2 0  - 2 5 ! - 1 3  - 1 6 2 1 8 .  q 6  - 8 9 2 . 0 5
1 9  ! ? 6 . 0 7  - ' 7  9  . ' l 4  2 r 5 . 4 4
2 0  - 1 2 6  , 0 7  ' 7  9  . ' 7  4  - 2 L 5  ,  4 4

2 0
2 r
2 0
2 t
20
2 t
2 0
21,
2 0
2 L

6

- t - r - 1 9 . 6 3  1 . 0 1  0 , 0 0
1 l - 1 9 . 6 3  - 1 . 0 1 .  0 . 0 0

-11905.  02 -2L4L.9 '7 637.52
1 1 9 0 5 . 0 2  Z L A I . 9 7  - 6 3 1 . 5 2

- 1 1 6 9 3 .  6 8  - 2 0 9 2  . 8 L  6 3 1 .  5 1
1 1 6 9 3 .  6 8  2 0 9 2 . 8 r  - 6 3 1 .  s 1

- 1 L 7 9 8 .  ? 0  - 2 2 1 2 . 3 r  8 2 0 . 3 8
L L 7 9 8 . ' 1 0  2 2 L 2 . 3 1  - 8 2 0 . 3 8

r 8 2 , ' 1 5  1 0 . 7 6  1 9 8 , 1 3
- r 8 2  . ' 7  5  - 1 0 . 7 6  - 1 9 8 . 1 , 3

0 . 0 0  - 2 3 4 2 . 5 5  0 . 0 7
0 .  0 0  2 3 4 2 . 5 5  - 0 . 0 ?

0 .  0 0 - 3 0 8 1 6 4  .  6 3
0 . 0 0  0 . 3 7
0  .  0 0 - 3 0 1 9 5 3 .  3 8
0 .  0 0  - 0 .  0 3
0 .00-299323 .22
0 . 0 0  - 0 . 1 1
0 .  0 0  1 3 7 3 . 4 8
0 . 0 0  0 . l - 9

0 .  0 0  0 ,  0 0
0 . 0 0  0 . 0 0
0 . 0 0  0 . 0 0
0 . 0 0  - 2 3 0 2 . I L
0 . 0 0  0 . 0 0
0 . 0 0  - 2 3 0 L . 9 7
0 . 0 0  0 , 0 0
0 .  0 0  - 4 1 5 0 . 2 5
0 .  0 0  0 .  0 0
0 . 0 0  1 9 3 9 . 0 3

0 .  0 0  0 ,  0 0
0 . 0 0  0 .  0 0
0 . 0 0  0 . 0 0
0 . 0 0  - 6 1 8 0 . 0 ?
0 . 0 0  0 . 0 0 .
0.  00 -6] . '19 .94
0 . 0 0  0 , 0 0
0 .  0 0  - 8 0 2 8  , 4 4
0 .  0 0  0 ,  0 0
0 .  0 0  - L 9 3 8 .  9 5

0 . 0 0  0 . 0 0
0 . 0 0  0 , 0 0

- 8 9 0 . 4 9  2 4 0 . 7 4
8 9 0 . 4 9  - 3 8 ? 6 3 . 4 8

- 8 9 0 . 4 8  2 4 0 . ' t  4
890.48 -38162.61.

- L 1 5 6 . 8 0  3 r 2 . ' 1 5
1 1 5 6 . 8 0  - 5 0 3 5 5 . 7 4
- 2 ' 7 9 . 3 9  ? 5 . 5 3

219.39 - r2L6! . '73

0 . 0 0  - 1 . 1 5
0 . 0 0  0 . 0 0

TORSION

0 . 0 0
0 . 0 0

MOM-Y

L .  r 5
0 . 0 0

MOM-Z

1,9329 .99
0 .  0 0

L Y v o c .  o z
- 0 .  0 1

20'7 42.69
0 .  0 1

2 8 1 0 1 .  ? 3
0 . 0 1

- 2 \ ' 7  5  , 6 4
0 . 0 1

0 .  0 0
- 0 .  6 0

0 .  0 0
L6018]..7 2

0 .  0 0
1 5 7 5 4 0 . 7 8

0 . 0 0
1 5 5 1 6 8 . 4 1

0 .  0 0
- ? 1 6 . 4 8

0 .  0 0
- 0 .  6 0

0 .  0 0
1 4 1 3 5 ? . 5 3

0 .  0 0
t J  u  - t . L  o .  oJ

0 . 0 0
1 4 5 9 ? 0 , 6 4

0 , 0 0
- 7  L 7  . 6 4

0 . 0 5
6 ! . 7 4

-9LL69.97
-39490.L6
-89Q79 .7 4
- 5 8 ) E I .  J U
- 9 4 1 4 5 . 0 8
- 4 0 8 0 6 , 1 2

l v J .  / f

- 4 0 4 0 8  "  9 4
0 " 0 0

2Z

2 3
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85 MODE CLEANER TUBE SUPPORT -- PAGE NO. 16

MWBER END FORCES STRUCTURE TYPE = SPACE

AIL UNITS ARE

MEO,IBER LOAD

-_ POUN INCH

6  - 4 8 . 2 8
2 2  4 8 , 2 8

6  - 4 8  , 4 0
2 2  4 8  , 4 0

b  - b D .  r z
2 2  6 5 . L 2

6  2 5 . L 5
2 2  - 2 5 .  1 5

MOM_Y

- 1 8 3 0 . 7 9
- 0 . 4 0

- 1 8 2 1 - . 8 8

-L820 . 4'1
- 0 . 4 3

- L 3 7 2 . 6 4
0 . 4 1

0 . 0 0
4 . 6 6
0 . 0 0 '

' t  426 .98
0 . 0 0

0 . 0 0' 1 3 8 6  , 2 8
0 .  0 0

5 5 7 2 , L 2

1  . 1 5
0 . 0 0

t 7 7  4  . 9 L
0 . 4 9

r . ? 6 6 . 0 0
0 . 1 9

1 7 8 3 . 9 4

- 0 . 3 9

0 . 0 0
4 . 6 6
0 . 0 0

' 7 2 0 L  . 2 3
0 . 0 0 .

0 . 0 0
7 2 4 7  . 9 2

0 . 0 0
s 5 7 2 . 1 1

0 .  0 0
0 . 0 0

8 3 3 . 2 1
- 3 3 1 0  .  4 7

8 3 3 .  L 6
- J J . L U . Z d

MOM-Z

- 3 0 4 3 6 . 2 8
- 0 . 0 1

- 3 0 5 5 0 . 4 2
0 . 0 1

-21849 .33
0 . 0 0

l z s z  .  J o
0 . 0 0

0 , 0 0
0 . 0 0
0 . 0 0

3 3 8 2 . 5 7
0 . 0 0

3 3 8 2 . 4 s
0 . 0 0

4 5 6 1 .  r - 3
0 .  0 0

- 1 ? 5 9 . 9 9

- 4 0 4 0 8 . 9 3
0.  01-

-  5 J : , 0 2 .  t O

0 .  0 0

- 0 . 0 1
- 3 8 5 4 9 . 6 9

- 0 . 0 1
L 2 3 2 . ' 1 2

0 .  0 0

0 . 0 0
0 .  0 0
0 .  0 0

6902 .60
0 . 0 0

6902 .4e
0 .  0 0

8 0 8 1 - . 1 5
0 . 0 0

1 7 6 0 . 0 3

0 .  5 5
3 1 .  7 8

- 5 7 0 8 3 . 8 1
- 2 7 3 3 5 . 1 - 1
- 5 5 9 3 3 .  r - s
-267 82 -78

2 4 2 2  2 3 4 2 . 5 5  0 . 0 0  - 0 . 0 ?
2 3  - 2 3 4 2  . 5 5  0  .  0 0  0 .  0 ?
? 2  ! ' 7  6 4 . 4 2  4 8 . 3 2  - 1 0 6 . 1 0
2 3  - L 1 6 4 . 4 2  - 4 8 . 3 ?  1 0 6 .  1 0
2.2,. *_tf_lI_,-o--4-.... , .- .._,{ _8 . 32 - 10s . 6_0.
2 3  - ! 7 ' 1 L . 0 4  - 4 8 . 3 2  1 0 5 .  6 0
2 2  L 6 ! 4 . 4 5  6 s .  1 6  - 1 0 5 . 5 2
2 3  - ! 6 1 4 . 4 5  - 6 5 . 1 6  1 0 5 . 5 2
2 2  - ? 1 . 4 5  - 2 5 . r 4  - ? 9 , 6 0
2 3  ' 1 L .  4 5  2 5  , r 4  7  9  .  6 0

6  0 . 0 0
2 4  0 . 0 0

6  9 8 . 4 5
2 4  - 9 8 . 4 5

6  9 8 . 5 1
2 4  - 9 8 , 5 1

b  r - 1 5 . 5 0

2 4  - 1 1 5 . 3 6
6  2 5  . 0 9

2 4  - 2 5 .  0 9

24 2342.55
? 5  - 2 3 4 2  . 5 5
2 4  2 0 8 4 . 8 0
2 5  - 2 0 8 4 . 8 0
2 4  2 0 9 L . 4 0
2 5  - 2 0 9 ! . 4 0

SHEAR_Y

I '7  64  .42
-L '7 '7 ! .04

r ' 7 ' 1 ! . 0 4
- 1 6 1 4 . 4 5

1 6 1 4 . 4 5

- ' 7 7 . 4 5

- 2 3 4 2  . 5 5
2 3 4 2  . 5 5

- 2 0 8 4 . 8 0
2 0 8 4 . 8 0

- 2 0 9 r  . 4 0
2 0 9 L . 4 0

-2234. '16
2234. '16

- 7 1 , .  4 6

0 .  0 0
0 .  0 0

9 8 . 6 1
- 9 8 . 6 1

9 8 . 6 1
- 9 8 . 6 1

SITEAR- Z

1 0 6 . 1 0
- 1 0 6 . 1 0

1 0 5 . 6 3
- 1 0 5 .  6 3

1 U f , .  )  /
- 1 0 5 .  5 7' 7  9  . 5 9

-  t v .  J v

- 0 .  0 7
0 .  0 ?

- 1 0 2 . 8 8
t - 0 2 . 8 8

- L O 2  . 4 0
t 0 2  . 4 0

- r . 0 3 , 3 6

- ' 7 9  , 5 4' 7  9  . 5 4

0 . 0 7
- L 0 2 . 8 7

7 0 2 . 8 7
-102.3 ' l

r 0 2 . 3 ' 7
- 1 0 3 . 4 6

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0

2 5

2 L  ? ) " A  1 6  1 1 5 . 4 5
z J  - 2 2 5 1 .  t 0

2 4  - 7 L . 4 6
2 5  7 \ . 4 6

t 1  - l - . 4 1
2 3  1 . 4 1
L 7  2 3 9 4 5 , 6 4
23 -23945.64
7't 23462,88
23 -23462,88

1 0 3 . 4 6  0 , 0 0
- ' t 9  . 6 0  0 .  0 0

' 7 9 . 6 0  0 . 0 0

0 . 0 0  0 , 0 0
0 , 0 0  0 . 0 0

2 0  .  5 5  2 0 7  6 . 1 , 9
- 2 0 . 5 5  - 2 0 1 6 .  1 9

2 0 . 5 5  2 0 ' 1 6 . 0 6
- 2 0 . 5 5  - 2 0 7  6 .  0 6

- 1 1 5 . 4 5
2 5 . 1 4

- 2 5  ,  r 4

0 . 2 ' 1
- 0 . 2 ' 1

- 7 0 0 . 1 7
1 00 . 1,'7

- 6 8 6 . 0 4
6 8 6 . 0 4
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85 MODE CTEANER TUBE SUPPORT PAGE NO, t'l

MEMBER E}.ID FORCES

AI,L UNITS ARE -- POUN INCH

MEI,TBER AXIA!

STRUCTURETYPE = S PACE

2 7

2 L

r'7 2325'�1 .98
23 -23257.98
r t  - r u 0 . ) /

2 3  1 0 6 . 5 ?

2 0  - 1 . 4 1

2 5  1 . 4 1
2 0  2 l - 0 5 3 .  t  0
2 s  - 2 r . 0 5 3 . 1 0
2 0  2 0 5 ? 0 . 3 4
2 5  - 2 0 5 7 0 . 3 4
2 0  2 t ' t  4 0  . ' 7  4
2 5  - 2 L ' l 4 0  . ' � l  4
20 -L06. ' t  4
2 5  1 - 0 6 .  ? 4

L  |  -  L J V  t 0 . Z J

1 U  ! J U  ' O . Z J

1_'7 -13664.8't
1 8  1 3 6 6 4 . 8 7
l -  /  - 1 5 v o z .  f  o
1 8  1 3 9 8 2 . 5 6
7 ' 7  1 8 2 . 7 0
1 e  - 1 8 2 . ' 7  0

s  0 .  0 0
1 9  0 . 0 0

5  6 8 6 . 7 1 -
t  9  - 6 8 6 . 7 1

5  6 8 6 . ? t
1 9  - 6 8  6 .  ? 1

5  8 9 1 . 9 1
1 0  _ e o l  0 t

s  2 1 5 . 4 5
1 - 9  - 2 L 5 . 4 5

2  0 . 0 0
2 0 0  0 . 0 0

- )  11  ' t?

2 0 a  - 0 . 7 3
t  - a 1 a  1 a

200 292.97
.  n  ? 1

2 0 0  - 0 . 7 3
2  L , ' 1 7

2 0 0  - 1 . ? 1

SHEAR-Y

- 6 ' 7 9 . 9 6
6 ' 7 I  . 9 6

3 . 0 9

0 . 2 " 1
- o  . 2 ' t

- 6 1 5 . 6 5
6 1 5 .  6 5

- 6 0 L . 5 2
6 0 1 . 5 2

- 6 3 5 . 8 6
6 3 5 . 8 6

3 . 1 0
- 3 . 1 0

SHEAR-Z

3 7 . 0 4
- 3 ? . 0 4
-1,'1 .3!
! 1  . 3 r

0 . 0 0
0 . 0 0

D 5 . l O
- 5 5  .  1 6

5 5 . 1 - 6
- 5 5 . 1 6

7 ! . 6 5
- 7 I . 6 s

1 ? . 3 1
- l - 7 . 3 1

TORSION

3 7 4 3 . 0 0
- 3 7 4 3 . 0 0
- t '1  48 .7 9
! '?  48 . ' l  9

0 . 0 0
0 . 0 0

) ) / J . b o
- ) )  / J .  O 0

) )  / J .  J 4 l
_ J f , ' J . J {

7 2 4 0 . 4 8
- 7 2 4 0  . 4 8

t ' 7  4 8  . 6 9
- r  / { o .  o Y

0 . 0 0
0 . 0 0

3 3 1 . 7 1
- 3 3 1 . 6 9

3 3 1  .  6 9
- 5 9 8 . 0 1

5 9 8 .  0 1
? ' 7 9 . 4 0

-2" t  9  .  40

0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 , 0 1
- 0 . 0 1
- 0 . 0 1

0 . 0 1
- 0 . 0 3

0 .  0 3
4 5 4 2  . 0 6

- 4 5 4 2 . 0 6
0 . 0 0
0 . 0 0

1502 .12

- '7  0t .82
2 ' l88 .  43

0 . 0 0
0 . 0 0

2236.80
- 8 8 8 7 . 1 9

2 2 3 6  . ' 1  5
- 8 8 8 6 . 9 9

2905. '12
- 1 1 5 4 4 . 9 1

7 0 1 , ? 8
-2784.28

0 . 0 0
0 . 0 0

U Y .  O U
-L4439.3"7-

a9 ,6 '7
- 1 4 4 3 8 . 5 1

L 6 L  . 6 7

- 7  5  . 5 4
1 2 ! 6 2 . 3 8

- 1 . 1 5
0 . 0 0

2 ? 0 9 3 5 . 0 3
o  . 2 6

264723.?8
- n  1 1

2 1 9 7 7 7 . 3 4
0 . 0 3

- L 5 t 3 . 1 L

0 . 0 6

0 . 0 0
0 . 0 0
0 . 0 6

- 0 . 2 8
0 . 0 7

8 3 6 5 . 3 9 '
- 1 5 1 4 2 . 6 8

0 , 0 1
- 0 . 0 1

MOM- Z

- 5 5 4 4 t ,  /  '

- l b ) 5 0 .  f z

1 4 1 , 5 ' t

0 .  5 5
3 1 . 7 8

-2404L-O8
- 4 9 0 3 5 . 9 0
- 2 3 4 8 8 . L s
- J r u z ) .  f , J
-24839 .64

254, '15

0 .  0 5

- 1 0 3 6 9 7 ,  8 ?
- 4 4 8 9 8 . 1 . 1

- l - 0 r - 6 0 7 . 6 4
- 4 3 9 8 9 , 3 3

- r 0 0 ' 7 2 2  . 6 4
- 4 3 5 8 2 .  L 0

462.14
1 9 3 . 4 3

1 9 3 2 9 . 9 9
0 . 0 0

L2463.80
0 . 0 1

1 3 2 4 1 . 3 9
- 0 . 0 3

4327 .67
0 .  0 1

- 2 ! 7  4 . 8 7
- 0 ,  0 1

1 4 8 8 0 6 . 3 3
-269297 " 4'7

1 4 8 8 0 6 . 3 4
- ? 1 0 ? o ?  q ?

1 5 3 3 4 I  .  0 3
-324335 .44

1 4 8 8 0 6 . 7 8
_ " 1 0 ? o ?  ' 7 5

- 0 . 0 1
0 .  0 3

l 1

1 . 0 1  0 . 0 0
- 1 .  0 1  0 .  0 0

- 2 4 3 6 . 0 0  2 3 5 , 2 4
2 4 3 6 . 0 0  - 2 3 5 , 2 4

-2386.84 235,?3
2 3 8 6 . 8 4  - 2 3 5 . 2 3

- 2 3 6 5 . 6 5  4 2 4 . 7 0
2 3 6 5 . 6 5  - 4 2 4 . 1 , O

1 0 .  ? 5  - 1 9 8 . 1 4
- 1 0 . 7 s  1 9 8 . l - 4

1 1 2 0 . 5 8  0 . 0 7
- 1 1 2 0 .  s 8  - 0 . 0 7

' t22.54- !5 '106.39
- ' 1 2 2 . 5 4  1 5 7 0 6 . 3 9'? 67 .61-L5346 .26
-7 6 ' t  .6r  L5346,26

2 5 0 .  8 8 - 1 . 6 2 1 8  .  9 7
- 2 5 0 . 8 8  L 6 2 L 8 . 9 ' � 7
- t 2 6 . 0 8  7 9 . 7 2

1 2 6 . 0 8  - ' 7 9 . ' 1 2

- 4 e 4 4 . 5 1  0 . 0 0
5 1 9 6 . 3 s  0 , 0 0

- 6 9 4 8 . 5 5  - 0 . 0 1
7 3 0 0 . 3 9  0 .  0 1

- 6 9 4 8 .  s 3  0 . 0 3
7 3 0 0 . 3 ?  - 0 . 0 3

- 6 9 4 8 . s 3  2 ' 1 2 . 4 9
7 3 0 0 . 3 1  - ? 9 2 . 2 9

0 . 0 0  0 . 0 0
0 , 0 0  0 .  0 0
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85 MODE CIEANER

MEMBER END FORCES

TUBE SUPPORT

STRUCTURE TYPE = SPACE

POUN INCH

AXIAI SHEAR-Y SHEAR_Z

-- PAGE NO. 18

AIL LNITS ARE --

MN4BER LOAD JT MOM-Y

0 . 0 0
0 .  0 0

- 9 1 6 8 .  s 0
1 q 1 ? q  R 5

- 3 1 5 5 9 .  8 0
- 0 . 0 6

0 . 1 4

0 . 0 0
0 .  0 0

J  / O U J .  / J

5 0 5 1 . 2 9
) t o v q . J z

5 0 5 1 - . 2 4
8 6 6 ? 6 . 0 s

-L).O82 .44
0 .  0 7
0 . 0 6

0 . 0 0
0 . 0 0

- 5 0 5 0 . 8 0
5 4 . 8 6

-505r- .  62

1 1 0 8 2  . 5 2
- ! L Z J Z .  J 0

- 0 . 4 4
- 0 . 2 0

TORSION

0 . 0 3

- 0 . 0 7
0 . 0 7
0 . 0 1

- 0 . 0 1
4 5 4 1 . 9 5

-454r .95
0 .  0 0
0 . 0 0

0 .  0 0
0 . 0 0

5526 .  48
-5526 .  48
s 5 2 6 . 2 5

-5526.25
1 0 ? 0 0 . 3 5

- 1 0 ? 0 0 . 3 5

0.  l -6

0 . 0 0
0 . 0 0

J J Z b .  . l t

- J A Z O . 1 '

5 5 2 6 . 2 5
- 5 5 2 6 . 2 5
1 0 7 0 0 . 3 5

- 1 0 7 0 0 . 3 5
- 0 . 1 6

MOM-Z

269291 "09
- ? q e r ? 1  R t l

3 r " 9 ? 9 3 .  0 5
-499225 ,03

324335.22
-503765.72

31979?.63
- 4 9 9 ? 2 5  .  0 3

0 . 0 0
- 0 . 0 5

9 1 5 7 8 . 4 1
- 1 4 7 6 1 3 . 0 3

1 7 8 5 0 9 . 3 9
- 1 7 6 0 3 2 . 7 s

1 - 7 ? 1 3 4 . 5 5

r 7 8 5 0 9 . 4 2
- 1 7 6 0 3 2 . ? 8

1 4 8 6 3 . 1 8
- 4 8 5 9 . 1 2

1 4 7 6 1 3 . 0 3
-200'7 48 .69
L7 6032 . '18

-2007 48 ,7 0
L ? s 5 8 3 . 3 0

-200'744.10
1 ? 6 0 3 2 . 8 0

-200'1 48 .7 0
4 8 5 9  . 1 2

0 . 0 0

2 0 0

) U U

3

2 0 0  0 . 0 0
3  0 .  0 0

2 0 0  - 0 . 4 9
3  0 , 4 9

2 0 0  - 2 9 7 . 9 9
3  3 1 1 . 7 7

2 0 0  - L . 4 6
J  r . 4 l o

2 0 0  - o . 2 4
3  0 . 2 4

5 0 0  - 0 . 1 3
5  - 3 3 5 ? 1 . 0 4

5 0 0  3 3 5 7 1 . 0 4
5  - 3 3 4 1 1 . 1 3

5 0 0  3 3 4 6 8 . 9 9
s  - 3 3 5 7 1 . 0 4

5 0 0  3 3 5 7 1 . . 0 4
5  1 5 9 . 1 8

5 0 0  - 1 5 9 . 1 8

5 0 0  0 . 1 3

5 0 0  - 3 3 5 7 0 . 8 0
6  3 3 5 ? 0 . 8 0

5 0 0  - 3 3 4 6 8 . 9 9
6  3 3 4 9 ? . 0 ?

< n n  - ? " q ? n  q q

6  3 3 5 7 0 . 5 5
s 0 0  1 5 9 . 9 1

6  - 1 5 9 . 9 1

- 5 1 9 6 . 3 ?
5 5 4 8 . 2 1

- ? 3 0 0 . 3 9
'7 652.23

- 7 3 0 0 . 3 4
'7 652 , t8

- 7 3 0 0 . 4 0
'7 652 .24

0 . 0 0
0 . 0 0

- 2 8 ' 7  . 3 9
1 3 1 3 . 5 9

5 4 8 . 4 8

5 3 5 . 2 6
4 9 4  . 9 4
5 4 8 . 4 8
4'7 ' t  .12
142 .  92

- 7 4 2  . 9 2

- 1 3 1 3 .  5 9
1 8 1 2  .  0 3
- 4 7 ' 7 . 7 2

9 ' 7  6 . 7 6
- 4 9 0 . 9 4

9 8 9 , 3 8
- 4 ' 7 ' � l . 1 2

9 ' 7 6 . t 6
r 4 2  . 9 2

- L 4 2  . 9 2

0 . 0 0
0 . 0 0

3 8 2 . 0 3
- s 6 z . u 5

382 . 04
- 3 8 2 . O 4

6 7  4  . 2 4
- 6 9 4 , 0 4

0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

- 8 9 5 . 0 6
8 9 5 . 0 6

- 8 9 5 . 0 ?
8 9 5 . 0 ?

- L L u u .  /  |
1 0 5 1 . 0 2

0 , 0 0
0 . 0 0

0 .  0 0
0 . 0 0

1 4 6 . 8 8
- _ t . l b . o o

1 4 6 . 9 3
- t 4 6  . 9 3

- 9 . 0 5
- 1 9 . 0 0

a . 0 2
- 0 . 0 2

* * * * * * * *++*** *  END OF LATEST ANAT,YSIS RESUTT **+++++*a*** * *
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85 MODE C],EANER TUBE SUPPORT
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0 . 0

4524. '7
0 . 0

6 5 8 8 . 6
0 . 0
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1 9 8 . 3
1 0 6  . 2
r . 9 8 . 3
1 0 6  . 2

0 . 0
0 . 0

L r 9 2  . 2
Lr92 .2
1 7 3 6 . 0
L / J t ) . u

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

1 0 . 1
0 . 0
0 . 0

0 . 0
0 . 0

2 6 ,  4

2 6  . 4
2 6 . 4
5 6 . 6
5 7 . 3

0 . 0
0 . 0

0 . 0
0 . 0

J . 5
q l

t 6 . 9
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

1,1,  .2

0 . 0
0 . 0

0 . 0
0 . 0
1 . 0
1 . 0

COMBINED SHEAR-Y SHEAR-Z

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

0 . 0  c
0 . 0  c
0 . 0  T
0 . 0  T
3 . 6  T
5 . 0  T
0 . 0  f
0 . 0  T
0 . 0  T
0 . 0  T

. 0  0 , 0  T
t - . 0 0  0 . 0  T

. 0  0 . 1  T
1 . 0 0  0 . 1 7

. 0  1 - 8 .  l -  T
1 . 0 0  1 8 .  6  T

. 0  0 . 0  T
1 . 0 0  0 , 0  T

. 0  0 . 0
1 . 0 0  0 , 0

. 0
1 . 0 0

. 0
1 . 0 0

, 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

0 . 0  c
0 . 0  c
0 . 0
0 . 0

1 8 . 5  T
2 3 . 2  T

0 . 0
0 . 0
0 . 0
0 . 0

. 0  0 . 0  T
1 . 0 0  0 . 0  T

n  1 2 0 e  t  . n

1 . 0 0  1 3 9 8 . 7  T
. 0  1 3 9 5 .  6  T

1 .  0 0  l - 3 9 8  .  7  r
. 0  1 . 3 9 8 . 7  T

1  n n  l a o a  ?  r F

, 0  0 . 0
r - . 0 0  0 . 0

. 0  3 6 . 4  r
1 . 0 0  3 6 . 4  T

. 0  2 7 , O  T
1 . 0 0  2 7  . O  r

Revision No. I
Doc. No. V049-l4E?
Ps,ge 32 of 57



85 MODE CLEANER TUBE SUPPORT

MEI..{BER STRESSES

AI,L UNITS ARE POUN/SQ INCH

-- PAGE NO. 20

MEI{A LD SECT

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

1 3  1  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

AXIAI,

2 7  . 2  T

4 6 , 4  I
4 6 . 4  T

3 6 3 4 . 6  C
5292.6 C

5 3 1 6 . 0  C

5 5 1 1 .  0  C
3 3 . 3  T

. 0  3 6 3 4 . 6  C
t - . 0 0  3 6 3 4 . 6  C

. 0  4 8 3 2 . 0  C
1 . 0 0  4 8 3 2 . 0  C

. 0  4 8 5 5 . 5  C
1 , 0 0  4 8 5 5 . 5  C

. 0  4 6 1 3 . 5  C
1 . .  0 0  4 6 1 3 . 5  c

n ?? ? T,

1 . 0 0  3 3 . 3  T

. 0  2 0 ' 7 . 9  C
1 . 0 0  2 0 ' 1  . 9  C

. 0  1 5 4 . 0  c
1 .  0 0  1 s 4 . 0  c

. 0  1 5 5 . 3  C
1  n n  1 < <  ?  ^

. 0  2 6 4 . 6  C
1 . 0 0  2 6 4 . 6  C

6  t ? o  q  T

1 . 0 0  2 3 9 . 5  T

. 0  3 6 . 4  T
1 .  0 0  3 6 . 4  r

. 0  8 . 8  C
1 . 0 0  8 . 8  c

n Q q a

1 . 0 0  8 . 5  C
. 0  2 8 , 2  c

1 . 0 0  2 8 , 2  C
. 0  4 2 . O  C

1 . 0 0  4 2 . O  c

T 4

BEND-Y

4 . 0
0 . 0
I . J

0 . 0
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0

1 1 0 . 4
0 . 0

1 1 0 . 4
0 . 0

0 . 0
0 . 0

BEND-Z

b o t  / .  o

0 . 0

0 . 0
4 l - . s

0 . 0

0 . 0

0 . 0
4 2 1 0 . 3

0 . 0
4246.8

0 . 0

0 . 0
6 5 5 1 . 0

COMBlNED

6 6 4 9 . 0
2 ' t  . 2

6 9 0 8 . 3
4 6 . 4

4 2  . 0

9 3 2 0 . 1 -
5 2 9 2  , 6
96L3 ,2
J 5 l O .  U

!2 '188 .8

6 5 8 4 . 4

l b 5 q .  o

9 3 2 0 . 1
4832.O
6312 .9
4 8 5 5 . 5
6299 -5
4 6 1 3 .  s
9 0 5 1 . 5

3 3 . 3
6 5 8 4 . 0

J U Y J .  J

1 3 0 8 ? , 9
4 4 0 2 , r

L S l z d . O

7  5 0 6  . 1
1 0 8 6 5 .  r

6682.'t

4 5 6 1 . 1
3 6 , 4

6 0 2 L  0
8 . 8

6 0 5 7 . 0
8 . 6

5 ' �17 2 .7
z 6 . z
8 3 . 4
4 2 . 0

SHEAR-Y

1 7 4 3 . 6
) . t q J , 9
t _ a t u  / ,  o
1 8 0 7 . 6

1 0 . 9
1 0 .  9

3 0 3 . 0
3 0 3 .  0
2 2 4 . 4
2 2 4  . 4

3 8 6 . 0
3 8 6 . 0
349 .2
3 4 9 . 2

1 . 0
t - . 0
0 . 4
0 . 4
0 . 0
0 , 0

0 . 0
0 . 0

1 0 . s

1 0 . 5
1 0 . 5

3 . 4
3 , 4
0 . 0
0 . 0

0 . 0  0 . 0
0 . 0  5 6 8 5 .  s
0 . 0  0 . 0

1 1 0 . 4  l - 3 7 0 .  5
0 . 0  0 . 0

1 1 0 . 4  1 3 3 3 . 7
0 . 0  0 . 0

3 s . 7  4 4 0 2 . 3
0 . 0  0 . 0
0 . 0  6 5 5 0 . 7

0 . 0  5 6 8 5 . 5
0 . 0  6 0 ? 9 . 3
0 .  1  4 2 1 0 . 3

13.  0 L2920.9
0 .  0  4246,8

1 3 . 1  t 2 9 6 0 , 2
0 .  0  ' 1 2 4 2  . r
4 . 2  1 0 5 9 6 . 3
0 . 1  6 5 5 1 . 0
0 .  1  6443.r

0 . 0  4 5 2 4 . 7
0 . 0  0 . 0
J .  y  o u . L ) . 5
0 , 0  0 . 0
3 . 9  6 0 4 4 . 5
0 . 0  0 . 0
1 . 3  5 7 4 3 . 3
0 . 0  0 . 0
0 . 0  4 L , 5
0 . 0  0 . 0

3 0 3 . 0  0 . 0
3 0 3 . 0  0 . 0

? 3 . 0  1 0 . 4
? 3 . 0  1 , 0 , 4
? 1 . 1  1 0 . 4
7 1 . 1  1 0 . 4

2 3 4 . 6  3 . 4
2 3 4 . 6  3 . 4
3 4 9 . 1  0 . 0
3 4 9 . 1  0 . 0

5 2 9 8 . 5  0 . 0
5 2 9 8 . 3  0 . 0
7 7 L s  - 4  1 0 . 4
' t ' t L s . 4  1 0 . 4
7 ' 7  4 9  . 5  1 , 0 .  5
7 ' 1 4 9 . 5  1 0 . 5
8 0 3 3 .  9  3 .  4
8 0 3 3 , 9  3 . 4

4 8 . 6  0 . 1
4 8 . 6  0 . 1

L r 9 2 . 2  0 . 0
1 ] 9 2 . 2  0 . 0
1 5 8 4 , 9  1 , . 0
1 5 8 4 . 9  1 . 0
1 5 9 2 . 6  1 . 0
L 5 9 2 , 6  1 . 0
1 5 1 3 . 2  0 . 3
1 5 1 3 . 2  0  .  3

1 0 . 9  0 " 0
1 0 , 9  0 . 0

Revision No. I
Doc. No. V049-148?
Page 33 of57

l_5

1 0



85 MODE CIEANER TUBE SUPPORT

MN,IBER STRESSES

AI,], UNITS ARE POUN/SQ INCH

MEMB ID SECT AXIA], BEND-Y

-- PAGE NO. 2T

1 9 . 0  3 6 3 4 .  6  c
1 . 0 0  3 6 3 4 , 6  c

. 0  5 0 8 1 . 4  C
t .  0 0  5 0 8 1 . 4  c

. 0  5 1 0 4 . 9  c
1 .  0 0  5 1 0 4 . 9  C

. 0  5 L 3 8 . 6  C
1 .  0 0  5 1 3 8 . 6  C

n ? ? ? . r '

1 .  0 0  3 3 . 3  T

. u  5 0 J a l . o  L

L .  0 0  3 6 3 4 . 6  c
. 0  5 0 4 3 . 2  C

t . 0 0  5 0 4 3 . 2  c
.  u  9 u o o . 0  L

1 . 0 0  5 0 6 6 . 6  c
. 0  4 9 8 6 . 0  c

1  . 0 0  4 9 8 6 . 0  c
. 0  3 3 . 3  T

1 . 0 0  3 3 .  3  r

. 0  2 0 1  . 9  c
1 . 0 0  2 0 1  . 9  c

. 0  5 0 . 1 r
1 . 0 0  5 0 . 1 7

.  0 4s. '1  T
1 . 0 0  4 8 , ?  T

. 0  1 6 0 .  9  T
1 . 0 0  1 6 0 , 9  T

. 0  2 3 9 . 5  T
l - . 0 0  2 3 9 . 5  r

. 0  L 2 9 . 9  C
1 .  0 0  1 2 9 . 9  C

. 0  1 3 9 . 5  T
1 .  0 0  1 3 9 . 5  T

. 0  1 3 8 . 6  T
1 .  0 0  1 3 8 . 6  T
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5 . 8
0 . 0
5 . 8
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0 . 0
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1 ? 5 . 0  5 . 1
1 ? 5 .  0  5 .  I
1 r r  q  q  l
' r .?1  c .  q  1

1 7 0 , 0  9 . 3
1 ? 0 . 0  9 . 3

0 . 8  4 . 3
0 . 8  4 . 3

0 . 1  0 . 0
0 . 1  0 . 0

1 5 3 .  9  1 3 .  I
1 5 3 . 9  1 3 . 8

Revision No. I
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2 4 . 0  1 4 2 8 . 4  c
1 . 0 0  1 4 2 8 . 4  C

. 0  1 0 7 5 . 9  C
l - . 0 0  1 0 ? 5 . 9  c

. 0  1 0 7 9 . 9  c
1 . 0 0  1 0 7 9 . 9  c

. 0  9 8 4 . 4  c
1 .  0 0  9 8 4 . 4  c

. 0  4 3 . 6  T
1 . 0 0  4 3 . 6  T

. 0  0 . 0  T
1 . 0 0  0 . 0  T

n  1 n  <  ^

t - . 0 0  1 0 . 5  c
, 0  1 0 . 5  c

1 . 0 0  1 0 . 5  c
n  l t  I  .

1 . 0 0  L 2 , 3  c

1 . 0 0  2 . ' t  c

. 0  L 4 2 8 . 4  C
1 . 0 0  L 4 2 8 . 4  c

. 0  1 2 7 1 . 2  c
1 . 0 0  t 2 7 L - 2  c

.  o  ! 2 ' 1 5 . 2  c
1 . 0 0  ! 2 1 5 . 2  C

. 0 't 362.7 c
1 .  0 0  1 3 6 2 . ' 1  C

, 0  4 3 . 6  T
1 .  0 0  4 3 . 6  T

. 0  0 . 2  T
1 . 0 0  0 . 2  T

. 0  3 7 6 5 .  0  C
1 . 0 0  3 7 6 5 .  0  c

. 0  3 6 8 9 . 1  c
1 .  0 0  3 6 8 9 . 1  c

. 0  3 6 5 6 . 9  c
1 , 0 0  3 5 5 6 . 9  c

. 0  1 " 6 . 8  T
1 .  0 0  1 6 .  I  r

. 0  0 . 2  r
1 . 0 0  0 . 2  T

. 0  3 3 1 0 .  2  c
1 . 0 0  3 3 1 0 . 2  C

BEND-Z

0 . 0
0 . 0
0 . 0

2 6 ' t O . s
0 . 0

2 6 ' 7 0 . 4
0 . 0

3 6 0 0 . 9
0 . 0

r 5 u v .  J

L 7 7 8 . 2
0 . 0

. L J d Z .  J

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0
0 . 0
0 . 0

5 4 4 9  . 4
0 . 0

5 4 4 9 , 3
0 . 0

63'19 .9
0 . 0

1 3 8 9 . 5

0 . 1
5 . 2

9 2 8 r . 9
4444 - '1
9 0 9 4 . 8
4 3 5 4 . 8
9 0 1 5  .  6
4 3 L 4  . 9

4 7 , 4
1 9 , 3

0 . 1
5 . 2

8 1 6 0 . 6
3 9 0 9 , 1

1428 . 4
1 4 3 3 .  0
1 0 ? 5 . 9

1 1 1 ? 3 . 3
1 0 7 9 . 9

1 1 1 4 1 . 9
9 8 4 . 4

71,97 r  .6
4 3 . 6

' t  005 .2

! 1 7 8 . 2
U . U

1 6 7 ! . !
l u . f

r 0 r ) . 8
t - 0 , 5

t7 8'�1 .2
1 2 . 4

1 1 7 . 3
a 1

L428 .4
1 4 3 3 . 0
r27 L.2

1 3 9 2 1 . 9
Lz'l5 .2

1 3 8 9 0 . 5
L362 ,'t

1-1-9!1]
4 3  . 6

? 0 0 5 . 2

0 . 3

1 3 1 8 2 . 4
8 7 4 8 . 1

L29]-9 . 4
8 5 8 2 . 2

8942.2
r 7 2 . 2
4 8 9 . 4

0 . 3

1 1 8 3 4 . 5
8 6 6 4 . 4

0 . 0
4  . ' 7
0 , 0'1 42'�7 ,0
0 . 0

739L. '7
0 . 0

7 3 8 6 . 3
0 . 0

55'�72.1,

0 . 1
0 . 0

7 8 . 1
0 . 0'7 7 .'7
0 . 0

7 8 . 5
0 . 0

6 0 . 4
0 . 0

0 , 0
4 , - l
0 . 0' 7 2 0 L , 2

0 , 0
7 7 6 5  . 9

0 . 0
7 2 4 r . 9

0 . 0

0 . 0
0 . 0

1 3 5 . 5
5 3 8 , 3
L l ) . 5

2 4 4  , 2
9 ' 7 0 . 4
1 1 4 . 1
4 5 3 . 4

0 . 0
0 . 0

3 6 3 , 7
1 4 4 5 . 1

7 2

2 5

2 7
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MEMBER STRESSES

AIL UNITS ARE POUN/SQ ]NCH

MII4B I,D SECT

3  . 0
1 , 0 0

4  . 0
1 . 0 0

5  . U

1 . 0 0

2 1  1  , 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  , 0
1 . 0 0

q n

1 .  0 0

AX IAI

3 2 3 4 . 3  c
S Z J a t . 5  L

3 4 1 8 . 4  C
3 4 1 8 . 4  C

1 6 . 8  T
1 6 . 8  T

1 7 6 . 0  T
1 7 6 . 0  T

2 1 8 1 . 8  T
2 1 8 1 ,  .  8  T
2 1 4 8 . 6  T
? L 4 8 . 6  ' t

2 1 9 8 . 5  T
2 l - 9 8 . 5  T

0 . 0  c
0 . 0  c

7 3 . 4  C' 1 3  . 4  C' t 3 . 4  C' 1 3 , 4  c

2 3 , 0  c
2 3 . 0  C

0 . 0  c
0 . 0  c

1 1 . 3  T
1 2 . r  I

0 . 0  c
0 , 0  c
0 . 1  c
0 . 1  c

0 . 0  T
0 . 0  T
0 . 0  T
0 . 0  T

1 2 . r  r
L 2 . 9  T

0 . 1 7
0 . 1  T
0 . 0  ?
0 . 0  T

BEND_Y

363. '7
1 4 4 5 . 0

4 '7 2 .5
r87 '7 .2

L 1 4 . 1
4 5 3 , 4

0 . 0
0 . 0

1 4  . 6
234'7.9

1 4  . 6
234'7. '7

2 6  . 3
4 2 3 2  , 8

1 2  . 3

0 . 1 -
0 . 0

r L 9 2 2 . 3
0 . 0

1 1 6 4 9 . 0
0 . 0

1 2 3 1 1 . 4
0 . 0

6 0 .  5
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

8 2 . 2
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0

4 9  . 8
0 . 0

4 9  . A
e 2 . 2

t " 7  t  . 4
0 . 0
0 . 0

BEND_Z

7 9 '73 .5
3 8 1 9 . 2
8 4 ? 6 . 9
4 0 3 9 . 0

4L.  4
1 q  ?

0 . 0
1 0 . 0

- L O O O r ,  {

7 3 0 0 , 5
r b J z _ t .  o
7 t 3 2 . ' t

L O 5 t t . t

/ u d o . J

d J U . O

0 . 0
5 4 8 . 5

0 . 0
582. '7

0 . 0
r 9 0 . 4

0 . 0

0 . 0

8 0 8 . 0

8 0 8 , 0

8 3 2  , 6
t  ? 6 1 .  0

8 0 8 . 0
1 7 3 6 . 4

0 . 0
0 . 0

1,462.2
2 1 6 2 . 2

2 7  r O  . 6
l - 7 6 1 . 0
2 ' 7  3 5  . 2
l , / J o , J

2 '7  r0  .6
0 . 0
0 . 0

COMBINED

1 1 5 7 1 . 5
8 4 9 8 . 6

1 2 3 ! 7 . ' l
9 3 3 4 . 5

r ' 7 2 . 3
4 8 9 . 4

I 7 6 . L
r d 0 . t

1 9 0 5 7 . 8
1 l - 8 3 0 . 2
r8684. '7
1 1 6 4 9 . 0
1 8 6 0 2 . 5
1 3 5 1 7 . 8

)- ) -o.  z
203'7 .8

8 5 0 .  ?
0 . 0

L2544.2
1 3 . 4

L 2 3 0 5 . 0' 7 3 . 4

!2597 .2

1 7 9 . 2
2 3  . 0

8 0 8 . 0

8 0 8 . 0
t ' l36 .  4

8 4 3 . 9
t ' t 1 3 . L

8 0 9 . 3
1 / J 5 . J

0 . 1
0 . 1

1 4 6 2 . 2
2162 .2'1,7 36 , 4
2 7 L I . L
r ' 7 1 3 . L
2 ' 7  4 8  . 6
1 7 3 8 . 4
2'716. !

0 . 0
0 . 0

SHEAR-Y

1 5 0 .  4
1 5 0 .  {
1 5 9 .  0
1 5 9 . 0

0 . 8

0 . 3
0 . 3

6 0 9 .  0
6 0 9 . 0

5 9 6 , ?
5 9 1 . 4
s e l ' 1  .

2 . ' 1

L 7  . 9
4 . 3
4 . 3

0 . 0
0 . 0

5 8 .  I
5 8 .  I
5 8 . 8
5 8 , I

1 0 6 . 0
1 0 6 , 0

4 9 . 5
4 9 . 5

1 1

2 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 .  0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
l - . 0 0

, 0
1 . 0 0

. 0
1 .  0 0

. 0
1 . 0 0

2 2 4 . t  0 . 0
2 2 4 . L  0 , 0
1 4 4 . 5  3 1 4 1 . 3
L 4 4 . 5  3 1 4 1 . 3
1 5 3 . 5  3 0 6 9 . 3
. L ) J . J  J V 9 : r . 5

5 0 . 2  3 2 4 3 , 8
5 0 , 2  3 2 4 3  . 8
2 s . 2  1 5 . 9
2 5 . 2  1 5 . 9

3 3 4 . 3  0 . 0
3 5 8 . 6  0 . 0
4 7 9 . 5  0 . 0
5 0 3 . 8  0 . 0
a ' 1 9 . 5  0 . 0
5 0 3 .  8  0 .  o
4 7 9 . 5  1 8 . 8
5 0 3 . 8  ? O . 2

0 . 0  0 . 0
0 . 0  0 . 0

3 5 8 . 6  0 . 0
3 8 2 . 9  0 . 0
5 0 3 . 8  2 6 . 4
5 2 8 . 1  ? 6 . 4
5 0 3 . 8  2 6 . 4
5 2 8  .  1  2 6 , 4
5 0 3 . 8  4 6 . 5
5 2 8 .  1  4 7  . 9

0 . 0  0 . 0
0 . 0  0 . 0
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85 MODE CLEANER TUBE SUPPORT

MEMBER STRESSES

Al,], UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAI, BEND.Y

-- PAGE NO. 25

0 . 0
0 . 0

3L2 ,8

3 1 2 . 8

4 '7 0 .6
6 0  . 2

0 . 0
0 , 0

0 . 0
0 . 0

2 ' �1  .4
0 . 3

0 . 3
6 0  . 2
a 1  1

0 . 0
0 . 0

BEND-Z

4 9 ' t  . 2
8 0 1 . 5
969 .2
9 5 5 .  I
961- .  I
9 5 3 .  3
9 6 9 . 2
9 5 5 ,  8

8 0 . 7
2 6  . 4

8 0 1 , 5
1 0 9 0 .  0

9 5 5 . 8
1 0 9 0 .  o

9 5 3 .  3
1 0 9 0 . 0

9 5 5 .  8
1 0 9 0 . 0

0 . 0

4 9 7  . 2
U U . l . O

2 4 0 8 . 5
2346.2
2394 -8
2 3 3 9 . 6
246'7 -5
234'7. ' t

e ?  ?

8 0 1 . 5
1 0 9 0 . 0

2 4 8 0 . 0
z 3 5 v . o
2 4 ' t 7 . O
2 3 4 7 , 7
2 4 8 r . 7

6 . 6

90. '7

3 6 . 9

9 . 9

L25 .0
3 3 . 0

J J . : '

6 ' 7 . 4
q q

0 . 0
0 . 0

b - 1 .  E

o t - .  b

o t . o

6l- .  I
7 6 . 5
7 2 . 5

0 . 0
0 . 0

0 . 0
0 . 0

1 0 . 1
1 0 . 1
1 0 .  1
1 0 .  I

u . o

0 . 0
0 . 0

COMBINED SHEAR_Y SHEAR-Z

5 0 0

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  1 3 9 0 .  0  T
1 .  0 0  1 3 9 0 . 0  t

. 0  l - 3 8 3 . 4  T
1 .  0 0  1 3 8 5 ,  8  T

. 0  1 3 9 0 . 0  T
1 .  0 0  1 3 9 0 . 0  T

. 0  6 . 6  C
1 . 0 0  6 . 6  C

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  1 3 9 0 . 0  T
1 . 0 0  1 3 9 0 . 0  T

. 0  r . 3 8 5 . 8  T
1 . 0 0  1 3 8 7 . 0  T

. 0  1 . 3 9 0 . 0  T
1 . 0 0  1 3 9 0 . 0  T

. u  o . o  u

* * * * *+*++**+**  END OF LATEST ANAIYSIS RESULT

101 . PARAMETER
102.  CODE AISC
103,  FYLD 45999.969 MEMB 13 TO 2?
1.04.  l is rR 21000.  MEMB 13 TO 27
105.  LY 70.  MEMB 18 TO 27
106,  UNL ?0.  MEMB 13 TO 2?
107.  WMIN 0.188 MEMB 73 TO 2 '7
10 8 . CB 1 . MEI4B L3 TO 2'7
10 9 . CMY 1 . MEMB 13 TO 2'7
110.  MAIN O.  MEMB T3 TO 2 ' I
1 tL.  RATrO 1.  MEMB 13 TO 27
11-2. CHECK CODE MB4B L3 TO 21

iil:$:Yd-'"*'
Page 38 of57



85 MODE CLEANER TUBE SUPPORT

STAAD-III CODE CHECKING - (AISC)
*  *  * + +  *  *  +  *  *  t r  *  *  *  *  *  *  *  * *  *  *  *

-- PAGE NO. 26

AII, UNITS ARE _ POUN

MB,IBER TA3I,E

INCH (UN],E5S OTHERVIISE NOTED)

RESULT/ CRITICAI COND/
FX I'f/

RATIO/
MZ

LOADING/
LOCAT] ON

13 ST TUB 30203 PASS
9 0 3 8 , 1 1  C

L4 sT TUB 30203 PASS
5 9 6 0 . 8 2  C

15 ST TUB 30203 PASS
Z J q .  O Y  L

16 ST TUB 30203 PASS
224.75 T

l'7 s? TUB 30203 PASS
2 6 3 . 8 8  T

18 sr  TUB 30203 PASS
8L'77 .  Q2 C

l-9 sr  TUB 30203 PASS
8 3 7 2 . 0 0  C

20 sr  TUB 40408 PASS
1 1 5 ?  . 4 3  T

2t  sr  TUB 40408 PASS
1 3 8 ? 6 , 2 5  r

22 ST TUB 4O4OB PASS
2 5 0 . 8 8  T

23 sr  TUB 40408 PAS S
1 1 7 9 8 .  ? 0  ?

24 ST TUB 30203 PASS
1 6 1 4 . 4 5  c

25 ST TUB 30203 PASS
2 2 3 4 . 7 6  C

26 ST TUB 40408 PAS S
2 ? 9 4 5 . 6 4  C

2'1 ST TUB 40408 PASS
2 L 7  4 0  . ' l 4  C

113 , SELECT WEID MEMB L3 IO 2'7

Afsc-  H1-3

z 3 . J !

Arsc- H2-1
4 . 2 2

AISC- Hl-  1
- 1 . 8 9

Arsc-  H2-1

8 9 . 6 8

- 8 0 2 8  . 4 4

A-LsU- TTI-  J
' 1386.24

AI- IU-  I I I -J' t  24r .9?
Arsc- H1-1

O 5 J . Z I

AL>u-  n . l -  f

2905 - '12

0 . 4 6 3
9 1 ? 3 . 3 0

0 . 3 4 9
-'720L .5'l

0  . 4 1 6
-r6416.29

o .6L7
2 L 3 7 r . 0 8

o . '10 '7
-2449: . .7  6

0 . 7 6 1
! 7  4 5 3  . 2 4

0  . 4 9 2
- 6 8 7 1 . 5 6

o . 9 6 7
r60 ' t  8L, '72

- 1 0 3 6 9 7 . 8 7
0 .  9 0 9

1459'10 .64
o . 6 2 4

- 9 4 1 4 5 , 0 8
0 . 4 5 8

{ f  b L .  r J
- n_ sr-?.

80EFr5-.
0 . 5 8 1

- 5 7 0 8 3 . 8 1
0 . 5 3 4

- 5 t - u 2 5 .  ) J

2 1 . 1 3
t

2 t . L 3

2 . 5 0

0 . 0 0
4

2 . 5 0
4 -

0 .  0 0

0 . 0 0

9 . 0 0

0 . 0 0

9 .  0 0

0 . 0 0
4

? 0 . 0 0

7 0 . 0 0

0 .  0 0

0 . 0 0

Revision No. I
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85 MODE CLEANER TUBE SUPPORT -- PAGE NO, 2'1

AI,I, UNITS ARE - INCH

MEMBER LOCAT]ON/
LOADING

STAAD_III WEID DESIGN
* *  *  *  * *  *  *  *  *  * *  *  *  *  *  *  + +  * +

POUN

VIELD TYPE/
HOR STRESS

WELD SIZE/
VERT STRESS

COMB STRESS/
DIR STRESS

t 3

L I

1 4

1 4

1 5

L 6

L o

1'?

t't

1 8

1 8

1 9

1 9

2 0

STA
4

END

5TA

END
1

STA
4

END

STA

END

S T A

1

END
4

STA

END

STA
3

END
4

STA
2

END
2

0 . 9 0

0 .  9 0

2 . ' 7 9

0 . 0 0

4 5 . l - 9

1 , 3  , 9 2

L 3  . 9 2

0 . 0 0

1 4 . 6 0

1 r . 4 4

r r .44

1
3 5 . 3 5

I
7 t  . 4 4

1
8 5 . 2 6

1
4 2 . 6 3

3 /  L 6
2 3 1 - . 5 9

2 3 L . 5 9

5 /  a o
4 2  , 6 5

3 /  L 6
1 8 1  .  8 1

J /  I O

4 8 2 9  . 4 8

467 '1  .98

3 /  L 6
46"1  .91

3 /  1 6
46' �7 .9r

J / . L O

3 1 7 9 . 1 0

4044 .  4s

3 /  L 6
36L.20

J /  I O

3 /  7 6
1 0 2  .  1 4

3 / 1 6
2 5 . 4 0

3 /  L 6
5 9 5 4 . 8 8

29' t '7  .  4  4

4 8 2 5 . 8 9
4820 .33

to28 4 .94
70282.34

4 2 4 7 . ! 5
4246.93

7  4 A 8  . 9 2
7 446. '7  0

5 6 6 7 , 5 1

1 0 9 2 s . 7 5
9 8 7 3 , 5 3

128L3 . 45
1 2 8 0 4 . 9 0

2 5 7 2 . 3 9
2529 .. 44

5 4 6 8 , 4 5
4 4 4 9  . 4 L

15205.2I
r465' t  .44

1 4 7 0 9 . 5 5
1 4 ? 0 5 . 1 1

L3225.29
L3220.35

6 J 1 t . V Z

8 5 4 1 , 3 4

? 3 6 4 . 0 0
7 3 5 3 . 9 5

5967.9 ' l
3 8 5 . 8 1

20'7 92 .'t L
2 0 5 7 8 . 3 8

* .- :^- No. 1Ken'-lll -,'rnas-t487
fld. nu - --Page 
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85 MODE CLEANER TUBE

AII. UNITS ARE _ INCH

MEMBER LOCATION/
LOADING

SUPPORT

STAAD-III WEID DESIGN
*  * *  +  * * *  *  *  *  *  *  *  *  *  * *  *  * * +

-- PAGE NO.

POUN

WELD TYPE/
HOR STRESS

WE],D SIZEI
VERT STRESS

COMB STRESS/
DIR STRESS

STA
2

END
4

STA

END

STA
4

END

STA
1

END
4

5TA
1

END
4

STA

END
4

2 l

2 t

2 2

z2

2 3

2 4

2 5

2 5

2 6

2 7

z'l

4

END
4

1
7 1 . 9 3

1
a62 , 09

1
? 9 7  . 3 5

1
L48 . 6'7

1
J l - J .  ) . 1

1
5 1 5  .  5 q

1
0 . 0 4

1
5 6 . 2 8

1
0 . 0 4

1
5 5 . 1 8

1
1,99 , ' � l I

1
4 8 0 . 2 2

t
9 2 8  . 9 4

1
9 2 8  . 9 4

END OF TABULATED

) /  I O

5 1 2 . 0 8

64'7 . 48

3 /  1 6
5 4 0 6 . 3 2

o/  -Lo
2 ' t  03  .  L6

4 / 1 6
6 6 1 . 5 3

4 / L 6

3 /  L 6
0 . 0 0

5 /  L O

3 4 . ' 7 5

3 /  L 6
0 . 0 0

3 /  L 6
b T .  J  /

4 /  1 6

3 / 7 6
6 9 4 . 5 3

3 / 1 6
11t_ 7 .  01

1 1 1 ? . 0 L

1 8 3 5 0 .  6 ?
1 8 3 4 3 . 3 8

L656L.6't
! 6 5 4 8 . 2 2

5415' .  14

1 9 4 8 0 .  ? 3
!9291. ' l0

206'�13 . 48
2 0 6 6 0 . 5 2

2 0 0 5 5 . 8 9
20042 .52

L 2 4 9 . 3 6
L249 .36

a936 .02
8 9 3 5 . 7 8

! 2 4 9  - 3 6
1 2 4 9 . 3 6

LL24'1 .86
L1_247 .56

1 6 8 5 1 . , 0 9
1 6 8 4 5 . 8 5

!590! .27
l - 5 8 7 8 . 8 4

2 0 9 8 0 . 0 9
20929.73

1 5 4 0 ?  . 5 0
1 6 3 4 3 . 0 5

I IELD DESIGN *  * * *  * * *+***+*** *  * *

Revision No. I
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114. ],OA.D LIST ALL
115 .  F INI  SH

-- PAGE NO. 29

Ilevision No. I
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Filename: B-5 ANCHOR

AI,I. AROUND RECTANGULAR OR SOUARE FILIET WELD

Between part MEM 2L Er 23 and BASEPLTS

6

LOAD INPUT
Fl.

2 2 1 2 . O O

1 6 , 0 0 0

M1
5 0 3 5 6 . 0 0

u2
1157 .  OO

t{3
40806.  OO

(, LBS., INCII-LBS. )
E2 F3

1 1 7 9 9 , 0 0  8 2 0 . 0 0

CEOUETRIC DI}IENS]ONS
a b
4 . 0 0 0  4 .  O 0 0

SECTION PROPERTIES

WELD STRESS (PSr)
21000

SKEWED ANGLE ( goO>e<lzo@l

9 0 ,  o 0 0

Sw1

2 1 . 3 3 3
Sw3
2 1 . 3 3 3 8 5 . 3 3 3

cl.
2 . O 0 0

c3
2 . O O O

EFFECTIVE THROAT CORRECTION FACTOR

Mf

lrarr uu !iELD toAD ( f ) - #/ rNcrt

5014

RTQUIRED FTLIET WBLD SIZE (INCIIES)

0 .  3 3 8
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HORIZONTAI. FIILET VIE],DS

Between part BASEPLATE &

f i lename:  B-5 ,3 ,  &2

PARAT,],EL TO F1 AXIS

Jr 23 /r{8r424 JT 25IMEM 25

Ft (F^

I,OAD INPUT ( LBS,, INCH-LBS.

GEOUEIRIC D I!.{ENS IONS
a b
4 . 0 0 0  8 . 7 5 0

SECTION PROPERTIES
a Sr.rL
1 7 . 5 0 0

MAXrtfim liltD
f

17 04

r1
18535.  00 0 . 0 0

F3
1 8 7  , 0 0

Sw3
25 .s2L

r,t1
20168. 00

t42
6 2 9 s . 0 0

r.{3
1 7 5 9 8 . O O

STRESS (psr)
21000

REQUIRED FII,LEt WELD

3 5 . O 0 0

roAD (f) - #/rNcH

c3
4 . 3 7  5

#liil\i;o',-'""
Page 48 ot ) '
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Filenane: B-5 SUPPoRT

A',t AROUND REC?ANGULAR OR SQUARE TILLET IIELD

Between part UEM 18 & 19 and BASEPLTS

LOAD INPUT ( LBS,, INCH-LBS. )
F1 F2 F3

C'OJ .  UU

sw1
9 . O 0 0

Sw3

lt1

1 4 9 s 0 . 0 0

2 0 .  8 3 3 1 .  5 0 0

WBLD STRESS (PSI )
21000

vt2

SKEWED ANGLE ( 9O6>a<12Oo)
9 0 .  o 0 0

M3

GEOUETRIC DII,{ENSIONS

3 .  O O O  2 . 0 0 0

SECI]ON PROPERTIES

EFFECTIVE IHROAT CORRECTION FACTOR
l,rf

1 . O O

r{AxrMrru vrELD LoAD (f) - #/rNcH

r562

REOUIRED FILLET I{BLD SIZE (INCHES)

10 .000
l2-

o.  l -12

c3
1. 000

l"Ji?lY;-i"""
Page 5l of 57
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-088
PAGE I OF 53

REV, DEO# DATE BY: CHECK TITLE:
Design of Generic Support Scheme fo4,
Beam Tube N{anifold BE-5

0 013 9 4t24t96 WDB AGR
I D z ? 3 Q/ $/qv \db9 w u

BY: W. Bilynsky DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59M9

PIIRPOSE:. The purpose of this calculation is to design a generic support scheme for the Beam Tube
Manifold (BTM) BE-5 and the related spool pieces i.e. B-l,and B-8. The support scheme as designed
allows for thermal axial growth. The axial growth is restricted by means of a flexible support.

METHOD: Supports were located based on acceptable thermal displacements. The'flex-support" was
desigrred for the AISC code allowable stresses, additionally the bellows on A-13 and BE-5 are designed
for a max displacement of+/- 2-714 nches. A STAAD model ofBTM BE-5 was generated and used for
design. Baseplates, anchor bolts and thru-bolted connections were desigrred using classical hand
calculations and STAAD computer output. Load cases included; DW, Thermal" Vacuum and Seismic
(static g load). DW included the weight of the vessel and its flanges, Themal included a temperature loa
along the length ofthe vessel, unbalanced vacuum loads occur due to the diference in size between

the bellows spool pieces at A-13 and spool B-8. Seismic factors were applied for horizontal loads.

ASSUMPTIONS: See Calculation

IMUTS: 1. Vesselwght = 16.15 lb/in,
2. Thermal Coetr of Expansion = 9.19E-06 irlin F
3. Seismic Acceleration : 0.05625 g.
4. Unbalanced Vacuum Load : 18640. lbs

REFERENCES: 1. STAAD-I release2l, ResearchEngineers
2. ASD - AISC 9th edition
3. COMPRESS computer aided design Version 5.53
4. Doc. No. V049-l-066 - LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:
V049-l-085 - Beam Manifold Tube BE-5 (Vessel Design)
V049-1-032 - Component lnterface Loads

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Desisn Criteria are met.

NOTES: STAAD-III Computer file: BE5BTMRI.t
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PROCESS SYSTEMS INTtsRNATIONAL INC.
WESTBOROUGE,MA

ENGINIERING
CAIfI]II\TIONS

NO: VM9-1-0EE
Rev.No I
PAGE 2 OF 53

PROJECT: LIGO VAC{IIIM EQTiIPMENT PROJECTNO: V59G9

CALCIJLATION TITLE: Desin of Generic Sunnort Schene for Beam Tube Marifotd Btr-s

TABLE OF CONTENTS

Revision History

Thermal Displacements

Loads Acting On Manifold

Beam Tube Manifold

STAAD - III Model

STAAD - III Computer Generated Plot
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PROCESS SYSTEMS INTT,RNATIONAL. INC, ENGINEERING
CALCI]I]\TIONS

NO: V049-l{88

WESTBOROUGE,MA Rev. No. I
PAGE 3 OI' 53

PROJECT: LIGO VACIIIJM EOUIPMENT PROJECT NO: V59{X9

Clf,Cf]LAffOX ffff,E: Desim of Generic Suooort Scherne for Beam TuDe Manifold BE 5

REVISIONHISTORY

Rev. 0 Original Issue
April24, 1996

Rev. 1 Issue Date
SePtenbo 19, 1996

r Added unbalanced vacuum axial load to all pertin€nt load cases'
r Released moments at pinned comections to stiffener ring in STAAD modol'
. Revisod Struotural Tube Steel members from 4" x 2" x 5/16" tl&

to 4" x 4" x l/2" thk.
r Revised body ofcalc to reflect changes due to new vacuum load'
r Added additional weld calculations
. Rwised desiF details to reflect change in members.
. Revised stiffensr/support ring to 4" x 3" x 3/8" I /ls x t7'

. Revised anchor bolts and base plate sizes



PROCESS SYSTEMS INTERNATIONAL. INC, ENGINEERING
CALCTJLATIONS

NO: V049-1488
WESTBOROUGE,MA Rcv.No. I

?AGE 4 0X' 53
PROJECT: LIGO VACUIJM EOIIIPMENT PROJECT NO: V59049

CALCULATION TITLE: Desien of Gereric SuDDora Scheme for Beam lube Manifold BE-5

DISCUSSION

Beam Tube Manifold (BE-5)

Support Scheme

StEp I - BE-5 support/anchonge assembly includes BE-5, B-l and B-8 and portions of A'13.
Anchorage was preferred at the midspan ofBB-s, however due to the overall length ofthe BE-5
support/anchorage assembly, the anchor and flexible support locations were selected to facilitate
the expected rhermal grorth.

Step 2 - Flexible supports were located based on a maximum allowable thermal displacanent
A maximum allowable displacernent of 1/2" rlas established. This in tum daermined tho
maximum spacing between anchor and flexible support.

Step 3 - A finite elernem model which includes the properties ofthe bearn trbe manifold shell and
the support frame were generated using the STAAD structural desip computer program.

Step 4 - Applicable loading conditions were determined. These included; deadweight for vessel and
flanges, uniform thormal load for the Beam Tube Manifol4 unbalanced vacuum loads at rhe
roughing pumps and seismio frotors. Additionally,an unbalanced vacurmr load aas on the Beam
Tube Manifold due to the disparity at the A-13 bellows to B-8 Manifold interface.

Step 5 - Computer output results were evaluated.

Step 6 - Using computer gonerated forces and reactions, anchors, baseplates, bolted
connections (zupport legs to vessel stiffener rings), and welded connections were designed.



Art c+{e€- -p F\.,,EL 5,,r ePoftF

( _
\T$ec.f\ 

-

o : 1 L 7  p .

A*c+rorn-lo Eerr-o"oo o* A- \3

o<- 6r L

(c .,s *,o u,.r/,o'.Xaeo'n) (zao,arl)F F F

- - E

o o o
I } C O

({ a,{ arr

f,r*.e"t = G rg 5c re- 6rr.1 1,"'r) (aeo'r)( r a,,.rer ,)

=  O '5&  t * . r ,

6""*.1 
-- (t,19 *ro-b

:  I .24 r.r,

,," 7,"'. r) (alo" r) (+oc.a,r, )

Revision No. 1
Doc. No. V049-l{88
Page 5 of53



Lonp5 A"t,o4 o-r Bg-5 Cg-N BEA"I -iuBE vlAp''so.u

v\ = /3€e:_\ / r...3 \/rtftrr.,"lq(t...r,,fl\
\  e - r o / \ n z a , * ) \  +  )

Reorr,ua,Sl,,,*ra€ @ A-rl .rD B-g (-rr.tz-)

?Z'A' 5D rr-.0+16r€ = a-lo.ibr r-[, r1g4g-1-ag*
Tdi s,c 607z"ro = \38t. \Ls

Tdar-l"- r.lgrrirtcaR.Zrqb- \151 . l'fr

Ptrr'*r4 T-,,.ue @ R-a -ro B-\ ( n  *e )

rzi4'r.s Ttat4e -- 31o \Va
z EE b :, 7 (no \la:) = 745. tr".

F{*,,"r, Fr' laet@- F'l ro BE-5 (:rtt)

. tJEsse* b.\l

o o o

ct c{ a{

qll = -l4O Ur€,

Revision No. I
Doc. No. V049-l-088
Page 6 of53

' :3:*,.5*s*A,g-t-"--

T = O , O S I @ L S  
n . r ' ' ,  V A l q ' l '  e 4  L

agsiltc.- relo AFRr€b !Fo€. $o412Pr:fT{-,9€'<.floJ ooL'J

.'."F*o. I o'osbLa (tr,,ls*i,)* o,9ob1,0

' trroc -.�o,oste2.S (,rsr') = 99.5 lbt,

,F,Ec_ -- o.6vLS (r+o) -- +t,(rtt +42,$,..



a Oset r:e.s> rlrcurrt lsaea

G'+ Jot?,r-s (*" . ,r\

\o-{ rloure
a l

t ? r A -

=

I r =' u q

F= pA = (4..r*/,u)(o o,/o)
= (+,r */,*)(-n- (srs,Jt' /+)

Fd+ = 682" \b.''

o o o

c{ cr a{

?at-o*b

T4r2 tbTfr6'Drffe€.B.J€ BEI\.IAI Go.s,*t { rz.^'*
.Dr \-4E14P- Beu.D,s: TeQz*2.

F - i ? , L f "  
Q  

s -  
6 0 . r  

"

F = L{.1 Krp5 -+S.414 rli"

(c. "r\

(+.'l*t,{i.crA

[+rr,")(n (us,"Y/+)

\&2. \v.

6
rF

* l?a," ( + , e  t / t  C r -  t - D 3 L  t  P P  4  r c  J -

Revision No. 1
Doc. No. V049-1488
Page 7 of53



B*nT'ee [4,r.*r,ro.r-> *t Bg-5

r'?5t+ 1b'

+

* ur.r'6Ar++rcer: Vrc*.rv\€tafEa.

Revision No. I
Doc. No. V049-1488
Page 8 of53

;  I B E - s
,.|'. /|\--*+F - rV- -

o . 1 t l  r a  ,

, , t i  r *

o c c|. 'C'0



3TA".o ilpt=,'-

F l - l -

0 0 0

Revision No. I
Doc. No. V049-1488
Page 9 of53



H
E

o
olr

0
-

;

F
!

J

O
z

('J

ec.t

.
<

€
e

l
r

)

<
L

r
@

o
F

\
6

r
(

-
€

€
u

t
t

n
d

|
F

F
L

a
r

a
{

l
n

!J 
ofl

t
t

'
F

|
|

|
|

r
l

(
l

u
i

l
r

|
|

|
|

 
l

x
>

<
x

-
o

-
E

>
-

'
:

E
u

.
i

(
'

t
J

t
=

E
* 

F
 

Z
. 

Z
 

=
 

Z
 

Z
 

)<
 

>
- 

N

B
ffiilY

o*i-'""
P

a
g

e
 i0 o

f 5
3



PAGE NO.

.  + * * * * * * * i t * * * * * * * * * * + * * * * * * * * * * * * * + * * * * * * * * * * * * * * * *

*  S T A A D - I I I  :
*  Rev is ion  21 '  0
* ProPrietary Prog.ran of
* Research Engineers, Inc.
* Date= sEP 26, 1996
*  T ime= 15:  11 :  4 l -
* *
+ USER ID: PROCESS SYSTEMS INTERNATIONAL IN *

* *  *  *  *  * *  *  *  * *  *  *  * *  * * *  *  *  +  * *  *  * *  *  *  * *  *  * * * +  * * *  * *  *  * *  t  * * *  +  * *

I. STAAD SPACE BE-s BEAM TUBE MANI FOI,D SUPPORT
2. INPUT WIDTH ?2
3. UNIT INCHES POUT{D
4. JOINT COORDINATES
5 .  1  O .  O .  O ' t  2  2 3 .  O .  0 . ;  3  1 0 6 . 1 8 7  0 .  0 . t  4  1 8 6 . 1 8 7  0 '  0 '

6 . 5  2 2 6 . 1 8 7  O .  O . ;  6  2 ' 1 4 . ! 8 7  O .  O . r  7  3 6 2 . L 8 7  0 .  0 ' ;  I  4 2 6 '  0 '  0 '

7 .  9  5 9 6 .  0 .  0 . ; 1 0  1 , 8 6 . 1 8 ?  O .  - 3 8 . 6 2 5 ,  1 1  1 - 8 6 . 1 8 7  - 9 '  - 3 8 . 6 2 5

8 .  1 2  1 8 5 ' L 8 ?  - 1 0 .  - 3 8 ' 6 2 5 t  L g  2 4 6 . L 8 7  - 7 0 '  - 3 8 . 6 2 5 t  1 4  L 8 6 ' 1 8 7  0 '  3 8 ' 6 2 5

9 ,  1 5  1 8 6 . l e ?  - 9 .  3 8 . 6 2 5 ; 1 6  1 8 6 . 1 - 8 ?  - 7 0 .  3 8 ' 6 2 5 t  L 1  2 4 6 ' 1 . 8 ' l  - 7 0 '  3 8 ' 6 2 5

1 0 .  ! . 8  4 2 6 .  0 .  - 3 8 . 6 2 5 ,  L 9  4 2 6 .  - 7 o .  - 3 8 . 6 2 5 ,  2 0  4 2 6 . 0 '  3 8 . 5 2 5

L r .  2 L  4 2 6 .  - 7 0 .  3 8 . 6 2 s
1-2. I.,IEI',IBER INCIDENCES
L 3 .  1  1  2 ,  2  2  3 t  3  3  4 ,  4  4  5 t  5  5  6 i  6  6  7 ;  7  7  8 t  8  I  9 i  9  4  l ' 0 t  1 0  I  1 8

f 4 .  7 L  4  ! 4 t  1 2  I  2 0 ,  L 3  1 1  L O i  1 4  L Z  1 1 ,  1 5  l - 5  L 4 ,  1 6  L 6  1 5 ;  L 7  1 9  1 8

1 5 ,  1 8  2 1  2 0 ,  1 9  L 3  7 ! ;  2 O  ! 7  1 5
16. ME}4BER PROPERTY A{ER
17.  17  18  TABLE ST TU840203
l -8 .  13  TO 16 19  20  TAB1E ST TUB40408
19.  9  TO 12 TABLE ST TUB8O8O5
2 0 .  1  T O  I  T A B I E  S T  P I P E  O D  7 2 . 7 5  r D ' 1 2 . 2 5
21. MD4BER RE],EASE
22. L3 L5 !7 18 END lvl{ MY MZ
23. CONSTANTS
24.  E  STEEL AIL
25. POISSON STEEI, AIL
26, DENSITY STEET A],L
27. BETA 90. MEI4B 13 TO 18
28.  Ar ,pHA 0 .00000919 MEI {B 1  TO L2
29.  SUPPORTS
30. 19 21 FIXED BUT MZ
31.  12  13  16  17  FrXED
3 2 .  * * * * * * * * * * * * * + * + * * + * a * * * * a * * * * * * * *

33. IOAD 1 DW
34 . .rOrNT 10AD
3 5 .  2  F Y  - 1 7 5 1 .
3 6 .  * *  F L c  w T  =  3 7 0 . #  +  1 3 8 1 #  =  1 7 5 1 . #
3 7 , 3 5 F Y - 7 4 0 .
3 8 .  * *  F L G  W T  =  2  ( 3 7 0 # ) =  ? 4 0 . #
?q MFMRFF T.6AN

4 0 .  l r o S u N f  Y - 1 6 , 1 5
4 1 .  *  *  *  *  *  *  *  +  +  *  *  +  *  *  *  *  *  *  *  *  *  *  *  +  *  *  *  *  +  *  *  *  *  *

Revisim No. I
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BE-5 BEAM TUBE MANIFOID SUPPORT

42. LOAD 2 DW+TH+VACIITM (+ )
43. ,foiNT LOAD
4 4 .  l -  F X  L 8 6 3 9 . 9 9 2
45. ** UNR}T.A]{CED VACUTIM LOAD E BELIOWS
46. 2 E'�t -t7 5L.
4 7 . 3 5 E Y - 7 4 0 .
4 8 .  6  F Z  3 8 2 .
49. ** UNBAI,ANCED VACUI'M ],OAD E 6" NOZZ],E
50.  7 FZ t042.
51. ** UNBAI,ANCED VACUI'M LOA-D E ],0" NOZZLE
52. MEI.,IBBR ],OAD
53.  1 TO I  r rNr  Y -16.  15
54. TEI.{PERATURE LOAD
55. 1 TO 12 TEr'rP 330.
5  6  r  *  * *  *  * *  *  *  *  * *  * * *  *  * *  * * + * *  *  * *  * * *  * *  *  *  * *
57. IOAI 3 DW+TH+VACUW (+ ) +SEIS-AXIAI
58. JorNT LOAD
5 9 ,  1  E X  1 8 6 3 9 . 9 9 2
6 0 ,  2  F Y  - 1 7  5 1 .
6 1 .  2  E X  9 8 .  5
6 2 .  * *  S E I S M I C  L o A D  =  0 . 0 5 6 2 5 ( 1 7 5 1 # ) = 9 8 ' 5 #
6 3 . 3 5 F Y - ? 4 0 .
6 4 . 3 5 F X 4 2 .
6 5 .  * *  s E I s M I c  L o A D  =  0 . 0 5 6 2 5  ( ' 1 a 0 . * ) = A 2 . #
66.  6 FZ 382.
6 7 .  7  F Z  ! 0 4 2 .
68. MEMBER I,OAD
6 9 .  1 ? O S U N r Y - 1 6 . 1 5
7 0 .  1 T O 8 U N r X 0 , 9 0 8
? 1 . .  * *  S E I S M I C  l , o A D  =  0 . 0 5 6 2 5  ( 1 6 . 1 5 ) = 0 . 9 0 8
?2. TB.{PERATURE LOAD
?3, 1 TO 12 TEr.,IP 330.
7 4 .  * * 1 * * * + + + * * + + * * * * * * * * * * * * * * * * * * + * *

75. IOAD 4 DW+TH+VACUI M (+)+SErS-LAT
76. JO]NT LOAD
1'r .  r  Ex L8639.992
7 8 .  2  E " S  - 1 ? 5 1 ,
1 9 .  2  E Z  9 8  . 5
8 0 . 3 5 F Y - 7 4 0 .
8 1 . 3 5 F U 4 2 .
82.  6 FZ 382.
83.  7 FZ 1042.
84. MEMBER ],OAD
85.  1 ?O 8 nNr Y -16.  1,5
8 6 .  1 T O 8 U N r Z 0 . 9 0 8
87. TEN,IPERATURE LOAD
88.  1 TO l -2 TEMP 330.
I 9  .  *  * *  *  * *  * *  *  *  *  *  * *  *  * *  *  *  * * *  *  * *  *  * *  * *  *  *  *  *

90. I,OAD 5 THERMAL DISP "BAKEOUT "

91, TB,IPEFATURE I,OAD
92.  I  TO L2 TEMP 330.
9 3  t  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  +  *  *  +  +  *  *

94. PERFORM ANAI,YSIS

-- PAGE NO,

RevisionNo. I
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BE-5 BEAM TUBE MANI FOLD SUPPORT

2r /  20 /

-- gA(Jt! l'{u.
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P P . ) R T . E M S T A T I S T I C S

NU}4BER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS =
oRIGINAI/FINAI BAND-WIDTH = f2/ 4
TOTAI PRII,I,\RY TOAD CASES 5, TOTAI, DEGREES OF FREEDOM = 92
SIZE OF STIFFr.lEss MATRIX = 2208 DOUBLE PREC. VIORDS
REQRD/A\ IAIL.  DISK sPAcB = L2.05/  951. .8 MB. EXMEM = 14.83

't_f

" t f

Y-l

PROCESSING ELEMENT STIFINESS I'IATRIX.
PROCESSING GLOBAL STIFFNESS MATRIX.
PROCESSING TRIANGULAR FACTORIZATION.
CAICUI,AT ING .JOINT D] SPI,ACEI,IENTS.
CAICUIATING ME},IBER FORCES .

95. PRINT MATERIAI PROPERTIES A.!T,

l . ) :  L L :  { J

1 5 :  l - 1 :  4 3
1 5 : 1 1 : 4 3
1 5 :  1 1 :  4 3
1 5 : 1 1 3 4 3



BE-5 BEAM TUBE MANIFOTD SUPPORT

MATERIA], PROPERTIES,

A],L UNITS ARE - POUN INCH

-- PAGE NO.

MB,IBER

1

4
5

E

2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 , 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0

1 , 1 1 5 3 8 4 5 . 0
r .1"r -53846.0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 . 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4  6 .  0
1 1 1 5 3 8 4 6 . 0
t - 1 _ L 5 J d 4 0 . U

1 1 1 5 3 e 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 s 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 , 0
r r . 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 5 . 0

DEN

0.28299999
Q.28?99999
0 .78299999
o.28299999
0 . 2 8 2 9 9 9 9 9
0.28299999
0.?8299999
0 . 2 8 2 9 9 9 9 9
0.28299999
o,28299999
o,28299999
o ,28?99999
o,28299999
0.28299999
0.28299999
0.28?99999
0.28299999
0.28299999
0.28299999
o . 2 8 ? 9 9 9 9 9

AIPHA

0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 .  0  0  0 0 0  9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 - 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 .  0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0

6
7

9
1 0
1 1

1 3
L 4
1 q

1 6
L 7
I d

1 9
2 0

************ END OF DATA FROM INTERNAT S?ORAGE *****+******

96. PRINT ME},IBER INFORMAT]ON AI,t

Blllis\i;.1,-'"'*
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BE-s BEAM TUBE MANIFO1D SUPPORT

MEI.,IBER INFOR}4ATTON

_- PAGE NO.

Revision No. I
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MF}{RF:P START
.]OINT

t-

5
6
7
8
4
I

1 1
L2
1 5

2 t
1 3
l'7

END
JOI NT

5

7
I
9

1 0
1 8
1 4
2 0
1 0
L 1
t 4
I J

t-8
2 0
1 1
1 5

],ENGTH
(INCH)

2 3 . 0 0 0
8 3 . 1 8 7
8 0 , 0 0 0
4 0 , 0 0 0
4 8 . 0 0 0
8 8 . 0 0 0
6 3 . 8 1 3

1 7 0 . 0 0 0
3 8 . 6 2 5
3 8  .  6 2 5
3 8 . 6 2 5
3 8  . 6 2 5

9 .  0 0 0
6 1 . 0 0 0

9 . 0 0 0
6 1 . 0 0 0
? 0 . 0 0 0
? 0 . 0 0 0
8 5 . 5 6 3
8 5 . 5 6 3

BETA
( DEG)

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0

9 0 .  0 0
9 0 .  0 0
9 0 . 0 0
9 0 . 0 0
9 0 . 0 0
9 0 . 0 0

0 . 0 0
0 . 0 0

RELEASES

1

5
6't

1 0
t-1
!2
1 3
1 A

I 5

I 7
1 8
1 0

2 0

0 0 0 0 0 0 0 0 0 1 1 1

0 0 0 0 0 0 0 0 0 1 1 - 1

0 0 0 0 0 0 0 0 0 1 1 1
0 0 0 0 0 0 0 0 0 1 1 1

************ END OF DATA FROM INTERNAI STORAGE ************

97. PRINT JOINT COORDINATES Al,I



BE-5 BEAM TUBE MANIFOLD SUPPOR1

.]OINT COORDINATES

-- PAGE NO.

COORDINATES

.'OINT

1

6'7

I

1 0
1 1
L2
I J

L 4
1 5
L 6
L 7
1 n
1 9
2 0
2 L

ARE INCH UNIT

x

0 .  0 0 0
2 3 . 0 0 0

1 0 6 . 1 8 7
1 8 6 . 1 8 7
a z 0 .  L o  t

2'7 4 .  !87
3 6 ? , ! 8 7
426.000
5 9 6 . 0 0 0
1 8 6 . 1 8 7
1 8 6 . 1 8 ?
1 8 6 . 1 8 7
246.r87
1 8 6 . 1 8 7
1 8 6 . 1 8 ?
1 8 6 . 1 8 7

426.000
4 2 6 , 0 0 0
4 2 6  . 0 0 0
426.000

Y

0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 .  0 0 0
0 .  0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0

- 9 . 0 0 0
- ? 0 . 0 0 0
- ? 0 . 0 0 0

0 .  0 0 0
- 9 . 0 0 0

- 7 0 , 0 0 0
- 7 0 . 0 0 0

0 ,  0 0 0
- 7 0 . 0 0 0

0 . 0 0 0
- 7 0 . 0 0 0

0 .  0 0 0
0 .  0 0 0
0 .  0 0 0
0 . 0 0 0
0 .  0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- 3 8 . 6 2 5
- 5 d  .  o 4 J
- 5 8  .  b Z J
- 5 E  .  O Z J

5 U .  O Z J

3 8 .  6 2 5
3 8 .  6 2 5
3 8 . 6 2 5

- 3 8 , 6 2 5
- 3 8 , 6 2 5

5 d . b z f ,

3 8  . 6 2 5

**1*******++ END OF DATA FROM INTERNA! STORAGE ***+****!t***

98. PRIN? SUPPORT INFORMATION AI,L

SUPPoRT INFORMATIoN (l=FIxEDl O=RELEASED)

UNITS FOR SPRING CONSTANTS ARE POUN INCH

.]OINT FORCE_X/ FORCE-Y/
KTX KF]

DEGREES

MOM-X/ MOM-Y/ r4c,u-z/
Klo( KMt r&lz

FORCE-Z /
REZ

1l-9

2 L

L2

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 , 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

Revision No. I
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 7

L 6  1 L  L  1 1 1
o . o  o . o  0 . 0  0 . 0  0 ' 0  0 . 0

L 7  1 1 1 1 1 1
0 . 0  0 . 0  0 . 0  0 . 0  0 ' 0  0 ' 0

**rr+******** END OF DATA FROM INTERNA1 STORAGE +*+***+*****

99. PRINT ANATYSI S RESUTTS
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BE-s BEAM TUBE MANI FOLD SUPPORT

JOINT LOA! X-TRANS Y-TRANS

- 0  .  0 7  6 7 1
- 0 . 0 6 9 9 ?
- 0 . 0 6 9 7 1
-0 .  06997

0 . 0 0 0 0 0
- 0 , 0 7 2 1 8
- 0 , 0 6 5 8 L
- 0 ,  0 6 5 5 6
- 0 , 0 6 5 I L

0 . 0 0 0 0 0
- 0 . 0 5 5 4 6
- 0 . 0 5 0 4 0
- 0 . 0 5 0 2 1
- 0 . 0 5 0 4 0

0 . 0 0 0 0 0
- 0 . 0 4 0 4 7

- 0 . 0 3 6 5 3

0 . 0 0 0 0 0
- 0 . 0 3 5 0 2
- 0 . 0 3 1 8 6
- 0 . 0 3 1 ? 4
- 0 . 0 3 1 8 6

0 . 0 0 0 0 0
-o ,02922
-0 .02682

-0 .02682
0 . 0 0 0 0 0

- 0 .  0 2  0 1 9
- 0 .  0 1 9 L 8
-  0  .  0 1 9 1 4
-  0  .  0 1 9 1 8

0 , 0 0 0 0 0
- 0 . 0 1 4 5 5
- 0 . 0 1 4 5 s
- 0 . 0 1 4 5 5
- 0 . 0 1 4 5 5

0 . 0 0 0 0 0
- 0 .  0 0 2 8 3
- 0 , 0 0 5 5 1
- 0 . 0 0 5 6 2
- 0 . 0 0 5 5 1

0 , 0 0 0 0 0
- 0 , 0 0 1 8 3

0 .  0  0 2 5 4
0 ,00269

-- PAGE NO.

.]OINT DISPIJACEMENT (INCH RADIANS) STRUCTURE TYPE =

X-ROTAN Y-ROTAN

1  - 0 . 0 0 1 - 9 7
z  - u ,  { + o u o
3  - 0 . 4 4 1 4 5
4  - 0 . 4 4 6 0 6
5  - 0 . 5 6 4 6 5
1  - 0 . 0 0 1 . 9 ?
z  - v . 5 t t 5 J ,

4  - 0 .  3 7  6 5 ?
5  - 0 . 4 9 4 9 0
l -  - 0 . 0 0 1 9 7
2 -0.72522
5  - V .  T Z U O Z

4 -0.12522
5  - O . 2 4 2 6 2
1  - 0 .  0  0 1 9 7
2  0 .  r - 1  6 4 9
3  0 .  1 2 1 0 8
4  0 ,  t  1 6 4 9
5  0 . 0 0 0 0 0
1  - 0 . 0 0 1 9 7
2  0 , 2 3 7 8 0
3  0 . 2 4 2 4 0
4  0 . 2 3 ? 8 0
s  0 . 1 - 2 1 3 1
1  - 0 .  0 0 1 9 7
2  0 .  3 8 3 3 7
3  0 . 3 8 ? 9 ?
4  0 . 3 8 3 3 ?
5  0 . 2 6 5 8 8
1  - 0 . 0 0 1 . 9 7
2  0 . 6 s 0 2 5
3  0 . 6 5 4 8 7
4  0 . 6 5 0 2 s
5  0 . 5 3 3 7 6
1  - 0 . 0 0 1 9 7
2 0 .443'7'7
3  0 . 8 4 8 4 0
4  0  . 8  4 3 ' 7 ' t
5  0 . 7 2 ' 1 2 8
1  - 0 . 0 0 1 9 7
2  r , 3 5 9 3 3
J  J - .  J O S y  /

4  1 . 3 5 9 3 3
5 L.24284
1  - 0 . 0 0 1 9 ?
2 0 . 04902
3  0 . 0 5 0 7 3

Z-TRANS

0 . 0 0 0 0 0
0 . 0 1 4 3 6
0 . 0 1 4 3 5
0 . 0 6 8 7 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 2 5 4  L
0 .  0 2  5 4 1
0 .  0 8 0 6 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 6 5 3 7
0 .  0 6 5 3 ?
0 .  1 2 3 5  9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 1 0 3 8 1 -
0 .  r 0 3 8 0
0 . 1 - 6 4 9 8
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0  .  ! 2 3 2 0
o .72320
0 . 1 8 5 9 8
0 . 0 0 0 0 0
0 . 0 0 0 0 0

0.2tL3'l
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.  r -8 955
0.  r -8 955
0 . 2 5 8 0 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.22045
0 ,22045
0.297'13
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 3 0 2 9 3
0 . 3 0 2 9 ?
0 . 3 8 1 ? 9
0 .  0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 1 3 3 2
- U .  U  I 5 5 J

0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 , 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 t
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1 .
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1 -
0 . 0 0 0 0 1 -
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 1 3 7
0 . 0 0 1 3 9
0 . 0 0 1 3 9

0 . 0 0 0 0 0
- 0 . 0 0 0 4 8
- 0 . 0 0 0 4 8
- 0 .  0  0 0 5 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 8
- 0 . 0 0 0 4 8
- 0 .  0 0 0 5 2

0 . 0 0 0 0 0
0 .  0 0 0 0 0

- 0 .  0 0 0 4 I
- 0 . 0 0 0 4 8
- 0 . 0 0 0 5 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 8
- 0 . 0 0 0 4 8
- 0 .  0 0  0 5 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 8
- 0 . 0 0 0 4 8
- 0 . 0 0 0 5 2

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 9
- 0 , 0 0 0 4 9
- 0 .  0 0 0 5 3

0 .  0 0 0 0 0
0 .  0 0 0 0 0

- 0 . 0 0 0 4 9
- 0 . 0 0 0 4 9
- 0 . 0 0 0 5 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 , 0 0 0 4 9
- 0 . 0 0 0 4 9
- 0 . 0 0 0 5 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 9
- 0 . 0 0 0 4 9
- 0 . 0 0 0 5 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 2 5 7
0 .  0 0 2  6 7

Z_ROTAN

0 . 0 0 0 2 0
0 . 0 0 0 1 8
0 . 0 0 0 1 - 8
0 . 0 0 0 l e
0 . 0 0 0 0 0
0 , 0 0 0 2 0
0 . 0 0 0 1 8
0 . 0 0 0 1 8
0 . 0 0 0 1 8
0 . 0 0 0 0 0
o . 0 0 0 1 9
0 . 0 0 0 1 . 7
0 .  0  0 0 1 7
0 .  0  0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 1 - 6
0 .  0 0 0 1 4
0 . 0 0 0 1 - 4
0 . 0 0 0 L 4
0 . 0 0 0 0 0
0 . 0 0 0 1 4
0 . 0 0 0 1 2
0 . 0 0 0 1 2
0 . 0 0 0 r . 2
0 .  0 0 0 0 0
0 .  0 0 0 1 2
0 . 0 0 0 1 0
0 . 0 0 0 1 - 0
0 . 0 0 0 1 0
0 . 0 0 0 0 0
0 . 0 0 0 1 0
0 . 0 0 0 0 8
0 . 0 0 0 0 8
0.  00008
0 . 0 0 0 0 0
0 . 0 0 0 0 8
0 .  0  0 0 0 7
0 .  0 0 0 0 7
0 .  0 0 0  0 ?
0 . 0 0 0 0 0
0 . 0 0 0 0 ?
0 . 0 0 0 0 5
0 . 0 0 0 0 5
0 . 0 0 0 0 5
0 . 0 0 0 0 0
0 . 0 0 0 1 - 6
0 . 0 0 0 1 4
0 . 0 0 0 1 4
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BE-5 BEAM TUBE MANI FOID SUPPORT

.]OTNT Dl S PI,ACEMENT (]NCH FADIANS) STRUCTURE TYPE

Z-TFANS X-ROTAN

-- rA('fJ ltv!

= SPACE

Y-ROTA}.I Z-ROTAT,I.]OINT IOAD X-TRANS

4  0 . 0 4 9 5 8
5  0 . 0 0 0 0 0
r -  - 0 . 0 0 1 6 1
2 0 .0L468
3  0 . o L 5 2 2
4  0 . 0 1 4 8 6
5  0 . 0 0 0 0 0
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
s  0 . 0 0 0 0 0
r _  0 . 0 0 0 0 0
2  0 , 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0
1  - 0 . 0 0 1 9 7
2  0 . 0 3 5 2 2
?  n  n ? 6 q ?

4  0 . 0 3 4 6 7
5  0 . 0 0 0 0 0
1  - 0 .  0  0 1 6 1
2  0 . 0 1 0 2 8
3  0 . 0 1 0 8 3
4  0 . 0 1 0 1 0
5  0 . 0 0 0 0 0
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 .  0 0 0 0 0
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0
1  - 0 . 0 0 1 - 9 ?
2  0 .  8 6 2 5 1
3  0 .  1 6 7 1 4
4 0 . a6420
5  0 . 7 2 7 2 8
1  0 . 0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 .  0 0 0 0 0
1  - 0 . 0 0 1 9 ?

Y-TRANS

0 .  0 0 2 5 9
0 . 0 0 0 0 0

- 0 . 0 0 1 6 0
0 . 0 0 2 7 8
0 . 0 0 2 9 3
0 . 0 0 2 8 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 8 3
0 . 0 0 1 3 8
0 . 0 0 1 - 5 2
0 . 0 0 1 3 3
0 . 0 0 0 0 0

- 0 , 0 0 L 6 0
0 . 0 0 1 6 1
0 . 0 0 1 7 6
0 . 0 0 1 5 6
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 9 0
- 0 . 0 0 1 8 6
- 0 . 0 0 1 - 8 6
- 0 . 0 0 1 8 s

0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 9 0

0 . 0 4 7 8 1
- 0 . l - 1 7 0 6

0 . 0 0 0 0 0
- 0 . 0 1 0 8 7
- 0 . 0 1 0 8 7

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

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.22979
0  . 2 2 0 7 I
0 . 2 8 1 9 3
0 , 1 1 7 0 6
0 . 0 0 0 0 0
0 . 1 8 0 1 - 7
0 . 1 8 0 1 7
0 . 2 3 0 0 6
0 . 0 9 5 5 2
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 1 0 3 3 0
0 . 1 0 3 3 0
0 . 1 7 4 5 1

-o . rL? L2
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

0 . 0 0 1 3 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 2 ?
- 0 .  0  0 0 2 7

0 . 0 0 0 9 5
-0 .00234

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 1 3 7
- 0 . 0 0 1 3 5
- n  n n l  ? q
- 0 . 0 0 1 3 5

0 ,  0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 4 4 r
0 . 0 0 4 4 1
0 . 0 0 5 5 3
0 .  0 0 2 3 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 .  0 0 0 4 5
0 . 0 0 0 4 5
0 .  0 0 0 4 5
0 . 0 0 0 4 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0 0 0 4 5

0 ,00256
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 3

0 . 0 0 0 1 0
- 0 . 0 0 0 2 5

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

-o.00210
- 0 .  0 0 2 8 1
- 0 . 0 0 2 7 1 -

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 4 7
0 . 0 0 0 4 7
0 . 0 0 0 5 0
0 .  0 0 0 2 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0 0 0 4 9
- 0 . 0 0 0 4 9
- 0 . 0 0 0 5 3

0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

0 ,  0 0 0 1 4
0 . 0 0 0 0 0
0 . 0 0 0 0 4

-o.0027 6
- 0 . 0 0 2 8 s
- 0 . 0 0 2 ? 9

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 6
0 . 0 0 0 1 4
0 . 0 0 0 1 4
0 . 0 0 0 1 4
0 . 0 0 0 0 0
0 . 0 0 0 0 4

- 0 . 0 0 2 0 0
- 0 . 0 0 2 0 9
- 0 . 0 0 1 9 7

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 8
0 ,  0 0 0 0 7
0 . 0 0 0 0 ?
0 . 0 0 0 0 ?
0 . 0 0 0 0 0
0 . 0 0 0 0 3

- 0 .0L232
- 0 . 0 1 2 3 9
- 0 .  0 1 2 3 5
- 0 . 0 1 0 3 9

0 . 0 0 0 0 8
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BE-s BEAM TUBE MANIFOTD SUPPORT

JOINT DlSPI,ACE},IENT (INCH RADIANS ) STRUCTURE TYPE = SPACE

-- tsAbtl l'tv, 1 0

],OA-D X_TFANS

2  0 . a 2 5 0 3
3  0 . 8 2 9 6 6
4  0 . 8 2 3 3 4
5 0. '12 '128
1  0 .  0 0 0 0 0
2  0 . 0 0 0 0 0
3  0 . 0 0 0 0 0
4  0 . 0 0 0 0 0
5  0 . 0 0 0 0 0

Y-TRANS

- 0 . 0 0 1 9 3
- 0 . 0 0 1 9 3
- 0 . 0 0 1 9 4

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

Z-TRANS

0 .  3 3 7 5 4
U . J J / 5 {

0 . 4 0 8 8 1
0 . tr'l L2
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

X-ROTAN

- 0 . 0 0 0 4 5
- 0 .  0 0 0 4 5
- 0 .  0 0 0 4 5

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

Y-ROTAN

- 0 .  0 0 0 4 9
- 0 . 0 0 0 4 9
- 0 . 0 0 0 5 3

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

Z-ROTAN

0 . 0 0 0 0 7
0 . 0 0 0 0 7
0 . 0 0 0 0 7
0 . 0 0 0 0 0
0 . 0 0 0 0 3

- U . U I I / Y

- 0 . 0 1 1 8 5
- 0 . 0 1 1 7 6
- 0 , 0 1 0 3 9

21,
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BE-5 BEAM TUBE

FORCE-X FORCE_Y FORCE-Z

-- PAGE NO. 1 1

MOM-X MOM-Y MOM Z

MANI FOLD SUPPORT

SUPPORT REACTIONS _UNTT POUN TNCH STRUCTURE TYPE = SPACE

JOINT

0 . 0 0  0 . 0 0i.

3

5
1

5
1
2
5

5
1

?

5
L

3

0 . 0 0  1 5 8 6 . 4 5  0 .  0 0  0 ' 0 0
0 . 0 0  1 5 5 4 . 1 3  - 1 0 1 . 7 6  - 7 r 2 3 , 4 9
0 . 0 0  1 5 5 4 . 1 3  - 1 0 1 .  ? 6  - 7 1 2 3 . 3 9
0 .  0 0  1 5 5 1 . 5 3  - 1 7 1 . 9 8  - 1 2 0 3 8 . 3 3
0 . 0 0  0 . 0 0  L l . 5 , 3 8  8 0 7 6 . 8 4
0 .  0 0  1 5 e 6 . 4 5  0 , 0 0  0 . 0 0
0 .  0 0  7 6 7 8 . 7 7  - 3 3 2 . 5 3  - 2 3 2 7 6 . 7 8
0 . 0 0  L 6 1 8 . 7 ' 1  - 3 3 2 . 5 2  - 2 3 2 7  6 . 6 9
0.00 t82L.fl_ -Ag.,J-L -2-g.g!@
0 . 0 0  0 . 0 0  - 1 1 5 . 3 8  - 8 0 7 6 . 4 5
' 1  . s o  4 8 2 8 . 5 5  0 . 0 0  0 . 0 0

I 2 ' � 1 6 , 6 5  - 8 4 0 0 . 2 5  5 0 . 6 6  3 1 0 1 . 1 6
1 3 1 9 . 1 4  - 8 8 4 4 . 3 1  5 0 . 6 ?  3 1 0 1 . 6 7

0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0

0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 02 1

1 2

1 3

0 .  0 0  0 .  0 0
0 .  0 0
0 . 0 0
0 . 0 0  0 . 0 0
0 . 0 0  - 4 6 0 . 0 1 .

1 L 2 . 0 9  - 2 2 8 0 9 . 5 3
r1z. !L -23557.82

t2.29-4-a- -913,?'19 . -. . :1--E-!Je-,-:: L-LJ2-1-JJ- , --49?-2il-=?sOr'q ' 3 4

0 .  0 0
0 . 0 0

0 . 0 0
- ? . 5 0

- 1 2 0 5 ? . 8 1
- L Z 1 0 t . 5 Z

- 1 2 1 8 9 . 1 5
o  . o 2
7 . 5 0

9 3 2 . 5 9
9 7 s . 0 9

0 .  0 2  4 4 s . 1 0  2 7 2 4 7 , 6 5  9 8 4 . 8 3 0 .  0 3
1 3 . 2 0

1 3 2 1  4  . 3 2
- t 5  / _ 1 U . 5 0

o .  o o  0 .  0 0  0 .  0 0  - 3 3 1 .  9 3
L 2 , 9 0  ! 3 4 - 1  . 7 0  6 6 1 . 6 9  - 1 8 9 6 8 . 2 8
L2 ,90  ] -347  .92  661 .  80  -19592  '  26

1 3 4 1 8 . 8 6  - 4 6 , 2 8  - 4 8 3 6 . 3 2  - 2 3 1 4 . 5 3  - 1 9 1 7 1 ' 5 5
- 0 . 0 2  1 1 3 . 3 1  1 1 8 4 1 . 3 0  5 8 1 . 3  '  8 2  0 . 0 3

4 8 2 8 . 5 5  o . 0 o  0 . 0 0  0 . 0 0  - 4 6 0 ' 0 1 -
- 4 8 7 0 . 6 6  - 8 3 9 . 5 5  - s l - 3 9 4 . 0 9  - 1 8 s 7 . 5 7  - L 6 ' 7 4 6 . 9 8
- 5 3 1 4 . 7 0  - 8 3 9 . 5 4  - 5 1 3 9 3 . 5 9  - 1 8 5 7 . 5 5  - L 1 4 9 5 - 2 3

1 6

- 9 8 4 . 8 3  - 0 .  L l
0 . 0 0  - 3 3 1 . 9 31 ' ?  1 - ? . 5 0  L 3 . 2 0

- 8 7 9 1 . 8 0  9 6 8 0 . 0 9
- 9 r - 9 5 .  3 0  1 0 1 2 4  .  1 3

0 . 0 0  0 . 0 0
- 2 L 3 . 7 3  - 2 2 3 3 4 . 8 8  - 1 0 9 6 5 .  9 5  - 1 3 9 1 3 . 5 6
- 2 L 3 . 7 2  - 2 2 3 3 4 , 6 6  - r 0 9 6 5 .  8 4  - 1 4 5 3 7 . 5 1

. --?lagg; ?"eat!. s9*'l1qia"!7. .13"11-9-Ea
-  1  i  i  .  3  1  

'  -  1 1 8  4  1  .  2  8  - 5 8 1 3 . 8 1  - 0 . 0 9
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BE-s BEAM TUBE MANI FOID SUPPORT

MES{BER E}ID FORCES STRUCTURE TYPE = s PACE

-- PAGE NO. L2

At'L UNITS ARE -- POUN INCH

MS{BER I,OAD JT AXIAT SHEAR-Y SHEAR_Z

L  0 .  0 0
2  0 . 0 0
- l  r d o S d ,  o  /

2 -L4634.67
t  L a 6 4 2 . 0 9
2  - 1 8 6 6 2 . 6 0
1  1 8 6 4 0 . 1 3
2  - 1 8 6 4 0 . 1 3
1 -  - 0 . 4 9
2  0 . 4 9

2  0 . 0 r
3  - 0 .  0 1
2  L 8 6 4 1 . 1 1
3  - 1 8 6 4 L . 1 1
2  L 8 7  5 9  . 1 6
3  - 1 8 8 3 4 . 9 6
2 1864r . tL
J  - t d o . t J . .  r r

2  0 . 0 0
3  0 , 0 0

3  0 . 0 0
4  0 . 0 0
3  1 8 6 4 1 . 1 1
4  - 1 8 6 4 1 . 1 1
3  1 8 8 7 6 . 9 5
4 -18949.22
3 78640 - 62
4  - ! 8 6 4 0  . 6 2
3  0 . 9 8
4  - 0 , 9 8

4  0 . 0 0
5  0 . 0 0
4  0 . 4 9
5  - 0 . 4 9
4  - 4 1 3  .  0 9

4  0 . 0 0
5  0 . 0 0
4  0 . 9 8
5  - 0 . 9 8

5  0 . 0 0
6  0 . 0 0

0 . 0 9
5 / t . 5 ( J

- 0 . 0 9
3 7 1 . 5 4

0  . 0 2
3 7  L  . 4 3

0 .  0 3
3 7 t . 4 2

0 . 0 0
0 . 0 0

3 4 6 5 . 9 1

3 4 5 5 .  9 0
- 2 1 2 2  . 4 5

3465 ,92
- 2 1 2 2  , 4 3

3 4 6 5 . 9 0
0 . 0 0
0 . 0 0

-4205 .95
5 4 9 ? . 9 5

5 4 9 7 . 9 2
- 4 2 0 5 .  9 1

549"1 .9!
-4205.94

549' t  ,94
0 . 0 0
0 . 0 0

4 1 8 5 . 5 ?
- J f  5 v .  J  /

4 1 8 5 , 5 8
- 3 5 3 9 . 5 8

4 ! 8 5 . 5 6
- 5 ) 5 v .  ) O

4 L 8 5 . 5 8
- J 5 J v . 5 U

0 . 0 0
0 . 0 0

2'199 .59
- 2 0 2 4  . 3 9

0 .  0 0
0 .  0 0

- 0 .  0 4
0 .  0 4

- 0 . 0 2
0  . 0 2
o  . 0 2

- 2 0 . 9 r
0 . 0 0
0 .  0 0

0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 , 0 1

- 0 , 0 1
LLg.27

- l - 9 4 . 8 0
0 . 0 0
0 . 0 0

0 .  0 0
0 .  0 0

- 0 . 0 2
0  . 0 2

- 0 , 0 3

2 3 6 . 9 0
- 3 0 9 . 5 4

0 . 0 0
0 . 0 0

0 , 0 0
0 . 0 0

- 9 8 9 . 6 4
9 8 9 . 6 4

- 9 8 9 . 7 8
9 8 9 . 7 8

-L263.25

0 .  0 2
- o  . 0 2

0 , 0 0
0 . 0 0

0 . 0 0  0 . 0 0
0 .  0 0  0 .  0 0

- 0 . 0 4  3 , 0 3
0 .  0 4  0 .  1 1
0 . 0 2  - 0 .  6 5

- 0 .  0 2  1 . a 2
- 0 . 0 2  J , . A L

0 .  0 2  - 2 4 0 . 3 ' 7
0 .  0 0  - 0 . 0 6
0 . 0 0  0 . 1 0

0 .  0 0  0 . 0 0
0 .  0 0  0 . 0 0

- 0 . 0 1  - 1 . 5 6
0 . 0 L  L . 2 7
0 . 0 0  - o . 1 7
0 . 0 0  - 1 . 3 7
0 .  0 0  2 4 7  .  L 3
0 . 0 0  - 1 3 3 1 1 . 5 5
0 . 0 0  - 0 . 1 4
0 .  0 0  - o  . 2 7

0 . 0 0  0 . 0 0
0 .  0 0  0 .  0 0
0 .  0 1  0 .  5 8

- 0 ,  0 1  1 .  1 4 .
- 0 .  0 1  ! . 0 2

0 ,  0 1  1 .  0 7
0  .  0 0  1 3 3 1 3  .  7 1
0 .  0 0  - 3 5 1 6 8 . 8 6
0 . 0 0  0 . 5 2
0 . 0 0  - 0 . 8 1

0 . 0 0
0 .  0 0

0 .  0 0
0 , 0 0

TORSTON MOM-Y l.toM-z

1 . 0 1
- 4 2 1 I . 0 4

- 0 . 8 8
- 4 2 7  L . 7  3

2  . 0 4
-4269.75

0 . 5 8
-4269.77

- 0 . 0 1
0 . 0 1

4271.54
- 2 5 0 I  L , ! .  ! 9

4273.r !
-236708.94

4270.59
-2367 t I .69

427 2 .93
- 2 3 5 7 1 0 . 0 0

- 0 .  0 1
0 .  0 0

2367 09 . 42
- 6 2 4 8 6 5 . 8 8

2 3 6 7 1 1  , 3 3
-624 865 .  s0

2 5 0  t  L 4 .  z 3
-624864.25
2 3 6 7 L O . 2 5

-624465.1,9
0 .  0 0

- 0 .  0 1

6 2 4 8 6 5 .  8 1
- q r v 5 0 5 . z o

624864,94
-4 '10362.84

624865.  1.3
-47 0362 ,72

624865.25
-47 0362 .66

0 .  0 1
- 0 .  0 1

410362.72
- 3 5 4 5 8 6 . 9 7

2 4 9 6 . 6 5  1 1 2 8 6 0 . 1 3
-2496.66 - '1327 5 . '12

2 4 9 6 . 6 9  r ! 2 8 5 9 . 8 2
-2496.69 -73269.63

2 6 9 1  , 4 9  1 s 7 1 0 2 . 3 9
-269'7 . 49-'J.O'l 296. I 6

- 0 . 0 6
0 , 0 6

- _ L . d o

- 0 . 0 1  0 . 0 0
0 . 0 1  0 . 0 0
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AI,T UNITS ARE -- POUN INCH

ME},IBER LOAD .'T AXIA.L

BE_s BEAM TUBE MANIFOLD SUPPORT

ME}.{BER END FORCES STRUCTURE TYPE = SPACE

-- PAGE NO,

2 4 9 6 . 6 9  7 3 2 ' 7 2 . 3 4  4 ? 0 3 5 1 . 5 6
- 2 4 9 6 .  6 9  - 2 5 7  6 2 , 2 9  - 3 5 4 5 8 8 .  1 3

2496." t !  '132 '13 .55 4 '10362.22
-2496. '11 -257 65.  56 -354s88.  88

2 6 9 7 . 4 8  r . 0 7 3 0 0 . 3 0  4 ' 1 0 3 6 2 . 5 6
-2697 .  48 -5L4?3.  47 -354587.  13

- ? . 0 t  0 . 0 1
1 . 3 0  - 0 .  0 1

0 , 0 0  3 5 4 5 8 ? . 6 3
0 .  0 0  - 2 3 8 9 7 5 . 7 5

2 5 7 6 6 , 0 2  3 5 4 5 8 8 . 0 0
27'1L5.L2 -23897 4. '13
2 5 7 6 4 . 4 0  3 5 4 5 8 8 .  0 6
2 7 7 1 3 . 2 0  - 2 3 8 9 7 5 .  0 2
5 1 4 6 0 . 8 0  3 5 4 5 8 7 , 0 0
1 1 8 5 ? . 9 0  - 2 3 8 9 7  5 . ' 7  0

SHEAR_Y SHEAR-Z TORSION MOl4- Y

s  - 0 . 9 8
6  0 . 9 8
)  - J 5 t , 5 U

6  2 9 4 . 4 3
5  - 0 . 4 9
6  0 . 4 9
5  0 , 4 9
6  - O . 4 9

6  0 . 0 0
?  0 . 0 0
6  0 , 0 0
7  0 . 0 0
p  - z v ! . c v
'1 27I.43
6  0 .  9 8
?  - 0 . 9 8
6  0 . 0 0
7  0 . 0 0

7  0 . 0 0
I  0 .  0 0
7  - 0 .  9 8
I  0 .  9 8

o  J . f  ) .  / o
?  * 0 . 4 9
I  0 . 4 9
?  - 0 . 9 8
I  0 . 9 8

e  0 . 0 0
9  0 . 0 0
I  - 0 . 4 9
9  0 . 4 9
I  - 1 5 3 . 8 1
9  * 0 . 4 9
I  0 . 4 9
9  - 0 . 4 9
8  0 . 0 0
9  0 . 0 0

2 7 9 9 , 5 4  - 9 8 9 . 8 6
- 2 0 2 4 . 3 4  9 8 9 , 8 6
2 ' t  9 9 . 5 4  - 9 8 9 . ' 7 L

- 2 0 2 4 . 3 4  9  8  9 . 7 1
2 ' t 9 9 , 5 8  - 1 1 8 4 , 7 9

-2024,3A LLAI ,20
0 .  0 0  0 , 0 1
0 .  0 0  - 0 . 0 1

2024.3 ' t  0  .  00
- 6 0 3 . 1 7  0 . 0 0
2 0 2 4 . 3 9  - 6 0 ? . 7 L
- 6 0 3 . 1 9  6 0 ' t . 7 !
2 0 2 4 . 3 9  - 6 0 ' 1  . 7 5
-  6 0 3  .  1 9  6 0 7  . 1 5
2 0 2 4  . 3 ' 7  - 7  5 9  . 4 ' l
- o u 5 . - L /  0 t > . J l

0 . 0 0  0 . 0 1
0 . 0 0  - 0 . 0 1

6 0 3 .  L 7  0 .  0 0
4 2 ' � 1  . 4 L  0 .  0 0
6 0 3 .  t  7  4 3 4 . 3 4
4 2 7 , 4 r  - 4 3 4 . 3 4
6 0 3 . L 7  4 3 4 . 3 0
4 2 7 . 4 !  - 4  3 4 , 3  0
6 0 3  .  1 8  3 6 2  . 5 3
4 2 ' t  . 4 0  - 4 2 0  , 4 8

0 . 0 0  0 . 0 1
0 . 0 0  - 0 . 0 l -

2 7  4 5 . 5 0  0 . 0 0
0 .  0 0  0 .  0 0

2 ' t  4 5  . 5 0  0 .  0 0
0 . 0 0  0 , 0 0

2 ' 1 4 3 . 5 0  0 .  0 0
0 . 0 0  0 . 0 0

2 7 4 5 . 5 0  - 1 5 4 . 3 3
0 . 0 0  - 0 . 0 3
0 . 0 0  0 . 0 0
0 . 0 0  0 . 0 0

- 4 8 4 r . ' t 5  0 . 0 0
4 8 4 7 . 7 5  0 , 0 0

-  4 8 ' t  4  . 0 7  1 0 ? 8 1 . 1 6
4 8 7 4  .  0 ? - 1 . 0 7 8 1  .  1 6

-  48 '7 4 .0 ' l  !L t42.La
487 4 ,0'7 -t!142 . L4

- 0 . 3 7  - 0 . 1 0

- 0 .  0 6
0 . 0 6

0 . 0 0
0 . 0 0

-2496, '1L
2496. '7L

- 2 4 9 6 , 1 r
2 6 9 ' 7  , 5 0

- 2 6 9 7  .  s O
- 0 ,  0 6

0 ,  0 6

0 . 0 0
0 . 0 0

- 0 . 0 6
0 . 0 6

0 . 0 0
0 . 0 0
0 . 0 1

- 0 . 0 1
0 .  0 1

- 0 .  0 1
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 .  0 0

0 , 2 4
0 .  0 1

- 0 .  0 1

0 . 0 0  2 3 8 9 ' 1 5 . 2 8
0.oo -23336'1 .66

2 4 9 6 . 1 r  - 2 1 7 ! 3 . 4 s  2 3 8 9 1 5  . 2 5
- 2 4 9 6 . 7 r  - 1 . 5 3 - 2 3 3 3 6 7 . 0 8

2 4 9 6 . ' 1 0  - 2 7 7 ! 5 . L 3  2 3 8 9 7 5 .  5 5
- ? 4 9 6 . 7 0 0 . 2 1  - 2 3 3 3 6 7 . 5 8

2697 .48 -1r-860 .  19 23897s .  56
-2697 .48  -13125 .  50  -233366 .84

- n  1 1

0 . 0 0
0 . 0 0

- 1 . 9 0
l .  4 4

- 2 .  9 5
r . 1 6

13L20.24

-0 , 4'7
- 0 . 1 2

0 . 0 9

z J J 5 0  / . 5 D

0 .  1 7
2 3 3 3 6 7 .  5 9

0 . 0 6
2  3 3 3 6 7  . 3 0

- 0 .  0 7
233367 .59

o  1 1

o . o 2

1 0
4

1 0
4

1 0

0 . 0 0
0 . 0 0

- 6 3 .  6 0
6 3 .  5 4

- 6 3 .  5 4

0 .  0 0  - 1 8 7 0 1 2 . 4 4
0 .  0 0  0 . 0 1

0 .  0 0 - 4 1 6 4 2 2 .  4 4  - 1 8 8 2 6 0 .  8 3
0 , 0 0
0 .  0 0 - 4 3 0 3 6 6 .  7 2  - 1 8 8 2 6 0 .  8 1

- 0 .  0 3  - 0 . 0 1 "

- 0 .  0 4  0 .  0 3
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I JE-3 BEAM TUBE MANI FO],D SUPPORT

END FORCES STRUCTURE TYPE = SPACE

1 4

1 1

UNITS ARE -- POUN INCH

LOAD AXIA], MOM-Z

- 1 8 8 3 6 1 . 2 5
- 0 . 0 2

0  . 0 2
0 . 0 0

- o 1 z  t o .  , 0
0 .  0 0

-60028.42
0 .  0 1

- 6 0 0 2 8 . 4 s
0 .  0 0

- 5 9 9 2 8 . 0 3
0 . 0 0

0 . 0 0

-t87 0L2 .44
0 .  0 1

-1857 64.L4
0 . 0 2

- 1 8 5 7 6 4 . 0 9
- 0 .  0 3

- r u f  0 0 5 ,  ,  /
- 0 . 0 1
- 0 . 0 3

0 . 0 0

- 6 1 2 1 6 . 7  5
0 .  0 L

-62525.lO
0 . 0 1 .

-62525, 15
- 0 .  0 L

- 6 2 6 2 5  . 5 2
- 0 ,  0 1

0 .  0 3
0 .  0 0

0 . 0 0
0 . 0 0

5 7 2 . 0 0
0 . 0 0

5 7 2 . 0 9
0 . 0 0

-2052 . 64
0 .  0 0

5025 . 67
0 . 0 0

Revision No. I
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TORSION MOM-Y

0 . 0 0 - 4 2 0 9 6 1 . 0 0

SHEAR-Y SHEAR-Z

- 4 8 7  6 . 5 ' 1  1 0 8 9 8 . 6 ?
48'�76.6'1-70898 .6't

0 . 0 0  - 0 . 0 1
0 . 0 0  0 . 0 1

- 1 5 8 6 . 4 5  0 . 0 0
$95-45- 0. 00

- 1 5 5 4 . 1 3  0 .  0 8
1 5 5 4  .  1 3  - 0 .  0 8

- 1 5 5 4 . 1 3  0 .  0 5
1 5 5 4  .  1 3  - 0 .  0 5

- 1 5 5 1 . 5 4  0 . 0 4
1 s 5 1 . 5 4  - 0 . 0 4

0 . 0 0  0 . 0 0
0 . 0 0  0 .  0 0

- 4 8 4 1 . 7 5  0 . 0 0
4 8 4 1 . ' t 5  0 . 0 0

- 4 8 0 9 . 4 3  - ' 1 8 5 9 . 2 0
4 8 0 9 . 4 3  7 8 5 9 , 2 0

- 4 8 0 9 . 4 3  - 8 2 2 0 . L 9
4 8 0 9 . 4 3  e 2 2 0 . I 9

- 4 8 0 6 . 8 3  - 7 ' 1 4 L . ' 7 t
4 8 0 6 . 8 3  7 7 4 L , ' 1 !

0 . 0 0  - 0 . 0 5
0 . 0 0  0 . 0 5

- 1 5 8 6 . 4 5  0 .  0 0
1 5 8 6 . 4 5  0 . 0 0

- 1 6 1 8 . 7 7  - 0 . 0 2
r6 l8. ' �77 0.02

-1618. '17 -0.06
t 5 ! a . - t ' t  0 .  0 6

- 1 - 6 2 1 - . 3 ' t  - 0 .  0 5
'L62L.3 ' �1  0.  05

0 . 0 0  - 0 .  0 3
0 , 0 0  0 . 0 3

0 . 0 0  0 . 0 0

4  - 2 2 8 . 0 9
1 0  2 2 4 . 0 9

4  5 5 8 . 4 7
10 -558 .  4 ' l

I  0 . 0 0
1 8  0 . 0 0

8  - 1  0 1 .  6 8
l 8  l - o L . 6 8

8  - 1 0 1 , 8 7
L 8  1 0 1 . . 8 7

8  - 1 ? 1 , 8 7
18 1'7L.8'7

I  1 1 5 . 3 6
L b  - r r c ,  J o

4  0 . 0 0
1 4  0 . 0 0

4 1053.22
r q  - L v J 5 . z z

4 ro53.22
L4 -L053.22

4  L 3 4 4 . 1 9
14 -L344.19

4  5 5 8 , 4 L
L 4  - s 5 8 . 4 1

I  0 . 0 0
2 0  0 ,  0 0

I  332.64
z u  - 5 5 2 .  0 1

8 332.7 0
2 0  - 3 3 2 . 7  0

a 402.65
? a  - 4 0 2 . 6 5

I  1 1 5 . 3 6
z v  - r l ) .  5 0

11 4841. ' t  4
L0 -484r . '14
1 1  4 8 ' 7  4 . 0 7
l -0 -48 '7 4.0 '1
11 48'14 . O'7
1 0  - 4 8 7  4 . 0 ' l
l -1  4816.6 '7
10 -  487 6.6 ' l
1 1  0 .  0 0
1 0  0 .  0 0

0 . 0 0 0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0

0 .  0 2
0 .  5 ?
0 .  0 0

0 . 0 0  0 . 0 0
0 . 0 0  0 , 0 0
0 .  0 0  - 0 .  6 8
0 .  0 0  - 0 .  9 6
0 . 0 0  - 1 . 1 0
0 .  0 0  - 0 . 8 4
0 .  0 0  - 0 . 9 8
0 .  0 0  - 1 . 1 8
0 .  0 0  - 0 . 1 9
0 . 0 0  - 0 . 0 8

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

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

0 . 0 0  0 . 0 0
0 .  0 0  0 .  0 0
0 . 0 0  9 7 0 3 0 . 4 6
0 . 0 0  0 . 0 0
0 . 0 0  1 0 0 2 ? 9 ,  6 3
0 .  0 0  0 .  0 0
0 .  0 0  9 8 0 8 8 . 0 3
0 . 0 0  0 .  0 0
0 .  0 0  - 0 . l - 3
0 .  0 0  0 . 0 0

1 2

6 3 .  s 6 - l - 0 ? 8 1 . 1 6
- b J ,  J O  r V  r O r .  t a

b5 .  J  /  -  r  J-J.{Z .  r  O
- b 5 . J /  r l . r { 4 . r o

-228.o1-ff i€;
?28 .0'7 t0898 .6'�7
q . E ' o  , t  n  n l

- 5 5 8 . 4 2  - 0 . 0 1



BE-s BEAM TUBE MANIFOLD SUPPORT

MEI.{BER END FORCES STRUCTURE TYPE = SPACE

-- PAGE NO. t 5

AI,I, UNITS ARE .- POUN INCH

MEI4BER TOAD .TT AXIAL SHEAR-Y

1 4 1 2  4 8 2 8 . 5 5
1 1  - 4 8 2 8 . 5 5
! 2  - 8 4 0 0 .  2 5
l -  l -  8 4 0 0 . 2 5
t 2  - 8 8 4 4  .  3 1
1 1  8 8 4 4 . 3 1
t2 -8542.  L9
1 " 1  8 5 4 2 . 1 9
L 2  0 . O 2
1 1  - 0 . 0 2

15 4841.7 5
14 -4gg-LJ5._
r . 5  4 8 0 9 . 4 3
t 4  - 4 8 0 9 . 4 3
L5 4809 .42
!4 -4809 .42
1 5  4 8 0 6 . 8 3
7 4  - 4 8 0 6 . 8 3
1 s  0 ,  0 0
1 4  0 .  0 0

L 6  4 8 2 8 . 5 5
r - 5  - 4 8 2 8 . 5 5
l b  - q d l u . o o

l s  4 8 7  0 . 6 6
t 6  - 5 3 1 4  .  ?  0
1 5  5 3 1 4 . 7 0
L 6  - 4 7 2 8  . ' 1 4
15 4724.7 4
l o  - u .  u o
1 5  0 .  0 6

1 9  1 5 8 6 . 4 5
r.8 -153€,.35_
1 9  1 5 5 4 . 1 3
1 8  - 1 5 s 4 . 1 3
t  9  1 5 5 4 . 1 3
t  8  - 1 5 5 4 . 1 3
1 9  1 5 5 1 . 5 3
1 8  - 1 5 5 1 . 5 3
1 9  0 .  0 0
1 8  0 ,  0 0

2 L  1 5 8 6 . 4 5
2 0  - 1 5 8 6 .  4 5

0 . 0 0
0 . 0 0

5 0 , 6 6
- 5 0 . 6 6

5 0 . 6 7
- 5 0 . 6 7

- 1 8 1 . ? 9
1 8 1 . 7 9
4 4 5 . 1 0

- 4 4 5 . 1 0

0 .  0 0
0 .  0 0

- 1 0 5 3 . 2 6
L V J S . Z O

- 1 0 5 3 .  2 ?
!053.2 '7

1 , 3 4 4 . 9 6
- 5 5 8 . 4 1

5 5 8  .  4 1

0 .  0 0
0 .  0 0

- 8 3 9 . 5 5
8 3 9 .  5 5

- E J v . 5 4

8 3 9 . 5 4
- r0 '12 .00

1 0 ? 2 . 0 0
- 4 4 5 . 1 0

4 4 5 . 1 0

0 .  0 0
0 . 0 0

- L 0 1 . 7 6
1 0 1 - . 7 6

- 1 0 1 , 7 6
- L U - 1 .  /  O

- 1 ? 1 . 9 8

U.1l9-
1 l - 5 , 3 8

- l - 1 . 5 . 3 8

0 . 0 0
0 . 0 0

SHEAR- Z

7 . 5 0
-  / .  f  u

_ L Z  /  O .  O J

- r216,  6s
1 3 1 9  ,  1 4

-  1 3 1 9  .  1 4
L290 .48

- L 2 9 0  . 4 8
0 .  0 0
0 .  0 0

0 .  0 0
0 . 0 0

-  l 6 t t . z L

? 8 5 9 . 2 1
' 6 Z Z U . Z L

.949-'-L
-7 '7  4L. ' tO

'7'7 4L,'l0
- 0 .  0 5

0 .  0 5

7 , 5 0
.  / .  D U

9 3 2 . 5 9
- 9 3 2 . 5 9

9 7 5 . 0 9
- 9 7 5 . 0 9

9 1 8 . ? 6

0 . 0 1
- 0 .  0 1

0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

TORSION

0 . 0 0
0 . 0 0

1 1 2 . 0 9
-1r-2 .  09

u 2 . 1 1 .
- t _ t  2 . 1 1
- 4 0 2 . 2 3

402.23
9 8 4 . 8 3

- 9 8 4 , 8 3

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 ,  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

- _ L a t J  /  ,  J  /

- 1 8 5 7 . 5 s
r u f  / .  f  3

- 2 3 7 r , 8 9
2 3 7 r . , 8 9
- 9 8 4 . 8 3

9 8 4 . 8 3

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0

0 . 0 0
0 . 0 0

MOM-Y

- 4 6 0 . 0 1

-22809 .53
- 5 5 0 6 5 .  8 2
-2355'1 .82
- 5 6 9 0 9 . 8 3
- 2 3 0 s 3 . 3 3
- 5 s 6 6 6 .  0 2

0 .  0 3
0 .  0 7

0 . 0 0
0 . 0 0

7  0 7 3 2  , 8 A
0 . 0 0

7 3 9 8 1 . 9 1
0 . 0 0

b Y b , J .  J I

0 . 0 0
0 . 4 8
0 .  0 0

- 4 6 0 . 0 1

- L 6 7  4 6  . 9 8
- { 0 1 4 1 - .  0 9
-L7 495.23
- 4 1 9 8 5 .  0 0
- 1 6 5 0 3 . 2 0
- 3 9 5 4 0 . 9 6

- 0 . 1 1
- o  . 2 ' 7

0 ,  0 0
0 .  0 0
0 , 0 0
0 , 0 0
0 ,  0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 .  0 0
0 .  0 0

MOM-Z

0 ,  0 0
0 .  0 0

3 1 0 1  .  1 6
- 1 0 . 9 7

3 1 0 1 . 6 7
- L 0 . 9 7

- 1 1 1 2 L  ? 1
3 9 . 3 ?

2 7  2 4 7  . 6 5

0 . 0 0
0 . 0 0

-9479.43
0 , 0 0

-9479.38
0 . 0 0

-L21O4,64
0 .  0 0

- 5 0 2 5 . 5 8
0 . 0 0

0 . 0 0
0 . 0 0

- 5 1 3 9 4 . 0 9
1 8 1 - .  8  0

- 5 r 5 Y 5 . 9 t

1 8 1 .  ?  9

232.  L3
- 2 ' 1 2 4 7  . 6 0

9 6 . 4 0

0 . 0 0
0 . 0 0

- 7 L 2 3 . 4 9
0 . 0 0

-  I  r 1 , 5 . 5 9

0 . 0 0
- 1 2 0 3 8 . 3 3

0 . 0 0
8 0 ? 5 . 8 4

0 .  0 0

0 . 0 0
0 . 0 0

L 7
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BE-5 BEAMTUBE MANI POLD SUPPORT

MEMBER END FORCES STRUCTURE TYPE = SPACE

-- PAGE NO. 1 6

A.T.I, UNITS ARE -- POUN INCH

MEI{BER I,OAD JT AXTAI

2L ]-618.7'1
20 - t6 t8.7 '1
?L t618.7 '7
20 - t6 tq.7 ' l
2 L  ! 6 2 L . 3 7
20 -JSZL,3?-
2 L  0 . 0 0
2 0  0 . 0 0

13 'J,4 .67
1l -  - r4 .67
1 . 3  1 ? 9 1 9 . 0 1
t  L  - 1 7 9 1 9 . 0 1
1 3  1 8 5 1 8 . 5 6
t - 1  - 1 8 5 1 8 . 5 6
1 3  1 8 1 1 4 . 1 6
1 1  - t - 8 1 1 4 .  1 6
1 3  - 0 . 0 2
1 1  0 .  0 2

l ' t  t 4  . 6 7
r 5  - r { .  o ,
I  I  I J U O b .  J J

. L J  _  I J  U O b .  J f

L  |  . I J O O J .  O O

_ 1 5  - - t 5 b b 5 .  d o

7'7 !287 t .22
7 5  - ! 2 8 ' 7 1 . 2 2
! ' 7  0 . 0 9
1 5  - 0 . 0 9

1-9

- 3 3 2 . 5 3
332  .  s3

- ' J Z . J Z

332 . s2
- 4 0 2 . 7  4
!92-,JA-

- 1 1 5 . 3 8
1 1 5 . 3 8

3 . 9 1
- 3 ,  9 1

7 1 2 , ! 4
- '7  L2 . !4

7 3 5 . 8 6
- ? 3 5 . 8 6

? 1 9 . 8 6
- ? 1 9 . 8 6

0 . 0 0
0 . 0 0

3 . 9 1
- 3 . 9 1

5 2 U . I J
- f , Z U . I J

5 4 3 . 8 6
- 5 4 3 . 8 6

5'J,2 . 43
- 5 L 2  . 4 3

0 .  0 0
0 .  0 0

SHEAR-Z

0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 .  0 0
0 .  0 0
0 .  0 0

0 . 0 0
0 . 0 0

- ! 2 . 9 0
! 2 . 9 0

1 L 3 . 3 l

0 . 0 0
0 . 0 0

2L3.73
- 2 L 3  . 7  3

2 r 3 . 7 2
-273 .7 2
2 ' � 7  2 . 9 0

- 2 1 2 . 9 0
1r .3 .  31

- 1 1 3 . 3 1

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

-4 '13.32
4 7 3 . 3 2

- 4 7 3 . 4 0
4 7 3 . 4 0

l - 6 9 8 . 5 5
- 1 6 9 8 . 5 5
- 4 1 5 8 . 7 5

4 1 5 8 . 7 5

0 . 0 0
0 . 0 0

7 8 4 4 .  1 8
- 7 8 4 4 .  1 8

7 8 4 4 . 1 0
- ? 8 4 4 . 1 0
1 0 0 1 6 . 0 s

- 1 0 0 1 6 , 0 5
4 1 5 8 . 7 s

- 4 1 5 8 . 7 5

MOM-Y

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

! 4 2 4 . 4 2
- 5 2 ! . 5 1

1425 .  05
-32 r  . 42

- q l  1 2  n 6

L r D J . z o
1 2 5 1 8 . 8 s
- 2 8 2 3  . 6 5

0 .  0 0
0 .  0 0

5325 ,93

) 5 Z J  .  d  t

- 3 0 1 . 5 0 . 7 4
6 8 0 0 . 5 6

- 1 2 5 1 - 8  .  8 3
2823 .65

MOM- Z

-232' t  6  .7  8
0 .  0 0

0 .  0 0
- 2 6 L 9 L .  0 5

0 . 0 0
- 8 0 1 6  , 4 5

0 . 0 0

3 3 L . 9 3
2  , 3 2

1 8 9 6 8 . 2 8
41964 .64
L9592.26
43369 .79
1-91-?1.  55
4 2 4 2 2 . 0 0

- 0 .  0 3
- 0 .  0 6

3 3 1 , 9 3
2 . 3 2

1 3  9 1 3 .  s 6
3 0 5 9 1 . 8 4
14 537 .  5 t
31996 ,92
r - 3 7 1 0 . 3 1
3 0 1 3 4 , 5 4

0 .  0 9
o . 2 L

* *++*** * * * * * * *  END OF LATEST ANALYSI  S  RESULT +**+++*+*+*** *

!.00. PRINT MEI,IBER STRESSES A],L
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BE-s BEAM TUBE MANIFOLD SUPPORT -- PAGE NO. 11

},IM4BER STRESSES

AtrI, UNITS ARE POUN/SO INCH

MEI4B I,D SECT AXIAT BEND-Y COMBINED SHEAR-Y SHEAR-Z

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  3 2 ' 7 . 3  C
1 .  0 0  3 2 7  . 3  C

. 0  3 2 7 , 4  C
1 . 0 0  3 2 7  . 8  C

. 0  3 2 7 . 4  C
1 . 0 0  ! z ' t  . 4  c

. 0  0 . 0  T
1 . 0 0  0 . 0  T

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  3 2 7  . 4  C
1 . 0 0  3 2 ' 7 , 4  C

. 0  3 2 9 , 5  C
1 . 0 0  3 3 0 .  I  C

, 0  3 2 " 1  , 4  C
1 . 0 0  3 2 7 . 4  C

. 0  0 . 0
1 . 0 0  0 . 0

. 0  0 . 0  c
1 . 0 0  0 . 0  c

,0 32 '1 .4  C
1 . 0 0  3 2 ' 7 . 4  C

n  ? ? 1  q  a

1 . 0 0  3 3 2 . 8  C
. 0  3 2 7  , 4  C

1 . 0 0  3 2 ' 7 . 4  C
. 0  0 . 0  c

1 . 0 0  0 . 0  c

. 0
1 .  0 0

. 0
1 . 0 0

1 .  O 0
. 0

1 . 0 0
. 0

1 . 0 0

. 0
1 . 0 0

, 0
1 . 0 0

0 . 0  c

0 . 0  c
7 . 3  T

0 . 0
0 . 0
0 . 0  c
0 . 0  c

0 . 0  c
0 . 0  c
0 . 0  T
0 . 0  T

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
o , 2
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 2

1 , 2  . 9
0 . 0
0 . 0

0 . 0
0 . 0
0 , 0
0 . 0

0 . 0
1 2  . 9

0 . 0
0 . 0

0 . 0
.  0 . 0

1 0 9 .  7' 7  L , 2
r 0 9 , 7

7  r . 2
r 5 2 . ' l
1 0 4 . 3

0 . 0
0 . 0

0 . 0
0 . 0

7  r . 2
2 5 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0
0 . 0

4 . 2
2 3 0 . 1

2 3 0  .  L
4 . 2

230 .1,

230.L
0 . 0
0 . 0

2 3 0  , r
6 0 7 . 5
2 3 0 .  L
6 0 ' t  , 5
2 3 0  ,  L
607 ,5
2 3 0 , L
6 0 7  . 5

0 . 0
0 . 0

6 0 7 . 5
4 5 7 . 3
6 0 ? . 5
45'1 .3
60? .  s
4 5 7 . 3
6 0 7 . 5
4 5 7 . 3

0 , 0
0 . 0

4 5 ? . 3
3 4 4 . 8
4 5 ? . 3
3 4 4 . 8

0 . 0

3 2 7  . 3
5 J l - .  5

3 2 1  . 4
J 5 t - .  v

5 5 1 .  J

0 . 0
0 . 0

2 3 0 . 1
3 3 1 . 5
f D / . c

5 6 0 .  9

5 5 ? . 9
0 . 0
0 . 0

2 3 0 .  1
6 0 7 . 5
J f , / . )

9 3 4 . 9
5 b _ 1 .  '

9 4 0 . 3
5 5 7 . 9
9 3 5 . 9

0 . 0
0 . 0

60'7 .5
4 5 ? . 3
6\'7 - 4
462.8
6 2 4  . 6
4 6 9 .  5

4 6 9 . L
0 . 0
0 . 0

45'1 .3
3 4 4 . 8
4 6 2  . 8
3 4 5 . 7

0 . 0
1 0 .  9

0 . 0
1 0 .  I

0 , 0
1 0 . 9

0 . 0
L 0 . 9

0 . 0
0 . 0

1 0 t  , 4
6 2 , L

I 0 1 , 4

1 0 1 .  4
6 2 . r

1 0 1 . 4
0 , 0
0 . 0

! 2 3 . t
r ,60.  9
L 2 3 . L
r-60.  9
L 2 3 , !
1 6 0 .  9
L 1 J  .  L

1 6 0 .  9
0 . 0

L 2 2 , 5
1-03 . 6
L22 .5
r " 0 3 . 6
r 2 2  . 5
I V J .  b

L22 .5
l -03.  6

0 . 0
0 . 0

8 1 . 9
5 9 ,  3
8 1 . 9
f , v .  J

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 5
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 , 0
0 . 0
0 . 0
3 . 5

0 " 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 , 0
6 . 9
9 , L
0 . 0
0 . 0

0 . 0
0 . 0

2 9  . 0
2 9 . O
2 9 . O
2 9 . O
3 ? . 0
3 5 . 9

0 . 0
0 . 0

0 . 0
0 . 0

2 9  . 0

Bll'iil\';i'-'o"
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BE-5 BEAM TUBE MANTFOID SUPPORT

MEI4BER STRESSES

A.LI, UNT?S ARE POUN/SQ TNCH

-tu

MEMB TD AXIAI BEND_Y

q q r F  ' 7 1  )

5 . 2  T  2 5 , L
0 . 0  T  t - 0 4 . 3
0 , 0  T  5 0 . 0
0 , 0  c  0 . 0
0 . 0  c  0 . 0

0 . 0  T  0 . 0
0 . 0  T  0 . 0
0 . 0  2 5 . 1
0 . 0  2 6 , 9
5 , 1 T  2 5 . 0
3 . 7  r  2 6 , 9
0 . 0  c  5 0 . 0
0 . 0  c  1 1 - . 5
0 . 0  0 . 0
0 . 0  0 . 0

SITEAR- Z

2 9 . O
2 9 . O
3 4 . 7
3 3 .  4

0 . 0
0 . 0

0 . 0
0 . 0

1 7 . 8
1 7 . 8
1 7 , 8
I 7 . A
2 2 . 2
1 9 . 9

0 . 0
0 . 0

L 7  . 7  0 . 0
L 2 . 5  0 . 0
r ' 1  . 7  t 2 . 7
L 1 , .  J  ! Z -  t

! 2 .  J  L Z .  t

r 7 . 1  1 0 . 6
 

 

q  1 )  ? ,

0 . 0  0 . 0
0 . 0  0 . 0

8 0 . 4  0 . 0
0 . 0  0 . 0

8 0 . 4  0 , 0
0 . 0  0 , 0

8 0 . 4  0 . 0
0 . 0  0 . 0

8 0 . 4  4 . 5
0 . 0  0 . 0
0 . 0  0 . 0
0 . 0  0 . 0

9 6 8 . 3  0 . 0
9 6 8 . 3  0 . 0
9 ' 1 4 . 8  2 1 5 6 . 2
9 7 4 , 8  2 7 5 5 , 2
9 ' 7  4  . 8  2 2 2 8  .  4
9 7  4 . 8  2 2 2 8 , 4
9 7 5 . 3  2 1 7 9 , ' l
9 7 5 . 3  2 r ' 1 9 . ' � l

0 . 0  0 . 0
0 . 0  0 . 0

Revision No. I
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BEND-Z

4 5 7 . 3
3 4 4 . 8
45't .3
3 4 4 . 8

0 . 0
0 . 0

3 4 4 . 4
2 3 2 . 3
3 4 4 . 4
2 3 2 . 3
3 4 4 . 8
2 5 2 . 5

3 4 4 . 8
2 3 ?  . 3

0 . 0
0 . 0

232 .3
226 .9
232 .3
2 2 6  . 9

2 3 2 . 3

0 . 0
0 . 0

0 . 0
2 2 6  , 9

0 , 0
226.9

0 . 0
2 2 6 . 9

0 . 0
0 . 0
0 . 0

8229 . 4
0 . 0

8284.3
0 . 0

8284 .3
0 , 0

8 2 8 8 , 7
0 . 0
0 . 0
0 . 0

CO}4BINED

4 6 8 . e
3 5 0 .  I
4 6 9 . !
3 4 8 . 4

0 . 0
0 . 0

3 4 4 . 8
232 .3
3 4 5 . 7

3 5 0 . 8

3 4 8 . 4
232.'t

0 . 0
0 . 0

232.3
2 2 6 . 9
? ? "  o

2 3 7 . 7
2 2 9  . 6
232.6
2 2 ' t  . 3

0 . 0
0 . 0

0 . 0
2 2 6 . 9

0 . 0
2 ? . 9  . 6

0 . 0
2 2 ' t  , 3

0 . 0
0 . 0
0 . 0

82?9 . 4
0 , 0

2 6 6 1 5 . 5
6 . 8

6 . 8
2683'7.2

2 4 - 4
5 9 . 7
5 9 . 7

SHEAR-Y

8 1 . 9
5 9 .  3

5 9 . 3
0 . 0
0 . 0

5 9 . 3
! 7 . ' 1
5 9 , 3
1 1  1

J v . 5

r '7  .7
5 9 . 3
1 1  1

0 . 0
0 . 0

3  . 0
1 . 0 0

4  . 0
1  . 0 0

5  . 0
1 . 0 0

6  1  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

. 0
1 . 0 0

n
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

1 . 0 0
. 0

1 . 0 0
. 0

l - . 0 0
. 0

1 ,  0 0

. 0
1 . 0 0

1 . 0 0

1 . 0 0
. 0

. 0
1 . 0 0

0 . 0  c
0 . 0  T
0 , 0  T

0 . 0  T
0 . 0  T
0 . 0  T
0 . 0  T

0 . 0  c
0 . 0  c
0 . 0  T
0 . 0  T
2 . 1  r
0 . 0  T
0 . 0  c
0 . 0  c
0 . 0
0 . 0

0 . 0  T
0 . 0  T
6 . 8  c
6 . 8  C
6 . 8  C
6 . 8  C

5 9 . 1  C
5 9 .  ?  c

0 . 0
0 , 0

0 . 0
2 6  . 9

0 . 0
1 1 . 5
1 2  . 8

0 . 0
0 . 0

0 , 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

1 2  . 8
0 . 0
0 . 0
0 . 0

0 . 0
0 . 0

L4324 . 4
0 . 0

1 8 9 3 8 . 0
0 . 0

t8524 . r
0 . 0
0 . 0
0 . 0



BE-s BEAM TUBE MANIFOLD SUPPORT

MES,IBER STRESSES

ATT, UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAT BEND-Y BEND-Z COMB]NED

1-0 . 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  1 0 , 9  T
1 . 0 0  1 0 . 9  T

n  l n  o  ' F

1 . 0 0  1 0 . 9  T
. 0  1 8 . 4  T

r " . 0 0  1 8 . 4  T
. 0  t 2 . 3  c

1 . 0 0  L 2 . 3  C

, 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  1 1 2 . 5  C
1 . 0 0  L 1 2 . 5  c

1 . 0 0  1 1 2 . 5  C
.  0  L 4 3 , 1  C

1 . 0 0  L 4 3 , 7  C
. 0  5 9 . 7  c

1 " . 0 0  5 9 . 7  c

. 0  0 . 0  T
1 . 0 0  0 . 0  T

. 0  3 5 . 5  C
1 . 0 0  3 5 . 5  C

l - . 0 0  3 5 . 5  c
. 0  4 3 . 0  c

1 . 0 0  4 3 . 0  c
, 0  L 2 . 3  C

1 .  0 0  L 2 . 3  C

. 0  7 6 1 . 3  c
1 . 0 0  7 6 1 . 3  C

. 0  ' 1 6 6 . 4  C
1 . 0 0  7  6 6 . 4  C

. u  / o o . i  L

t .  0 0  1 6 6 . 4  c
. 0  ' 7 6 6 . 8  C

1 .  0 0  ' 1 6 6 . A  c
. 0  0 . 0  r

1 . 0 0  0 . 0  T

. u  l a t . z  v
1 . 0 0  7 5 9 . 2  c

. 0  1 3 2 0 .  I  T
1 .  0 0  1 3 2 0 . 8  r

0 , 0
0 . 0
0 , 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 1
0 . 0
0 . 0

0 . 0
0 . 0

1 3 3 5 8 . 1
0 . 0

0 . 0
1 3 1 5 8  .  4

0 . 0
0 . 1
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
0 . 0

L5'171 .3
0 . 0

1 6 3 0 5 . 6
0 . 0

1 5 9 4 9 . 3
0 . 0
0 . 0
0 . 0

7 4 . 8
0 . 4

3 7 0 8 . 9
8 9 5 3 . 8

0 . 0
2 6 4 L . 5

0 . 0
2 6 4 L . 5

0 . 0

0 . 0
0 . 0
0 . 0

8229 , 4
0 . 0

8 1 ? 4  .  4
0 . 0

g]-'t 4 .4
0 . 0

8 1 ? 0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
2 1 5 1 . 4

0 . 0
2 ' t  5r .4

0 . 0
z t a ) . 6

0 , 0
0 , 0
0 , 0

0 . 0
0 . 0

9 3 . 0
0 . 0

9 3 .  0
0 . 0

0 . 0
8 1 7 . 2

0 . 0

0 . 0
0 . 0

5 0 4 , 3
1 , 8

0 . 0
2652 . 4

1 0 .  9
2652 .4

r . 0 . 9
2 6 5 5 . 5

1 8 . 4
L 2 . 3
1 2 , 3

8229 . 4
0 . 0

21645 , O

z z z t 6 .  o
1 1 2 , 5

2 1 4 7 2  .  !
1 4 3 .  ?

q q  e

0 . 0
2 ' 7  8 6  , 9

3 5 .  5
2"18'1 . O

3 5 . 6
2 ' �198 .9

4 3 . 0
1,2 .3
L 2 , 4

t o r . 5

16636.'7' 1 6 6 .  4
1 7 1 6 5  .  0

l - 7 0 4 9 . 8

8L'1 .2
0 . 0

8 3 4 . 0' 1 5 9  . 6
5 5 3 3 . 9

7027 6.4

SHEAR-Y

3 1 7 .  3

? 1 n  a

3 1 0 . 8
3 l - 0 ,  I

5 I U .  J

0 . 0
o . 0

9 6 8 . 3
t b d . 5

9 6 ) , . 9

96L.  4
9 6 1 .  4

0 . 0
0 . 0

3 1 7 . 3

3 2 3 . 8
5 2 5 ,  d

s Z J .  d

3 2 3 .  8
324.3
324.3

0 . 0
0 . 0

0 . 0

1 5 . 9

5 ? . 0
5 7 .  0

1 3 9 .  6

0 . 0
0 . 0

t 2  . 7
1 2  - 7

SHEAR- Z

0 , 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
0 . 0

1 5 7 1  .  8
- 1 3 / I . U
1 , 6 4 4 . 0
! 6 4 4 . 0
1 , s 4 8 . 3
L 5 4 8 . 3

0 . 0
0 . 0

0 . 0
0 . 0
0 , 0
0 . 0
0 " 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
0 , 0

2 0 9 J . 5

2695 .3
2 1 8 5  . 5
2 1 A 5 . 5

0 . 0
0 . 0

1 . 9
1 0

3L9.2
3t9.2

t L

L 2

I 5
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BE-5 BEAM TUBE MANI FOID SUPPORT

MEMBER STRESSES

AI,I, UNITS ARE POUN/SQ INCH

MEI,iB LD SECT

-- PAGE NO. 2 0

3  . 0
1 . 0 0

4  . O
1 . 0 0

5  . 0
1 . 0 0

1 5  1  . 0
1 . 0 0

2  . O
1 . 0 0

? n

1 . 0 0
4  . 0

1 . 0 0
< n

1 . 0 0

AXIA],

1 3 9 0 .  6  r
t -390 ,  6  T
1 3 4 3 . 1  T
1 3 4 3 .  1  r

0 . 0  c
0 . 0  c

7 5 6 , 2  C

7 5 5 . 8  C
0 . 0  c
0 . 0  c

BEND-Y

3 8 3 0 . s
v 2 5 5 .  b

3 7 4 8 . 5
9 0 5 1 - . 4

0 . 0
0 . 0

0 . 0
0 , 0

1 1 5 0 1 . 3
0 . 0

L2029 .6
0 . 0

1 1 3 2 9 , 3
0 . 0
0 . 1
0 . 0

7 4 . 8
0 . 4

2 7 2 3 . 7
o ) z t , v
2844.8

2683 .4
6429 . 4

0 . 0
0 , 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

BEND-Z

5 0 4 . 3
1 . 8

1 8 0 9 . 5

4 4 3 0 . 5

0 . 0
0 . 0

t54), . 4
0 . 0

1 5 4 1 . 4
0 . 0

L968.2
0 , 0

81'7.2
0 . 0

0 . 0
0 . 0

8 3 5 6 , I
2 9  , 6

8 3 5 6 .  7
a a  R

106't o .6
3't . 't

4 4 3 0 . 5

0 . 0
0 . 0

3653 .  t
0 . 0

3 6 5 3 . 0
0 . 0

6 1 ? 3 . 5
0 . 0

4 L 4 2 . 0
0 . 0

0 . 0
0 . 0

1 1 - 9 3 6 , 8
0 . 0

1 1 9 3 6 . 8
0 . 0

L4451 .2
0 , 0

4 L 4 1 . 8
0 . 0

COMBINED

5'125 .5
1 0 6 4 6 . 0

1 0 4 0 0 . 9
4 4 3 0 . s

1 5 .  7

' t  6L.3

1 3 ? 9 8 . 8
1 5 6  - 2

L432'1 . L
7 5 6 - 2

1 4 0 5 3 . 3
/ 5 5 .  t t

8 1 7 . 3
0 . 0

8 3 4 . 0'159 . 6
1 1 8 4 5 . 7

!203't .1.
'7692.O

1 4 0 9 ? . 5
7 2r0 .'1
4 4 3 0 . 5

1 5  . ' 7

? 8 5 . 4
? 8 5 . 4

4422 .  4

4422 .  A' ! 6 9 . 4

6 9 4 r . 6
7 6 8 . 1

4L42.0
0 . 0

7 8 5 . 4
7 8 5 . 4

L z ' l 3 8  . 2
8 0 1 . 4

12738.r
8 0 1 . 4

1 5 2 5 9 . 9
8 0 2 . 7

4 1 4 1 . 8
0 . 0

SHEAR-Y

7 2  . 7
! 2 . 7

4 5 . 4
1 1 1 . 3
11.r. . 3

o . 0
0 . 0

2 0 5 . 5

263,3
263.3
336.2
J J O . Z

1 3 9 .  6

SHEAR- Z

3 2 9 . 8
329.8
J 2 4  . 0

3 2 2 . 6
0 . 0
0 . 0

0 . 0
0 . 0

1 9 6 4 . 8
1 9 6 4  .  I

2 0 5 5 . L
1 9 3 5  .  4
1.935 .  4

0 . 0

0 . 0  1 . 9
0 . 0  1 . 9

2 0 9 . 9  2 3 3 . 1
2 0 9 . 9  2 3 3 . 1
2 0 9 . 9  2 4 3 . 8
209.9 243.8
2 6 8 . 0  2 2 9 . ' l
2 6 8 . 0  2 2 9 . ' 1
1 1 1 . 3  0 . 0
L 1 1 . 3  0 . 0

0 . 0  0 . 0
0 . 0  0 . 0

6 7 . 8  0 . 0
6 7 . S  0 , 0
6 7 .  I  0 . 0
6 7 . 8  0 . 0

t L 4 . 7  0 . 0
tLA . ' t  0 .  0

7 6 . 9  0 . 0' 1 6 . 9  0 . 0

0 . 0  0 . 0
0 . 0  0 . 0

^ n

2 2 L . 7  0 . 0
z 2 ! . 7  0 . 0
2 2 r . 7  0 . 0
2 6 8 . 5  0 . 0
2 6 8 . 5  0 . 0

7 6 - 9  0 . 0' t 6 . 9  0 . 0

^ . -:^- Nn 1
^ rr^ VM9-I{U6
L,()u r'" - ---
Page 30 ot )J

- L O n  ' 7 ( o  t  a

1 . 0 0  7 5 9 . 2  C
. 0  7 6 5 .  I  T

1 . 0 0  7 6 5 . 8  T
. 0  8 3 5 .  6  T

1 . . 0 0  8 3 5 . 6  T
. 0  7 4 3 . 5  T

1 .  0 0  7 4 3 . 5  T
. 0  0 . 0  T

1 . 0 0  0 . 0  T

, 0  7 8 5 . 4  C
1 .  0 0  7 8 5 . 4  c

. 0  ' 1 6 9 . 4  C
1 . 0 0  ' 1 6 9 . 4  C

. 0  7 6 9 . 4  C
1 . 0 0  ' 1 6 9 , 4  C

. 0  ? 6 8 . 1  c
1 . 0 0  ? 6 8 . 1  c

. 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  ' 7 4 5 . 4  C
1 . 0 0  ? 8 5 . 4  C

. 0  8 0 1 . 4  C
1 . 0 0  8 0 1 , 4  c

. 0  8 0 1 . 4  C
1 . 0 0  8 0 1 , . 4  c

. 0  8 0 2 . ' 1  C
1 . 0 0  4 0 2 . ' 7  c

. 0  0 . 0  T
1 . 0 0  0 . 0  T

1 7

1 f l



BE-s BEAM TUBE MANI FO],D SUPPORT

MEMBER STRESSES

AT,L UNITS ARE POUN/SQ INCH

MEMB LD SECT AXIAT

-- PAGE NO, 2T

COI4BINED SHEAR-Y SITEAR-Z

1 9 , 0  2 . 3  C
1 ,  0 0  2 . 3  c

. 0  2 8 1 7 . 5  c
1 . 0 0  2 8 1 ? . 5  C

. 0  2 9 t t . 7  c
1 . 0 0  2 9 1 , r . 7  c

. 0  2 8 4 8 . r  C
1 , . 0 0  2 8 4 8 . 1  c

. 0  0 . 0  T
1 . 0 0  0 . 0  T

. 0  2 , 3  C
1 .  0 0  2 . 3  C

. 0  2 0 5 4 . 5  C
1 . 0 0  2 0 5 4 . 5  C

. 0  2 1 4 8 . 7  C
1.  00 2t48 . '1  C

. 0  2 0 2 3 . 8  c
1 . 0 0  2 0 2 3 . 8  C

. 0  0 . 0  c
1 . 0 0  0 . 0  c

BEND-Y

0 . 0
0 . 0

23r  . ' l
5 2  . 3

237.'l

8 3 1 .  4
- t U  / .  f ,

2 0 3 5  . 6
4 5 9 . 1

0 . 0
0 . 0

3 8 3 9 . s
t t  oo .  u

5 d J Y . f

8 6 6 . 0
4902 .6
1 1 0 5 . 8
- Z u 5 5 .  o

4 5 9 , 1

BEND-Z

5 4 , 0
0 . 4

3 0 8 4 . 3
b d z s .  )
3 L 8 5 . 7
7 0 5 2 . O

6 8 9 ? . 9
0 . 0
0 . 0

5 4 . 0
0 . 4

4 9 7  4 . 3
2363.8
5202.8
2229.3
4 8 9 9 . 9

0 . 0
0 . 0

5 6 .  3
2 . ' 7

6329.2
t  0 0 1 6 .  0

6'�196.9
9 9 3 3 . 5
2 0 3 s . 6

4 5 9 .  L

5 6 .  3

t ' l - ) b . 5
'189 4 ,'7
8 3 5 2 . 0
8 2 r ' 1  . 5
9 1 5 5 .  7
8029 .5
Z U J J . O

4 5 9 . 2

1 . 0

1 7 8 .  0
1 7 8 . 0
1 8 4 . 0
1 . 8 4 . 0
1 8 0 . 0
1 8 0 . 0

0 . 0
0 . 0

1 . 0
1 . 0

r 3 0 .  0
1 - 3 0 .  0
1 3 6 .  0
I J O .  U

L ? 8 . t
1 2 8 . 1

0 . 0
0 . 0

0 . 0
0 . 0
3 , 2
3 . 2
3 . 2
3 , 2

1 1 . 6
I I .  O

z 6 . J

0 , 0
0 . 0

5 3 .  4
5 3 .  4
5 3 . 4
5 3 . 4

6 8 . 2
2 8 . 3
2 8 . 3

2 0

* * * * * *+*++*** *  END OF LATEST ANAIYSIS RESUT T * * * *++*** * * * * *

101. PAIAMETER
102.  CODE ArSC
l-03.  FYID 45999,969 MEI4B 13 TO 20
104.  WS?R 21000.  MEMB L3 TO 20
105.  r {MrN 0,188 MEMB 13 TO 20
106.  CB 1.  MEMB 13 TO 20
t-0?, cMY 1. MEMB 13 TO 20
108.  MAIN 0,  Mn4B 13 TO 20
109.  RATIO 1.  MEMB 13 TO 20
110 . CHECK CODE MEl"lB 13 TO 2 0
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BE-5 BEAM TUBE MANI FOLD SUPPORT

RATIO/
MZ

-- PAGE NO.

LOADING/
LOCATION

STAAD-III CODE CHEC'{TNG - (AISC)
*  *  *  *  *  * * *  *  *  * *  * * *  *  *  *  *  * *  *  i

AIL I'NI?S ARE - POUN

MEI'{BER TAB',8

INCH (UN],ESS OTHERWISE NOTED)

RESUIT/ CRITICAI,COND/
EX MY

13 ST TUB 40408 PASS
4A14 .0 '1  C

a4 sr  TUB 40408 PASS
8 8 4 4 . 3 1  T

L5 sT TUB 40408 PASS
4809.42 c

16 ST TUB 40408 PASS
4724.14 r

L7 ST TUB 40203 PASS
1 5 5 1 .  5 3  C

18 sr  ruB 40203 PASS
L 6 2 L  . 3 ' t  C

19 ST TUB 40408 PASS
1 8 5 1 8 . 5 6  C

20 sT TUB 40408 PASS
.  L 2 8 7 L . 2 2  c

11-1. SE],ECT WE],D MEMB 13 TO 20

Ar sc- H1-3
1 0 0 2 7 9 . 6 3
Arsc-  H2-1

- 5 6 9 0 9 . 8 3

7 3 9 8 1 . 9 1
A 1 5 L -  N Z - I

- 1 6 5 0 3 . 2 0
Arsc-  H1-3

0 . 0 0
Arsc-  HL-3

0 . 0 0
A I s U -  N ] -  J

AJ ,SL-  N I -J
- 3 0 1 5 0 . 7 4

o  . 6 2 2
s' t  2 .09

0 . 3 8 6
-L0 .9 '1

0 . 5 2 0
- 9 4 7 9 . 3 8

0 .  5 1 1
-65623.96

0 . ? 6 9
-  L Z V J V  ,  5 5

0 . 5 7 2
- z u l - v r . 0 J

43369 .7 9
0 .  3 5 s

1 3  7 1 0  ,  3 1

0 . 0 0

5 1 . 0 0
5

0 . 0 0

0 . 0 0
4

0 . 0 0

0 .  0 0

8 5 . 5 6

0 . 0 0

BTifrY;*l-'""
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BE-5 BEAM TUBE MANIFOLD SUPPORT __ PAGE NO. ? ?

t
STAAD-I]I WELD DESIGN
*  *  * *  *  *  *  *  *  * *  *  *  *  *  *  * *  * +  *

AIL I'NITS ARE - INCH POUN

MEMBER TOCATION/
LOADING

WELD TYPE/
HOR STRESS

WETD SIZEI
VERT STRESS

COMB STRESS,/
DIR STRESS

1 3

! 4

1,4

1 5

t 5

l_o

l -o

.| .?

L 7

t 8

1 8

1 9

1 9

2 0

qTA

3

EI'ID
3

STA

1
2 7  8 5  , 5 4

1
3 ? 1 4 . 0 6

I
480 .  44

1-
4 5 3 . 7 3

I
2  0 5 5 .  0 s

1
2 7  4 0  . 0 ' 1

1
4 5 2  . 0 5

t
a >  I . z 1

t_
0 .  0 0

t-
0 .  0 0

1
0 . 0 0

1
0 .  0 0

1
2 2 7  . ' 1 5

1
6 3 . 4 7

1
1 3 4 2 . 9 ' 7

1
1 0 5 1 . 7 5

4 / 1 6
1 5 . 8 9

2 I . L 9

J /  I O

1 1 0 . 8 8

J /  f  o

3 0 . 9 0

4 /  1 6
263.32

5 t  ! o

3 5 1 - . 0 9

4 / L 6
4 9 0 , 3 6

5 t 2 . 0 4

5,4 -L 0

7 6 . 4 3

a f  l o

0 . 0 0

3/1,6
1 7 8 . 9 9

3 / 1 6
L ' t  8  . 9 9

J , '  I O

3 0 4 . 4 6

5 I  I O

t 4 2 2 . 8 2

3 / 1 6
1 1 6 1 . 8 0

2 0 3 2 0 . 0 s
20L28.2L

4 0 5 3  . 9 2
t624 . 69

1 1 4 0 3 . 5 7
r L 3 9 2  . 9 L

! ' 7 t 8 4 . s 2
1 7 1 ? 8 . 3 0

L6978.23

3 1 9 3 . 9 5
1 6 0 3 . 1 4

1 6 5 9 4 . 4 3
1 6 5 8 1 . 0 3

I Z 5 J O .  J U

123L3 .26

5 5 0 5 , 4 4
5 5 0 4 . 9 1

7 0 5 . 0 9
7 0 5 . 0 9

1 1 9 9 8 . 6 0

' t  4 2  . 5 t
'720 .6L

L 2 L ! 9 . 7 9
r2L09 .2!

1 ? 0 9 8 , 4 8
17 095 .  65

1 5 3 8 0 . 6 2
t52s5 .61

t39 ' t  4 . !3
L 3 8 8 5 . 9 8

END
3

slA

END
J

STA
4

END
3

< T A

4

END
1

STA

END

STA
4

END
3

STA
4

END
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BE-5 BEAM TUBE MANIFOLD SUPPORT -- PAGE NO.

STAAD-] II WE],D DESIGN
*  *  *  *  * *  *  *  * *  *  * +  *  *  i +  *  *  *  *

A],L UN]TS ARE - INCH

MEI4BER I,OCATION/
LOADI NG

POUN

i{ELD TYPE/
HOR STRESS

WE],D SIZE/
VERT STRESS

COMB STRESS/
DIR STRESS

* * r. * * * * * * * * * * * * * * * EI{D OF TABUIATED WET.D DESIGN * * * * * * * + * * * * * * * * * *

112. STEET TAKE OFF

Revision No. 1

Doc. No. V049-1488
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BE_5 BEAM TUBE MANTFO],D SUPPORT

STEEL TAXE-OFF

-- PAGE NO.

PROFILE

ST PIP
ST TUB
ST TUB
ST TUB

E
8 0 8 0 5
4 0 4 0 8
4 0 2 0 3

IENGTH ( INCH )

5 v b . u u
1 5 4 . 5 0
3 1 1 . l - 3
t - 4 0 . 0 0

TOTA!,

WEIGHT (POUN)

9 6 0 4 . 1 8 6
4 0 9 . 2 5 2
5 5 9 . 9 8 9

8 0 . 0 3 2

1 0 6 5 3 . 4 6

*****i*+*+** END OF DATA FROM INTERNAI STORAGE ************
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!'ilenane 3

AI.I, AROUND RECTANGUI,AR OR SQUARE FILLET IIELD

Between part Join! f9/2L and BASEPLTS

BE-s SUPPORT

4xZ r.s,

fr;Fx.

$2 l{3

0 . 0 0  0 .  o 0

SKEWED ANGLE ( 9Oo>e<I2O6,
90.  000

+--j-----r'  l furr '

LOAD INPUT (
F1

T,Bs., INCII-LBS. )
t2 F3

1 5 5 2 . O 0  4 0 3 . 0 0

12 . 000
Sw1 Sr,r3

9 .  3 3 3

M l

28192 .  OO

36.  000
c1
2 . 0 0 0

c3
1 . 0 0 0

GEOI{ETRI C DI}IENS IONS
a b
4 . 0 0 0  2 . 0 0 0

SECTION PROPERTIES

r,rELD STRASS ( PSr )
21000

EFFECTIVE TIIROAT CORRECIION FACTOR

l{f

MAXIUUM WELD LoAD (f ) - #/INCII

2 2 4 4

REQUIRED FIL'.ET WELD SIZE (INCEES)

0 .  1 5 1
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Filena$e! BE-s SIJPPORT

A.LI, AROUND RECTANGI'LAR OR SQUARE FILLET WELD

Between part JtE. 12 & 16 and BASEPLTS

LOAD INPUT ( LBS., INCII-LBS. )

:

I

I

I
I

q

F1
919 .  OO 4729.OO

F3
1 0 7 2 . 0 0

!,t1
65624 . OO

r.{2
2372.OO

M3
16s03 .  O0

CEOMETRIC DIT{ENSIONS
a b
4 . 0 0 0  4 .  o o 0

SECTION PROPERTIES
A SwL

riELD STRESS (PSr )
21000

sKEllED ANGLE ( goo>a<Lzo�o)�
90 .000

sw3
6 5 .  l 5 J

c3
2 .000

c1
2 .OO0
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uf
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4149

RDQUTRED FILI,ET !{ELD SIZE ( INCIIES ) N
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Filenane: BE-5 SUPPORT
ALI, AROUND RICTANGUIAR OR SQUARE FILLET WELD

Between part Jts. 13 & 17 and BASEPLTS

\ ? +

I,oAD INPUT (

2 7  3  . O O

LBS.,  rNCH-LBS. )
E2 F3

8661 . OO

M l

13? 10.  00
t42

14002.  OO
t{3

2 8 s 1 9 . 0 0

GEOI{ETRI C D IlilENS IoNs
a b WtsLD STRESS (PsI)
5 . 6 s A  4 . 0 0 0  2 1 0 0 0

SECTION PROPERTIES

SKEWED ANGLE ( 9 O6>E<I2OO,

9 0 . 0 0 0

A Swl
1 9 . 3 1 6 5 J .  5 U J

Sw3
2 7 . 9 6 5 1 5 0 .  1 4 5

cL
2 -8�29

c3
2  .000

EFE ECIIVB IHROAT @RREqTION FACTOR

uf

MAXI!'IUM WEI,D LOAD (f ) - #/rNCH

1s90

REQUIRED FIILET WELD SIZE (INCITES)
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGII MA

ENGINEERING
CALCI]LATIONS

NO: V049-l-089
PAGE 1OF 49

REV. DEO # DATE BY: CHECK TITLE:
Deeign of Genoic Suppon Scheme for;
Beam Tub€ Manifold B-9

0 0139 4t24t96 WDB AGR
I |  2 q 2 ' ' t^rbb R. LZ

FIV W Rilwrlry DFPT . 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PIJRPOSE:. The purpose of this calculation is to design a generic support scheme for the B-9 Bearn
Tube Manifold @Tlttr). The design of BTM B-9 is governed by the thermal a"xial growth which occurs
during "bakeout" conditions and the unbalanced vacuum load due to the disparity ofbellows at A-1 and.
BE-5. The support scheme for BTM B-9 is made up of one anchor and one flexible support

METHOD: Thermal growth is one of tle governing design factors. Thereforg zupport locations were
established using a maximum displacement of 1/?' at the flex support. Additionatly, the bellows at BE-5
is limited to an overall displacement of +/- 2-ll2". A STAAD model of BTM B-9 was generated and used
for design. Baseplates, anchor bolts and thru-bolted connections were designed using AISC srandards
and STAAD computer output. Load cases included; DW, Thermal, Vacuum and Seisriric (satic g load).
DW included the weight ofthe vessel and its flanges, Thermal included a temperature load along the
length ofthe vessel, Vacuum loads occur due to the diference in size ofbellows spool pieces at A-l &
BE.5

ASSLIMPTIONS Assume anchor points are fixed but released for Mz ( about the out-of-plane moment)

INPUTS: VesselwCht = 6437.0 lb.
Seismic Acceleration : 0.05625 g.
Unbalanced vacuum load : 38.13 kips
Flange wghl = 1539.0 lb.

REFERENCES: l. STAAD-III release 21, Research Englneers
2. ASD - AISC 9th edition
3. Doc. No. VO49-1-066 - LIGO Vacuum Equipment Structural Design C4$eria
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-l' 061 Beam Tube Manifold 89
VM9-1- 032 Component Interface Loads
V049-l- 042 Bolted Flange Analysis for Tensile Forces

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Desisr Criteria are met.

NOTES: STAAD-I Computer file: B9BTMRI. *
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PROCESS SYSTEMS INTERNAflONAL, INC.
WESTBOROUGE MA

ENGINDTRING
CALCIJLATIONS

NO: V049-1-0t9
Rev. No. 1
PAGE 3 OF 49

PROJECT: LIG'O VACI'I]M EOIIIPMENT PROJECT NO: V59049

f TITLE: Desilr of Generic Sulport Scheme for Beam Ttrtle Manifold B-9

REVISIONHISTORY

Rev.O Original Issue
April24, 1996

Rev. I Issue Date
Septrmber 17, 1996

. Added ubalanced vacuum axial load.

. Released momonts at pinned oonnectiors to stitrener ring in STAAD model'

. Rwised Structural Tube Steel members from 4" x 2" x 5/16" thk
to 4" x 4" x 1/2" tbk.

r Checked for punching shear using STAAD analyss.
. Revised body ofcalc to refleg't changes due to new vacuum load'
. Added addhional weld calculations to calculation text.
. Rwised desigr details to reflect change in mernbers
o Rwised stifrener/zupport ring to 4" x 3" x 12"
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DISCUSSION

Beam Tube Manifold (B-9)

Support Scheme

Step 1 - B-9 due to its leogth which includes portions of BE 5 and A- 1 experie,nces a large overall

thermal growth. Auohorage was prefened at midspan but due to the potemial large thermal

<lisptacements, an optimum location for anchors and flexible suPpons uas required

Step 2 - Flexible supports were located based on mar allowable displacement (due todErmal - -
g;*th;. A. "**itn; ailo*ablo displacement of l/2" was established. This in tum determinod the

maximum spacing betweet a chor and flexible support.

Step 3 - A fildte elemert model which includes the prc,perties ofthe beam tube manifold shell and

the support frame was gaterated using the STAAD struoturai design cottputer program.

Step 4 - Applicable loading conditions were determined. These include{ deadweight for vessel and

flanges, uniiorm thermal l;ad for the Beam Tube Madfol4 and seismio frctors. Additionally,

an rirbalarrced vacuum load acts on the Beam Tube Manifold due to the disparity of bellows at

A-l and BE-5.

Step 5 - Computer output results were evaluated.

Step 6 - Using computer generated forces and reactious, anchors, baseplafes' bolted

connections (support legs to vessel stiffener rings), and welded connoctids were designed'
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