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VOLUME II ATTACHMENTS

ATTACHMENT 3

I. STRUCTURAL CALCULATIONS

TITLE

Spool B-5 (30 in)

Spool 8-6 (48 in)

Spool B-7 (48 in)

Spool B-8 (72 in)

Spool B-9 (72 in)

Spool BE-2 (60 in)

Spool BE-3 & BE-3A(60 in)

Spool BE-4 (44 in)

Spool BE-5 (44 in)

Generic Spool l)esign

Supports'

Design of Flexible

Desien of Gate Valve

Support Design for Mode

Support Design for Beam

Support Design for Beam

Support Design for Beam

DOCUMENTNO.

v049-1-057

v049-1-058

v049-l-059

v049-l-060

v049-l-061

v049-l-050

v049-l-049

v049-1-076

v049-l-085

v049-t-077

REV.

0

0

0

0

0

0

0

0

0

0

v049-l-062

v049-1,086

v049-l-08?

v049-l-088

v049-l-089

v049-l-095

v049-l-098

0

0

0

0

0

0

0
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Tubo Cart Frame



TITLE

Miscellanous

Flange Bolting for Gate Valves

Bellows Defl ection Study

Analysis ofBSC Support Leg to Cross Beam Connection

Analysis of Bolted Flange for Initial Out ofFlatness

Expansion Joint Tie Rod Lug Design

DOCUMENTNO. REV.

v049-1-063

v049-l-068

v049-1-0?9

v049-l-080

v049-l-084



PROCESS SYSTEMS TNTERNATIONAL. INC.
WESTBOROUGH. MA

ENGINEERING
CALCIJLATIONS

NO: V049-l-057
PACE I OF 56

REV. DEO # DATE BY: CHECK TITLE:

SPOOL B-s (30 in)
0 c ' l ' ; l //r9/9t WDB naL-

BY: lrub&L^.-X^..- DEPI .: 744

PROJECT: LIGO Vacuum Equipment
I

PROJECT NO: V59049

PURPOSE: Determine spooVadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
rinss.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.3 l.

ASSUMPTIONS: None

IMUTS: 1 .
L .

J

Vacuum Pressure = 14,7 psi
Design Temperature = 400 F.
Ion Pump Nozzle Loads

Pr = 2250.0 lbs
Mc = Ml = 4542.0 inlbs
Vc = Vl = 126.5 lbs

REFERENCES:1 .
2 .

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

/ a  y g  - t - a a / ,  i  / 4  o  / t c .  6 o . ' , . +  ; f z 4  o  t - .  D < : , r . . t  4 , , - , . a . o?

CALCULATIONS: (SEE ATTACHED)

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

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017,018, 019.& 051

Revision No. 0
Doc. No. V0.+9-l-05?
Pase I of 56
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C0MPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.vSL

Pressure Summary

Pressure summary for pressure chamber I

Apr. 19, 1996

I stbol B-5

c F  1 6 - 1 1 2 ' o . d .

llTIAX's ElrD C-OXX .

WEAX-6 END CONN.

2 3 o . r  |  2 3 o . .  l

1 . e . 2  |  r 4 a . r  I

1 . 4 - 2  |  1 . 8 . 1  j

1 3 6 . 2  |  ! 3 6 . 2  |

l s a . a  I  1 , 5 a . .  I

t l
t l

1 0 . 2  l

1 0 . 2  I  1 0 . 2  |

5 r . 5  i r . o o o  I

Er . rp t to r  o t  l ^ r loudDc. l

str.EE Rcductton | (1n) 1

P l T l . | - r t r t P l r r A P

I  dee lgh  d* lsn  I  I

i  ( p 6 r )  l ( d e g  . )  |  ( p s t )  |  ( p r l )

I F€ | uc-ee I

l6r terDar Rl t r  o xDst

I xot .pp11cablc

I xot appllcrblc

I trot 6ppl lcdblc

l x o t . p p l l c r b l , .

I  xo t  app l l c .b tc

I

I

ot appllcat'I€

I Not at'pltc.ble

I  o.ooo I

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

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

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

:  1 .5 :*Pe* l  :22ps i

Vessel hydrotest pressure is 22 psi.

Rer"ision No. 0
Doc- No. Vo.t9-l {57
Paee -5 of 563.2r.1996



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

Weight Summarv

, 9 e l g l r t  { l D s )  c o r t l t b u t . d  t y  v e E s e l  E l e 6 e n t 6

tr5y6 Packed Insul t,lDlDg Ptplng L6dd.t OPcr Test Hoz z le

Llquld l,lqu.lat . frg

rcrr.!-s rhal .orD

tt!.n-6 .Dd conn 1539

o o o o

o o o o

o o o o

1158O 2 a

\ . e s s e l  o p e i a t t D g  s e i g t r t ,  c o r r o d e d :  5 , a 1 6  l b s

v e s s e l  e n p t y  w e i q b t /  c o t o d e d :  6 . a I 6  f u 6

v e 6 6 e l  e D p t y  a e i g h t ,  n e ! :  6 , a 1 6  l b a

V e s s e t  t e s t  u e i { J b t ,  n e c :  1 7 ? 9 9 6  l b s

Vessel center of gravity location (from right weld seam)

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

6,416 lbs
219.4 in

Revision No. 0
Doc. No. V0,19-l{57
Pase (r of 5(r

3.2r.t996



COMPRESS 5.53 C :\COMPRESS\MODECLNR\B-5.VSL

Nozzle Summary

Apr. 19, 1996

(  r n )  ( 1 h )  I l ?  a 2 ?

o . 2 5 0 0  0 . 1 3 6 1

o.2500 0 .  t36 l

o - a z s o  o . 1 2 5 0

o.250( }

o .25oo o .14 !16  o ,25oo o .oooo loo ,o

0 ,250{ }  0 .a446 0 .2500 0 ,oooo 100.o

(}.25(){} 0-raa6 o-(xloo tt-r.6

o .2500 0 . la ,a6  0-  ?50( )  0 .oooo

tn - nozzle thickness
E q tn - nozzle thickness required per UG-45i l6
Nom t - vessel wall thickness
Rer; t - required vessel wall thickness due to pressure + corr per UG-37
Ustir t - loc-al vessel wall thickness (near ooenins)
Aa - area available per UG-37. doverniirs coiilition
Ar - area required der UG-37,'s-overnins-condition
Corr - corrosibn alloiwance on no-zzle id. 

-

Revision No. 0
Doc. No. V0'r9-lJ)57
Paee ? of 5(r

3.21.1996



COMPRESS 5.53 C :\COMPRESS\MODECLNR\B-S.VSL

Nozzle Schedule

Apr. 19, 1996

xater t . Is

||o2rl€ lrp.ct" No!r? Fad

r3 .so  IDIO.25 S l  2aO 3O4! -  l l l c l l

13 .50  rDrO,25 St  2 rO 3( 'aL  x IGI t

5 . "5  lDro .12  s r  24o 3oa l -  l r l cB

9.50  IDxO.2s  ! 'A  2aO 30aL HrCH

R6'ision No. 0
Doc. No. V0,19-l-057
Pasc I of 56
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COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL

Thickness Summarv

Apr. 19, 1996

L.ngth

( l n )  E

coverD lDg

toad status sttcas

o . 2 5 0 0  0 . 1 4 4 6  0 .  a 5

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to goveming loading
E - bneitudinal seam joint effrrciency

lnad:
internal - circ stress due to internal pressure governs
external - external pressure qoverns
wind - combineil lons strEss due to STATUS + wind sovems
seismic - combined lon! stress due to STATUS + seismic governs

Revision No. 0
Doc. No, V019-l-057
Paee 9 of 56

3.21.1996



CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-5,VSL

Spool B-5

ASME Section VIII Division l. 1992 Edition, A94 Addenda

ComDonent:
Matei'ial specifi cation:

Cvlinder
SA 240 3O4L HIGH

Apr. 19, t996

Re\ision No. 0
Doc. No. V049-I{57
Paee l0 of 56

External design pressure: Pe= 14.7

Corrosion allowance: Inner C : 0

psi @ 400

Outer:0

deg F

in

PWHT is not performed

Radiography: Category A joints - Spot UW-I1(b) type I
Category B joints - Spot UW-I1(b) type I

Estimated weight:
capaclty:

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

!4AP: (New & at 0 deg F) UG-27(cXl)

new = 3074.7 con = 3074.7 lb
new : 1388.487 corr : 1388.487 US ga

P :S*E* I / (R+0 .6 * t ) -Ps
: 16700*,0.85+0 .25t(r5.25 + 0.6*0.25) - 0
: 230.4383 psi

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

P : S * E * / ( R + 0 . 6 * t ) - P s
: 16700x0.85*0.251(15.25 + 0.6*0.25) - 0
: 230.4383 psi

External Prcssure: (Corroded & at 4fl) deg F) UG-28

L/Do: 7l l3l  --2.290,3
From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
: +:4F? :r t (?*3 l /0. 14461 ):  14.8162 psi

Design thickness for external pressure Pa : 14.8162 psi:

= t * Conosion
:0 .14461 +  0
: 0.14461 in

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

L/Do :71131 :2.2W3
From table G:
From table HA-3:

3.21.1996

Dolt = 3110.14461 = 214.3697
A = 0.000181

B :2382.r

Dolt: 3110.25 : 124
A :0.000a0a

B = 4791.6



COMPR"ESS5.53 C:\COMPRESS\MODECLNR\B-5.VSL

Spool B-5

Apr. 19, 1996

Revision No. 0
Doc. No. V0.19-l-057
Pspe | | of 56

Pa:4*B/(3*Do/t)
= 4* 4'l 91 .61 (3*3 I /0.25)
: 5l .5226 psi

3.21.t996



Located on:
User input vessel thickness:
Liquid static head included:
Flainge description:

COMPRESS5.53 C:\COMPRESS\MODECLNR\B-5.VSL

l6-lt2'od

OpeninF CF Reinforcement Calculations Per UG-37

Spool B-5
.25 in
0 psi
N6t installed

Nozzle material specification: SA 240 304L HIGH

0 desrees
18,l)5 in

Nozzle offset from center lo: 0 in
Projection outside vessel Lpr: 2.625 in

c o r r o s i o n a l l o w = 0 i n
noz  th ick  new tn=  .25  in
nozz le  id .  new d= 13 .5  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove we ld  twz  =  .1875 in

To datum L= 48 in

Apr. 19, 1996

Revision No. 0
Doc. No. V049-l-057
Paee l2 of 5(r

Nozzle orientation:
End of nozzle to shell center:

tn -> l  l<-

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

l z l  I  v
\l I t| 'z

<- L _>l

-> l  I

l l '
I  I -

l-l r

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-4.0

Parallel to the vessel wall d : 13.5 in
Normal to tfte vessel wall outside 2.s*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.s*(rn-Cn-C) = .625 in

Nozzle required thickness

trn : P*Rn/(Sn*E - 0.6*P)
: 148.293*6.7 5/(16700*l - 0.6*148.293)
= 0.0603 in

Required thickness tr from UG-37(a)

tr= P*FJ(S*E - 0.6*P)
: 148.293* 15.25/( 16700*1 - 0.6*148.293)
: 0.1361 in

Arca required

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

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

3-2r.1996



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

t6-U2" d

A = d*tr*F a 2*g1x6xp*(l _ frl)
: 13.5*0.136t*l + 2*0.25*0.1361*l*(l _ l)
: 1.8373 in^2

Area available

A1 = larger of the following = I .538 in^2

: d*(E I *t-F*tr) - lxsl+(f, 1+t-F*tr)x( l -frl)
:  13 .5* ( l+0 .25- l+0 .1361)  -  2xg .2J* ( l *0 .25- l+0 .1361)* ( l - l )
= 1.538 in^2

= 2,F(t+ tn)*(El*t-F*tr) - 2*tn*(E l,r.t-F+tr)*( I -fr I )
= 2+(0.25 +0.25)'k( l*0.25-l  *0. i36l) -  2+0.25*(l  *0.25-l+0. l36l)*( l- l )
= .114 in"2

A2 = smaller of the following

: 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.0603;+1*6.25
: .237 in^Z

: 5*(tn - trn)*fr2*tn
= 5+(0.25 - 0.0603)*l*0.25
: .23'1 in^2

A41 = Les.^2*frL
: O.25*Z*t = .063 in^2

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

As Area > A the reinforcement is adequate for MAWP = 148.293 at 0 Deg F

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

tmin : lesser of 0.75 or tn or t. trnin = 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) : 0. 175 in
t l(actual) :  O. '7*l*s: O.7#0.25 = 0.175 in
O(actual) = 0.1875in
tl' + Q : 0.3625 > : 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl : 0.0603 in (E = l)
Wall thickness per UG-45(bXl)'. v2 = 0. 136l in
Wall thickness per UG-16(b): tr3 : 0.0625 in
Std pipe wall per UG-a5OX4): tr4 = 0.328125 in
The-sieater ofr2 or 13: tr5 = 0.1361 in
The lesser of tr4 or tr5: tr6 = 0.1361 in

= 0.237 in"2

Rwision No. 0
Doc. No. VO{9-l{57
Paee | 3 of56

3.2t.t996



CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-5.VSL

Limits of reinforcement UG-40

t6-v2" d

Req'd per UG-45 is the larger of trl or tr6 : 0.1361 in

Available nozzle wall thickness new. tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

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

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

-

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

Strength of welded joints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*[rg*Si : 7.57*14*0.25*8183 = 44965.59 lbf

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

(4) Groove weld in tension
(Pi/2)*Nozzle O. D. *tw*Sg = 1 .57* l4*0. I 87 5* 12358 : 50930.4 I lbf

Loading on welds per UG-4l(bXl)

w = (A - (d - 2*tn)*(El*r - F*tr))*Sv
: (1.8373 - (13.5 - 2*0.25)+(l*0.25 - l*0. l36l))*16700
:  5955.218lbf

wl-l : (A2 + A5 + A4l + A42)*Sv
: 0.237 + 0 + 0.063 + 0)x16700
= 5010lbf

W2-2 -- (A2 + A3 + A41 + A43 + 2*Ur+t*frl)+Sv
= (0.237 + 0 + 0.063 + 0 + 2+0.25,10.25*l)*16700
: 7097.5 lbf

Load for path l-l lesser ofW or Wl-l : 5010 lbf
path l-l ihru (l) & (3) : 44965.59 + 63089.47 : 108055.1 lbf
Path l-l is stronger than Wl-l so it is acceptable per UG-41(b)(l).

Load for path2-2lesserof W orW2-2 = 5955.218lbf
Path2-2 Thru (l), $) = M965.59 + 50930.41 : 95896 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(bX2).

Reinforcemcnt Calculations For Nozzle MAP

Apr. 19, 1996

Revision No. o
Doc. No. V049-1457
Paee 14 of56

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

3.21 .t996



COMPRESS5.53 C:\COMPRESS\MODECLNR\B-5.VSL

t6-u2'od

Nozzle required thickness

trn : PxRn/(Sn*E - 0.6*P)
: 148. 1006*6.75l( 16700*l - 0.6*148. 1006)
: 0.0602 in

Required thickness tr from UG-37(a)

tr: P:*FJ(S*E - 0.6iP)
: l4F-. 1006*15.25 | (16700*1 - 0.6*148. 1006)
:  0 .136 in

Area required

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

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

A = d*6*p + z*tni.t *Ff (l _ frl)
:  13.5*0.136*l + 2+0.25*0.136*l*( l  _ l)
=  1 .836 in^2

Area available

A1 : larger of the following :  1 .539 in^2

:0.23'1 in^2

Apr. 19, 1996

Revision No. 0
Doc. No. V0{9-t{57
Paee l5 of56

: d+(E I xt_F*tr) _ 2*rn*(E I *t-Frfi)*( I _fr I )= I 3.5i(t *0.25_ | *0. I 36) - 2*0.25* (1*0.25_ I *0. 1 36)*( l_ l)
:  1.539 in^2

= 2*(t + tn)*(E l,ht_F*fr) _ 2*tn"(E1*t-F+tr)+( I _frl ):  2*(0.25+0.25)*(1+0.25_ l ,+0. 136) _ 2*0.25*(l  *0.25_ | *0.136),F(t - l)
: .ll4 in^2

A2 = smaller of the following

= 5*(tn - trn)*fr2+t
: 5*(0.25 - 0.0602;*1*9.25
: .237 in^2

: 5*(tn - trn)*fr2*tn
= 5*(0.25 - 0.0602)+l+0.25
: .237 in^2

A4l = L*s.^2afr?
: 0.25*Z*l : .063 in^2

A r e a = A l  + 4 2 + A 4 l
: 1.539 + 0.237 + 0.063
= 1.839 in^2

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

3.2r.1996



COMPRESS5.53 C:\COMPRESS\MODECLNR\B-5.VSL

t6-1 t2"  d

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

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or O.7*tmin, tl(min) = 0.175 in
t l(actual) = 0.7*Leg = 0.7*0.25: 0.175 in
t2(actual) = 0.1875]n
tl  + t2 :0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

trl : 0.0602 in (E : l)
b2 = 0.136 in
t3 : 0.0625 in
tr4 :0.328125 in
tr5 : 0.136 in
tr6 = 0.136 in

Req'd per UG-45 is the larger of trl or ffi : 0.136 in

Available nozzle wall thickness new. tn = 0.25 in

The nozzle neck thickness is adequate for MAP.

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

Groove weld in tension : 0.74*16700 = 12358 psi
Nozzle wall in shear : 0.7+16700 : I1690 psi '

Inner fillet weld in shear : 0.49+16700 = g1g3 psi

Strength of welded ioints:

(l) Inner fillet weld in shear

Wall thickness per UG-45(a):
Wall thickness per UG-a5(b)(l):
Wall thickness ber Uc-16fti:
Std pipe wall per UC-a50)@):
Th€ sreater of tr2 or tr3:
The lesser of tr4 or tr5:

Apr. 19, t996
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(Pi/2)*Nozzle O.D.*Irg*Si : 1.57*14*0.25x8183 : ,14965.59 lbf

(3) Nozzle wall in sbear
(Pi/2)*Mean nozzle dia.*tn*Sn : 1.57+13.75*0.25*11690 : 63089.47 lbf

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

I-oading on welds per UG-4l(bXl)

W = (4-- (d - ?*tn)*(El*t - F*tr))*Sv

= Ib,t3ful(frt 
- 2*0.2s)*(l+0:25 - l*0.136))*16700

wl-l : (A2 + A5 + A4l + A42)*Sv
= (0.237 + 0 + 0.063 + 0)*16700
= 5010lbf

W2-2 : (A2 + A3 + A4l + A43 + 2*tn*t*frl){.Sv

t.zt.1996
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= (0.237 + 0 + 0.063 + 0 + 2*0.25*0.25{.1)*16700
= 7097.5 lbf

Load for path l-l lesser ofW or Wl-l : 5010 lbf
Path l-l Thru (l) & (3) = M965.59 + 63089.47 : 108055.1 lbf
Path l-l is ssonger than Wl-l so it is acceptable per UG-41@)(l).

lnad for Dath?-zlesser of W or W2-2 = 591l.EOl lbf
Path2-2 Thru (l), () = aa965.59 + 50930.41 : 95896 lbf
Path 2-2 is stronger than W so it is acceptable per UG-alft)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

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

Nozzle required thickness

L/Do : 2.625/14 = .1875 Dott = 14t0.02907 : 481.5962
From table G: A = 0.000747
From table HA-3: B = 5338.9

Pa:4+B/(3*Do/t)
: 4*5338,9/(3* 14 | 0.02907)
:  14 .7811ps i

Nozzle required thickness trn : .02907 in

Required thickness tr from UG-37(dXl) : .1446 in

Area required

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

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

A : o.sr(d*tr+F + 2*tn*tr.r<F+(l _ frl))
:  0.!*(13.5:0.1446*1 + 2+g 25*9.[ j146*l*( l  _ l))
= .9761 in^2

Area available

A1 : larger of the following : 1.423 il^2

: d*(El *r-F*tr) - 2+tn*(El i.r_F*tr)*fi _frI)
= I 3.I:(t 'fo25- I +0. 1446) _ Z*O.is*. (t*O.25_ I *0. I 446)*(l _ I ): 1,423 in^2

: 2*(t+rn)*(El+t_F*rr) _ 2*tn*(El *r_F*t )*(1_frl)
Revision No. 0
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- 2ff! n; o.z5)*(1 *0.25- I *0. 1446) - 2*0.zs*(r'�F0.25- l +0. r 446)*(l - r )

A2 = smaller of the following

: 5*(tn - trn)*f12x1
: 5*(0.25 - 0.02907)*l*0.25--.276in^2

= 5*(tn - trn)*fr2*tn
= 5*(0.25 - 0.02907)*l+0.25
: .276 in^2

A4l : l*s.^2afr?
: O.2S'Z+1 = .063 in^2

A r e a : A l + A 2 + A 4 1
= 1.423 + 0.276 + 0.063
= 1.762 in^Z

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

UG-45 Nozzle Neck Thickness Check

: O.276 in^Z

trl : 0.02907 in (E : l)
tr2 : 0.0153 in
tr3 : 0.0625 in
tr4 = 0.328125 in
tr5 = 0.0625 in
tr6 - 0.0625 in

Apr. t9, 1996
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Wall thickness per UG-45(a):
Wall thickness ler UG-a5(b)(2):
Wall thickness ber UG-16ft)i
Std pip€ wall per UG-45(b)(4):
The-sieater of tr2 or tr3: 

'

The lesser of tr4 or tr5:

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

Available nozzle wall thickness new. tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996



COMPRESS5.53 C:\COMPRESS\MODECLNR\B-5.VSL Apr. 19,r996

Applied Loads

Radial load

l6-U2'od

Pr = 2250 lbf
Circumferential moment Mc = 378.5 lbf-ft

Vc : 126.5 lbf
ML :378.5 lbf-ft
VL : 126.5 lbf
Mt = 0lbf-ft
P :  0 p s i

Circumferential shear
Loneitudinal moment
LrnEitudinal shear
Torsion moment
Intemal pressure

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

Mean radius Rm : 15.375 in
Rm/ t :  61 .5

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

Pressure stress intensity factor, Farr equation 1l .5

| = .254(4 + 3*(rlxl^Z * 3*(r/x)^4)
: .25*(4 + 3+(6.75t7.25)^) 1'J*(9.75t7.2fl^a)
: 2 . 2 1 4

Local circ. pressure stress : IrP+Rm/t = 0 psi

lncal long. pressure stress : P*Rm/2t : 0 psi

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

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3663 osi
Allowable irrimary membrane stress: +-l.5+S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Rer.ision No. 0
Doc. No. V0.19-I -057
Paee l9 of 56
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16-112'o.d-

Opening CF Reinforccnent Calculations Per UG-37

Located on:
User inpr;t vessel thickness:
Liouid itatic head included:
Flaige description:

Nozzle material specifi cation :

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

Spool B-5
.25 in
0 psi
Not installed

SA 2,10 304L HIGH

0 degrees
18.125 in
0 i n
2.625 in

Apr. r9, 1996

Revision No. 0
Doc. No. V049.1{57
Pase 2l of 5fr

tn -> l  l<-
l - l < -  d

tw l -> l  . [< l
t l l  I  v

_\ l_ l_twz
<- L _>l

"i-1,
l_17

c o r r o s i o n a l l o w = 0 i n
noz  th ick  new tn=  .25  in
nozz le  id .  new d= 13 .5  in
f i l l e t  w e l d  t w l  = ' . 2 5  i n
groove we ld  twZ =  .1875 in

To da tum L= 96  in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

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

Nozzle required thickness

trn=P*Rn/(Sn*E-0.6*P)
: 148.293*6.7 5/(16700*1 - 0.6*148.293)
= 0,0603 in

Required thickness tr from UG-37(a)

tr: P*FJ(S*E - 0.6*P)
: 14&293*15.25l(16700* I - 0.6*148.293)
: 0 . 1 3 6 1  i n

Area required

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

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

3.2t. t996
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A : dr.U.*F * 2*rx6*p*(l _ frl)
:  13.5*0.1361* l  +  2*0.25x0. [36]* l * ( l  -  l )
= 1.8373 in^2

Area available

Al = larger of the following : 1.538 in^2

= 2*(t+ tn)*(EI *r-F*tr) - 2+tn*(El *t_F*tr)'ts( I _frl )= 2:\9.?st0.25)*(1*0.25-l *0. 1361) _ 2i0.25+(1i0.25_ I *0. 1361)*(1_1)
: . l l 4 i n ^2

A2 : smaller of the following

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

: s*(tn - trn)*fr2*1n
= 5*(0.25 - 0.0603)*l+0.25
= .237 in^2

A41 : l*s.^2*frT
= 0.25*2*l = .063 in^2

Area: Al + A2 + A4l
= 1.538 + 0.237 + 0.063
= 1 .838 in^2

As Area > A the reinforcement is adequate for MAWP : 148.293 at 0 Deg F

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

tmin : lesser of 0.75 or tn or t, tmin : 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl (min) = 0. 175 in
tl(actual) = 0.7*l,es. : 0.7*0.25 = 0.175 in
t2 (ac tua l ) :0 .1875 in
t l  + t2 = 0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

trl = 0.0603 in (E : l)
h2 = 0.1361 in
tr3 = 0.0625 in
tr4 = 0.328125 in
h5 = 0.1361 in
t r6  :0 .1361 in

: di(El n_F*rr) - 2*tn*(El *r_F*tr){l -frl)

= I lsi ;(,t"loi 
"- I +0. I 36 I ) - 2*0.25* (t *0.25- 1 *s. 1 lf | )*( I - I )

:0.237 in^2

Wall thickness rrer UG-45(a):
lall tlric-kness fer I.!Q-45(b)( t):
Wall thickness ber Uc-l6ibi:
qld pipe wall paluc-4s(b)(4):
The-gieater of tr2 or tr3:' 

-'

The lesser of tr4 or tr5:

3.21.t996
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Req'd per UG-45 is the larger of trl or tr6 : 0. 136l in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.

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

Groove weld in tension : 0.74*16700 = 12358 psi
Nozzle wall in shear : 0.7*167W : I 1690 osi 

'

Inner fillet weld in shear : 0.49*16?00 = 8i83 psi

Strength of welded joints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si : 1.57'Fl4+0.25*8I83 = 44965.59 lbt

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

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*14*0.1875*12358 = 50930.a1 lbf

Loading on welds per UG-41(bX1)

tY = (4 - (d - 21rn)*(E1*t - F+fi))+Sv
= (i 8!73 : (11.5 - 2*0.25)*(l'i'0.25 - 1'k0.1361))i'16700
= 5955.218 lbf

w1-i : (A2 + A5 + A41 + A42)*Sv
= (0.237 + 0 + 0.063 + 0)*16700
= 5010 lbf

W2-2: (A2 + Ai + A4l + A43 + 2{<rn*t*frl)*Sv
= (0.237 + 0 + 0.063 + 0 + 2r0.25*0.25*l)'*t6700
= 7097.5 lbf

Load for path l-l lesser of W or Wl-l : 5010 lbf
Path l-l Thru (l) & (3) : M965.59 + 63089.4? = 108055.1 lbf
Path 1-l is stronger than Wl-l so it is acceptable per UG-41@)(l).

Load for path 2-2 lesser of W or W2-2 : 5955.218 lbf
Path2-2 Thru (l). (a) = ,+4965.59 + 50930.41 : 95896 lbf
Path 2-2 is stronger than W so it is acceptable per UG-al@X2).

Reinforcement Calculations For Nozzlb MAP

Limits of reinforcement UG-40

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

3-21.t996
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Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
: 14,8. 1006*6.75l(16700*l - 0.6*148. 1006)
= 0.0602 in

Required thickness tr from UG-37(a)

r: P{,R/(S*E _ 0.6*P)
: 148- 1006+15.25l(16700*l - 0.6* 14E. 1006)
: 0 .136  i n

Area required

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

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

A = dL:r.h.*F + 2*tn*tr*F*(l - frl)
: 13:5*0.136*1 + 2*0.25*0.136*1,*11 _ 1)
: 1.836 in^2

Area available

Al : larger of the following : 1.539 in^Z

= d+(E l:rr_F*tr) - /*$x(l | *t-F*tr)*( l _frl ): 13.!1(l *q25-l *0. 136) - 2t6.2Jx(l *0.25-l *0. I 36)'ft (1-l)
:  l .539in^2

= 2*(t+tn)#(El xt_F*tr) _ 2*m+(E I *r_F*rr)*( 1_fr I )= 2* (O.25 + O.25)*( 1,f0.25- I *0. I 36) _ 2*0.25*( l,*0.25- t,f 0. I 36)+(l _ I ): .114 in^Z

A2 : smaller of the following : 0.237 in^Z
: 5"(tn - tn)*fr2*t
= 5+(0.25 - 0.0602)*1*0.25
: .237 in^Z

= 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.0602)*l*0.25
: .237 n^2

A4l : Les.'2*fr2
:0.25'2*l = .063 in^2

Area: Al + A2 + A4l
: 1.539 + 0.237 + 0.ffi3
: 1.839 in^2

As Area > A the reinforcement is adequate for MAP : 14E.1006 at 0 Deg F

3.2t.tss6 lii$l\l*3-'""
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Check the welds - From UW-16(d):

trnin : lesser of 0.75 or tn or t. tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*tmin, tl(min) : 0.175 in
tl(actual) = 0.7*I-e8 = 0.7*0.25 = 0.175 in
r2(actual) = 0.1875 in
tl + t2 = 0.3625 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thictness Check

trl : 0.0602 in (E = l)
tr2 : 0.136 in
tr3 : 0.0625 in
t4 = 0328125 in
tr5 : 0.136 in
tr6 - 0.136 in

Apr. t9, 1996

Ro'ision No. 0
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Wall thickness per UG-45(a):
Wall thickness per UG-a5@)(l):
Wall thickness ier UG-l6bii
Std pipe wall par Uc-45(b)(4):
The sreater of tr2 or 13:
The fesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or tr6 : 0.136 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP.

Allowable stresses in joints UG-45(c) aod UW-15(c)

Groove weld in tension -- 0.74+167W : 12358 nsi
Nozzle wall in shear : 0.?*16700 = 11690 nsi 

'

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

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pil2)*Nozzle O.D.xlrg*Si : 1.57*14*0.25*8i83 : ,f4965.59 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn : 7.57 * 13.7 5*0.25* I 1690 : 63089.47 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*hr*Sg : 1.57"'14*0.1875*12358 = 50930.41 lbf

Loading on welds Der UC-4lOXl)

W : (A - (d - 2*tn)*(El*t - F*tr))*Sv
: (l^-816_:(11.-5 - 2*0.25)*(1,'.0.25 - l*0.136))*16700
: 5 9 1 1 . 8 0 1  l b f

wl-l = (A2 + A5 + A41 + A42)*Sv
: (0.237 + 0 + 0.063 + 0)t16700
:  5010lbf

W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t'tfrl)*Sv

3.2r.1996
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Nozzle required thickness

LlDo = 2.625114: .1875
From table G:
From table HA-3:

Pa:4*B/(3*Do/t)
= 4*5!!8.9(3* 1 4 I 0.02907): 14.781t psi

Area available

Al : larger of the following

Doit : 1410.02907 -- 481.5962
A = 0.000747

B : 5338.9

: 1.423 in^2

Apr. 19, 1996
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: (0.237 + 0 + 0.063 + 0 + 2'i0.25*0.25+l),r16700
= 7@7.5 tbf

Ioad for path l-l lesser of W or Wl-l = 5010 lbf
Path l-1 Thru (l) & (3) = 44965.59 + 63089.47 : 108055.1 lbf
Path l-l is stronger than Wl-l so it is acceptable per UG-4I(b)(l).

Load for path 2-2lesser of W or W2-2 : 591 1.801 lbf
Path2-Z Thru (l), (a) = 44965.59 + 50930.41 : 95896 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcemcnt UG-4.0

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

Nozzle required thickness trn = .02907 in

Required thickness tr from UG-37(dXl) : .1446 in

Area required

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

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

A = 0.5*(d*r!'.F + 2*Ur*u.*F*(l _ frl))
= 0rl j ( f  3.5:0.1M6*l + 2*O25+0.i446*1*1t - l ))
= .9761 in^2

= d*(El*t-F*h) - 2'ftn*(El *t-F*tr)*( l_frl)= ! 3.I:('l -925- I *0. I 446) - 2*g.2j,r,j r *0.25- I *0. I 446):r( l - I ): 1.423 in^2

= 2*(t+tn)*(El *t_F,*tr) _ 2*tn*(El *t_F*u.)*(l_fr1)

3.21.1996
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: 0.276 in^2

trl :0.02907 in (E = l)
tr2 = 0.0153 in
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Apr. 19, 1996
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: 
tiJg 

,tt;0.t5)*(1*0.25-l 
*0. 1446) - 2*0.2s*(1"'0.25-l *0. l.s6)*(1-l)

A2 = smaller of the following

: 5*(tr - trn)*fr2*t
: 5*(0.25 - 0.02907)*l*0.25
: .276 in^2

: s'r(tn - trn)*fr2*tn
= 5*(0.25 - 0.02907)*l*0.25
= .276 in^2

A4l : Les.^2*fr2
= 0.25'2+t = .063 in"2

A r e a = A 1  + A 2 + A 4 l
: 1.423 + 0.276 + 0.063
: 1.762 in^2

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

UG-45 Nozzle Neck Tbickness Check

Wall thickness per UG-45(a):
Wall thickness fer UG-a5g)(2):
Wall thickness ber UG-16ihi:
Std pipe wall per UG-a5(b)(4):
The greater of tr2 or tr3:
The lesser of tr4 or tr5:

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

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21.1996
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Applied Loads

Radial load
Circumferential moment
Circumferential shear
l,onsitudinal moment
Lonfitudinal shear
Torsion moment
Internal pressure

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

Mean radius Rm = 15.375 in
R m / t : 6 1 . 5

Stress concentration factor Kn (tension) : I
Stress concentration factor Kb Oending) : 1

hessure stress intensity factor, Farr equation I 1.5

I = .25*(4 1 3*(r/x)^2 a l*(r/x)^4)
: .214(4 + 3*(6.75t7.25)^2 + 3+(6.75t7.25)^4)
:2 .214

l,ocal circ. pressure stress : I*P*Rm/t : 0 psi

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

Maximum comhined stress =-19254 nsi
Allowable combined stress : +-3*S'= +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum nrimarv membrane stress =-3663 nsi
Allowable irrimary membrane stress : + -l .J*S : + - 25050 psi

The maximum primary membrane stress is within allowable limits.

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

16-112'o.d.

Pr : 2250 lbf
Mc : 378.5 lbf-ft
Vc = 126.5 lbf
ML:378.5 tbf-ft
vL = 126.5 lbf
Mt : 0lbf-ft
P = 0ps i

Apr. 19,1996
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16-112'o.d.

roml  va  lue
F i g .  I  r e a d

sF- l l . ss57 lo .3eB
4C*  14 .3911  10 .398 -2570 -2s7A -2570

- 1404 1404 - 1404
l c  10 .0648  10 .398
2C- I | 0. 006s | 0. 398
3A*  | l . 3830  I 0 . 398
lA  10 .0573  10 .398
38*  12 .5018  10 .398

Apr. 19, 1996

DIDuL ICuBIBuAIAu

-  911
-2570

- 13997
1404

-267
-4079

-9 t I  - g l t  - 9 l l

13997 -13997 t3997

-267 267 267
4079 4079 -4079

-483 -483
-562 562

483 483
562 -562l B - 1 1 0 . 0 0 7 9  1 0 . 3 9 8

pressure stress*

Tota l  c i rc  s t ress
Primary membrane
ci rc  s t re  s  s*

pressure stres s*

Total long stre s s
Primary membrhne
long s t ress*

-5019 -1087 -2929 -1245 -19254 16898 -10562 9274

-3053 -3053 -?087 -2087 -1178 -1178 -644 -644

- 91 I  - 91 i  - 9 l  l  - 911

-3456 3456 -3456 3456

-279 -279 279 279
-1 r25  i l 25  1125  - I 125

-2570 -2570

-6480 6480
-1093 -1093
-  1616 l6 t6

-2570 -?570

-6480 6480
1093 1093
1616 -  1616

- I190 - l190 -632 -632 -3663 -3663 -1477 -1477

ic .  l4: le i i  lo:3ei
l c - 1 1 0 . 0 1 6 0  1 0 . 3 9 8
2 C  1 0 . 0 3 0 0  1 0 . 3 9 8
4A*  15 .6652  10 .398
2A  10 .0227  10 .398
4 8 *  | l . 4 4 8 7  I 0 . 3 9 8
2 8 - 1 t 0 . 0 1 5 8  I 0 . 3 9 8

torsion moment Mt
Circ shear from Vc
Lonq shear from VL

-23- 2 5z 523
-23 -?3 23 23

Total Shear stre s s

Jonbi-rreAlTress

23 23 -23 -23 -23 -23 23 23

Revision No. 0
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8"od CF

Opening CF Reinforcement Calculations Per UG-37

Located on:
User inDut vessel thickness:
Liquid Static head included:
Flahge description:

Nozzle material specifi cation :

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

tn -> l  l<-

Spool B-5
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

90 desrees
18.125 in
0 i n
2.625 in

Apr. 19, t996
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I  l<-  d
twl-> |  l< l

t r l  I  v
\ l_l_twa

corros ion al low =
noz thick new tn=
nozz le  id .  new d=
f i  I  le t  we ld  tw l  =
groove weld tw2 =

To datum L= 288 in

0  i n
. 1 2 5  i n
5 . 7 5  i n
. 2 5  i n
. 1875  i n

<_ L _>l

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcenent UG-40

Parallel to the vessel wall d : 5.75 in
Normal to the vessel wall outside 2.5*(rn-Cn) + te = .3125 in
Normal to the vessel wall inside 2.5*(tir-Cn-C) = .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
: 139.2469*2.87 5 I (167 W* | - 0.6* 136.2469)
= 0.0236 in

Required thickness tr fron UG-37(a)

tr: P;*FJ(S{.E _ 0.6*P)
: 139,===============�?469* 15.25l(16700t I - 0.6* 136.2469):  0 .125 in

Area re{uired

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

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

3.21.1996
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8'od CF

A : d*tr*F + 2*h*tr*F*(l - frl)
= 5.75*0.125*l + 2*0.125x0.125*l*(t  _ l)
= .7188 in^2

Area available

Al : larger of the following : .719 in^Z

= d*(El*r_F"u) _ 2+m*(El *t-F*tr)*( I _frl)
= 5:75*.(l *0.25- I *0. I 25) - 2*0. I 25+(1 {.0.25- I *0. 125)*( l-1)
= .719 in^2

: 2*(r +tn)x(E I *t-F*tr) - 2*tn{,(E l *t-F*tr)*( I -frl )
: Z:!0.25 tO.l25)*( 1,,.0.25_t *0.tZS) _ 2+0.125*(i *0.25_l *0. l2j)*(l_ l)
: '094 in^2

A2 = smaller of the following = 0.063 in^2

= 5*(tn - trn)+fr2*t
= 5*(0.125 - 0.0236)*l*0.25
: .127 in^2

= 5*(tn - trn)*frz*tn
: 5x(0.125 - 0.0236)+l*0.125
= .063 in^2

A4l : l*p^2*ft?
: 0.25'2+l = .063 in^2

A r e a = A l + A 2 + A 4 l
: 0.719 + 0.063 + 0.063
: .845 in^Z

As Area > A the reinforcement is adequate for MAWP = 136.2469 at 0 Deg F

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

tmin = lesser of 0.75 or tn or t, tmin = 0.125 in
tl or t2(min) -=_lesser of 0.25- o,r 0.7*tmin, tt(min) = 0.0875 in
t l(actual) :  0.7*l*s.:  0.7+0.25 = 0.175 in'
t2(actual) = 0.1875in
i l  +  a  :0 .3625 > :  1 .25* tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Cteck

Wall thickness per UG-45(a): trl = 0.0236 in (E : l)
Wall thickness per UG-45(bXl): tr2: 0.125 in
Wall thickness per UG-16(b) j tr3 = 0.0625 in
Std pipe wall per UG-45(bX4): rr4 : 0.245 in
The grster of tr2 or tr3: u-5 = 0.125 in
The lesser of tr4 ortr5: tr6 = 0.125 in

Revision No. o
Doc. No. V0{9'l-05?
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E'od CF

Req'd per UG-45 is the larger of rl or trf : 0.125 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

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

Groove weld in tension : 0.74*167ffi = 1235E psi
Nozzle wall in shear = 0.7*16700 : 11690 psi '

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

Strengtl of welded ioints:

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

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

(4) Groove weld in tension
(Pii2)*Nozzle o.D.*tw*sg = 1.57*6+0.1875*12358 : 2182'1 .32lbf

Loading on welds per UG-41(bXl)

W = (A - (d - 2*tn)*(El'tst - F*tr))*Sv
= (0.? 1 88 - (5.7 5 - 2*0. t25J* ('r0.25 - I x0. 125))*1 6700
: 522.7101 lbf

W1-1 : (A2 + A5 + A4l + A42;*5u
: (0.063 + 0 + 0.063 + 0)*16700
:2104.2tbf

W2-2 = (A2 +43 + A4l + A43 + 2*rn*r+frl)+Sv
= (0.063 + 0 + 0.063 + 0 + 2*0.125*0.25*l)*16700
= 3147.95 lbf

l,oad for path l-l lesser of W or Wl-l = 522.7101 lbf
Path l-l Thru (l) & (3) = 19270.96 + 13478.21 : 32749.17 lbf
Path 1-l is stronger than W so it is acceptable per UG-41(b)(2).

Lrad for path 2-2 lesser of W or W2-2 : 522.7 | 0l lbf
Path2-2 Thru (l), (4\ : 19270.96 + 21827.32 = 41098.28 lbf
Path 2-2 is stronger than W so it is acceptable per UC-41(b)(2).

Reinforcement Calculations For Nozzle MAp

Limits of reinforcement UG40

Parallel to the vessel wall d = 5.75 in
Normal to the vessel wall outside 2.5*(h-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Revision No 0
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8'od CF

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6+p)
: t3^6:263.4*2.87 5 t Q6i m+ | - 0.6* 136.2634)= 0.0236 in

Required thickness tr from UG-37(a)

h: P:*PJ(S*E - 0.6*P)
: \39,?=634* 15.25 I (16l ffi*l - 0.6* 136.2634): 0.125 in

Area required

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

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

A :dlq*F * 2+gr*6*p*11 - frl)
: 5.75*0.125*1 + 2*0.125*0.i25*1*(1 _ l):  .7188 in^2

Area available

Al = Iarger of the following = .719 in^2
= d*(El *t_F*tf) _ 2'rtn*(E l,t t_F*tr)*( I _frl ): 5.l l*.(!10.25-l *0. 125) - 2*0. 125*(l *0.25-t *0. 125)*(l- l): .719 in"2

= 2*(t+tn)*(E I +t-F*tr) - 2*tn*(El *t-F*tr)+fi -frI)
: 2110.25.+0. 125),ts(r 10.25-t *0. t25) - 2*0.125*(i *0.25-l +0. 125)*(t-l): .094 in"2

A2 = smaller of the following : 0.063 in^2
: s*(tn - trn)*ft2*t
= 5*(0.125 - 0.0236)*l*0.25
= .127 in^2

: 5*(tn - trn)*fr2*tn
= 5*(0.125 _ 0.0236)*l*0.125
: .063 in"2

A4l = I*s^2*fr2
= 0.25*21 : .063 in^2

A r e a : A l + M + A 4 l
= 0.719 + 0.063 + 0.063
= .845 in^2

As Area > A the reinforcement is adequate for MAp = 136.2$4 at 0 Deg F

Apr. 19, 1996
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8"od CF

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

tmin : lesser of 0.75 or tn or t. tmin : 0.125 in
tl or O(min) : lesser of 0.25 dr O.7*tmin. tl(min) = 0.0875 in
tl(actual) = 0.7+Lrs = 0.7*0.25 = 0.175 in 

'

t2(actual) : 0. l875in
tl + t2 : 0.3625 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

trl = 0.0236 in (E : 1)
tr2 :0.125 in
tr3 : 0.0625 in
t4 - 0.245 in
tr5 : 0.125 in
tr6 : 0.125 in

Wall thickness per UG-45(a):
Wall thickness fer Uc-a5(b)(l):
Wall thickness per UG-16O):
Std pipe wall per UG-a5@)(4):
The sreater of tr2 or b3:
The lesser of tr4 or tr5:

Apr. 19, 1996
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Req'd per UG-45 is the larger of trl or tr6 = 0.125 in

Available nozzle wall thickness oew, tn : 0.125 in

The nozzle neck thickness is adequate for MAP.

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

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

-

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

Strength of welded joinS:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Lrg*Si : 1.57+6*0.25*8183 = 19270.96 tbf

(3) Nozzle wall in shear
(Pii2)*Mean nozzle dia.*tn*Sn - 1.57*5.875*0.125*11690 : 13478.21 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*6!'<0. 1 875*1 2358 = 21827 .32 lbf

Loading on welds per UG-4I(bXl)

W = (A - (d - 2*rn)*(El,Fr - F*rr))*Sv

= I9i iitr; 
(5.75 - 2*0.125)*(l*0.2s - l*0.125))+16700

Wl-l = (A2 + A5 + A41 + A42)*Sv= (0.063 + 0 + 0.063 + 0)*16700
: 21M.2 tb f

W2-2 = (A2 + A3 + A4l + A43 + 2*h:ttr.frl)*Sv

3.21.t996
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= (0.063 + 0 + 0.063 + 0 + 2*0.125*0.25*l)*16700
: 3147.95 lbf

Load for path l-l lesser of W or Wl-l = 522j101 lbf
Path l-l Thru (l) & (3) : 19270.96 + 13478.2t :32749.17 tbf
Path l-l is stronger rhan W so it is acceptrable per UG-alft)(2).

Load for path 2-Z lesser of W or W2-2 : 522 .7 llj lbf
Path2-2 Thru (l), @J = 19270.96 + 21827.32: 41098.28 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel to the vessel wall d = 5.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5,',(rir-Cn-e) -- .3125 in

Nozzle required thickness

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

Pa= 4*B/(3*Do/t)
: 4+4697 .7 | (3*6/0.01409)
: 14.709 psi

Nozzle required thickness fn = .01409 in

Required thickness tr from UG-37(dX1) : .l/t46 in

Area required

Allowable shesses: Sn = 147fi), Sv = 14700, psi

frl : lesser of I or Sn/Sv so frl = I
fi2 : lesser of I or Sn/Sv so fr2 : I

A : 0.5+(dxtr.*F + 2*tn*tr*F*(l _ frl ))

; 9li#til:jo 
t446*1 + 2*0.r2s*0:i446*l*(l - l))

Area available

A1 : larger of the following : .606 in^2

: d*(El*t_F*tr) _ 2*tn,r(El,rt_F*tr)r( l_frI)
= 5.75*.( I *0.25- I *0. I 446) - r*0. 125+ 1t *6.25- I *0. 1446)*( I _ I )= . f f i i n^Z

: 2*(t+tn)*(El *t-F*tr) _ 2:Btn+(E I *t_F*tr)*(l_frl )
Ret is ionNo.0

3-21.1996 Doc. No. vo.re-t{S7
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= 0.069 in"2

- .ffi8 ls ̂ 50. tz5)+( I *0. 25- l *0. | 446) - 2+0. 125*( r *0. 25- l *0. 1446) *( l - l )

A2 = smaller of the following

= 5*(tn - trn)*fr2t
= 5*(0.125 - 0.01409)*l!+0.25
= .139 in^2

= S*(tn - trn)*fr2*91
: 5*(0.125 - 0.01409)*l*0.125
= .M9 in^Z

641 = yss^2*fr2
= 0.25-2*1 = .063 in^2

A r e a : A l + A 2 + A 4 l
: 0 . @ 6 + 0 . 0 6 9 + 0 . 0 6 3
: .738 in^2

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

UC-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness fer UG-a5(b)(2):
Wall thickness ber UG-t6ibii
Std pipe wall par Uc45(bX4):
The qreater of tr2 or tr3:
The lesser of tr4 or 15:

t r l : 0 . 0 1 4 0 9 i n ( E = l )
tr2 = 0.0153 in
tr3 = 0.0625 in
fr4 = 0.245 in
15 : 0.0625 in
tr6 : 0.0625 in

Apr. 19, 1996
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Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

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

Located on:
User input vessel thickness:
Liquid sutic head included:
Flange description:

Nozzle material specification:

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

Spool B-5
.25 in
0 psi
Nirt installed

SA 240 3O4L HIGH

90 desrees
18.125 in
0 i n
2.625 in

Apr. t9, t996
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tn

tw1->
-> l - l

| :

l-lr

I  l < -

l-1.- a
l < l
l l u
| - l-,-z

> l
i
L

Ir
c o r r o s i o n a l l o w = 0 i n
noz thick nevr tn= .25 in
nozz le  id .  new d= 9 .5  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove weld twZ = .1875 in

To da tum L= 72  in<_

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 9.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) : .625 n

Nozzle required thickness

hn=P*Rn/ (Sn*E-0 .6*P)
: 154.4154*4.75l(16700* I - 0.6* 154.4154)
= O.0442 in

Required thickness tr from UG-37(a)

h.: P*R/(S*E - 0.6*P)
-- 154.4154* 15.25/(16700* I - 0.6* I 54.4154)
:  0 . 1 4 1 8  i n

Area required

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

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

3.21-1996
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A: d*U.*F + 2*tn*tr*F*(l - frl)
: 9.5*0.l4lB*l + 2*0.25*0.l4lB*l*(l _ l)
: 1.3471 in"2

Area available

AI : larger of the following = 1.028 in^2

: d'r,(El *t_F*tr) _ 2*tIl*(El *t_F*f)*(l_frI)
= 9.51(t *0.?5_ I *0. 14l 8) _ 2+9.25*(i *0.25_ I *0. l4l E),',(l_ l)
:  1.028 in^2

: 2*(t+ tn)*(El *t_F,rtr) _ 2*tn!i(El *t-F*tf)*( 1_frl ): 2* (0.25 + 0.25) *( I *0. 25- I *0. | 4 1g) - Z*0.25*( I *0. 25_ I *0. 14 I 8) *( I _ I )= .108 in^2

A2 : smaller of the following = 0.257 in^2

: 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.0442)*1+0.25
: .257 in^Z

: 5*(h - trn)*fr2*tn
: 5*(0.25 - 0.Q2f421x1x6.25
= .257 in^2

A4l : I.ee'2*fr2
= 0.25'2*1 : .063 in"2

A r e a : A 1  + A 2 + A 4 l
= 1.028 + 0.257 + 0.063
= 1.348 in^2

As Area > A the reinforcement is adequate for MAWP : 154.4154 at 0 Deg F

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

tmin : lesser of 0.75 or tn or t, tmin : 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7+tmin. tl (min) : 0. 175 in
t l(actual) :  0.7*tes = 0.7*0.25 : 0.175 in'
€(actual) : 0.1875]n
tl + t2 = 0.3625 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per !lQ-{!(a): trl : 0.0442 in (E = l)
Wall thickness per UG-a5@)(l)i trZ = 0.1418 in 

'

Wall thickness per UG-I6O): 
- 

tr3 : 0.0625 in
Std pipe wall per UG-4!(b)(4): tr4 : 0.319375 in
The greater of n2 or tr3: 

' ' - 
tr5 : 0.1418 in

The lesser of tr4 or tr5: ffi : 0.1418 in

Revision No 0
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Req'd per UG-45 is the larger of trl or tr6 = 0. l4l8 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAWP.

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

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

'

Inner fillet weld in shear : 0.49"16700 = 8i83 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O. D. +Leg*Si = 1.571' 10*0.25*8 I 83 = 321 18.28 lbt

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn : 1.57*9.75*0.25*11690 : 4a736.17 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1 .57*rl0*0.1875*12358 : 36378.86 lbf

Loadins on welds per UG-4I(bXl)

W = (4 - (d - 2+tn)*(El *r - F*tr))*Sv
: Q-.?47t - (9.5 - 2*0.25)*(1*0.25 - 1*0.1418))*16700
:6234.11  lb f

wl-l : (A2 + A5 + A4l + A42)*Sv
= (0.257 + 0 + 0.063 + 0)*16700
= 5344 lbf

ttl2-2 : (A2 + A3 + A41 + A43 + 2*m*t*fr1)*Sv
: LO257 + 0 + 0.063 + 0 + 2*0.25*0.25*1)*16700
: ?431.5 lbf

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

Load for pa& 2-2lesser of W or W2-2 : 6234.1 I lbf
Path2-2 ilru (l), @) = 32118.28 + 36378.86 : 68497.14 lbf
Path 2-2 is stronger than W so it is acceptable per UG- lft)(2).

Reinforcement Calculations For Nozzle MAp

Limits of reinforcement UG-40

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5*(tr-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(rn-Cn-C) : .625 in

3.2t.tss6 H'iil\?;f'-'"'
Pase 39 of 56



Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
: 15! :!!2!*4.75/(16700*1 - 0.6+ 154.4724)
:0.0442in

Required thickness tr from UG-32(a)

tr= p*Ri/(S*E _ 0.6*p)
= \5!.!7,2!* 15.25 | (167 N* 1 - 0.6* 154.4724)
:  0 .1418 in

Area required

Allowable stresses: Sn = 16700, Sv = 16200, psi

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

a :^dltrjF + 2,'ktn*tr*F*(l _ frl)
:  9.5*q.1418*l + 2*0.25*0.1418*l*( l  _ l):  | .3471 in^Z

Area available

CoMPRESS 5.53 C:\COMPRESS\MODECLNR\B-5.VSL
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Al : larger of the following = 1.028 in^2

= 0.257 in^2

: d*(EI *t-F*rr) _ f *s1x(pl *f_F+u)*fl_fr1)

= ?.3i$i"o.rtt 
I *0. I 4 r 8) - 2*s.25*1i *0.25- I *0. 1 4 | 8)f ( I - I )

= z'r(t +tn)*(El *t-F+tr) - 2*tn*(El xt-F*tr.)"( l -frI)

= :tg ,1t^io 
,5)*(1*0.25- 1*0. i4181 - 2-b.2s*(1i0.25-r "0. t4t 8)*(l-l)

A2 : smaller of the following

: 5*(tn - tm)*fr2*t
: 5+(0.25 - 0.Q442i+1*9.25
: .257 n^2

= s,t(tn - trn)*fr2*tn
= 5*(0.25 - 0.0442)*1"0.25
= .257 in^2

A4l : l*s^2+tr?
:0-25'2\ : .063 in^2

A r e a : A l + M + A 4 l
= 1.028 + 0.257 + 0.063
: 1.348 in^Z

As Area > A the reinforcement is adequate for MAp :

3.21.1996
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Check the welds - From UW-16(d):

tmin : lesser of 0.75 or tn or t, tmin = 0.25 in
tl or t2(min) = lesser of 0.25 or o.7*tmin, tl(min) = 0.175 in
tl(actual) = 0.7*t.es = 0.7+0.25 = 0.175 in
t2(actuat) = 0.1875in
t l  +  t2 :0 .3625 >-  1 .25* tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Chect

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(1):
Wall thickness per UG-16ft):
Std pipe wall per UG-a5ft)(a):
The qreater of tr2 or tr3:
The lesser of tr4 or tr5:

fl : 0.0442 in (E : l)
tr2 : 0.1418 in
tr3 : 0.0625 in
tr4 : 0.319375 in
tr5 = 0.1418 in
ff i  = 0.1418 in

Req'd per UG-45 is the larger of trl or t6 : 0.1418 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAP.

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

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

'

Inner fillet weld in shear : 0.49*i6700 = El83 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*10*0.25*8183 : 32118.28 lbf

(3) Nozzle wall in shear
(Pil2)*Mean nozzle dia.+tn*Sn : 1.57+9.75*0.25*11690 : M736J7 Lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D. *tw*Sg = 1.57* l0*0. I 87 5+ 12358 : 36378.86 lbf

I-oading on welds per UG-4I(bXl)

Y : (4 - (d - z*tn)*(El*t - F*t))+Sv
= Ll-:?!l-l- ---(?.5 - 2*0.25)*( I *Q.fi - I *0. l4l E))* I 6700= 6234.l l  lbf

wl-l = (A2 + A5 + A4l + A42)*Sv
: (0.257 + 0 + 0.063 + 0),',16700
: 53,14 lbf

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

3.21.1996
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: (0.25'1 + 0 + 0.063 + 0 + 2*0.25*0.25*l)*16700
:7431.5 lb f

Load for Dath l-l lesser of W or Wl-l : 53,14 lbf
Path l-l Thru (l) & (3) = 3211E.28 + 44736.17 = 7685a.a5 lbf
Path l-l is stronger than Wl-l so it is acceptable per UG-4I(b)(l).

lnad for path 2-2 lesser of W or W2-2 = 6234.11 lbf
Path2-2 Thru (1), (al = 32118.28 + 36378.E6 : 6E49'1 .l4lbf
Path 2-2 is sfronger than W so it is acceptable per UG-41(b)(2).

Reinforcement Calculations for External Pressure

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5*(rn-Cn) + te = .625
Normal to the vessel wall inside 2.5*(tir-Cn-C) = .625 in

Nozzle required thickness

Limits of rein forcernent UG40

From table G:
From table HA-3:

ln

L/Do : 2.625110 : .2625 Do/t = tDt0.O2l73 : 4ffij933
A : 0.00056

B = 5075

Pa= 4*B/(3*Do/t)
: 4*5075/(3* I 0 10.02173)
: 14.704 psi

Nozzle required thickness trn : .02173 in

Required thickness tr from UG-37(dXl) : .1446 in

Area required

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

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

A = 0.5+(d*u.*F + 2*rn,frtr*F+(l _ frl))
: ql lp-5*_0.1446*l + 2*0.25't0.1446*l*(l - l))
= .6869 in^2

Area available

Al : larger of the following = 1.f i) l  in^2

= d*(El *t_F*tr) _ 2+tn+(El *t_F{.tr){,o _frI)
: 9.5*(l*0-25-1,F0. 1,146) _ 2*9.2J*(l *0.25_l*0.1,f46)*(l-l)
: l-fi)l in^2

= 2*(t+tn)*(El*t_F*tr) - 2*tn+(El*t-F*fi.)*(l_frI)

3.21.1996
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: 2*(0.25+0.25)*(l *0.25_ I *0. 1446) _ 2*0.25*(1*0.25- 1,r0.1446)'r(l_l)
: .105 in^2

A2 = smaller of the following

: 5*(tn - trn)tfr2,rt
: 5*(0.25 - 0.02173)*l*0.25
= .285 in"2

= 5*(tn - trn)*fr2*tn
= 5*(0.25 _ 0.02173)*1*0.25

= O.2E5 in^Z

trl : 0.02173 in (E = l)
tr2 = 0.0153 in
tr3 = 0.0625 in
tr4 : 0.319375 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Apr. 19, 1996
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= .285 n^2

A4l : I*s.^2*fr2-- 0.25*2*1 = .063 in^2

A r e a : A 1  + A 2 + A 4 1
: 1.001 + 0.285 + 0.063
= 1.349 in'2

As Area > A the reinforcement is adequate for Pe : 14.7 at 400 DeEF

UG-45 Nozzle Neck Thickness Check

Wall thickness oer UG-45(a):
Wall thickness ber Uc-45(b)(2):
Wall thickness ier UG-l6ibi:
Std pipe wall per UG-45(b)(4):
The sreater of tr2 or tr3:
The lesser of tr4 or tr5:

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

Available nozzle wall thickness new. tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

1.2r.1996
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Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Stifher Rinss
sA 240 304L HIGH
4
60 in
l19 in

2x2xll4 Eoual Anele
leg in (hard way) 

-

As = 0.938 in^Z
Ir : 0.348 in^4

Calculations for ring 60 in from datun

Identifier:
Ring material specifi cation:
Number of rinss in this srouo:
Disence first ring to dat[m line:
Ring spacing:

Rins descrintion:
Rin! is rollld:
Ring cross sectional area:
Ring moment of inertia:

Shell material snecification :
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
Extemal desicn oressure:
Stiffener supi'orted length :

SA 240 3O4L HIGH
0.14461 in
0.25 in
3l in
400 deg F
14.7 osi
56.21083 in

Apr. 19, t996
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t :
t s =
D o =

P :
L s :

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

= lf;r(.t 
oil. t t | (0. I M6r + 0. e38/56. 27083))

From table HA-3 (ring) A: 1.612O11E-M

Required moment of inertia of the combined ring-shell section

Is: (Do'2*Ls+(t + As/Ls)*A)/10.9
= (3 1 ̂  2* 56.27 083 {'(0. I 446 l- + 0.938 | 56.27 O83) * I .6 I 20 I 7E-04y I 0.9
: .1289819 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

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

W = Ls = 56.27083 in

Shefl area Al = W*ts : 0.7655676 in^2

Distrnce to the ring neutral axis

3.2r.1996
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Y2 = Ring NA + ts/2
= 1.,+08 + 0.2512
: 1.533 in

NeuFaI axis of combined section

NA=As*Y2 l (A l  +As )
: 0:9iqilJl3/(0.76ss6'16 + 0.e38)
= .8440839 in

Inertia of the shell about the combined section NA

I l : w * t s ^ 3 / 1 2 + A 1 * N A ^ 2
: 3.06227 *0.25 ̂  3 I t2 + 0.7 65567 6*0.8440839 ^ 2
: .5494371 in^4

Inertia of the ring about the combined section NA

12 = tr 1_ As*(NA _ Y2)^2
= 0.148 t 0-938*(0.8440839 - 1.533)^2
: .7931799 in^4

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

The 2x2x7l4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 179 in from datum
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Shell material specihcation:
Reouired shell ihickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desisn pressue:
Stiffener supfloried length :

B = .7s*(P*Do(t + As/Ls))
j lrti\orT-t, 

t (0. 1446r + o. e38/68))

t =
t s =
D o =

P :
L s =

SA 2,10 3ML HIGH
0.14461 in
0.25 in
3l in
400 deg F
14.7 psi
68 in-

From table HA-3 (ring) A : t.640997E44

Required moment of inertia ofthe combined ring-shell section

Is= (Do^2*Ls't(t + As/Ls)*A)/10.9
= (1 I _?iqq".(0. 1 4af/1 +' 0.938 t68)* 1.640997E-04)/ I 0. 9= .1558,[& in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of -- 3.06227

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

3.2r. t996
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: I . l  *Sqr(31*0.25)
= 3.062h'n

W : L s = 6 8 i n

Shell area Al : W*ts : 0.7655676 in^Z

Disunce to the ring neutral axis

Y2 = Rine NA + tsi2
= 1.408-+ 0.2512
= 1.533 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: O938*1.533/(0.7655676 + 0.938)
: .8,#0839 in

Inertia of the shell about the combined section NA

I l =W* t s^3 /12+A l *NA^2
= 3.M227 *0.25^ 3 | 12 + 0.7655676x0. 84 40839 ^ 2
= .5494371 in^4

Inertia of tbe ring about the combined section NA

12: Ir + AS*(NA -Y2\^2
: 0.948 t 0.938*(0.8440839 - r.533)^2
= .7931799 in^4

Total available I = I1 + 12 = 1.342617 n^4

The 2r2xll4 Equal Angte vacuum stiffener is satisfactory.

Calculations for ring 298 in from datum

Shell material specification:
Required shell thickness:
Corroded shell thickness :
Shell outer diameter:
Desiqn temoerature:
Exte;El deiisn oressure:
Stiffener supi'oried length :

t :
t s =
D o =

P =
L s :

SA 240 3O4L HIGH
0.14461 in
0.25 in
3l in
400 dee F
14.7 ps'i
52 in-
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B : .75*(P*Do/(t + As/Ls))

= rltllll l"t 
t (0.t446t.+ 0.e38/s2D

From table HA-3 (ring) A: 1.598576E-0a

Required monent of inertia of the combined ring-shell section

3.2r.t996
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Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
= (? I ?iI2..(O 14461 + 0.938/52)*1.598576E-04y10.9
= .ll9202in'4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

W = l.l *Sqr(Do*ts)
: 1.1*sqr(31*0.25)
= 3.0f'227 in

W : L s : 5 2 i n

Shell area Al = W*ts : 0.7655676 in^2

Distance to the ring neutral axis

Y2 = Rine NA + ts/2
= 1.408-+ O.2sl2
= 1.533 in

Neutral axis of combined section

NA: AsxY2/(Al + As)
: 0.93!1!J33/(0.76s5676 + 0.938)
- .82140839 in

Inertia of the shell about the combined section NA

I l : w * t s ^ 3 / 1 2 + A I * N A ^ 2
= 3.06227 +0.25^ 3 I 12 + 0.7 65567 6*0.8440839 ^ 2
= .5494371 in^4

Inertia of the ring about the combined section NA

1 2 : I r + A s * ( N A - Y 2 ) ^ 2
: 0:119_1^0..9_38+(0.8440839 - 1.533)^2
: .7931799 in^4

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

The 2x2xLl4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 417 in from datum

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temoerature:
Exteftal deiien oressure:
Stiffener supf'oried length :

3.2t.1996

t :
t s :
D o :

P :
L s :

SA 240 3(XL HIGH
0.1,f461 in
0.25 in
3l in
400 des F
14.7 psi
45.5 in
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B = .75*(P*Do/(t + As/Ls))
= 35* (14.7 *11 | (0.14461'+ 0.938i45.5))
= 2068.538

From table HA-3 (ring) A = 1.573888-04

Required moment of inertia of the combined ring-shell section

Is= (Do'2*Ls*(t + As/Ls)*A)/10.9
: (3 I ̂ 2*45. 5*(0.14461 + 0.938/45.5)*1.57388E-04y 10.9-- .lM3l74 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.06227

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

W : L s = 4 5 . 5 i n

Shefl area A1 : W*ts = Q.7655676 in^2

Distance to the ring neutral axis

Y2 : Rins NA + ts/2
= 1.408-+ 0.25t2
: 1.533 in

Neutral axis of combined section

N A = A s + Y 2 l ( A l + A s )
= 0.93!l!.s33/(0.765s676 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

I l = w * t s ^ 3 / 1 2 + A l * N A ^ 2
: 3.M227 +0.25^ 3 | 12 + 0.7 65567 6*0.8440839 ^ 2
: .5494371 in'4

Inertia of the ring about the combined section NA

1 2 = l r + A s * ( N A - Y 2 ) ^ 2
= 0.348 + 0.938+(0.8440839 - 1.533)^2
: .7931799 n^4

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

The 2y2xl/4 Equal Angle vacuum stiffener is satisfactory.

3.2r.1996
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Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l. 1992 Edition, A94 Addenda

Identifier: Suooort Rinss
Ring material specification: SA'240 304t HIGH
Number of rinss in this srouo: 2
Distance first frng to datim fine: 108 in
Ring spacing: 136 in

Ring description: 3x3xl/4 Equal Angle
Ring is rollbd: les in (hard wav)
Ring cross sectional area: As = l.Za iri^2
Ring moment of inertia: Ir = | .24 in^ 4

Calculations for ring 108 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14461 in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter: Do : 3l in
Design temperature: : 400 dee F
External design pressure: P : 14.7 os-i
Stiffener supporied length: Ls = 59.5 in

B = .75*(P+Do/(t + As/Ls)): J-5*\r,1.1 *3t | (0.1446r + 1.44t s9.s))
:2024'.593

From table HA-3 (ring) A : 1.540758E-04

Required moment of inertia of the conbined ring-shell section

Js= (Do^2*Ls*(t + As/Ls)*A)/10.9
= (9! _2-!? !.(0.14461 + l:44159.5)*1.540758E-04y10.9
=.1364428in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

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

W = L s = 5 9 . 5 i n

Shell area Al : W*ts = 0.7655676in^2

Distance to the ring neutral axis

3-2r.1996
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Y2 = Rine NA + ts/2
:2.158-+ 0.2512
= 2.283 in

Neutral axis of combined section

NA-As*Y2l (A l  +As)
: t.4:2_?!?t(0.765s6t6 + 1.44)
- 1.490555 in

Inertia of the shell about the combined section NA

I l :W* t s ^3 /12+A I *NA^2
: 3.M227 *0.25' 3 I t2 + O.7 65567 6* 1 .490555^ 2
: 1.70489 in^4

Inertia of the ring about the combined section NA

12 : l r lAs * (NA-Y2 \ ^2-- 
!.24 t 1.44t(1.490555 -2.283)^2

: 2.144275 in^4

Total available I = Il + 12 : 3.849166 in^4

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

Calculations for ring 244 in from datum

Shell material specification: SA 240 3(XL HIGH
Required shell ihickness: t = 0.14461 in
Corroded shell thickness :
Shell outer diameter:
Design temperature:
External design pressure:
Sti ffener supi'oried length :

ts = 0.25 in
D o = 3 l i n

: 400 des F
P : 14.7 os]
Ls : 59.5 in

Apr. 19, 1996
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B : .75*(P*Do/(t + As/Ls))

1 lolio($l.tt 
| (0.1M61 + 1 .44t 5e.s))

From table HA-3 (ring) A: 1.540758E-04

Required momcnt of inertia of the combined ring-shell section

15: (Ds^f*1s*(t + As/Ls)*A)/10.9
: (jl _?iI9. I._(0. 1 446r + | .44 I s9.s)* 1 .540758E-04y I 0. 9:.1364428irr^4

Available moment of inertia of tbe combined ring-shell section

Shell width contributing smaller of = 3.06227

W: 1. l*Sqr(Do*ts)

3.2r.1996
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= l  .  l  *Sqr(31*0.25)
= 3.062l7'in

W = Ls -- 59.5 in

Shell area Al : W*ts = 03655676 in^Z

Dislance to the ring neutral axis

Y2 : Rins NA + ts/2
= 2.158-+ O.2512
:2.283 in

Neutral axis of combined section

NA: As*Y2l(Al + As)= 1.41|.?2!trt(p0.765s6r6 + r.44)
= 1.490555 in

Inertia of the shell about the combined section NA

Il = W*ts^3/12 + Al{ 'NA^2
= 3.06227*0.25^ 3l 12 + 0.765567 6*1.490555" 2
= 1.70489 in^4

Inertia of the ring about the combined secdon NA

t Z : h + A S * ( N A - y 2 ) ^ 2
: \.2! t_r_.44:(1.4e0555 _ 2.283)^2
= 2.144275 in^4

Total available I = Il + 12 -- 3.849166in^4

The 3x3x1/4 Equal Angle vacuum stiffener is satisfactory.
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Identifier:
Ring material specification:
Number of rinss in this mouo:
Distance first iing to datim fine:

Ring description:
Rins is rolled:
Rin! cross sectional area:
Ring moment of inertia:
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Sunport Ring

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l, 1992 Editioo. A94 Addenda

Suooort Rins
SA 240 3O4I HIGH
I
348 in

3x3xll4 Equal Angle
les in (hard wav)

As = l.-++ iri^Z
Ir : 1.24 in^4

Calculations for ring 34E in from datum

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperafure:
External deiiqn pressure'
Stiffener supported tength :

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

= l#[.t:;]-tt 
/ (0.1 4461 + 1 .44t se.s'))

SA 240 3O4L HIGH
0.14461 in
0.25 in
31 in
400 des F
14.7 oii
59.5 in

Apr. 19, r996
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t -
ts --
D o =

P :
L s :

From table HA-3 (ring) A: 1.540758E-04

Required moment of inertia of the combined 4ng-shell section

Is= (Do^2*Ls*(t + As/Ls)*A)/10.9
= (1 ! -2..1?.5,t(0. | 4461 + 1.44t 59. sr* 1 .s40758E-04)/ I 0.9:.1364428in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.O62Zj

W = l. I *Sqr(Do+ts)
= l . l  *Sqr(31+0.25)
= 3.M227 in

W : k : 5 9 . 5 i n

Shell area Al = W*ts : 0.7655676in^2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2

3.2r.1996
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Support Ring

= 2.158 + 0.2512
= 2.283 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: 1.44*2.283/(0.7655676 + l.u)
- 1.490555 in

Inertia of the shell about the combined section NA

I l :W* t s ^3 /12+A I *NA^2
: 3.06227 *0.25 ̂ 3 | 12 + O.'1 65567 6* 1.490555^ 2
= 1.70489 in^4

Inertia of the ring about the combined section NA

12: lr + 4r*1NA -Y2\^2
:1.24 + 1.44x(1.490555 -2.283)^2
= 2.144275 in^4

Total available I : Il -t- 12 :3.849166in^4

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

Apr. 19, 1996
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BELLOWS LUGS

Lue material sDecification
Lu[ allowable stress
ToD Dlate width
Base'nlate width
Top dlate thickness
Baie'plate thickness
Lue l-ensth circ. direction
GuIset S'eight
Gusset thickness
Number of lues
Ansular oosition. first luq
Fillet weld size
Force bearing width
Distance to load

: SA 206 340L HIGH
: 2,|()00 psi

w D = l I n
wb = 6 in
t = 0.375 in

tb : 0.375 in
L : 6 i n
h : 6 i n

tB = 0.375 in
: 4
: 90 desrees

tw = 0.25 ii
F b = 3 i n
d : 4 . 5 i n

Lug top plate requfued thickness, Bednar pg 153

ta = 0.75+(VL+d*LXSa,rwp^ 2*h)
= 0.75*( I 604+4 .5*6) | (24W+2" 2*6)
= 0.25 in

Lug gusset required thickness

Sc : 18000/(1 + (1/18000)*(h/(0.289*tg))^2 )
= I 8000/( I + ( l / I 8000)*(6/(0.289{'0.375))^2 )
= 15380.89 psi

te = VL*(3*d - wb)/(Sc*wb^2*SIN(Alpha)^2)- = 1604#(3*4.5 - 6y( 15380.89*6^2*SlN(56.3 I )^2)
= 0.0314 in

Lug base plate required thickness

From Escoe table 4-8

fc = W(Fb*L) :  89.l l l l l  psi

Mx : Cx*fc*Gs^2
: 0.1085*89.1 1 lll*5.25^2 -- 266.4896

Mv : Cv*fc*wb^2': -.tI4"B9.ttttt*6^ 2 :-i97 .792

tb :Sqr (6"Mmax/Sa)
= sqi'(6*397.792 | 2:4ow\
: 0.3154 in

Check lug attachment stresses

Radial load Pr : Olbf
Circumferential moment Mc = 0 lbf-ft
Circumferential shear Vc : 0 lbf

3-2r.1996
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hnsitudinal moment
Loniitudinal shear
Inteinal pressure

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

Mean radius Rm : 15.375 in
R m / t : 6 1 . 5

Cl :  3, C2 = 3.375 in

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

Local circ. pressure stress : P*Rmit : 0 psi

l,ocal long. pressure stress : P*Rm/2t = 0 psi

Maximum combined stress = 950 osi
Allowable combined stress : +-l:5xS : +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress = 0 osi
Allowable irrimar! membrane stress = +: I .5*S : + - 25050 psi

The maximum primary membrane stress is within allowable limits.

BELLOWS LUGS

ML =0lbf-f t
vL = l60a bf
P :  O p s i

Revision No. 0
Doc. No. V049-1457
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rom Value
F  i g . read

l-F-|3583 lo.zzz
4C*  17 .5544  10 .213
l c  10 .0648  10 .203
ec- l  t 0 .0257  t0 .203
3A*  12 .3818  10 .203
lA  t 0 . 0649  t 0 . 223
3 8 *  t 5 . 3 6 2 3  t 0 . 2 l l
l B - 1 1 0 . 0 1 9 r  1 0 . 2 0 8
Dressure stress*

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

BELLOWS LUGS

Apr. 19, 1996

Tota l  c i rc  s t ress
Primary membrane
ci rc  s t ress*

4C*  17 .3854  10 .222
l c - l 1 0 . 0 s 0 0  1 0 . 2 1 5
2 C  1 0 . 0 3 3 4  l 0 . 2 r s
4A*  t 5 . 3293  t 0 . 203
?A 10.0274 10.?37
48*  t 2 . 3936  t 0 . 211
2B- t  t 0 . 0268  t 0 . 226
pressure s t ress*

Total long s tress
Primary membrane
long stres s*

tors ion moment Mt
Circ shear from Vc
Long shear from VL -475 -475 475 475

Total Shear stres s
-comfirreolTress-

-475 -475 475 475

m

Revision No. 0
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH. MA

ENGINEERING
CALCTJLATIONS

NO: V049-l-058
PAGE I OF 2I

REV. DEO # DATE BY: crmcK TITLE:

SPOOL 8-6 (48 in)
0 f , 3 4 ///2 ?,/i !, WD9 RPL-

BY: W. Billnsll DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

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

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

ASSUMPTIONS: None

INPI..TTS: l .
2.

Vacuum Pressure = 14.7 psi
Design Temperature = 400 F,
Ion Puntp Nozzle Loads

Pr = 2250.0 lbs
Mc = Ml : 4542.0 inlbs
Vc = Vl = 126.5 lbs

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

Systems, Inc.
3. Doc. No. V049-l-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEE ATTACFIED)

CONCLUSIONS: The requirements of the ASME Code are met for spool 8-6 outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017,018,019.& 051

Rer,ision No. 0
Doc. No. V049-l-058
Paec I ofZl



PROCESS SYSTEIIIS INTERNATIONAL. INC.
WESTBOROUGH. MA

ENCTNEERING NO: V049-t-058
CALCULATIONS PAGE 2 OF 2I

PROJECT: LIGO VACUUM EOUIPMENT
BY: W. Bilvnskv CHKD: Rau
PROJECT NO: V590{9

TABLE OF CONTENTS

SpoolB-5 (48 in dia)

Spool 8-6 (48 in dia) COMPRESS Plol

COMPRESS Oulpul For Shcll Design

Pressure Summary

Weight Summary

Nozzlc Sumnrary

Nozzle Schedule

Thickncss Summary

Spool B{

6" o.d. CF

Support Rings

Loads @ 6" Nozzle
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Pressure Summary

Pressure summary for Dressure chamber I

I P J T I X A $ P

I d6rq't I dastsn I

|  ( p s l )  l ( d e g  F )  |  ( D s t )

I xrP I P. I uc-ee I ucs-66 |

I  lcr tetnar l  r . t to I  xDr.r  Et6?t lon ot  I

(p6t)  (p61) |  |  (d.s F)  9tr .36 Rtdsct toD I

I  a4 ,25  ld  f l lnse

as .25r  lD  a l - l xcE

I suFport Rtnqs

1 . . ?  I T , O O O  I

I  r .ooo I
1 a . ?  |  |

I xot .ppl.tcabl.

I ot appllc6ble

I raot .pplicablc

I trot .ppllcrbr€

I

I  o.ooo I

t l

o . o  I

I

o . o  |  1 1 6 . 1  I  r . 6 . 1  L

o . o  I  o , o  I  o . o  I
o . o  |  2 . . .  |  2 . . .  I

o . o  I  2 1 . .  |  2 1 . 1  |

t t l

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

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

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

Hydrotest pressure calculation based on Pe

= l.5i<Pe*l : 22 psi

Vessel hydrotest pressure is 22 psi.

Revision No. 0
Doc. No. V049-l-058
Paee 4 of 2l3.2r.1996
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Weight Summary

$.rght (1b3) contlltlut€d by vc5B.1 El.rcht6

oDG!  T .s t  xo . t l€

Llquld Llquld .l f 19

Trays Plckcd tDsut LInIng Plplnq L.ddcr

aa-  2s  ld  f l i rge

aa.2s ,  Id  f faDg

921 5Sa

vesse l  opera t lnq  de lgh t ,  co l loded:  2 ,o . .  Ibs

vessel €lpty uelqht, co*odedi z.o,ta lb€

ves .e t  eEpty  Ee lgh t ,  hear  t .Oaa lbs

vesse l  tes t  oe lgb t ,  hed;  ? .5a4 lbg

Vessel center of gravitv location (from right weld seam)

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

2,0,14 lbs
4l.4 in

Revision No. 0
Doc. No. V049-l -058
Paee 5 of 2l3.21.1996
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Nozzle Summary

(  th l  (  In )  l1?  12?

Non t Req t u6cr t

( r h )  ( t n )  ( I n ) ( I n )  ( r r  I

6 . 0 0  y y  O.25OO O.  t53O

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Noin t - vessel wall thickne3s
Req t - required vessel wall thickness due to pressure * corr per UG-37
Usdr t - toc:al vessel wall thickness (near onenine)
Aa - area available per UG-37. ebverni;ls cotdition
Ar - area required fer UG-37,'gbverning-condition
Corr - corrosion allowance on nozzle id.

Revision No. 0
Doc. No, V049-1458
Paee 6 of 2l
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Nozzle Schedule

x . r e t l 6 l s

l |o r . Ie  lDpac t?  Uot I?  ts .C

s .7s  IDto .12  sA 2ao 30aL $ ICt t

Revision No. 0
Doc. No. V049-t-0S8
Pase 7 of 2l3.21 .1996
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Thickness Summary

Apr.22, 1996

r,.h9th Gov.!n.ln9

Lo.d St6tus stE.Bs

o . 2 5 0 0  0 , 1 5 2 9  0 . 4 5

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

Load:
internal - circ stress due to internal pressure governs
external - exlernal pressure governs
wind - combineil long strEss due to STATUS * wind soverns
seismic - combined lon-g stress due to STATUS + seismic governs

Roision No. 0
Doc. No. V049-l-058
Pase I of 2l
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Spool B-6

ASME Section VIll Division l, 1992 Edition. A94 Addenda

new : 921 cort : 921
new : 659.945 con : 659.945

Apr.22, 1996

Revision No. 0
Doc. No. V049-l-058
Pase 9 of 2l

Component:
Mateiial specification:

Cvlinder
SA 240 3O4L HIGH

Externaf design pressure: Pe: 14.7 psi @ 400

Corrosion allowance: Inner C = 0 Outer: 0

PWHT is not performed

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

Estimated weight:
capacity:

ID : a8.25 length Lc= 83.375 t = 0.25 in (new)

MAP: (New & at 0 dee F) UG-27(cXl)

deg F

in

tb
US ga

P = S * E * I / ( R + 0 . 6 * 0 - p s
: 16700+0.85*0.251Q4.125 + 0.6*0.2$ - 0
: 146.1895 psi

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

p = S * E * V ( R * 0 . 6 * t ) - p s
= 167001Q.85*0.251Q4.125 + 0.6*0.25) - 0
: 1,f6.1895 psi

External Pressure: (Corroded & at 400 dcg F) UG-2E

L/Do = 43.375t48.75:0.8897 Do/t = 48.75i0.15297 :318.6899

Pa = 4*B/(3*Do/t)
= 1i3_s4. 3/€*48.7 s I 0. 1 5297):14 .81  l9p i i

Design thickness for external pressure Pa : 14.8119 Dsi:
= t + Corrosion
:0.15297 + 0
= 0.15297 in

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

L/Do : 43.375148.15:0.8897 Do/t = 48.7510.25 : t95

From table G:
From table HA-3:

From table G:
From table HA-3:

3 .2 t .1996

A = 0.000268
B = 3540.3

A = 0.000559
B : 5073.4



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

Spool 8-6

Pa= 4*B/(3*Do^)
= 4x 507 3.4 I 6+48.75l0. 25)
: 34.6899 psi

Rel'ision No. 0
Doc. No. V019- l-05{t
Paee l0 of 2l3.21.1996
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6 ' o d  C F

ODening 6- Reinforcemeot Calculations Per UG-37

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

Nozzle material specification :

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

tn -> |  l<-

l -1 . -  d  ->
tw l ->  |  l< l

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

<- L ->l To datum L= 41 .87  in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

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

Nozzle required thicknes!

trn = P*Rn/(Sn*E - 0.6*P)
: 0E2.8751(16700*l - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

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

3.21.1996

Spool 8-6
. tJ  tn
0 psi
Not installed

SA 240 3O4L HIGH

90 desrees
27.3'15 in
0 i n
3 i n

c o r r o s i o n a l l o v l = 0 i n
noz  th ick  new tn=  .125 in
n o z z l e  i d ,  n e w  d =  5 ' 7 5  i n
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove weld twZ = .1875 int;

Rerision No. 0
Doc. No. V049-1458
Paee l l  o f2 l
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6" od CF

A : d*tr*F + 2r.tn*f1.F*(l _ frl)
:5 .75*0* l  +  2 ' *0 .125*0*1*( l  -  I )
:  0  in^2

Area available

Al = larger of the following

: d*(El x1-F+tr) - 2!tstn*(El *t-F'tstr)*( l-frl)
= 5.75*( I "0.25_ I *0) _ 2*0. I 25'f(l'*0.25_ I *0)*( I _ I)
:1 .438 ' in^2

= 2*(t + tn)*(El#t-F*tr) - 2+tn*(El *t-F*tr)+( 1-frl )
= 2*(O.25'+0.t25)*(t *0.25-l  *0) - 2+0. 125*(l*0.25-l  *0)*( l- l)
=  .188 in^2

A2 : smaller of the following

: 5*(ln - trn)*fr2*t
= 5*(0.125 - 0;+1+g.rt
:  .156 in^2

: 5*(tn - trn)*fr2+tn
= 5*(0.125 - 0)*1xg.tf i
= .078 in^2

A41 : l*s."2*fr2
: 0.125^2*1 = .016 in^2

Area: Al + A2 + A4l
: 1.438 + 0.078 + 0.016
: 1 . 5 3 2 i n ^ 2

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

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

tmin = lesser of 0.75 or tn or t. tmin = 0. 125 in
tl or €(min) : lesser of 0.25 or 0.?*tmin, tl(min) : 0.0875 in
t l(actual) = 0.7*l*E : 0.7*0.125 = 0.0875 in
t2(actual) :  0.1875in
tt + t2 :  0.275 >= 1.25+tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

t r l = 0 i n { E =
t r 2 = 0 i n
tr3 : 0.0625 in
tr4 = 0.245 in
tr5 = 0.0625 in
tr6 = 0.0625 in

= 1.438 in^2

= 0.078 in^2

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(l):
Wall thickness per UG-16(b):
Std pipe wall per UG-45(b)(4):
The-ereater of tr2 or tr3:
The lesser of tr4 or tr5:

3.2r.1996
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6' od CF

Ra1'd per UG-45 is the larger of trl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

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

Groove weld in tension = 0.74*16700 = 12358 nsi
Nozzle wall in shear = 0.7t16700 : I1690 psi 

-

Inner fillet weld in shear = 0.49*16?00 : 8i83 psi

Strength of welded ioints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Legx51 = 1.57r'6*0.125*8183 : 9635.482 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn : 1.57*5.875*0.125*l1690 = 13478.21 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57+6*0. 1 875*12358 = 21827 .32 lbf

Loading on welds per UG-4lOXl)

w : (A - (d - 2*tn)*(El*r - F*u-))*sv
: (0: (5.75 - 2*0.125)*( l*0.25 - t+0))+16700
:-22962.5lbf

Wl-l = (A2 + A5 + A41 + A42)+Sv
: (0.078 + 0 + 0.016 + 0)*16i00
: 1569.8 lbf

W2-2 : (A2 + A3 + A4l + A43 + 2*tn:*t+frl)tsv
: (0-._0?8__+ 0-+ 0.016 + 0 + 2*0.125*0.25*i)*16700
: 2613.55 rbf

Inad for path l-l lesser of W or Wl-l =-22962.5 lbf
Path l-l Thru (1) & (3) = 9635.482 + 13478.21 = 23113.69 lbf
Path l-l is stronger than W so it is acceptable per UG4l(b)(2).

Inad for path 2-2 lesser of W or rN2-2 :-22962.5 lbf
Path2-2 Thru (l), (4) = 9$5.a82 + 21827.32: 31462.8 lbf
Path 2-2 is stronger than W so it is acceptable per UG-at(b)(2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG40

Parallel to the vessel wall d : 5.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3125 in
Normal to the vessel wall inside 2.5*(tir-Cn-C) : .3125 in

3.21 .t996
Rel"ision No. o
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6'od CF

Do/t = 6/0.01491 : 402.4145
A : 0.000337

B = 4461.6

Apr.22, 1996

Revision No. 0
Doc. No. V049-l{S8
Pape I.{ of 2l

Nozzle required thickness

L l D o  : 3 1 6 :  . 5
From table G:
From table HA-3:

Pa= 4tB/(3*Do/t)
: 4*4461.61 (3*6/0.01 49 1 )
= 14.7828 psi

Nozzle required thickness trn : .01491 in

Required thickress tr from UG-37(dXl) : .t53 in

Area required

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

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

A :O.s*(d*tI .*F + 2: ' . tn+tr+F*(l  _ fr l))
:0.11(5-7510.r53+1 + 2*0. 125*0.153'Fl*(t  -  t))
= .4399 in^2

Area available

Al = larger ofthe following : .558 in^2

: d*(E l *t-F+tr) - 2*tn*(E l *t_F*tr)*( l _frl ): 5.75+(1 *0.25-l *0. 153) - 2*0. I 25*(l *0.25-l *0. 153)*(l - l  ): .558 in^2

A2 = smaller of the following

: 5*(tn - trn)*fr2*t
: 5*(0.125 - 0.01491)*l*0.25
:  .138 in^2

= 5*(tn - trn)*fr2*tn
: 5*10.125 - 0.01491)*l*0.125
= .069 in^2

A4l : l*s^2*fr2
: 0.t23^2*1 : .016 in^2

Area: Al + A2 + A4l
: 0.558 + 0.069 + 0.016
: .643 in^2

3.2r .1996

: 0.069 in^2

: 2*(t+tn)*(El xt_F*tr) _ 2+tn*(E I *t_F*tr)+( l -fr I )= 2l(9.25 + 0. 125)*( I *0.25_ | *0. 1 53) _ 2*0. i 25*(i *0.25_ | *0. I 53)*(l _l )= .073 in^Z



C0MPRESS 5.53 C :\COMPRESS\MANIFOLD\B.6.VSL

6" od CF

, As Area > A the reinforcement is adequate for Pe

UG-45 Nozzle Neck Thickness Check

= 14.7 at 400 Deg F

tr l  = 0.01491 in (E = l)
t2 = 0.0241 in
tr3 = 0.0625 in
tr4 : 0.245 in
tr5 : 0.0625 in
tr6 : 0.0625 in

Apr.22, 1996

Revision No, 0
Doc. No. V049-l{58
Pase l5 of 2l

Wall thickness oer UG-45(a):
Wall thickness ber UG-+5(ni(2):
Wall thickness per UG-16(b):
Std DiDe wall per UG-45OX4):
The'gieater of 12 or tr3: 

'' '

The lesser of tr4 or tr5:

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

Available nozzle wall thickness new. tn = 0.125 in

The nozzle neck thickness is adequate for Pe.

3.2r.1996
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6' od CF

Pr : 416 lbf
Mc : 75 lbf-ft
Vc : 150 lbf
ML =5 lbf-ft
vL : l0 lbf
Mt = 0lbf-ft
P :  0 p s i

Applied l-oads

Radial load
Circumferential moment
Circumferential shear
[-oneitudinal moment
LonEitudinal shear
Torsion moment
Internal pressure

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

Mean radius Rm = 24.25 in
Rm/t = 97

Sbess concentration factor Kn (tsn5is1) = 1
Stress concentration factor Kb (bending) = |

Pressure slress intensity factor, Farr equation I 1.5

I :  .25*(4 + 3*(r ix)^2 1l*(1/x)^4)
= .25*(4 + 3*(2.875t3.t25)^2 + 3*(2.875t3.t25)^4)
_  1  1 1 1

l.ocal circ. pressure stress = 1xpxpln71 = Q psi

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

Maximum combined stress =-6976 psi
Allowable combined sress = +-1.5+S = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum Drimary membrane stress =-1375 osi
Allowable irrimary membrane stress = +-1.5*S = +-25050psi

The maximum primary membrane stress is within allowable limits.

Revision No. 0
Doc. No. V0,19-l-058
Pase 16 of 2l3.21.1996
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6' od CF

ro tn l  Va lue
F ig .  I  read

3e.-lIT:616 lo. r0-6
4C*  114 .634  10 .108
1C  I 0 .0833  I 0 . 108 3327 -3327 3327
ec -110 .0505  10 .108 -20t7 2A17 -2017
3A*  13 .8020  10 .108
IA  10 .08 i3  10 . r 08
3 8 *  1 1 0 . 6 9 9  1 0 . t 0 8
l B - 1 1 0 . 0 3 1 5  1 0 . 1 0 8
pressure s tres s*

Tota I  c i rc  s t ress
Primary membrane
ci rc  s t ress*

4 8 "  t 3 . 7 8 1 5  t 0 . I 0 8
2 B - | 0 . 0 4 3 9  t 0 . 1 0 8
pressure s t ress*

To$l lo-ng-siress
Prinary membrane
long stre s s*

torsion moment Mt
Circ shear from Vc
Long shear from VL

-Tofi  
I  shear stres s

-cfi6lned 
stress

-3327
2017

-215
-2676

32 55
-  2061
-  371

-  I373
l 4

- v o

2061 -2061 2061
-371 371 37r
1373 1373 -1373

215
?676

-40 -40
-69 69

-1044 -1044 -964 -964 -973 -973 -543 -543

?,T5
-2676

- 215
?676

40 40
69 -69

i ; "  l i4 :6 i i  lo : i08
l c - 1 1 0 . 0 8 r s  I 0 . 1 0 8 -325s 3255 -32ss
2 C  1 0 . 0 s 1 6  1 0 . 1 0 8
4 A *  1 6 . 5 5 9 5  1 0 . 1 0 8
2 A  1 0 . 0 4 r 7  1 0 . r 0 8

- 1 4
-96

- 1 4  1 4
96 96

-772 -172 -744 -744 -1375 -1375 -633 -63s

-64-64

-1004 -1004 -1004 -1004

-1004 -1004 -1004 -1004

Revislon No. 0
Doc. No. V049-145E
Paee l7 of 2l3.2r.1996
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Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l. 1992 Edition, A94 Addenda

Suorrort Ring.s
sA 240 304t HrGH
2
20 in
43.375 in

4x3xl /4 Un Equal Ane
leg in (hard way)
1.69 in^2
2.77 in^4

Calculations for ring 20 in from datum

Identifier:
Ring material specification:
Number of rines in this erouo:
Distance first rine to datlm line:
Ring spacing:

Rins descriotion:
Rin! is rollbd:
Ring cross sectional area:
Ring moment of inertia:

Shell material specifi cation:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn Dressure:
Stiffener supi'oried length:

B : .75x(P*Do/(t + As/Ls))
= .7 5* (l 4.'l *48.7 5 | (0.1 5297
: 2 6 6 5 . 0 1

From table HA-3 (ring)

SA 240 3O4L HIGH
0.15297 in
0.25 in
48.75 in
400 deg F

Apr.22,1996

Rer.ision No. 0
Doc. No. V049-l{58
Pase l8 of 2l

A S :
I r :

t :
t s :
D o =

P : 14.7 psi
Ls: 34.69792in

+ 1.69t34.69792))

A = 2.022839E-04

Required moment of inertia of the combined ring-shell section

ls: (Do^2*Ls*(t + As/Ls)+A)/10.9
: $q I 1^ ?:?4 697924, (0.t 5297 + 1.69t34.69792)+2.022839F.-M)/ t0.g
= .3O8632? in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 3.840166

W = I .1*Sqr(Do*ts)
= l. l*Sqr(48.75*0.25)
: 3.840166 in

W : tr : 34.69792 in

Shell area Al : W*ts = 0.9600415 in^2

Distance to the ring neutral axis

3.21.1996
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Support Rings

Y2 = Rins NA + ts/2
= 2.76 + o.2st2
:  2.885 in

Neutral axis of combined section

N A = A s x Y 2 / ( A l + A s )
= 1.69*2.885/(0.9600415 + 1.69)
= 1.839839 in

Inertia of the shell about the combined section NA

Il = W*ts'3i l2 + Al*NA^2
= 3.840166*0.25^ 3l 12 + 0.9600415*1.839839^2
: 3.254748 in^4

Inertia of the ring about the combined seclion NA

t2 = tr + AS*(NA -Y2)^2
: 2.77 + 1.69+(t.839839 - 2.885)^2
: 4.616091 in"4

Total available I = Il + 12 : 7.870839 in^4

The 4x3xl 14 Un Equal Ang vacuum stiffener is satisfactory.

Calculations for ring 63.375 in from datum

Shell material srrecifi cation :
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External design oressure:
Stiffener supfioried length:

SA 240 3O4L HIGH
0.15297 in
0.25 in
48.75 in
400 deg F
14.7 psi
3l .68?5 in

Apr.22, 1996

Ref ision No. 0
Doc. No. V049-l'O58
Pase'19 of 2l

t s =
D o =

P =
L s :

B : .?S*(PxDo/(t + As/Ls))

| {iir\\lor.'t 
s | (0. I s2e7 + 1.6el3 r.6875))

From table HA-3 (ring) A = 1.977894E-M

Required moment of inertia of the combined ring-stell section

Is= (Do^2*Ls*(t + As/Ls)*A)/10.9
: $q J -s 

^ 
?* ) | . 687 5* (0. 1 5297 + 1 .69 t 3 1 . 687 5)* 1 .97 7 89 4F.44) | | 0.9

: .2819162 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.840166

W: 1.1*Sqr(Do*ts)

3.21.1996
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Support Rings

: l . l"Sqr(48.75+0.25)
: 3.840166 in

W :  Ls  :31 .6875 in

Shell area Al : W*ts : 0.9600a15 in^2

Distance to the ring neutral axis

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

Neutral axis of combined section

N A = A s t Y 2 / ( A l  + A s )
: 1.89*?.885/(0.9600415 + r.69)
:  1.839839 in

Inertia of the shell about the combined section NA

I l  = W * t s ^ 3 / 1 2 + A 1 * N A ^ 2
: 3.8401 66*0.2 5^ 3 I 12 + 0.960041 5't l . 839839 ^2
-- 3.254748 in^4

Inertia of the ring about the combined section NA

t 2 = t r  +  A S * ( N A _ y 2 ) ^ 2
: 2.77 + 1.69*(1.839839 - 2.885)^2
: 4.616091 in^4

Total available I = 11 + 12 : 7.870839 in^4

The 4x3x1l4 Un Equal Ang vacuum stiffener is satisfactory.

Revision No. 0
Doc. No. V049-l-058
Paee 20 of 2l3.21.1996
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-059
PAGE I OF2I

REV, DEO # DATE BY: CHECK TITLE:

SPOOL B-7 (48 in)
0 o t S L ,//?2/r l \,Jr>? / ) / ) (

BY: W. Bi\nsl1 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 ofstiffener rings and support
rinss.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.3 l.

ASSUMPTIONS: None

INPUTS: l . Vacuum Pressure = l4-7 psi
Design Temperature = 400 F.
Ion Pump Nozzle Loads

Pr = 2250.0 lbs
Mc = Ml = 4542.0 inlbs
Vc = Vl = 126.5 lbs

2
J -

REFERENCES:1 .
2.

ASME Boiler & Pressure Vessel Code, Section \4II, Div. l, Pressure Vessels.
COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria' ' .

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-7 outer shell

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017,018,019.& 051

Rcvision No. 0
Doc- No. V0{9-l-059
Papc I of 2l



PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENCINEERJNG NO: V0{9-1459
CALCULATIONS PAGE 2 OF 2I

PROJECT: LIGO VACUUM EOUIPMENT
BY: W. Bilvnskv CHKD:
PROJECT NO: V590{9

TABLE OF CONTENTS

Spool B-7 (48 in dia)

Spool B-7 - 48 in (Conceptual Draling)

Spool B-7 (48 in dia) COMPRESS Plot

COMPRESS Oulput For Shcll Design

Pressurc Summan

Wcight Summan

Nozlc Summary

Nozzlc Schcdule

Thickncss Summary

Spool B-7

12" cF

Sliffener Rings

Loads @ l(1" Nozzle

)

o

'l

8

9

t 0

l 2

l 9

2 l

Revision No- 0
Doc. No. V049-l-059
Paec 2 of 2l
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-7.VSL

Pressure Summary

Pressure summary for Dressure chamber I

Apr.22, 1996

l P l r t x ^ l l e

l d e s r e D  I  d e s r g n  I
( p 3 t )  l ( d E g  P )  I  ( p s l )

I  r { . r l '  I  Pe luc-ee l

I  ler t€rn. I l  ndt lo I  l {Dl{ t

1 ( F s l )  l ( P s r )  |

l xe lp t lon  or  lA1 lo , .nce l

s t !c .3  R.duc t lon  |  ( ln l  I

|  .3 .2s '  ld  F lanso

I  aa .  ?5r i  Id  F lange

St t  f fner  R ing I

t a 6 . r  |  l a 6 . r  l
2 . . 5  I  2 a . 5  |
2 . . 5  |  2 1 . 5  |
o . o  I  o . o  I

l 1 . o o o  I

1 r .  ?  I  1 . o o o  I

I rlot appltcable

I  xo t  dppr rc lb re

I raot .ppr1c.br€

I xot .pprlcabre

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.? psi @ 4N degrees F.

: 1.5*Pe*1 : 22 psi

Vessel hydrotest pressure is 22 psi.

Revision No. 0
Doc. No, V0{9-l{59
Pape 5 of 2l

3.21.1996
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Weight Summarv

CodpoD€ht  - - - - - - - -  $ . lqb t  ( rbs)  cont r l l ru tEd by  VEBse l  E l . r .n ts  - - -

l . | e t ! l  x e t 6 l  I Y . y 3  E r a c k e d  I h s u r  L I n l n q  P i p l n g  L . d d o t  F l n q g

! 6uP B€ds r. pl6t & '|16c

Apr.22, 1996

oP.r test lro. rle

L tqu ia r  L lqu ld  r  f r9

aa.25r  ld  f tang

.e-  ?5 !  td  f la rg

155o

o o o

o o o

l ' esse !  oper l t lng  re tgh t ,  cor rodad:  2 ,O2? I ts

v .33er  enpty  r6 t9 }h i ,  cor roded:  ! ,o2? tDs

vesscr  enpty  re lgh t ,  n€ ! :  2 ,o2? l r ' s

Ves3er  tes t  re ighr .  ner :  ? ,53 I  1bs

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

2,027 tbs
41.6 in

Revision No. 0
Doc. No, V0{9-l{59
Paee 6 of 2l

3-2t.1996



COMPRESS 5.53 C:\COMPRESS\MAN IFOLD\B-7. VSL

Nozzte Summarv

Apr.22, 1996

(  1 t r }  ( 1 n )  A 1 ?  A 2 ?

NoD t naq t Usa! t

( r n )  ( r r )  (  r n )

o.25OO 0.0625 y y  o . 2 5 O O  O , 1 5 3 0

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Noin t - vessel wall thickneis
Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near onenine)
Aa - area available Der UC-37. ebvemiirs coiilition
Ar - area required der UG-37.'e-overnins-condition
Corr - corrosibn alloiance on rio-zzle id. 

'

Rerision No. 0
Doc. No. V0.t9-l-059
Pape 7 of 2l

3.21.1996
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Nozzle Schedule

Agt.22, 1996

H a t c r l a l B

N s r r l e  I D P a c t ?  } | o n ?  F a d  ! ! P . c t ?  D o r h "

9.5o  lDxo.zs  sA 24o 3o4L f l I cn

Revision No 0
Do". No. VOrS-llSS
Pase 8 df 2l3.21.1996
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Thickness Summary

Apr.22, 1996

Length rroh t Govornr .g

Load statuB 5t!a3s

o . 1 5 2 9  0 - a s

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 internal pressure governs
external - external Dressure qoverns
wind - combined lons strEss due to STATUS + wind soverns
seismic - combined lon! stress due to STATUS + seismic governs

Revision No. 0
Doc. No. V019-l-o59
Paee 9 of 2l3.2r.1996



CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-?.VSL

Spool B-7

ASME Section VIII Division |, 1992 Edition. A94 Addenda

From table G:
From table HA-3:

From table G:
From table HA-3:

3.2r.1996

new = 921 con :921
new = 659.945 con :659.945

A = 0.ffi0268
B = 3540.3

A : 0.000559
B = 5073.4

Apr.22, 1996

Re\.ision No. 0
Doc. No. V049-1459
Paee lo of 2l

Component:
Matei'ial specifi cation :

Cvlinder
SA 240 3O4L HIGH

External design pressure: Pe: 14.7 psi g 466

Corrosion allowance: Inner C = 0 Outer: 0

PWHT is not performed

Radiography: Category A joints - Spot UW-l l(b) rype I
Category B joints - Spor UW-l1(b) type I

Estimated weight:
capacity:

deg F

in

lb
US ga

ID = 48.25 length lr: 83.375 t = 0.25 in (new)

MAP: (New & at 0 dee F) UG-27(cXl)

P: S*E*r(R + 0.6*0 - Ps
: 16700*0.85*0.251(24.125 + 0.6*0.25) - 0
: 146.1895 psi

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

p : S * E x t / ( R + 0 . 6 * t ) _ p s
: 1670010.85*0.25/(24.125 + 0.6x0.25) - 0
: 146.1895 psi

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

L/Do = 43.375148.75 :0.8897 Dolt = 48.7510.15297 = 31 8.6899

Pa:4*B/(3*Do/t)
: 1* 3F !9,3 t (?* 48.7 5 I 0. | 5297)
:  14.8 l t9  ps i

Design thickness for external pressure Pa : l4.8l19 psi:

= t * Corrosion
= 0.15297 + 0
: O.15297 in

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

L/Do = 43.375148.75 =0.8t97 Dott = 4t.75t0.25 : 195



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

Spool B-7

Apr.22, 1996

Revision No. 0
Doc. No. V0{9-1459
Pase | | of2l

pa: 4+B/(j*Do/0
: 4* 507 3.41 (3* 48.7 5 | 0.25)
= 34.6899 psi

3.2r.1996



Located on:
I-ocal vessel thickness:
Liquid static head included:
Flange desription:

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

l2 'cF

Opening 12" Reinforcemcnt Calculations Per UG-37

Spool B-7
.25 in

R,u�ii*,r.0
Nozzle material specification: SA 240 304L HIGH

Nozzle orientation: 90 deerees
End of nozzle to shell center: 27.375 in
Nozzle offset from center Lo: 0 in
Projection outside vessel Lpr: 3 in

c o r r o s i o n a l l o w = 0 i n
noz thick ne|,,  tn= .25 in
nozz le  id ,  new d= 9 .5  in
f i l l e t  we id  tw l  =  .25  in
qroove we ld  twz  =  .175 in

To da tum L= 30 .625 in

Apr.22,1996

Revision No, 0
Doc. No. V0.19-l -059
Pase l2  of2t

tn -> I l<-

l -  l < -  d
twl -> |  l< lt / l  |  ,
-\l-l-''

A

<_ L _>l

'll;
Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625
Normal to the vessel wall inside 2.5*(ti-Cn-C) : .625 in

Nozzle required thickness

trn : P*Rn/(Sn*E - 0.6*P)
: 0*4.75/(167@*l - 0.6+0)
=  0 i n

Required thickness tr from UG-37(a)

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

3.21.1996
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l2 'cF

A = d*tr*F + 2,'.tn{.tr*F*( | _ frl)
= 9.5*0*l + 2l.0.25*0*l*( l  _ i)
:  0  in '2

Area available

Al = larger of the following

= d*(El *r_F*tr) _ 2*rn*(E l:kr_F*rr)*( I _frI)

= rr.l;\t i ;\ 4t, 
*0) - 2,'0. 25 *( I *0. t5- 1 *s) * 1 I - I )

= 2*(t + tn)"(El+t_F+tf) _ 2*tn*(El *t-F*tr)+( l -frI)
j .Tl\*!r* 

o r5)*( I *0. 25- I *0) - 2+0.25* 0 * 0.25- t *0) *( I - I )

: 2.375 in^Z

t r l = 0 i n ( E = 1 )
t r 2 : 0 i n
tr3 = 0.0625 in
tr4 : 0.319375 in
tr5 = 0.0625 in
ffi : 0.0625 in

A2 = smaller of the following = 0.313 in^2
= 5+(tn - trn)*fr2*t
:  5*(0.25 - 0;+1xg.rt
: .313 in^2

: s*(tn - tm)+fr2*tn
= 5*(0.25 - 0)*l*0.25
:  .313 in "2

A4l : Let^2*fr?
= 0.25*2*t : .O63in^2

A r e a : A 1  + A 2 + A 4 l
= 2.375 + 0.313 + 0.063
:2 .751 in^2

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

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

tmin : lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) = lesser of 0.25 or 0.7*tmin. tl(min) : 0.1?5 in
tl(actual) = 0.7+lrs = 0.'1*0.25 : 0.175 in 

'

O(actual) :  0.175 i i
t l + O = 0 . 3 5 > = 1 . 2 5 * t m i n

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness oer UG-45(a):
Wall thickness ber UG-45(b)(l):
Wall thickness ber UG-16fti:
Std pipe wall pi:r Uc-45O)(4):
The'gieater of tr2 or tr3:' 

' '

The lesser of tr4 or tr5:

3.21 .1996
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l 2 ' c F

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

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

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

Groove weld in tension = 0.74*167ffi = 12358 psi
Nozzle wall in shear = 0.7*16700 : I1690 psi 

-

lnner fillet weld in shear : 0.49*16700 : 8lE3 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O. D. *Lrg*Si : I .57* 10*0.25*8 I 83 = 321 18.28 lbf

(3) Nozzle wall in shear
fPi/2)*Mean nozzle dia.*tn*Sn : I .57t9.75+0.25* I 1690 : 44736.17 lbf

(4) Groove weld in tension
(Pi/2)tNozzle o.D.*tw+sg = 1.57*10+0.175*12358 = 33953.61 lbf

Loading on welds per UG-41(bXl)

W : (A - (d - 2*rn)*(El*r - F*t_r))*Sv
= (0 - (9.5 -2+0.25)+(1+0.25 - I*0))+16700
=-37575 lbf

W1-1 = (A2 + A5 + A4l + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
: 6279.2 tbf

w2-2: (A2 + A3 + A4l + A41 1- 2+6+1*;111*5u
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*l)*16700= 8loo.z tur

l,oad for path l-l lesser of W or Wl-l =-37575 lbf
Path l-l Thru (1) & (3) = 32118.28 + 44736.1'l = 76854.45 lbf
Path 1-l is stronger tlan W so it is acceptable per UG-41(bX2).

lnad for oath2-2lesser of W or W2-2 =-37575 Ibf
Path2-2 ihru ( l) ,  (4) :  32118.28 + 33953.61 = 66071.88lbf
Path 2-2 is stronger than W so it is acceptable per UG4l(b)(2).

Reinforcement Calculations for External Pressure

Limits of reioforcement UG-40

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5+(n-Co) + te = .625 in
Normal to the vessel wall inside 2.5+(tn-Cn-C) = .625 in

Rer"ision No. 0
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Noezle required thickness

L / D o = 3 1 1 0 = . 3
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4* 497 4.81 (3* I 0/0.0221 8)
- l4.7l2l psi

Nozzle required thickness trn : .02218 in

Required thickness tr from UG-37(dXl) : .153 in

Area required

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

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

A = o.s*(d*tr*F + 2!ktn*tr{.F.r.(1 - fr1))
= 0.5*(9.5*0.153*1 + 2*0.25,s0.153*l*(1 - l))
: .7268 in'2

Area available

A1 = larger of the following : .922 in^ 2

= d*(El *t-F,ktr) - 2'rtn*(El*t-F*tr)*( 1_frl)
= 9.5*(l  *0.25_l *0. 153) - 2*0.25*(l  10.25_ 1 *0. 153)*( l_t)
= .922 in^2

= 2+(t+tn)*(El *t-F+tf) _ 2+tn*(E l *t_F*{r)+( I _frl )= 2+(0.25 +0.25)*( l  *0.25_l *0. t53) _ 2*0.25*(l*0.25_l x0. t53)*(t- l)
=. .097 in^2

A2 : smaller of the following = 0.285 in^2

= 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.02218)*l*0.25
= .285 in"2

= 5*(tn - trn)tfr2*tn
= 5*(0.25 - 0.02218)*l*0.25
= .285 in^2

A4l -- l*s.^2*fr?-- 0.25-2*1 = .063 in^2

Area: Al + A2 + A41
:0.922 + 0.285 + 0.063
= 1.27 in^Z

3.2r.1996

l2 'cF

Do/t = l0/0.022r8 :450.8566
A = 0.0005

B = 4974.8

Revision No. 0
Doc. No. V0,19-l{59
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As Area > A the reinforcement is adequate for Pe : 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Apr.22, 1996

Revision No. 0
Doc. No. V049-1459
Pa ee l5 of 2l

Wall thickness per UG-45(a):
lVall thickress per UG-45(b)(2):
Wall thickness per UG-16(b):
Std pipe wall per UG-45@)(a):
The'eieater of tr2 or tr3: 

- '

The lesser of tr4 or tr5:

tr l  = 0.02218 in (E : l)
tr2 : 0.0241 in
tr3 = 0.0625 in
14 = 0.319375 in
tr5 : 0.0625 in
tr6 : 0.0625 in

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

Available nozzle wall thickness new. tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

3.21 .1996



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

l2'cF

Applied l,oads

Radial load
Circumferential moment
Circumferential shear
lonsitudinal moment
Lonfitudinal shear
Torsion moment
Internal pressure

Stress€s at the nozzle OD Der WRC bulletin 107 ( psi)

Mean radius Rm = 24.25 in
Rm/t = 97

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

Pressure stress intensity factor, Farr equation I1.5

I :  .25*(4 1l*(r/x)^2 + 3*(r/x)"4)
= .25*(4 + 3x14.75t5.25)^) 7 J+({.75t5.25)-4)
= 2.117

Local circ. pressure stress : I*P+Rm/t : 0 psi

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

Maximum combined suess :-9285 Dsi
Allowable comhined sfess : +-l.sxs = +- 25050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane suess =-2484 osi
Allowable frimary membrane $ress : +-l.J+S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

h :  l l 55  r b f
Mc : 75 lbf-ft
Vc = 150 lbf
ML :5 lbf-ft
VL = l0 lbf
Mt = 0lbf-ft
P = Opsi

Rerision No. 0
Doc. No. V049-1459
Pnee l7 of 2l3.2r.1996
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roml  va  lue
F ig .  I  read

le- 16.o-e-tT-1d:lE-

Apr.22, 1996

DIDuc lCuB IBuAIAu

4 C *  1 t 1 . 5 2 4  1 0 . 1 8
l c  1 0 . 0 6 1 0  1 0 .  l 8
2C- I  |  0 .  0227 |  0 .  r8
3A*  13 .5774  10 .18
t A  1 0 . 0 6 2 7  1 0 . 1 8
38*  18 .1374  10 .18
l B - r  1 0 . 0 1 6 6  1 0 . 1 8
pressure stress*

- 2 1 9 6  - 2 I 9 6

-2st7 ?5t7

-18  - 18
-22 22

-2196 -2t96
-6764

-2517 2517
_r2l

-  1238
18 18
?2 -?2

-1162  -1162

6764

-  l 2 l
1238

- 1162

-6764

t2t
1238

-t 162

6764

t2I
- 1238

Tota l  c i rc  s t ress
Primary nembrane
c irc stres s*

-4753 325 -4673 317 -9285 6719 -6567

-2214 -?214 -2 t78  -2178 -1283 -1283 -104t

4485

-  t04 l
- 1 1 6 2  - 1 1 6 2  - 1 1 6 2

-5400 5400 -5400

-  1162
-2196

5400
- 3881
- 288
_  q q o

n
- z J

-2t96 -2t96

3881 -3881
-288 288

q c o  q q o

-?t96

3881
166

-559
-8  -8

-29 29
8

c a

i i .  l i i :6tA lo: i ;
l c - 1 1 0 . 0 4 8 7  1 0 . 1 8
2 C  1 0 . 0 3 5 0  1 0 . 1 8
4 A *  I 8 . 4 7 4 6  I 0 . 1 8
2A  I 0 .0283  10 .18
48*  13 .6264  10 . t 8
2 8 - l 1 0 . 0 2 2 r  1 0 . 1 8
pressure stress*

Total long strb s s
Prinary membrane
long s tres s*

-6599 4259 -6s25

-  1170  -  1170  -  1154

4217 -6924 1956 -5230 r4l4

-1154 -2484 -2484 -1908 -1908

tors i on moment l'lt
Circ shear from Vc
Long shear from VL

--=--:-_-1---:'i-_

t o ta  |  5hea r  s ! res  s

T6m6lned stress

-38-383838
-3-3

- 5- J- saJ-383838

3

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

Revision No. 0
Doc. No. V0{9-l -059
Paec l8 of 2l
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Stiffner Rinq

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l, 1992 Edition. A94 Addenda

Stiffner Rine
SA 2,O 3O4L HIGH
2
20 in
43.375 in

4x3x1l4 Un Equal Ang
lee in (hard wav)

As : l .-69 id^2
lr : 2.77 in^4

Calculations for ring 2O in from datum

Identifier:
Rins material sDecification:
Nufrber of rine's in this srouo;
Distance first fine to datim line:
Ring spacing:

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

Shell materiaI specifi cation :
Required shell thickress:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External design pressure:
Stiffener supforied length:

B = .75+(P*Do/( + As/Ls))
= .7 5* (l 4.7 * 48.1 5 | (0. | 5297
:2ff i5.235

From table HA-3 (ring)

SA 240 3O4L HIGH
0.15297 in
0.25 in
48.75 in
400 deg F

Apr.22, 1996

Ro'ision No. 0
Doc. No. V0'19-l{59
Pase lg of 2l

t :
I S :
D o :

P = 14.7 psi
Ls = 31.6875 in

+ 1.69/31.68?5))

A : 1.977894E-04

Required moment of inertia of tie combined ring-shell section

l5: (Ps' lxl5+(t + As/Ls)*A)/10.9

: \trEi?^ 3l il, f87 
s * (0. I s2e7 + I . 6el3 I . 6875 )+ 1 .e7 7 8e 4E-04) | | 0.e

Available moment of inertia of the combined ring-shell section

Shell width conhibuting smaller of : 3.840166

W = l . l*Sqr(Do*ts)
: l . l*Sqr(48.75*0.25)
: 3.8401b6 in

W :  Ls  :31 .6875 in

Shell area Al = W*ts = 0.960O{15 in^2

Distance to the ring neutral axis

3.2r.1996
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Stiffner Ring

Y2 = Rins NA + ts/2
= 2.76 + 0.25t2
= 2.885 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: 1.69*2.8851(0.9600415 + 1.69)
: 1.839839 in

Inertia of the shell about the combined section NA

Il : w*ts^3/12 + Al{,NA^2
: 3.8401 66*0.25^ 3t t2 + 0.9600415* 1.839839^2
: 3.254748 in^4

Inertia of the ring about the combined section NA

1 2 = t r + A S * ( N A _ y 2 ) ^ 2
= 2.77 + 1.69*(1.839839 - 2.885)^2
: 4.616091 in^4

Total available I : Il + 12 : 7.870839 in^4

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

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

Apr.22, 1996

Revision No. 0
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH, M.A

ENGINEERING
CALCULATIONS

NO: V049-l-060
PAGE I OF II

REV. DEO # DATE BY: CFIECK TITLE:

SPOOL B-8 (72 in)
o o/3 4 ,/zsE4 WDb h 4 . -

BY: W. Bili'nsl1 DEP"L:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PUMOSE: Determine spooVadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
rinss.

METHOD: Thickness requirements per the ASME code, Section \4II, Division I,
are derived using the COMPRESS computer program, version 5.31.

ASSUMPTIONS: None

INPUTS: l . Vacuum Pressure = 14.7 psi
Design Temperature = 400 F2

REFERENCES: l. ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels.
2. COMPRESS 5,31, Computer Aided Pressure Vessel Design, Codeware Computer

Systems, Inc.
3. Doc. No. V0.19-l-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-8 outer shell.

NOTES:
Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders

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

Rclision No. 0
Doc. No. V0t9-l-060
P a s e l o f l l



PROCESS SYSTEMS INTERNATIONAL. TNC,
WESTBOROUGH, MA

ENCTNEERING NO: V0t9-l-060
CALCULATIONS PAGE 2 OF TI

PROJECT: LlcO VACUUM EOUIPMENT
BYr W. Bihnsl*' CHKD:
PROJECT NO: V59049

TABLE OF CONTENTS
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Pressure Summary

Pressure summary for pressure chamber I

l P l r l x ^ r J P l r ^ P

I deEieD I  deslsn I  l
I  ( P 3 i )  l ( d e g  F )  |  ( P s i )  I  ( P s t )

I Pe I OG-99 J

lert€tntl l n.tlo | l|DliT

|  (p . t )  |  |  (d .9  F)

t rc rp t ton  o i  l ^ l ro ! .nc .  I

sti.6r hcductfon | (tn) |

1  xo t  .PPr lc .D! .

I xot lpptlcabt.

| l|ot .ppucabrc

7 2 . 2 s i  i d  F t a h g €

" 2 . 2 5 n  l d  f l . h g c

e 7 . s  I  e ' t . a  |  2 r . s  1  r - o o o  I
2 7 . 2  |  2 ' 1 . 2  |  l l . o o o  I
2 a . .  |  2 a . .  |  |  r . o o o  I

|  |  1 ' ' '  I  I

o . o  I

I

Vessel MAWP hot & corroded is 27 .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.

: I.S+(MAWP -f 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
Doc. No. Vo{9'1460
P a e e 5 o f l l
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Weight Summarv

Apr.22, 1996

co i tEner t  - - - - - - - -  n . l s r r t  (1bs)  cor t l lbu ted  by  vesse l  a l . leDts

xe ta l  t le ta l  t ra ts  Packed Insu l  l ln l tq  pLP1t rg  Laddor .  R !n93 opeE te6 t  Nozz le

corr & 6up Beds ! pl.t i Lt6c Ltqu.td Llquid ! fI9

SFol b-A

7r .25 i  1d  f l .hg  a lJ

?2.25 i  Id  f ld rg

o

V e s s e l  o p e r a t i D g  u e . { g h t .  c o E r o d e d :  f . 1 4 3  l ! ' s

vess€l 6Dpty Eeight, cottoded: 5.183 Itla

v e s s e r  € l p t t  l e l g h t ,  n e h :  3 , r d 3  l b a

v 6 s s € l  t a s t  r c t g b t ?  n e r r  1 5 , 6 9 7  l D a

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

Vessel center of gravity location (from right weld seam)

3,183 lbs
41 . l  in

R6'ision No. 0
Doc. No. V0't9-l {60

P a s e 6 o f l l
3.2t .1996
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Thickness Summary

(  r n )
Length NoE t neq t

( 1 h )  ( l n )  ( 1 n ) statua stra33

o , 2 5 0 0  0 . 2 0 2 4  o . a 5

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

l,oad:
internal - circ sress due to internal pressure governs
external - external Dressure qoverns
wind - combined lons srEss due to STATUS * wind qoverns
seismic - comhined lon! stress due to STATUS + seismic governs

Revision No. 0
Doc. No, V049-l-O60
P a e e ? o f l l3.21.1996
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SPool B-8

ASME Section VIII Division l, 1992 Edition, A94 Addenda

Component:
Mateiial specifi cation :

Cvlinder
SA 240 3O4L HIGH

Externaf design pressure: Pe: 14.7 psi @ 400 deg F

inCorrosion allowance: Inner C : 0 Outer= 0

PWHT is not performed

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

Estimated weight: new : 1373.7 con = 1373.7 lb
capacity: new : 1476.469 corr = 1476.469 US ga

lD = 72.25 length Lr: 83.19 t : 0.25 in (new)

MAP: (New & at 0 des F) UG-27(cXl)

A9r.22, 1996

Rerision No. 0
Doc. No. V0{9-l{60
Paee ll of I t

P:S*E* I / (R+0 .6 * t ) -Ps
= 16700*0.85+0.25t(36.125 + 0.6*0.25) - 0
: 97.82909 osi

P : S * E * V ( R + 0 . 6 * t ) _ P s
: !q7-00,F0.85+0.2s1(16.125 + 0.6*0.25) - 0
: 97.82909 psi

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

L/Do = 49524$/72.75 =0.6807 Do/t : 72.75/0.20247 : 359.3125

Pa:4*B/(3*Do/t)
: 4*3967 . 4 / (3*7 2.7 5 / 0.20247)
: 14.7222 psi

Design tbickness for external prcssure Pa : 14.7222 psi:

= t + Corrosion
:0.24247 + 0
:0.2Q247 in

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

L/Do = 49.52083t72.75 :0.6807 Dott = 72.75t0.25 = 291

From table G:
From table HA-3:

From table G:
From table HA-3:

3.21.1996

A : 0.0003
B = 3967.4

A = 0.00O101
B = 4785.4
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Spool B-t

Pa:4*B/(3*Do/t)
: 4*47 85.41 (3*72.7 5 | 0.25)
: 2l .9262 psi

Rcvision No. 0
Doc, No. V049-l-060
P a p e 9 o f l l
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Stiffner Ring

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l, 1992 Edition. A94 Addenda

Stiffner Rins.
SA 240 3&L HIGH
I
41.5  in

2x2xll4 Equal Angle
lee in (hard wav)

As : 0.938 in^2
lr : 0.348 in^4

Identifier:
Ring material specification:
Number of rings in this qroup:
Distance first ring to dat-um fine:

Ring description:
Rins is rolled:
RinI cross sectional area:
Rin! moment of inertia:

Calculations for rinE 4l .5 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: | = 0.2024'l in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter: Do : 72.75 in
Desisn temDerature:
Exteilral deiign pressure:
Stiffener supponed length:

: 400 des F
P = 14.7 ps-i
Ls : 45.6d542 in

B = .75*(P*Do/(t + As/Ls))
= .7 5+ (l 4.7 *7 2.7 5 | (0.20247 + 0. 938/45. 60542)
= 3596.112

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

Required morrent 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 + 0.938/45.60542)*2.721819E-Myl0.9-- 1.344292in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.691149

W : 1.1*Sqr(Do*Ls)
= l . l*Sqr(72.75*0.25)
= 4.691I49 in

W = Ls :45.ffi542in

Shell area Al = W*ts -- 1.172787 ir^Z

Distance to the ring neutral axis

Y2 = Ring NA + ts/2

3.2r.1996
Revision No. 0
Doc. No, V0.19-l{60
Paee l0 of I I
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Stiffner Ring

: 1.408 + 0.25t2
= 1.533 in

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
: 0.938*1.533/(1.172787 + 0.938)
: .6812406 in

Inertia of the shell about the combined section NA

I l  = W * t s ^ 3 / 1 2 + A I * N A ^ 2
: 4.69 1 1 49*0.25^ 3 | 12 + l. 1727 87 +0.6812446" 2
= .5503857 in^4

Inertia of the ring about the combined section NA

1 2 : t r + A S * ( N A _ y 2 ) ^ 2
: q.938+(0.6812406 - 1.533)^2
: 1.028513 in"4

Total available I = Il + 12 : 1.578899 in^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

_ RevisionNo. 0
Doc_ No. V0.19-t-060
P a e e l t o f l l
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PROCESS SYSTEMS INTERNATIONAL, INC.
\VESTBOROUGH, I\,IA

ENGINEERING
CALCULATIONS

NO: V049-l-061
PAGE I OF 25

REV. DEO # DATE BY: CFIECK TITLE:

SPOOL B-9 (72 inl
0 o t 3 L ,//z zftl I,JDB f22u

BY: W. BillrsLT DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO; V59049

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

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.3 l.

ASSUMPTIONS: None

INPUTS: I
2.

Vacuum Pressure = 14.7 psi
Design Temperature = 400 F,

REFERENCES:I
2

ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels.
COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
Doc. No. V049-l-066 LIGO Vacuum Eouioment Structural Desien Criteria

CALCULAT]ONS: (sEE ATTACHED)

CONCLUSIoNS. The requirements of the ASME code are mer for spool B-9 outer shell.

NOTES:
Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders

open end(s). For flange design and analysis see calculation numbers v049-l-016, 017,018,019.& 051

Revision No. 0
Doc. No. V0{9-l-061
Paec I of 25
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-9. VSL

Pressure Summary

Pressure summary for pressure chamber I

Apr.22, 1996

l P l r l E a r . P l H ^ P

I dc<Iqs I  desrs^ |  I
( p 6 i )  j ( d e e  r )  ( p s l )  i  a p s r )

I Pe I uc-ee I ocs-66 lcoEoslor l

l . r te rnar  I  n . t to  I  r , lDxr  Er . .p t1on or  l ^ t rod .nc . l

|  (p6 l )  |  |  (a leg  a)  s t r .6E R.duc t loh  |  ( rn )  |

I spool B-9 |

s t l f t r . !  F lhgs

I  suPPot t  Rrngs

ntDucrNc fLG i
ADAFTER FLG

s t t f f  e n e r  R l D g s  ( B )  l

I

I

9 7 .  a  |  9 7 . 3  I

t i
r , e  I  r . e  t
r . e  I  r - s  1

l � 1 - 7  |  |

r . . 7  |  I

I  o . a a o  I

ra- '7 |  I

I xot .ppl lc.blc

I

I Dot a!,plle.rrte

I xot .pprlcar,I€

I

r - l

1 l

t l

Vessel MAWP hot & corroded is 1.95 psi @ 0 degrees F.

Vessel MAP new & cold is 1.95 psi @ 0 degrees F.

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

Hydrotest pressure calculation based on pe

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

Vessel hydrotest pressure is 19.4 psi.

Rerision No. 0
Doc. No. V0{9-l-061
Pase 4 of253.2r.1996
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Weight Summary

c o E l ' o h e n t  - - - - - - - -  H 6 1 g h t  ( l t t 6 )  c o n t t l D u t c r ,  b y  r | ' e E r e t  E t e E e n t s

x € t : 1  x e t a l  T t a y s  P a c k e d  r n s u t  L I n I h q  I t t p t n g  L . a t d e r  F l n 9 6  o p e r  T e r t  t a o . . l c

I r e !  c n f r  a  6 u p  a e d s  !  p t . t  a  x t 6 c  L t q u l d  L t q u t d  &  t t g

o
o

V e s s e l  o p e r 6 i l h g  l e i g h t .  c o r t o d e d ;  s , 9 6 7  l t s

v e 3 s a l  e b p t y  u e i g h t ,  c o r . o d e d :  a , 9 6 7  t t l s

v e s s e l  € a p t '  r . i g l i t ,  n e ! :  A . 9 6 ?  l b s

v e i s e r  t e . t  e e i . i r t ,  n e d :  6 9 , 3 G t  ] ] . t s

Vessel center of gravity location (from right weld seam)

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

8,968 lbs
204.2 in

Ro'ision No. 0
Doc. No. V0{9-t-061
Pase 5 of25

3.21.1996
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Thickness Summarv

Apr.22,

L.hgth HoD t Govet r ln9

t-oad status Stre56 ( 1 n )

o - 2 5 0 0  0 . 2 3 4 6  0 . a 5

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

Load:
internal - circ slress due to internal pressure governs
external - exlernal Dressure qoverns
wind - combinerl long strEss due to STATUS * wind eoverns
seismic - comhined lon! stress due to STATUS * seismic governs

Revision No. 0
Doc. No, V049-l -061
Pape 6 of 25
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Spool B-9

ASME Section VIll Division l, 1992 Edition, A94 Addenda

new : 6737.3 con : 6737.3
new :7241.248 corr = 7241.248

Apr.22, 1996

REvision No. 0
Doc. No. V0.19-l -06t
Pase 7 of25

Component:
Mateiial soecihcation :

Cvlinder
SA 240 3O4L HIGH

External design pressure: Pe: 14.7 psi @ 400

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performed

Radiography: Category A joints - Spor UW-l l(b) type I
Category B joints - Sbot UW-l1(b) ttpe I

Estimated weight:
capacity:

lD :72.25 lengrh I-c: 408 t : 0.25 in (new)

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

deg F

in

Ib
US ga

P : Sx.E*t/(R + 0.6*t) _ Ps
= 16700*0.85*0.251(36.125 + 0.6*0.25) - 0
: 97.82909 psi

MAWP: (Corroded & at 0 deg F) UG-Z7(cXl)

P : S,r.E*trl(R + 0.6+0 - Ps
: 16700+0.85+0.25/(36.125 + 0.6f0.25) - 0
: 97.82909 psi

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

LlDo : 7l.02084172.'t5 =0.9762 Do/r : 72.7510.23867 : 3O4.8142

Pa: 4*B/(3*Do/t)
: 4*3!-8q 3(3- *7 2.7 5 I 0.23867 ): 14.7863 psi

Design thickness for external Dressure Pa : 14.2863 psi:

: t * Corrosion
= 0.23867 + 0
: 0.23867 in

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

LlDo : 71.02084172.75 =0.9762 Dotr : i2.75t0.25 : 291
From table G: A = 0.000225

From table G:
From tahle HA-3:

From table HA-3:

3.21.t996

A = 0.000256
B : 3380.3

B = 3633.7
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Spool B-9

Pa= 4+B/(3+Do/t)
: 4*3633.7 / (3*72.7 5 10.25)
= 16.6493 psi

Rcvision No. 0
Doc. No. V0.19-l'061
Pape I of 25
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Stiffner Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l, 1992 Edition, A94 Addenda

Stiffner Rinss
SA 240 3O4L HIGH
2
63 in
l 1 9  i n

2.5x2.5x1/4 Equal A
lee in (hard wav)
r.ie id^2
0.703 in^4

SA 240 3O4L HIGH
0.23867 in
0.25 in
72.15 in
400 deg F
14.7 psi
67.0t041 in

Apr.22, 1996

Ro'ision No. 0
Doc. No. V049-l{61
Paee 9 of25

Identifier:
Rins material soecification:
Nufrber of rinss in this srouo:
Distance first rine to datim line:
Ring spacing:

Rine descrintion:
Rin! is rollbd:
Ring cross sectional area:
Ring momenl of inertia:

Calculations for ring 63 in from datum

Shell material specifi cation :
Required shell ihickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desisn oressure:
Stiffener supflorted length :

A s :
I r :

t :
ts --
oo 

=:
P =
L s :

B = .75*(P*Do/(t + As/Ls))
j {rl,if .$lr 

r.'7 5 | (0.23867 + I . I e/67.0 l 04 | ))

From table HA-3 (ring) A = 2.370539E-04

Required moment of inertia of the combined ring-shell section

15= ()e^f,*ls*(t + As/Ls)*A)/10.9
= \7 ? J_s 

^ 
?: 97 :0 I 04 I *(0. 23 867 + 1 . 19 t 67 .0t041 )*2. 370539E-04)/ I 0. 9

: 1.977858 in^4

Available noment of inertia of tie combined ring-shell section

Shell width conributing smaller of = 4.691149

W = l.l*Sqr(Do+ts)
= l . l*Sqr(72.75+0.25)
= 4.691149 in

W = Ls = 67.01041 in

Shell area Al : W*ts = 1.172787 in^Z

Distance to the ring neutral axis

3-2t.1996
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Stiffner Rings

Y2 = Rinc NA + ts/2
= 1.783-+ 0.25t2
: 1.908 in

Neutral axis of combined section

NA=As*Y2 l (A l+As )
= 1,1_911,9_0p(1.172787 + l.19): .9609499 in

Inertia of the shell about the combined section NA

I l : W * t s ^ 3 / 1 2 + A I * N A ^ 2
: 4.691 t49*0.25^ 3 I t2 + 1.1.12797 *0.96W499^ 2: 1.089089 in^4

Inertia of the ring about the combined section NA

1 2 : l r + A s * ( N A - Y 2 ) ^ 2
: 0.703 +-1,. t9*(0.9609499 _ 1.908)^2: 1.770316 in^4

Total available I : 11 + 12 = 2.859405 in^4

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

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
Extemal design Dressure:
Stiffener supp'oried lengrh :

B = .75*(P*Do/(r + As/Ls))
= .7 5* ( l  4.7 +72.7 5 / O.23867= 3085.829

From table HA-3 (ring)

SA 240 3O4L HIGH
t = 0.23867 in
ts : 0.25 in
Do = '12.75 in

: 400 des F
P : 14.7 ps]
Ls = 56 in-

+ l.19156))

A: 2.338996E-04

Required momeot of inertia of the combined ring-shell section

ts= ln-o_lllsl(t + As/Ls)*A)i10.9
= (7?J_s^2* t6*(0.23867 + |.|9Is6)*2.338996E-04yI0.9= 1.653091 in^4

Available moment of inertia of the combined ring-shell section

Shell widttr confibuting smalter of = 4.6g1149

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

3.2t.t996

Revision No. 0
Doc. No. V019-1461
Pape l0 of 25

182 in from datum



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

Stiffner Rings

: l . l*Sor(?2.?5"0.25)
:  4 .691140 in

W : L s : 5 6 i n

Shell area Al : W*ts : 1.17278'1 in^Z

Distrnce to tle ring neutral axis

Y2 = Rine NA + ts/2
: 1.783-+ 0.2512
= 1.908 in

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
=  l . l9 *1 .908/ (1 .172787 +  1 .19)
: .9609499 in'

Inertia of the shell about the combined section NA

I l : W * t s ^ 3 / 1 2 + A l * N A ^ 2
= 4.691 | 49*0.25' 3 I l2 + 1 . 17 27 87 *0.9609499^ 2
= 1.089089 in^4

Inertia of the ring about the combined section NA

t 2 : t r + A s + ( N A _ Y 2 ) ^ 2
: 0.Zqi + 1.19*(0.9609499 - 1.908)^2
= 1 .77O316 in^ 4

Total available I : I1 + 12 :2.859405 in^4

The 2.5x2.5x114 Equal A vacuum stiffener is satisfactory.

Rerision No. 0
Doc. No. V049-1461
Paee ll of25
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Support Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division 1. 1992 Edition, A94 Addeoda

Suooort Rings
SA 240 3O4t HIGH
2
126 in
168 in

4x3xl 14 Un Equal Ans
leg in (hard way)
1.69 in^2
2.77 in"4

Calculations for ring 126 in from datum

Identifier:
Ring material specification:
Number of rins.s in this srouo:
Distance first iins to datim fine:
Ring spacing:

Rine descriotion:
Rin! is rollbd:
Ring cross sectional area:
Ring moment of inertia:

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
Extemal desiqn nressure:
Stiffener supi'oried length :

SA 240 3O4L HIGH
0.23867 in
0.25 in
72.75 in
400 deg F
14.7 osi
59.5 in

Apr.22, 1996

Ro'ision No. 0
Doc. No. V049-1461
Papc l2 of 25

A s =
I r =

t :
t s =
D o :

P :
L s :

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

= {;#.\H.rr'l 
s | (0.2386't + r.6el5e.5)

From table HA-3 (ring) A: 2.2769358-04

Required noment of inertia of the combined ring-shell section

Is: (Do^2tl-s+(t + As/Ls)*A)/10.9
: (7 2.7 5 ̂  2* 59 .5 *(0. 23867 + | .69 I 59 .5)+2.27 6935E44) I 10.9
: l .?56862 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)
= l . l+Sqr(72.?5*0.25)
: 4.691149 in

W - L s = 5 9 . 5 i n

Shell area Al = W*ts : 1.172787 in^Z

Distance to tfte ring neutral axis

3.2r-1996
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Support Rings

Y2 = Rine NA + ts/2
:2 .76  i  0 .25 t2
= 2.885 in

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
: !.q9i2.q85(1.r72787 + t.69)
:  1 .703113 in

Inertia of the shell about the combined section NA

Il : W*ts^3/12 + Al*NA^2
: 4.691 1 49*0.25 ^ 3 | 12 + 1.1727 87 * 1 .7 031 13^ 2: 3.407887 in^4

Inertia of the ring about the combined section NA

1 2 = I r + A s * ( N A - Y 2 ) ^ 2
= ?.77_ _t -t-.99*(t .703 r l3 _ 2.88s)^ 2
= 5.130688 in^4

Total available I = Il + 12 = 8.538576 in^4

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

Shell material soecification:
Required shelt thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External design oressure:
Stiffener supi'oried length :

SA 240 3O4L HIGH
t = 0.23867 in
ts : 0.25 in
Do = 72.75 in

: 400 des F
P = 14.7 psi
Ls : 56.5 in

Apr.22, 1996

Revision No, 0
Doc, No. V049-l{6t
Paee | 3 of25

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

= liiu\\1]r.1 
s | (0.23867 + I .6el56.5)

From table HA-3 (ring) A = 2.264278-04

Required moment of inertia of the conbined ring-shell section

Is= (Do^2*Ls+(t + As/Ls)*A)/10.9
: \7 1 J s_^2: 5 F,s* (0.23867 + l . 69/56. 5 ) *2. zu27E-04) | 10.9- 1.66837 in^4

Shell width conributing smaller of

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

3.2r.1996
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Support Rings

: l . l*sqr(72.75*0.25)
: 4.691149 in

W = L s = 5 6 . 5 i n

Shell area A1 : W*ts : 1.172787 in^2

Distance to the ring neutral axis

Y2 = Rins NA + ts/2
:2 .76  i  0 .25 t2
: 2.885 in

Neutral axis of combined section

N A = A s * Y 2 i ( A l + A s )
: 1.69*2.885/(1.172787+ 1.69)
: I .7031 13 in

Inertia of the shell about the combined section NA

I I = W * t s ^ 3 / 1 2 + A l * N A ^ 2
: 4.691 149*0.25^ 3 I 12 + 1.172787 * 1.7031 l3^2
: 3.407887 in^4

Inertia of the ring about the combined section NA

1 2 : l r + A S * ( N A _ y 2 ) ^ 2
: ?.77 _t_1_.99*(1.703113 _ 2.88s)^2
= 5-130688 in^4

Total available I : ll + 12 = 8.538576 in^4

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

Apr.22, 1996

Revision No. 0
Doc. No. V049-l{61
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Stiffener Rinss (B)

ASME Section VlIl Division |, 1992 Edition, A94 Addenda

Stiffener Rinss (B)
sA 240 304rHidH
2
238 in
l13 in

2.5t2.5x114 Equal A
les in (hard wav)
1.19 in'2
0.703 in^4

Calculations for ring 238 in from datum

SA 240 3O4L HIGH
0.23867 in
0.25 in
72.'�l5 in
400 deg F
14.7 psi
56 in-

As --
I r :

Stiffenins Rins Calculations Per UG-29

Identifier:
Ring material specification:
Number of rines in this erouo:
Distance first iine to datim line:
Ring spacing:

Rinq descrirrtion:
Rin[ is rollbd:
Ring cross sectional area:
Ring moment of inertia:

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
Extemal desiqn nressure:
Sti ffener supi'oried length :

t :
t s :
D o :

P :
L s =

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

= .ldirll##]"r 7s|(o.2386'1 + I.Iel56))

From table HA-3 (ring) A = 2.338996E-Ol

Required moment of inertia of the combined ring-shell section

15= (Ps^f*15*(t + As/Ls)+A)/10.9
: l7 ? J-5-' 2+ 1 6* \0.2386'1 + 1 . 1 9 / s 6)* 2.3389968-04) / I 0. 9
:  1.653091 in^4

Available moment of inertia of the combined ring-shelt section

Shell width contributing smaller of : 4.691149

W = I . I *Sqr(Do+ts)
: l . l*Sqr(72.75*0.25)
= 4.691149 in

W : L s : 5 6 i n

Shell area Al = W*ts : 1.17278'1 in^2

Distance to the ring neutral axis

3.21.1996
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Stiffener Rings (B)

Y2 : Rine NA + ts/2
= 1.783"+ 0.2512
= 1.908 in

Neutral axis of combined section

NA:As*Y2l (A l  +As)
= l.!!f l.-9-0!/(1 .172787 + 1.19)
: .9609499 in

Inertia of the shell about the combined section NA

I l :W* t s ^3 i 12+A l *NA^2
= 4.691149*0.25^ 3t 12 + 1 -172787*0.96W499^2
: 1.089089 in^4

Inertia of the ring about the combined section NA

12 = k + As*(NA -Y2\^2
: g.zqi + l.1e*(0.9609499 - 1.908)^2
: 1 .7'10316 in^ 4

Total available I : Il + 12 = 2.859405 in^4

The 2.5x2.5x114 Equal A vacuum stiffener is satisfactory.

Calculations for ring 351 in from datum

Shell material specification: SA 240 304L HIGH
Required shell ihickness: t = 0.23867 in
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn pressure:
Stiffener supp-oried len gth :

ts : 0.25 in
Do : 72.75 in

= 400 dee F
P = 14.7 ps-i
Ls = 57 in-

Apr.22, 1996

Revision No. 0
Doc. No. V0{9-l-06t
Paee l6 of2i

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

= {ffii2l"r"tv(0.23867 + 1.te/57))

From table HA-3 (ring) A: 2.342323E-04

Required moment of inertia of the combined ring-shell section

15: (Ds^lxls*(t + As/Ls)+A)/10.9
: \7 ? JJ: 2: J7 * (0.23867 +' r . t9 | s7 )+ 2.3 423238-0 4) | 1 0.9= 1.682587 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of = 4.691149

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

3.21.1996
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Stiffener Rings (B)

= l . l*Sqr(72.75+0.25)
= 4.691 149 in

W = L s : 5 7 i n

Shell area Al : W*ts : 1.172787 in^Z

Distance to the ring neutral axis

Y2 : Rine NA + ts/2
= l-783-+ 0.25/2
= 1.908 in

Neutral axis of combined section

N A : A s * Y 2 l ( A l + A s )
: 1,19*1.908/(1.172787 + 1. 19)
: .9609499 in'

Inertia of the shell about the combined section NA

I1 = W*ts^3/12 + Al+NA^2
: 4.691 149*0.25" 3 | 12 + 1.172787 *0.9609499" 2
= 1.089089 in^4

Inertia of the ring about the combined section NA

t2 __ tr + As*(NA _ y2)^2
= 0.703-+ 1.19*(0.9609499 - 1.908)^2-- 1.77O316 in^4

Total available I : Il + 12 :2.859405 ir."4

The 2.5x2.5x114 Equal A vacuum stiffener is satisfactory.

3.21.1996
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UG.2O

UG.2O DESIGNTEI \ IPERATURE

(ol Muimum. Except as requircd in UW-2(dX3),
the maxinrunr tenrperaturc uscd in design shall bc not
lcss than thc mcan metal tcmperalure (through thc
thickncss) expccted undcr operating conditions for the
pan considered (see 3-2). lf necessary. the metal tem-
perature shall be determincd by computarion or by
measuremenl fron cquipment in servicc under equiv-
alcnt operating conditions.

(b) Minimun. The minimum metal le mperature used
in design shall be lhe lowest expected in service cxcept
when lowcr temperatures arc permitted by the rules of
this Division (see UCS-66). The minimum mcafl metal
tcmperature shall be delermined by the principles dc-
scritred in (a) above. Consideration shall include the
lou'est operating temperature, operational upsets,
autorefrigeration. atmospheric temperature, and any
other sources of cooling [excepr as permirted in (0(3)
trlouJ.

(cl Design temperatures listed in excess of the max-
imum temperatures listed in rhe tables referenced in
UG-23 are not permiued. ln addition, design temper-
atures for vessels under cxtema) pressure shall noa ex-
ceed the maximum lemperatures given on the extemal

Pressurc cnafls.
(d/ The design of zones with differenr meral tem-

peratures may be based on their determined tempera-
lurcs.

(e/ SugScsted methods for obraining rhe operating
temFrature of vessel walls in service are given in Ap-
pendix C.

() lmpact t€stiog per UG-84 is not mandatory for
pressur€ vessel matcrials which sarisfy all of the fol.
lowing-

(r, The marerial shall be l imired to P.No. l. Gr.
No. I or 2, and the ihickness, as defined in UCS-66(a),
shall not cxcced that given in (a) or (b) below:

(a) t/z in. for materials listed in Curve A of
Fig. UCS-66:

(b) | in. for materials l isred in Curve B. C. or
D of Fig. UCS-66.

(?/ Thc completed vessel shatl be hydrostatically
tcsled per UG-99(b). (c), or (k).

(J] Desi8n temperaturc is no warmer than 650'F
nor colder than -20'F. Occasional operating temper-
aturcs coldcr than -20'F are acceptable when due to
lower seasonal atmospheric tempcra(ure-

(4) Thc lhermal or mechanicat shock loadings are
not a conlroll ing design requiremenr. (See UG-22.)

(-t/ Cyclical loadinS is not a conrroll ing dcsign re-
qu i rcmen( .  (See UC'12 .  t

1992 SECTTON V I - DIVISION r uc.23

UG.2I DESTCN PRESSURE"

Vessels covcrcd by this Division of Section Vlll
shall be designed for at lcast tbc most severe condition
of coincident pressurc and tempcraturc crpcctcd in nor.
mal opcration. For this condition and for tcst condi-
tions, thc maximum diffcrcncc in prcssure bctwccn tbc
inside and outside of a vessel, or betwe*n any two
chambers of a combination unit, shall bc considcrcd
lsec UG-98, UG-99(e), and 3-21.

UG.22 LOADINGS

The loadings to be considered in designing a vessel
shall includc lhose from:

(a/ intemal or exremal design pressure (as defined
in UG-21) ;

(b/ wcight of the vcsscl and normal contents under
operating or test conditions (this includes additional
prcssure due to static head of liquids);

(c) superimposed static reaclions from weight of at-
tached equipment, such as motors, machinery, other
vessels, piping, linings, and insulationl

/d) rhe anachment of:
(1) intemals (see App€ndix D);
(2) vessel suppons, such as lugs, rings, skins,

saddles, and legs (sce Appendix G);
(eJ cyclic and dynamic reactions due lo prcssure or

tbermal variations, or from equipment mounted on a
vessel, and mechanical loadings;

(fl wind, snow, and seismic reaciions, where re-
quircd;

(g) impact reactions such as thosc due to Euid shock;
(r,) lcmperatur€ gradients and differenlial thermal ex-

Panslon.

UG-23 MAXIMUM ALLOWABLE STRESS
VALUES9

(aJ The maximum allowable stress value is the max-
imum unit stress permitted in a given material rsed in
a vcssel constructed undcr lhese rules- The maximum
allowable tensile stress values permined for different
hatcrials are given in Subpan I of Scction ll. Pan D.
A listing of these matcrials are given in the following
tablcs, which are included in Subscction C.

'l is rccomncndcd thrt . suiublc an|r8in bc providcd abovc th.
pr.ssurc ar which th. vcarcl *ill bc nonn lly oFa.tcd to rllor fot

Fobable prcssuc sur8cs in th. vcrscl up lo $. rctlinS of thc PrEssurc
r.licvinS delicct (s.e UC- l.r4l
'FLx rhc ba.is on xhith thc tahuhtcd rtrcsr !:luct luvc b.cn cs_
t.blishcd. $cc AFfrcndit I of Scctttm ll. Piut D
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uc.al PART UC _ GENERAL REQUIREMENTS

Tablc UCS-23 Carbon and L,ow Alloy Stcel (strrss val-
ues in Scction ll, Pafl D, Tablc 3 for bolting, and
Table lA for othff carbon stccls)

Table UNF-23 Nonfcnous Metals (stress values in Sec-
tion lI, part D, Table 3 for bolting. and Tablc lB
for other nonferrous mctals)

Table UHA-23 High Alloy Steel (stress valucs in Scc-
tion Il, Pan D, Table 3 for boking, and Tablc lA
for other high alloy steels)

Tablc UCl.23 Maximum Allowable Stress Valucs in
Tension for Cast lron

Tablc UCD.23 Maximum Allowable Stress Valucs in
Tcnsion for Cast Ductile lron

Tablc UHT-23 Ferriric Stecls with Propcnics Enhanced
by Hcat Treatment (stress valucs in Section lI, Part
D, Table lA)

Tablc ULT-23 Maximum Allowable Strcss Valucs in
Tension for 5%, E?o, and 9% Nickcl Srcels and
5083-0 Aluminum Alloy at Cryogenic Temperaturcs
for Welded and Nonwelded Constmcrion
(b) Thc maximum allowable longirudinal comprcs.

sive stress to be used in the design of cylindrical shells
or tubcs, either seamless or burt welded, subjectcd to
Ioadings that produce longitudinal comprcssion in the
shell or tube shall br thc smaller of the following val-
ues:

(,1,, the maximum allowable lensile stress value
permined in (a) above;

(2J rhc value of rhe factor I determined by thc
following procedure where

r= the minimum required thickness of the cylin-
drical shell or tube, in.

R"= outside radius of cylindrical shell or tube, in.
E= modulus of elasticity of material at design

lemperatulc, psi. The modulus of clasticiry to
be used shall be taken from tbe applicable ma.
terials chan in Secrion U, Pan D. Subpan 3.ro
(lnlerpolation may be made b€twcen lirles for
intermediate temperatures,)

The joint efficiency for butt-welded joinrs shatl be rak-
cn as unily.

The value of 8 shall be dctcrmined as follows.
Step ,1. Using the selccted values of , and n, cal-

culate the value of faclor A using the following for.
mula:

0.125
" (R"t , )

Srep ?. Using the value ofA calculated in Step l,
cntcr the applicablc matcrial chan in Secrion lt, pan

" 'Norc lhar the modulur  of  . last ic i ly  values t is tcd in UF-:7 of  th i !
Drlision shall nd b. uscd for exrel compression d€srgn.

TAELE UG.?3.1
MAXIMUM METAL TEMPERATURE FOR WHICH

FACTOR OF I.2 IS APPLICABLE

Trble in mish Matffial
13 Uitd Tdnp., 'F

ucs-23

ur{ F-2t.1
vnF.2t.2
ut{ F.23.3
uitF.2J..
uitF-2r.5

UHA-21

UHT.23

700

,00
150
900
600
600

to0

700

D, Subpan 3 for the matcrial under consideration.
Mov€ venically to an intersection with the materiaV
temperature line for the design lemperature (scc UG-
20). Interpolation may be made between lines for in.
temediate temperaturcs.

In cases whcre the value at A falls to rhe right of
the end of the matcrial/temperature linc, assume an in-
tersection with the horizontal projection of the upper
end of the material/tempcrature line. For values of A
falling to the lefa of the materiautemp€raturc line, see
Step 4.

Srep 3. From the intersection obkined in Step 2,
movc borizontally lo the right and rcad thc value of
factor L This is the maximum allowablc comprcssive
strcss for thc valucs of l and fi, used in Stcp l.

Step 4. For values of / falling to thc left of thc
applicable material/lempcrature line, thc valuc of I,
psi, shall be calculated using the following formula:

Step 5. Compzre thc valuc of 8 determincd in Stcps
3 or 4.with thc computed longirudinal comprcssive
stress in the cylindrical shell or tube. using thc sclectcd
values of t and rt.- lf the value of I is smallcr than
the computed comprcssivc strcss, a greater value of r
mu$ bc sclcctcd and the design procedurc rcp€ated un-
til a value of I is obtained which is grcatcr than tbe
compressive strcss computcd for thc lording on thc cy-
lindrical shcll or tub€.

The joint efficiency for burr wcldcd joints may be
uhcn as unity.

(c) The wall thickness of a vcssel computed by thcse
rules shall be determined such that. for anv combi-
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NOTEi Se€ TEble HA-3 aor tabular values.

PART D _ PROPERTIES Figs. HA.3, HA4
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PART D _ PROPERTIES Trbl6 HA-3, HA-4
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCTILATIONS

NO: V049-l-050
PAGE I OF 9

REV. DEO # DATE BY: CHECK TITLE:

SPOOL BE 2 (60 in)
0 o  t 3 6 r'/zr/?l trbtb flQ t--

BY: W. Bil;nslq DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: Vs9049

PURPOSE: Evaluate outer shell ofspool piece BE-2 for required thickness
per ASME Code. Section VIII. Division I.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer progrrm, version 5.3 I .
Treat bellows sectioned cvlinder as continuous.

ASSTJMPTIONS:

INPUTS: 1 .
2 .

Vacuum pressure : 14.7 psi
Design Ternperature : 400 F.

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:
(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-l-016, 017,018, & 019.
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGI], MA

ENGINEERING NO: V049-l-{150
CALCULATIONS PAGE 2 OF 9

PROJECT: LIGO VACUUM EOUIPMENT
BY: W. Bihnskv CHKD: /?DO
PROJECT NO: V590{9

TABLE OF CONTENTS

SpoolBE-2 (60 in dia)

Spool BE-2 - 60 in (Conceptual Draring)

Spool BE-2 (60 in dia) COMPRESS Plot

COMPRESS Output For Shcll Dcsign

Prcssurc Summary

Wcight Summarj'

Thickness Summary

Spool BE-2
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CoMPRESS 5.53

Pressure Summary

Pressure summary for pressure chamber I

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

I

- l

l P l T l r | r l r P

d e s l g h  l d e s t g h

I  ( p s r )  l ( d e q  F )  I  ( p s l )

I Pe I uc-ee I ocs--66 |

lext . rDar i  R. l Io I  xDxT lxetPt lon ot  I

I (psi) | | (dcq F) str.EE Reductlon I

I B E - 2

|  5 0 - 1 l 2 n  I d  F l a n q e (  F  l

|  6 0 - 1 1 2  t . |  F r a b g e  I

o . o  |  1 1 6 . 7  |  1 1 6 . ?  I

o . o  I  6 , 0  |  6 , 0  |

o . o  |  6 . r  I  6 . 1  |

o ' o  I |  1 .OOo I

I  l .ooo I

I trot .pPllc.ble

I  Not  apPt rc rb ! .

I xot .ppltcabl.

l - lt -

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.

: l .sxPe*l : 40.8 psi

Vessel hydrotest pressure is 40.8 psi.

Ro'ision No. 0
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COMPRESS5.53 C:\COMPRESS\ADAPTER\BE-2.VSL Apr.23, 1996

Weight Summary

cdEPon.h t  - - - - - - - -  Herqht  ( . rbs)  r r f  v .ss . l  E t€uonts

x . t6 l  Heta l  T rays  P6cked rhgu l  L1n1n9 Ptp lDg L ldder  a lng .  opcE tes t  xo2r te

lrer & sup Beds e pl.t a '|.Isc Llguld Llquld a tlg

B. -2  502 50 :  O O O O O O O O t69  0

6 o - 1 / 2 ' l d  f l e .  6 3 9  6 3 9  O  O  O  O  O  o  O  O  O  O

6o- t /2 i  la l  f - I6 r  639 63s  o  o  o  O o  o  o  o  o  o

l?ao l?ao o o o o o o o o 3r6e o

l'€3ael opeEating !elgt!t, .orroded: 11760 lbs

Vesa. l  c&pty  N€ lgh t ,  cor rodeat :  l .?ao  lbs

v€sse l  eapty  re ig i t ,  ber :  1 ,740 lbs

?essEf  tes t  $e tgb t ,  ne ; r  5 ,519 l rx

Vessel center of gravitv location (from right weld seam)

Vessel lift weight, new: 1,780 lbs
Center of gravity to seam: 17.7 in

Revision No. 0
Doc. No. v049'1450
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COMPRESS 5.53 C : \COMPRESS\ADAPTER\BE-2. VSL

Thickness Summary

Ldnqth NoE t

(  r n )  E

GoveDlnq

Lo.d Stdtus SC-Ess

3 0 . 3 1 o.2500 0 .1730 0-  g5

Nom t - vessel wall thickness
Beq t --require.d vessel wall thickness due to governing Ioading
E - longitudinal seam joint efficiency

Load:
internal - circ stress due to intemal pressure governs
external - extemal pressure governs
wind - combined long strEss due to STATUS + wind eoverns
seismic - combined long stress due to STATUS * seismic govems

Revision No. o
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Papc ? of9

3.2r.1996
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ASME Section VIII Division I 1992 Edition A94 Addenda

new = 502.4 corr:502.4
new:451.896 con = 451.896

Apr.23, 1996

Revision No. 0
Doc. No. Vo49-t-050
Paee 8 of9

Component: Cvlinder
Matehal specificarion: SA 240 3OfL HIGH

External design pressure: Pe: 14.7 psi @ ,{00

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performed

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

Estimated weight:
capacity:

deg F

in

lb
US ga

ID = 60.5 length tr: 36.312 t = 0.25 in (new)

Ivl4h (New & at 0 deg F) UG-27(cXl)
p = S * E * V ( R + 0 . 6 + 0 - p s

= t6700+0.85*0.25t(30.25 + 0.6+0.25) - 0
: 116.7352 psi

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

P : S*E*L/(R * 6.6r.11 - Ps
: 16700':0.85:r'0.251(30.25 + 0.6*0.25) - 0
: 116.7352 psi

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

L/Do = 43.35367/61 --0.1107 Do/t : 6110.12305 :352.4993
From table G: A = 0.000296
From table HA-3: B = 3914

Pa= 4*B/(3*Do/t)
: 4*39141 (3*61/0. 17305)
= 14.8048 psi

Design thickness for external pressure Pa : l4.E04E psi:

= t * Corrosion
= 0.17305 + 0
: 0.17305 in

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

LlDo = 43.35367161 :O.tl07 Dott = 6v0.25 = Zu
From table G:
From table HA-3:

3.2t.1996

A :0.000501
B : 4976.5
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Revision No. 0
Doc. No, V0.19-l-050
Paee 9 of 9

Pa = 4*Bi (3*Doit)
- 4* 497 6.5 / (3*61 I 0.251
= 27.194 psi '

3.2t . t996



PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-049
PAGE I OF 15

REV, DEO # DATE BY: CHECK TITLE:

SPOOL BE-3 & BD3A (60 in)
0 /3q 4.L4.qbrdua A G A

BY: W. Billnsly DEW.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: Evaluate outer shell ofspool piece BE-3/BE-3A for required thickness
per ASME Code, Section VIII, Division I. Additionally evaluate offset flanges.
BE-3 uses a single plate for eccentric matchup. BE-3A uies a flange connection
for eccentric matchup.

METHOD: Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.53.
Treat bellows sectioned cylinder as continuous. Localized stresses due to
eccentric flange matchup/alignment are reviewed per Roark Stress calculations.

ASSUMPTIONS:
See Calculation

INPUTS: L Vacuum pressure = l4.7 psi
2. Design Temperature = 400 F.

REFERENCES: l. ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels.
2. COMPRESS 5.53, Computer Aided Pressure Vessel Design, Codeware Computer

Systems, Inc.
3. Roark & Young's Formulas for Stress and Strain 6th Edition
4, Doc. No. V049-l-066 - LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:
V049-t -084 - Expansion Joint Tie-Rod Lug Design

CONCLUSIONS:
REQUIRED SHELL THICKNESS FOR BE-3 & BE-3A = 0.375"

The requirements of the ASME Code are met for spool BE-3/BE-3A outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017,01S, & 019.



PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUCH. MA

ENGINEERING NO: V0{91..0{9
CALCULATIONS Rerisicn No. O

IROJECT: LlcO VACUUM EOUIPMENT PROJECT NO: V59049 PAGE 2 OF 15

TABLE OF CONTENTS

Spool BE-3 / BE-3A (60 india)

Spool BE-3 - 60 in (Original Concept BE-3)

Spool BE-3A- 60 in (Modificd Concept BE-3A)

Spool BE-3 (60 in dia) COMPRESS Plor BE-3

COMPRESS Output For Shcll Dcsrgn

Prcssurc Summary

Weight Sununary

Thickness Summary

Spool BE-3

Evaluation Of Flangc Duc To Spool Ecccntricity

Dctailcd Designs of BE-3 & BE-3A

8

9

l l

l 4

Rerision No. 0
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CoMPRESS 5.53 C:\COMPRESS\ADAPTER\BE-3. VSL

Pressure Summary

Pressure summary for pressure chamber I

Apr.24, 1996

l  P  l  r  l  x w P  l

I deslqn I dedisn i I

|  (pEl)  (deq F) |  (psl )  |

I p. I sc-se I ocs--56 lcoEEoBton

lc r tc tna l l  Rat lo  I  } rD t  l x . rF t ton  or  l ^ t ro !6ncGl

(FA1)  |  ( !E1)  |  |  (d .s  F)  s t ! . . .  a .duc t . lon  I  ( ln )  |

I  BE-3

I  co-1l2n ]d Fl lnge

|  6 o - l / 2 t i  l d  F l a n q e

I  O . O  I  O . O  i

I  o - o  I  o . o  I

I  o . o  I  o . o  I

1 1 6 . 7  |  2 6 . r  |  : . . O O O  I

2 O . 1  |  I 1 . O O O  I

2 o . .  I  l r . o o o  I

I  l {ot  .Pplrc.br6 |  o.ooo I

I  Not  .ppl lcab16 I  o.ooo I

I  xot  .ppucablc I  o.ooo I

Vessel MAWP hot & corroded is 20.43 psi @ 0 degrees F.

Vessel MAP new & cold is 20.43 psi @ 0 de$ees F.

Vessel allowable external pressure is 26.71 psi @ 400 degrees F.

Hvdrotest Dressure calculation based o! P9

: 1.5{'Pe*l = 40.1 psi

Vessel hydrotest pressure is 40.1 psi.

Revision No. 0
Doc. No. V019-l'0{9
Paee (r of | 5

3.21.1996



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

Weight Summary

trelght (1bs) cohtrlbuted by vessel El.lents

Xetal xet.l TEaya Packed Insul Llnlng Plplng L!.rder 'rlnq6 Opar test xor2le

lleu Cor! & 6up B€ds & p l . t  r  x lEc  L lq r td  L lqu td  L  t lq

6o-1 /2 i  i< l  f lan

6o-1 l2 t  la l  f l6 t

v€ssel opetatlnq Be_ight, corroded: r,9oo Lbs

Veaae l  e rp ty  se . lgh t ,  coEoded:  l .Eoo tbs

Vesse l  eEpty  we lgh t .  new:  1 ,9Oo l ts

Vesse l  tes t  ue Igb t ,  ne 'd :  c t? l3o  lbs

Vessel center of gravity location (from right weld seam)

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

I,900 lbs
19.9  in

Revision No 0

Doc. No V049'l4'19
Pape ? of l5

3.21.1996
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Thickness Summary

Apr.24, 1996

L€trgtb t{ob tID GovernrDg

L.d s€re3g

o . 2 5 0 0  0 . t a o a  o . a 5

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

Load:
ilternal - circ stress due to internal pressure governs
external - external Dressure qoverns
wind - combinetl lons strEss due to STATUS * wind soverns
seismic - combined lon-g stress due to STATUS * seismic governs

Rel'ision No. 0
Doc. No. V049-l-0.19
Paec I of l5

3.21.1996



COMPRESS 5.53 C:\COMPRESS\ADAPTER\BE-3.VSL

BE-3

ASME Section VIII Division l. 1992 Edition, A94 Addenda

Component:
Mate'i'ial specifi cation:

Cvlinder
SA 240 3O4L HIGH

External design pressure: Pe= 14.? psi @ 400

Corrosion allowance: Inner C = 0 Outer: 0

PWHT is not performed

deg F

in

From table G:
From table HA-3:

3.2r.t996

A = 0.000284
B :3753.8

A :0.000452
B = 4887.2

Ro'ision No. 0
Doc. No. V0.19-l {.19
Pape 9 of l5

Radiography: Category A joints - Spot tIW-l l(b) t'/pe I
Category B joints - Sirct Uw-l l(b) 6De I

Estimated weight:
capaclty:

ID = 60.5 length lr: 40.75 t = 0.25 in (new)

MAP: (New & at 0 des F) UG-27(cXl)

P = S * E * V ( R + 0 . 6 * t ) - P s
= l67Ql9:85*0.251(30.2s + 0.6*0.25) - 0: 116.7352 psi

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

P = g x g x y l p + 0 . 6 * Q _ P s
= l6zQlqj85.0.25/(30.2s + 0.6*0.25) _ 0: 116.7352 psi

new :563.8 corr = 563.8
new :507.126 con = 5M.126

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

LlDo = 47.79167/61 :0.7835 Do/t: 61/0.180a8 = 337.9876
From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: a*31 5?.8t (3"61 /0. I 8048)= 14.E084 psi

Design thickness for external Dressure pa : 14.8084 Dsi:
= t * Corrosion
:0.180a8 + 0
:0 .18M8  i n

L/Do = 47.79167161 =0.7E35 Dott -- 6lt1.25 :2u

Rearrrlt-eo 6qer-t-

T,i Y5 -- a'3?6 ' Tt\c5

\5 (to{eaF\9cr B{

C*r-c r\". \o49 - l- oelt

Maximum Allowable Exte.nal
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BE-3

Apr.24, 1996

Revision No. 0
Doc. No. V0,19-l-049
Paee l0 of l5

Pa: 41.8/(3*Do/0
: 4*4887 .21 (3*61 / 0.25\
: 26.706 psi

3 .21 .1996
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Pressure Sumrary

Pressure sulrtrnary for pressure chamber 1

l P l r l x a x P l f i ^ E
l 6 . D t i ! i . !  l d . . 1 9 n  l d . r r g n  I  I

uc8-+6

iDrl lr.r.Pitor or
(d .9  ? )  Er ! . . .  r . r luc t lo !

I D. I u6-ee I

l .r i . !n. l  I  r . t Io I

|  ( 1 n )  |

t - l
I  o . o o o  I

t - l

|  ( p E i )  l l d . g  ! )  |  ( p . t l  I  t r . i t  I  1 n " r ,  ,  I

t - t - l
|  0 . 0  |  a o o . 0  |  1 0 . . .  I  r r s . 5  |  2 3 . 1  |  t . t j 6  Is l o o t  a E - . I  not  ! !pr  tc .b l .

_ t _ t _ t _ t _ t _ t _ l

Vessel MAWP hot & corroded is 104.47 psi @ 4OO degrees F.

Vessel MAP new & col-d is 118.69 psi @ O degrees F.

Vessel al lowable external pressure is 25.16 psi @ 400 degrees F.

Hydrotest pressure calculation based on MAIilp

= 1.5* (MAWP + Operating Liguid Head) *1. l-3G = 178 psi

Vessel hydrotesE pressure is 1zB psi.

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

Rev o
Drrc. Nc,Vo{7-1-o?L
Page * oFg3 . L 2 . L 9 9 6



weight Sumaa,lr

c o l D o n . n r  - - - - - - - - -  * . i g h r  l l b . )

n1 !9 .  Ot , . r  Te . i  lo r r ! .

r  r l rc  n tqu ld  L lqu l r l  r  t lg

n . t . l  B . i r l  l ! . y €  l . c t . d

L€r  Cor r  t  . !p  ! .Cr

cort  r lbur.d by v. . r . l

r n . u l  L i n l r g  t l p l D g

2 0 J a

V . 3 3 e I  o p c r l t t n g  r e i 9 h t ,  c o r r o a l . t l :  2 7 6  l b .

v . . . c !  e r p t y  y e 1 g h l ,  c o r r o d . d :  2 7 6  t b .

v . . . e l  . t r P t y  v o l g h t ,  D e r .  2 t 6  l b .

v e B 6 e l  t . d t  r e i g h ! ,  n e r :  2 ,  ! 0 9  l b 6

Vessel cent,er of gravitv location (from right. weld seam)

Vessef l i f t  weight, new:
CenEer of gravity to seam:

275 lbs
1 8  i n

Rev o
|Joc. Fb. Y449-{ -o?C

Page . {  oFg3 . A 2 . L 9 9 6



Thickness Surmnary

l e n g e b  r o h  t

{ l D )  r

I D C 6 v . ! ! i D g

L o l l l  a g r l u r  8 ! ! a a a ( l D )

! 6 . 0 0 0 . r a ? '  o . r 5 2 r  o . a 5

Nom t
Req t
E -

Load :
internal-
exE.ernal
wind
seismic

vessel wa1l E.hickness
required vessel wal.] thickness due Eo governing loading
longitudina]- seam joint eff iciency

- circ stress due to internal preasure
- ext.ernal pressure governs
- combined l-ong stress due t.o STATUS +
- combined long stress due to STATUS +

governs

wind governs
seismic governs

REv O
Doc Nc. vo49-t -Ot{

Page i- oFA3  . 1 2  . 1 9 9 6



SPOOL BB-4

Component.: Cylinder
MaEerial specif icat ion: si t  zso 3o4L HrGH

External design pressure: pe= 14.7 psi o 4OO

Corrosion al lowance: Inner C = 0 Outer= 0

PWHT is not performed

Radiography: category A joints - spot ltw-11 (b) type 1
Catsegory B joinEs - Spot ltw-11 (b) type 1

Estimated weight: new = 275.6 corr =
capacity: new = 243.745 eorr =

ID =  44 .525 length  Lc= 36  t  =  0 .1875

deg

2 7 5 . 6  I b
243 .745  US ga

in (nevr)

P = S * E * E / ( R + 0 . 5 * t )  _ P s
=  1 6 7 0 0 * 0  . 8 5 * 0  . 7 8 7 5 /  ( 2 2 . 3 ] - 2 5  +  0 . 6 * 0 . 1 9 7 5 )  -
=  J _ l u . b u / J  D s l -

P = g * g * 9 7 ( R + 0 . 5 * t )
=  1 4 7 0 0  *  0  . 8 5 * 0 . 7 8 7 5 /
=  1 0 4 . 4 2 3 2  p s i

- P s
( 2 2 . 3 1 - 2 5  +  0 . 5 * 0  . 1 8 2 5 )  -

L / D o  =  4 7  . 4 3 7 5 / 4 s  = 1 . 0 5 4 2
From Eable G:
From table HA-3:

Pa= 4*B/  (  3*Do l r )
=  4 * 3 2 6 0  . 4 /  ( 3 " 4 s / 0 . L 5 2 I 9 )
=  1 4 . 7 0 2 2  p s i

D o / E  =  4 s / 0 . L 5 2 r 9  =  2 9 5 . 5 8 3
A = 0. 000247
B  =  3 2 5 0 . 4

= t + Corrosion
=  0 . 1 5 2 1 9  +  0
=  0  . 1 5 2 1 9  i n

L / D o  =  4 ' 7 . 4 3 7 5 / 4 5  = 1 . 0 5 4 2
From Eable G:
From lable HA-3:

3 .L2 .L996

D o / t = 4 5 / O . 1 , 8 7 s = 2 4 0
A  =  0 . 0 0 0 3 4 2
B  =  4 5 2 8 . 5 R€" <,

Do<, lrlc'. V4i ? -, .,r?a
Page T -F:{3



SPOOI, BB-4

Pa= 4tB/ (  3 *DolE )
=  4 *  4 5 2 8 . 5 /  ( 3 * 4 5  /  O . L 8 7 5 )
=  2 5 . 1 5 8 3  P s i

R.ev o
Doc. No. Vd.{9n-o?a
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-085
PAGE 1 OF 46

REV. DEO # DATE BY: CHECK TITLE:

SPOOL BE-S (72 in)
0 ot // 4.L4,9t' t/.}D6 AGA

BY: W. Bilynstg DEW.:'144

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:
Determine spool minimum shell thickness. Additionally, evaluate nozzle openings,
calculate size and spacing ofstiffener rings and support rings,

METHOD:
Thickness requirements per the ASME code, Section VIII, Division I,
are derived using the COMPRESS computer program, version 5.53.

ASSUMPTIONS. See Calculation

INPUTS: L Vacuum pressure = 14.7 psi
2. Design Temperature = 400 F.
3. Unbalanced Loads at Roughing Pump Nozzles

6" dia = 382. lbs 10" dia = 1042. lbs

REFERENCES: l. ASME Boiler & Pressure Vessel Codq Section VIll, Div. l, Pressure Vessels.
2. COMPRESS 5.53, Computer Aided Pressure Vessel Design, Codeware Computer

Systems, Inc.
3. Doc, No. V049-l-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 stiffeners at the cylinder's
open end(s). For flange design and analysis see calculation numbers V049-l-016, 017,018, & 019.

Revision No. 0
Doc. No. V0{9- l-085
Pase I of 46
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C:\COMPRESS\MANIFOLD\BE-SA.VSL Apr.25, 1996

Pressure Summarv

Pressure summarv for Dressure chamber I

P  l  r  l  f i r r P

I desrgn I doslsn I

|  ( p 3 t )  l ( d e g  r )  |  ( P s I )

xAp I pc I uc-9c I scs--55 lcorlo61onl

lcr ter . . r  I  n. t to I  xDxT l r . rpt lon ot  lAl1o{. .c€l
( P E l  )  |  ( P 6 1 )  | |  ( d c q  F )  s t E . 6 3  F 6 d u c t l o h  I  ( ! h )  |

I  rE-5 |
I  l l .nE. € E-r I
|  6 '  6 "  Rough lhq  PEF I

|  10 '  1o i  Fougb lng  PEI

I  s t t f fne t  Rtnss  I

I  suppo l t  R lng

I  s t l f fher  R lng6 0  no

o . o  I  a o o . o  I  a 5 . r  I

o . o  I  o . o  |  1 ? . s  I
o , o  |  . o o . o  I  o . o  I
o . o  |  4 o o . o  I  o . o  I

t i l

t t l

e " . a  |  2 0 . o  1 1 . 1 3 6  |

1 7 . 5  |  l r . o o o  I

o . o  |  1 4 . 7  l r - 1 3 6  |

o , o  |  1 4 . "  l r - 1 f 6  |

I  r . . 7  |  |

I r.6t .Ppllc.ble

I  r lo t  aPp l lc .b l .

I trot appltc6bl€

I Not .ppl.rcabre

I
I
I

t l

t l
I  r 4 . 7  |

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 external pressure is 14.7 psi @ 400 degrees F.

Hvdrotest Dressure calculation based on Pe

: 1.s*Pe*l : 22 psi

Vessel hydrotest pressure is 22 psi.

RevisionNo. o i
Doc. No. V0.19-t {E5
Paec 4 of46
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-5A. VSL Apr.25,1996

Weight Summarv

c o t p o n e n t  - _ _ _ _ - - -  t e l g h t  ( l t s )  c o n t l l t t u t e d  b y  v e E E c l  E l . ! e ^ t 6

netrt lLt.l Trays Pact{ed Insul Ll.Ing P1plng L..lder Fthqs Oper te6t Xorrle

Corr e 6up D€da ! pl.t 6 ltldc Llquld Llqu.td ! fl<,

v€s6c l  op€r . t t rg  ae igb t?  coEodcd:  7 .3e6 t r ' s

vessel .ipty welght, colroded: ".395 lrts

Ve*€ I  enpty  E . lg t r t ,  n . r :  ??396 tb6

vesse l  tes t  le iqh t ,  new:  6o ,Ga5 lbs

Vessel center of gravitv location (from right weld seam)

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

7,395 lbs
198.7 in

Revision No o -^-
Doc. No V0'19-l-ub)

Paee 5 of 46
3.21.1996



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-SA. VSL

Nozzle Summary

1996

( a )
N o h  t

1 1 ?  a ? ?  ( I n )

o.  t  250 0 ,0625

o.?500 0 .0625

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

o-250 lD 0 .2 l '93

tn - nozzle thickness
Beq tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickness
Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thickness (near ooenlne)
Aa - area available Der UG-37. ebverni;rc coiitition
Ar - area required p'er UG-37. ioverninicondition
Con - corrosibn alloiance on liolzzle id. 

-

Rerision No. 0
Doc. No. V049-l{85
Paee 6 of46
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CoMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-SA.VSL Apr.25, 1996

Nozzle Schedule

x.rer t . r .

Nor r le lDp.ct? xotn" P.d

s . "s  rDro . l2  sa  2ao loa | -  x lc l t

9 .50  IDXO.25 SA 2aO 30aL l l t c r t

sa 2ao loal-  | l rc  n

sa 2ao 3()aL tIG n

Revision No, 0
Doc. No. V049-l-0E5
Pasc ? of46
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COMPRESS 5.53 C :\COMPRESS\MANIFOLD\BE-SA.vSL Apr.25,1996

Thickness Summarv

( r n ) (  l n )3t.tu6 :;tica3

3 6 0 . O O  O . 2 5 ( r c  O . t t 9 2  0 . A 5

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

Inad:
internal - circ stress due to internal pressure governs
external - external pressure governs
wind - combined long stess due to STATUS f wind qoverns
seismic - combined lon! stress due to STATUS * seismic governs

Revisioo No- 0
Doc. No. V049-l{85
Paee I of 46
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CoMPRESS 5.53 C : \COMPR-ESS\MANIFOLD\BE-SA. vSL Apr- 25, 1996

BE-5

ASME Sectioo VIII Division 1, 1995 Edition, A95 Addenda

Component:
Mate,:rial specifi cation :

Cvlinder
SA 240 3O4L HICH

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

in

new : 5944.7 con:5944.7 lb
new = 6389.336 corr : 6389.336 US ga

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performed

Radiography: Category 4 joints - Spor UW-l I O) type I
Category B joints - Spot UW-l I (b) type I

Estimated weight:
capaclty:

OD : 72.75 length Lc: 360 t : 0.25 in (new)

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

P = S*E*V(Rg - 0.4xt) - ps
: 16700*0.85r0.251G6.375 - 0.4*0.25) - 0
= 97.82909 psi

MAWP: (Corroded & at zt{D 4eg F) Appendix l-l(a)

P :S *E* i l (Ro_0 .4 *0_Ps
: 14700*0.85'F0 .25/(36.375 - 0.4*0.25) - 0
= 86. I 1303 psi

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

L/Do = 59.81299t72.75 =0.8222 Dott = 72.75t0.21929 = 331.7525

Pa:4*B/(3*Do/t)
= 4*3660.4/(3+72.7 5 10.21929)
:  14.71I4 ps i

Design thickness for external pressure Pa : l4.7l14 psi:

= t + Corrosion
= 0.21929 + O
= 0.21929 in

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

LlDo : 59.81299t72.75 :O.gZZ2 Dott = 72.75t0.25 : 291
From table G: A : 0.00033

From table G:
From table HA-3:

From table HA-3:

3.2r.1996

A :0.000277
B = 3660.4

Ra,ision No. 0
Doc. No. V049-r{85
Paee 9 of46

B = 4368.1



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-5A.VSL Apr. 25, 1996

BE-5

Pa= 4+B/(3*Do/t)
= 4*4368. I /(3*72.7 5 I 0.25)
= 20.0142 psi

Revision No. 0
D!c. No. V0,r9_l{853.21.1996



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\BE-SA.VSL

6'Roughing Pmp

Opening 6" Reinforcement Calculations Per UG-37

Located on:
l.ocal vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specifi cation :

Pad material specification:

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

c o r r o s i o n a l l o w = 0 i n
noz  th ick  new tn=  .125 in
nozz le  id .  new d= 5 .75  in
pad d iameter  dp  =  9  in
pad th ickness  te=  .25  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
f i l l e t  w e l d  t w 2  =  . 2 5  i n
groove we ld  tw3 =  .25  in

To da tum L= 312 in

90 degrees
39^375 in
0 i n
3 i n

BE-5
.25 in
0 psi
Not installed

SA 240 3(XL HIGH

SA 240 3O4L HIGH

Apt.25,1996

Revision No 0
Doc. No. V049-l -0E5

PaEc ll of46

tn ->
dp_,1
->l I <twz
t " l  /  l -

l < -twl I
.  l < - l

<-  L  -> l

tw3

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 5.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .5625 in
Normal to tle vessel wall inside 2.5*(tn-Cn-C) : .3125 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0a2.875/(14700*1 - 0.6*0)
= 0 i n

Required thickness tr from UG-37(a)

tr: P*RJ/(S*E - 0.6*P)
= O*36.1251(a700+l - 0.6*0)
: 0 i n

Area required

Allowablestresses: Sn: 14700, Sv: 14?00, Sp = l4700psi

3.21.t996



COMPRESS5.53 C:\COMPRESS\MANIFOLD\BE-SA.VSL

6" Roughing Pmp

frl = lesser of I or Sn/Sv so frl = I
fr2 : Iesser of I or SniSv so fr2 =l
fr3 : lesser of fr2 or Sp/Sv so fr3 = t
fr4 = lesser of I or Sp/Sv so fr4 = I

A = d*6*p + 2x.tn1.t :'.F{.0 - frl)
: 5.25*0*l + 2*0.125*0*l*(l '_ l)
: 0 in^2

Area available

A I : larger of the following = 1.438 in '2

= 0.141 rn^2

49r.25, 1996

Revision No. 0
Doc. No. V049-l-oE5
Paee | 2 of46

= d*(El *t_F*tr) - 2{<rn+(El *t_F*tr)r( l _frl )

= i:]ii(,t l%tt- 
| +0) - 2+0. I2s*( I *0.25-lio)*(I-I )

= 2r'(t+ tn)*(El *t-F*tf) - 2+rn*(E I *t-F*tr)+( | -frl )

I 2;r! 
frl;0. 

tz5)*(l *0.25-r *0) - 2*s. 125+i r +0.25- I *0)x(1-l)

A2 = smaller of the following

: 5*(tn - trn)+fr2*1
= 5*(0. 125 - 0;* 1*6.tt
= . 1 5 6 r n ' 2

: 2*(tn - rrn)x(2.s*tn * te)*fr2
: 2-.(g l21 0)*(2.5+0. 125 + 0.25)+l
= .141 in^2

A41 = Lee^2*fr3
= 0.25-2*l = .063 in^2

A42 : l*p^Z*fr4
:0.25'Zr, l  :  .M3in"2

A5 = (Dp - d - 2*tn)tte+fr4
= (9 - 5.75 - 2+0.125)*0.25+l
= .75 in^2

Area = Al + A2 + A4l + A42 + As
: 1.438 + 0.141 + 0.063 + 0.063 + 0.75
:2.455 in^Z

As Area > A the reinforcement is adequate for MAWp = 0 at 400 Deg F

Inner Fillet: tmin : lesser of 0.75 or tn or te. tmin = 0.125 in
tw(min) : 0.7*tmin : 0.0875 in
tw(actual) : 0.7*LeE: 0.7*0.25 : 0.175 in

3-21.1996

Check the welds - Fron UW-16(cX2



COMPRESS5.53 C:\COMPRESS\MANIFOLD\BE-SA.VSL

. 6" Roughing pmp

Outer Fillet: tmin : lesser of 0.?5 or te or t, tmin = 0.25 in
tw(min) = O.S*tmin = 0.125 in
tw(actual) : 0.7*I€g -- 0.7*0.25 = 0. 175 in

UG-45 Nozzle Neck Thickness Check

b l : O i n ( E = l )
tr2 = 0in
tr3 : 0.0625 in
t4 = 0.245 in
tr5 : 0.ffi25 in
tr6 : 0.0625 in

Apr.25, 1996

Revision No. 0
Doc. No. V049-l{E5
Papc l3 of 46

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

Available nozzle wall thickness oow, tn : 0.125 in

The nozzle neck thickness is adequate for MAWP.

Allo*able stresses in joints UG-45(c) and UW-15(c)

Groove weld in tension = 0.74*147ffi = 10878 psi
Nozzle wall in shear = 0.7+14700 = 10290 nsi 

-

Inner fillet weld in shear = 0.49*14700 : 7203 psi
Outer fillet weld in shear : 0.49*14700 : 7203bsi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*LegrSi = 1.57*6*0.25*7203 : 16963.06 lbf

(2) Outer fillet weld in shear
(Pi/2)*Pad O. D. *lrg*So : 1.57*9"0.25+7203 = 25a4a.6 bf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn : I .57+5.875*0.125+10290 = 11864.05 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.+tw*Sg = 1.57*6*0.25"108?8 : 25617.69 lbf

Loading on welds per UG-41(bX1)

W: (A-Al * 2*tn*fr l*(El*t -  F*tr))*Sv
: (0 1.438 + 2*0.125*l*( l*0.25 - l*0))*14700
:-20219.85 lbf

Wl-l : (A2 + A5 + A4l + A42)*Sv
: (0.141 + 0.75 + 0.063 + 0.063)+14700
: 14949.9 lbf

w2-2 = (A2 + ,A3 + A4l + A43 + 2+ur!rt*frl)+Sv
: (0.141 + 0 + 0.063 + 0 + 2*0.125*0.25*1)*14700
= 3917.55 lbf

3.21.1996

Wall thickness per UG45(a):
Wall thickness ier UG-aSO)(
Wall thickness ber UG-16fu):



COMPRESS5.53 C:\COMPRESS\MANIFOLD\BE-5A.VSL

6' Roughing Pmp

W3-3 : (A2 + A3 + A5 + A4l + A42 + A43 + 2*tn*'t*frl)*Sv
= (0.141 + 0 + 0.?5 + 0.063 + 0.063 + 0 + 2*0.125+0.25*l)*14700
= 15868.65lbf

Load for oath l-l lesser of W or Wl-l =-20219.85 lbf
Path l-l thru (2) & (3) = 25444.6 + 11864.05 : 37308.65 lbf
Path I-l is stronger than W so it is acceptable per UG-al@)(2).

Load for path 2-2 lesser of W or W2-2 :-20219.85 lbf
Path}-Z Thru (l), (4) : 16963.06 + 2561'1.69: 42580.75 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41@)(2).

Load for Dath 3-3 lesser of W or W3-3 :-20219.85 lbf
Path 3-3 Thru (2), G\ = 25aaa.6 + 25617.69 : 51062.29 lbf
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).

Pad streneth : AS*Sn : 11025 lbf
Outer fillE't weld strerigth is adequate.

Reinforcement Calculations for External Pressure

Do/t : 6/0.01491 : 402.4145
A : 0.000337

B :4461 .6

Apr.25, 1996

Revision No 0

Doc. No. V0{9-l{E5
Paee l4 of 46

Limits of reinforcement UG'40

Parallel to the vessel wall d : 5.75 in
Normal to the vessel wall outside 2.5+(tn-Cn) + te = .5625 in
Normaf to the vessel wall inside 2.5*(tir-Cn-C) = .3125 in

Nozzle required thickness

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

Pa= 4*B/(3*Do/r)
: 4* 4461 .6 | (3*6 / 0.01 49 1)
: 14.7828 psi

Nozzle required thickness trn : .01491 in

Required thickness tr from UG-37(dXl) : .2193 ir

Area required

Allowable stresses: 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 =1
fr3 : lesser of fr2 or Sp/Sv so fr3 = I
fr4 = lesser of I or Sp/Sv so fr4 =l

A - 0.5*(d*r*F + 2*rnrtf'.Fr(l - frl))
= 0,!1(5.75*0.2193*l + 2+0.125*0.2193*1*(l - l))
= .6305 in"2

3.2r-t996



CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\BE-SA.vSL

6' Roughing Pmp

Area available

r996

Al = larger of the following = .177 in^ 2

: d*(El *t_F*tr) _ 2*tn*(E I *r_F*tr)*(l _frl )= 5-75*(l*0.25-l *0.2193) - 2*0. 125*(l*0.25-l ' t0.2193)*(l- l)
= .177 in^2

= 2*(t+rn)*(El *t-F*tr) _ 2'*tn*(El +t-F+tr)*(l _frl )= 2:\0.25 !0.125)*(l *0.25_ I *0.2t93) - 2*0;.r25'f (l *0.25_ I *0.2193)*(l_l)
: .023 in^2

A2 : smaller of the following : 0.124 in^2

: 5*(tn - trn)*fr2+t- 5*'10.125 - 0.01491)*l*0.25
:  .138 in^2

: 2*(tn - trn)*(2.5*tn + te)+fr2
: 2+(0.125 - 0.01491)*(2.5*0.125 + 0.25)*1
: .124in^2

A4l : Lez"2*fr3
: O.25*2+t = .063 in^2

A42 : l*s'2*fr4
: 0.25-21 = .063 in^2

A5: (Dp - d - 2*tn)*re+fr4
:  o  -  5 .75 -  2+0.125)x0.25* l
: .75 in^2

A r e a : A l  + A 2 +  A 4 1  + A 4 2 + A 5
: 0.177 + 0.124 + 0.063 + 0.063 + 0.75
: 1.17'1 in^2

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

UG-45 Nozzle Neck Thickness Check

Wall thickness per QG-45(a): trl : 0.01491 in (E = l)
Wall thickness per UG-45(b)(2): tr2 = 0.0361 in
Wall tlickness fer UG-16(b)r tr3 = 0.0625 in
Std pipe wall per UG-4J$)(4): tr4 = 0.245 in
The-gieater of tr2 or tr3: fi5 : 0.0625 in
The lesser of tr4 or tr5: tr6 : 0.0625 in

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

Available nozzle wall thickness tt€w, tn : 0. 125 in

The nozzle neck thickness is adequate for Pe.

Revition No. 0
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Applied Loads

Radial load
Circumferential moment
Circumferential shear
lonsitudinal moment
lrnEitudinal shear
Torsion moment
Internal pressure

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

Mean radius Rm = 36.25 in
Rmlt = 72.5

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

Pressure stress intensity factor, Farr equation 11.5

| : .25*(4 + 3+(rlx\^2 + 3*(r/x)^4)
: .25+(4 + 3*(2.875t3.25)'�2 + 3*Q.875t3.25)'4)
= 2.0a6

Lncal circ. pressure stress : I*P*Rm/t = 0 psi

I-ocal long. pressure stress : P*Rm/2t : 0 psi

Maximum combined stress =J44+psi
Allowable combined stress : +-1.5*S = +- 22050 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress :-264 psi
Allowable frimari, membrane stress = +-l:5xS : +- 22050 psi

The maximum primary membrane stress is within allowable limits.

6" Roughing PmP

Pr = 382 lbf
Mc = 0lbf-ft
Vc = 0 lb f
ML =0lbf-ft
vL :  0 lb f
Mt : 0lbf-ft
P :  0 p s i

,Jr* U;rJ #nr",
Dcee;' r*\ ."r T.,n c\" 4-- \-ocat -

bwea aAs,f-€P)lE\

r.=@i)ar")
2 ( .so;\

E = f+ r'7*'\(,,c z<*)

= <274t' ''

. > (r-
,: lOt C /*

61-; *.l/* * z.o+u(,t*lJ+ \+rtf ii

f=.= 4tt t si;-

4tLt+A. 1'?-?pa"l;L

, , '  6 , \ <
1-
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6' Roughing Pmp

t roml  va  lue
F i g .  I  r e a d

TF-liT.3Ztlo.oZ -239 -239 -239

D1Duc1CuBIBuA IAu

4C*  112 .546  10 .072
lc  10.1?92 t0 .072
2 C - l 1 0 . 0 9 4 1  1 0 . 0 7 2
3A* 12. t475 10.072
1A  10 .0964  10 .072
38* 17.282t 10.072
t B - t 1 0 . 0 4 7 2  1 0 . 0 7 2
pressure stre s s*

-264
-1185

863
l l85 -1185

-?64

-863

-264

863

-264

-863

-?39

1185

Tota l  c i rc  s t ress
Primary membrane
ci rc  s t ress*

Tota l  long s t re  s  s
Primary membrane
long s t ress*

EElon nfidt-E
Circ shear from Vc
Long shear from VL

Tottl-SFear stress

comb fieA stres s

-1t27

-264

599 -1t27 599 -t424 946 -t424

-264 -264 -264 -239 -239 -239

946

-239

.264 -264 -264 -264
-1208 1208 -1208 1208

-844

.  Z J Y -239 -239 -  , 1 0 -264 -264 -264 -264

-1447 969 -1447 969 -1424 946 -t424 946

844-844844
r c -  l  1 0 .  1 3 1 8  1 0 . 0 7 2
2C  t 0 .0921  t 0 . 072
4A*  13 .0956  10 .072
2A  10 .0551  10 .072
48*  12 .1329  10 .072
2 B - 1 1 0 . 0 7 s 3  1 0 . 0 7 2
presiure stres s*

Revision No' 0 ,--
Doc. No Volg-l{El
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6' Roughing Pmp

Stresses at the pad edge per WRC bulletin 107 ( psi)

Mean radius Rm : 36.25 in
Rm/t = 145

Stress concentration factor Kn (tension) = I
Stress concentration factor Kb (bending) = |

Pressure shess intensity factor, Farr equation 11.5

1: .Q5*( + 3*(r/x)^2 + 3*(r/x)^4)
: .2t:(4 + 3*(2.87514.75)^2 + 3*(2.87514.75)^4)
=  1 .375

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

Local long. pressure stress = P*Rm/2t : llt'

Maximum combined stress :-B psi
Allowable combined stress : +-1.5*S = +- 22050psi

, A l
il,a,L;-J,*-'-Y 5{r'e$ \

Ito^tffitt*t,"eu.1 u+e g"lw,"sz) -

-
tL r  -  l  \

t : -  -  l A ,  |  - 1  ,  /  |  ? . a e \
\C- - I t/ l .1rl4 lu^ L t, ? l?,

-  r I t  t  * l ' L- I .{ \r(r I v'.

The maximum combined stress is within allowable limits. 
(v = 3bb * 

l'?

Maximum primary membrane stress :-843 psi ? -- ^ 4t - r/. +liftil;ilfi;;'i ;ffi;ffin.rt.r. : +-1.'5*s = +-22050psi €',"'-- s#/;*t+:)i:-nii
The maximum primary membrane stress is within allowable limits. - -  . . , .  ^ * l . v

? ttr) r^

S?i,C* 4 n'D*ooi;'
. ' ,  O\(
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6' Roughing Pmp

I rom
F i g ' D1Duc lCuBIBuAIAu

a  t u e
rea0

gc-  1 r2 .969  lo . l 09
4C*  119 .996  10 .109
l c  1 0 . 0 7 4 1  1 0 . 1 0 9
z c - 1 1 0 . 0 4 0 5  1 0 . 1 0 9
3A* 15.6709 10. t09
lA  10 .0761  10 .109
38*  I 14 .48 i  10 .109
l B - 1 1 0 . 0 2 s s  1 0 . 1 0 9
pressure stres s*

-ToIeT 
ciia-lTress

Primary nembrane
c i rc  s t ress*

4 C *  I 1 9 . 9 9 6  1 0 . 1 0 9
l C -  I  I 0 . 0 7 2 6  I 0 .  t 0 9
2 C  1 0 . 0 4 3 7  1 0 . 1 0 9
4 A *  I I l . 0 4 0  I 0 . t 0 9
2A  t 0 .0378  t 0 . 109
48*  15 .5923  I 0 . 109
2 8 -  I  t 0 . 0 3 5 1  t 0 . 1 0 9
pressure stress*

-TofilIong-lTress
Primary nenbrane
long stre s s*

torsion moment Mt
Circ shear from Vc
Long shear from VL

TotaTTFear stress

ComEinA stres s

-843 -843 -843

-1485 l48s -1485

-547 -547 -547 -s47
-843

-2717 2lr7 -2717 ?7r7
1485

-843 -843 -843 -843 -547 -547 -547 -547

-547 -547 -547

-2662 266? -266?

-547
-843 -843 -843 -843

2662
-1603 I603 -1603 1603

-547 -547 -547 -547 -843 -843 -843 -843

- 3209 2115 -3209 2I15 -3264 2170 -3264 ?170

Revision No 0 --
Doc. No. V0+9-I{E)
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l0' Roughing Pmp

Opcning l0' Reinforcement Calculations Per UG-37

c o r r o s i o n a l l o w = 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 l e t  w e l d  t w l  =  . 2 5  i n
f i l l e t  w e l d  t w 2  =  . 1 8 7 5  i n
groove we ld  tw3 =  .25  in

To datum L= 224 ]n

Apr.25, 1996

Revision No. 0
Doc. No. V0'19-l-085
Pase 20 of 46

Ircated on:
I-ocal vessel thickness:
Liquid static head included:
Flange description:

Nozzle material specification: SA 240 304L HIGH

Pad material specification: SA 240 304L HIGH

Nozzle orientation: 90 desrees
End of nozzle to shell center: 39.375 in
Nozzle offset from center Lo: 0 in
Projection ou8ide vessel Lpr: 3 in

l .-

BE-5
.25 in
0 psi
Not inslalled

tn ->
dp_l
->l l<twz
GI/ t -

< - d - >

<_ L _>l

l < -
twl I
. l < - l

l \
_tw3

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UC-40

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5*(t-C) : .625 in
Normal to tle vessel wall inside 2.5x(tn-Cn-C) = .625 in

Nozzle rcquired thickness

trn : P*Rn/(Sn*E - 0.6*P)-- 0*4.751(147N*l - 0.6*0)
: 0 i n

Required thickness tr from UG-37(a)

tr: P*R/(S*E - 0.6'tP)
: 0*36.1251(14700+l - 0.6*0)
: 0 i n

Area required

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

3.21 . 1996
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l0' Roughing Pmp

frl = lesser of I or Sn/Sv so frl : I
fr2 = lesser of I or Sn/Sv so fr2 :l
fr3 = lesser of fr2 or Sp/Sv so fr3 = I
fr4 = lesser of I or Sp/Sv so fr4 : I

A = d*6+p + 2*tn*tr*F*(l - frl)
:  9.5*0*1 + 2*0.25r.0*l ,F(l  _ 1)
= 0 in^2

Area available

Al : larger of the following : 2.375 in^2

: d*(El *t-Frtr) - 2*tn*(El +t_F*tr)*(l _frl )
:  9.5*( I  *0.25- 1+0) - 2+0.25+(l +0.25-l +0)+(l- l)
:2.375 in^2

: 2*(t+tn)*(El *t-F*tr) - 2*tn*(El *t-F*tf)*( I -frl)
:  2*(O.25 +0.25)*( l  *0.25_1,ts0) _ 2*g.2Jx(1*0.2t_1*6;*11-l)
: .25 in^2

A2 : smaller of the following : 0.313 in^2

: 5*(tn - trn)*fr2*t
= 5*(0.25 - 0)*1xg.tt
:  .313  in^2

= 2+(tn - tm)+(2.5+tn * te)*fr2
= 2*(0.25 - 0)*(2.5*0.25 + 0.25)*l
= .438 in^2

A41 : I*e^2+fr3
: O.25*2*l : -063 in"2

442 : Leg^2*fr4
:0 .1875^2* l  :  .035  in^2

A5 = (Dp - d - 2+tn)*te:+fr4
=  12 :9 .5  -  2x0 .25)*0 .25+ l
= .S in^Z

Area : Al + A2 + A4l + A42 + A5-- 2.375 + 0.313 + 0.063 + 0.035 + 0.5
: 3.286 in^2

As Area > A the reinforcement is adequate for MAWP : 0 at 400 Deg F

theet !!q yeldq I From UW_!6(g)(!)

Inner Fillet: tmin = lesser of 0.75 or tn or te. tmin : 0.25 in
tw(min) :  0.7*tmin :0.175 in

Revision No. 0
Doc. No. V049-l_0S5
Peee 2l of463.21.t996

tw(actual) : 0.7*tr8 = 0.7*0.25 : 0.175 in
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10" Roughing Pmp

Outer Fillet: tmin = lesser of 0.75 or te or t. tmin = 0.25 in
tw(min) = 0.5*tmin = 0.125 in
tw(actual) :  o.1*Leg:0.7*0.1875 = 0.13125 in

UG-45 Nozzle Neck Thickness Cbeck

Wall thickness per UG45(a): trl : 0 in (E : l)
Wall thickness per UG-a5@)(l): trz: 0 in 

.

Wall thickness irer UG-16@)r tr3 = 0.0625 in
Std pipe wall nEr UG450)(4): tr4 = 0.319375 in
The-gieater oftr2 or tr3: 

' 
tr5 = 0.0625 in

The lesser of tr4 or h5: tr6 = 0.0625 in

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

Available nozzle wall thickness new. tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

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

Groove weld in tension = 0.74*147N : 10878 psi
Nozzle wall in shear : 0.7+14700 : 10290 osi 

-

Inner fillet weld in shear = 0.49*14700 = 7203 psi
Outer fillet weld in shear = 0.49+14700 : 7203 psi

Strength of welded ioints:

(l) Inner fillet weld in shear
(Pi/2)*Nozzle O. D. *l*g*Si = 1.57* 10*0.25 *7203 : 2827 1 .78 lbf

(2) Outer fillet weld in shear
(Pi/2)*Pad O. D. *I*g*So = 1.57*12*0. I 87 5*7203 = 254M.6 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn : 1.57*9.75*0.25*10290 : 39378.55 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57*10*0.25* 10878 = 42696j5 lbf

Loading on welds per UG-4I(bXl)

W=(A-A l  +  2+tn+f r1* (E1* t  -  F* t r ) ) *Sv
= (0_--2:3.?t + 2+0.25*l*(l*0.25 _ i*0))+14700
:-33075 lbf

Wl-l : (A2 + A5 + A4l + A42)*Sv
: (0.313 + 0.5 + 0.063 + 0.035)*14700
: 13391.7 lbf

V,l2-2 : (A2 + A3 + A41 + A43 + 2+tll*t*frl)*Sv: Q.ll1+-0 + 0.063 + 0 + 2*0.25*0.25*lt*14700= 736a.7 hf

3.2r.1996

Apr.25, 1996
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l0' Roughing Pmp

w3-3 : a2 + A3 + A5 + A41 + A42 + A43 + 2'�Ftn*t*frl)*sv
: (0.313 + 0 +0.5 +0.063 +0.035 + 0 + 2*0.25*0.25*l)*14700
: t5229.2lbf

l,oad for Dath I -1 lesser of W or Wl - l = -33075 lbf
Path l-l ttrru rzt & (3) : 25444.6 + 39378.55 -- @823.14lbf
Path l-l is strohger than W so it is acceptable per UG-41(b)(2).

Load for D th 2-2lesser of W or W2-2 :-33075 lbf
Parh2-2 ihru (l), G\ :28271.78 + 42696.15: 70967.93 lbf
Path 2-2 is strohger than W so it is acceptable per UG-41(bX2).

Load for path 3-3 lesser of W or W3-3 :-33075 lbf
Path 3-3 fhru (2), @\ = 25444.6 + 42696.15 : 68140.75 lbf
Path 3-3 is stroirger than W so it is acceptable per UG-41(b)(2).

Pad strensth : A5*Sp = 7350 lbf
Outer filldt weld stren'gth is adequate.

Reinforcemeot Calculations for External Pressufe

Limits of reinforcement UG-40

Parallel to the vessel wall d : 9.5 in
Normal to the vessel wall outside 2.5*(t-C) : .625 in
Normal to the vessel wall inside 2.5x16r-Cn-C) = .625 in

Apr.25,1996

Nozzle required thickness

L/Do:  3 /10  :  .3
From table G:
From table HA-3:

Pa:4*B/(3*Do/t)
: 4* 497 6. 5 I (3* 10 I 0.0222)
= 14.7304 psi

Nozzle required thickness tm = .0222 in

Required thickness tr from UG-37(0(l) : .2193 in

Area required

Allowable slresses: Sn : 14700, Sv = 14700, Sp : 14700 psi

frl = lesser of I or Sn/Sv so frl =l
fr2 = lesser of I or Sn/Sv so fr2 :l
fr3 : lesser of fr2 or Sp/Sv so fr3 : I
fr4 : lesser of I or Sp/Sv so fr4 : I

A : o.s'r(d*F#F + 2*tn*tf*F*(l - frl))
: 0.5*(9.5*0.2t93*l + 2*0.25*0.2i93*1*11 - l))
:1.M17 in^2

3.2t.t996

Do/t = 10/0.0222 : 450.4505
A = 0.000501

B = a976.5

H'iil\l;..'-'""
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Area available

A I -- larger of the following

l0' Roughing Pmp

: .292 in^Z

= d*(El *t-Fl.tr) _ 2*tnx(E I *t_F*tr)*( I _frl)
= 9.5*(l "0.25_ I *0.2193) _ 2*9.25*(l*0.25_1i.0.2193)*(l_1)
= .292n^2

= 2r(t+rn)*(El *r_F*tr) _ 2,rtr,r(E I +t_F*tr)*( I _frl )
= 2:t9.?5 t0.25)*( l  *0.25_l *0.2193) - 2+0.25*(l*0.25-l*0.2193)*( l_l)
= .031 in^2

A2 = smaller of the followine : 0.285 in^2

: 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.0222)*l*0.25
: .285 in^2

= 2*(tn - trn)*(2.5*tn + te)*fr2
: 2*(0.25 - 0.0222)*Q.5*0.25 + 0.25)*l
: .399 in^2

A4l : ke"2+fr3
= 0.25*2*1 : .063 in^2

A42 = l*,s.^2*fr4
- 0.18i5^2*1 : .035 in^2

A5:  (Dp-d-2* tn )+ te* f r4
= (12 --9.5 - 2*0.25)i.0.25*l
: .5 in^Z

Area: Al + A2 + A4l + A42 + A5
= 0.292 + 0.285 + 0.063 + 0.035 + 0.5
:  1 .175 in^2

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

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thiclness per UG-a5@)(2):
Wall thickness ber UG-16(b) j
Std pipe wall per UG-45(bX4):
The'eieater of12 or tr3:' 

'' '

The lesser of tr4 or tr5:

trl -- 0.0222 in (E : l)
h2 : 0.0361 in
13 : 0.0625 in
t r4 :0 .319375 in
tr5 = 0.0625 in
tr6 = 0.0625 in

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

Available nozzle wall thickness new. tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

3.2r.1996
Revision No. 0
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Applied l,oads

Radial load
Circumferential moment
Circumferential shear
Lonsitudinal moment
Lonlitudinal shear
Torsion moment
Internal pressure

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

Mean radius Rm : 36.25 in
R.mlt -- 72.5

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

Pressure stress intensity factor, Farr equadon 11.5

| : .25*(4 + 3*(r/x)^2 + 3*(r/x)^4)
= .25+(4 + 3* (4.7 5 | 5.25)^ 2 +' 3* (4.7 5 I 5.25)^ 4J
= 2.117

I-ocal circ. pressure stress = I*P*Rm/t = 0 psi

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

Maximum combined stress =-2692 Dsi
Allowable combined stress = +-1.5'*S = +- 22050 psi

The maximum combined stress is within allowable limits.

l0' Roughing Pmp

Pr : 1042 lbf
Mc : 0lbf-ft
vc = 0lbf
ML =0lbf-f t
VL : 0lbf
Mt = 0lbf-ft
P :  O p s i

Revision No, 0
Doc. No. V049-1.085
Paee 25 of46

,  e r  n . l  l  1{'r,h.I^'#frcvz A.'.'t'anK
L/lrv&le \ocnlL'J,.rr'#'4
ai*,\nci

Maximum primary membrane stress =-644 nsi
Allowahle ftrimary membrane stress = +-1.'5*S : +- 22050 psi

The maximum primary membrane stress is within allowable limits.

! - r t \
urb\ l+.Ual . ft 

'..l4Y1

, 4 c  L

I  + , \ /  \d"g, = fu>r"r"Y;' )[e. r n ) * S..rY "]
. F  o ,  ^ 6 i | ' . ? -'  L t t l L  l *

q,. -- s+grL+l?

+,  .a

s+gLrw 4_ 2./es)-ti'-
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10" Roughing Pmp

t roml  va  lue
I  rg .  I  reao

Tcr-lElz6-o-ld,m
DIDuc lCuB IBuAIAu

4 C *  l l l . l 9 6  l 0 . l 2 l
l c  10 .0880  I 0 . l 2 l
2 C - 1 t 0 . 0 5 5 0  I 0 . 1 2 1
3A*  t 2 . 7955  t 0 . 121
l A  1 0 . 0 8 3 6  1 0 .  r 2 r
3 8 *  1 7 . 8 8 0 7  1 0 .  l 2 I
t B - l 1 0 . 0 3 3 3  1 0 .  t 2 1
pressure stre s s*

-644

-1375

-644

1375

- 644

1375

-644

- 1375

-479 -479

-220t 2201

-479

-2201

-479

2201

Total circ stress
Primary membrane
ci rc  s t res s*

-20 I9

-644

73i -2019

-644 -644

73I -2680 t722

-644 -479 -479

- 2680

-479

1722
-479

-479

-2213

-479 -479 -479
- 644

2213 -?2t3 2Zt3
-  1 4 1 3

-644

l4 l 3

-644

- 1413

-644

1413
r c - r 1 0 . 0 8 8 5  I 0 . l 2 l
2 C  1 0 . 0 s 6 5  1 0 . 1 2 1
4A*  I 4 . 8491  t 0 . 121
2 A  t 0 . 0 4 3 3  t 0 . l 2 l
48* 12.7447 10.121
2 8 - 1 1 0 . 0 4 8 8  1 0 . 1 2 1
pressure stre s s*

Total long stress
Primary membrane
long stre s s*

t734 -2692 1734 -2057 769

-479 -479 -479 -644 -644

-?692

-479

-?057

-644

769

-644

tors i on noment lilt
C i rc  shear  f ron  Vc
Long shear from VL

-TofaIfEAr 
sFess

Combined stres s -?692 1734 -2692 1734 -2680 1722 -2650 lf22

fTlililT.,-.,-'"*'
Pffee 26 of 46
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l0' Roughiag Pmp

Stresses at the pad edge per WRC bulletin 107 ( psi)

Mean radius Rm : 36.25 in
Rm/t = 145

Stress concentration factor Kn (tension) = I
Sfress concentration factor Kb (bending) = I

Pressure stress intensity factor, Farr equation I 1.5

I = .25*(4 + 3*(r/x)^2 + 3*(r/x)^4)
: .25*(4 + 3*(4.7516.1875)^2 + 3*(4.7516.1875)^4)
= 1.702

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

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

Maximum combined sness :-7218 psi
Allowable combined stress : +-1.5+S = +- 22050 psi

The maximum combined stress is within allowable limits.

Maximum nrimary memhrane stress :-1998 nsi
Allowable irrimary memhrane stress : +-1.i*S : +- 22050 psi

The maximum primary membrane stress is within allowable limits.

Apr.25,1996
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10" Roughing Pmp

I rom
F i g .

r996

a tue
rea0

3C*  19 .0084  10 .145
4C*  117 .379  10 . t 45
l c  10 .0618  10 . r45
2 C - 1 1 0 . 0 2 5 9  1 0 . 1 4 5
3A*  15 .3595  10 . I 45
lA  10 .0653  10 .145
38*  112 .060  10 .145
t B - l 1 0 . 0 1 7 5  1 0 . 1 4 5
pressure stre s s*

-1998 -1998 -1998

-2591 ?59t -2591

- I036 -1036 -1036

-6182 6182 -6182

D'IAI Cu c1

- 1998

2591

- 1036

6182

Total circ stress
Primary nenbrane
ci rc  s t res s*

-4589 593 -4589 593 -72t8 5146

- r998 -1998 -1998 - I998 -1036 -1035

-7218

- 1036

5146

- 1036
- I036 -1036 -1036

-5472 5472 -5472

-  1036
-1998 -1998 -1998 -1998

547 2
-3701 3701 -3701 3701

Total long sties s
Primary membrane
long stre s s*

-tor;]on 
moment-frI

Circ shear from Vc
Long shear from VL

-ToEl-SEear 
stress

Combined stre s s

-6508

-1036 -1036 -1036 -1036 - I998 -1998 -1998 -1998

Revision No. 0
Doc. No. V049-l-0E5
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4 C *  1 I 7 . 3 7 9  1 0 . 1 4 5
l c - t  t 0 . 0 5 4 7  t 0 . I 4 5
2 C  1 0 . 0 3 7 0  l 0 . l 4 s
4 A *  I t 2 . t 5 5  1 0 . 1 4 5
2A  10 .0304  10 .145
48*  15 .0456  10 .145
2 B - l 1 0 . 0 2 3 2  1 0 . 1 4 s
pressure s tres s*

3.21.1996



COMPRESS5.53 C:\COMPRESS\MANIFOLD\BE-5A.VSL

Stiffner Rings

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l, 1995 Edition. A95 Addenda

Stiffner Rines
SA 240 3O4L HIGH
3
15 in
50 in

2.5y2.5x114 Equal A
lee in (hard wav)
l.l9 iri^2
0.703 in^4

Calculations for ring 15 in from datum

Identifier:
Ring material specifi cation:
Number of rinqs in this qrouo:
Distance frrst rine to dat-um line:
Ring spacing:

Rins descriotion:
RinE is rotlbd:
Rin[ cross sectional area: As =
Ring moment of inertia: Ir =

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desiqn Dressure:
Stiffener supp-oried length :

B : .75+(P*Do/(t + As/Ls))
: .7 5* ( l  4.7 +72.7 5 |  (0.21929
: 3184.285

From table HA-3 (ring)

t =
t S :
D o :

SA 240 3O4L HIGH
0.21929 in
0.25 in'12.75 in
400 deg F

Apr.25,r996

Revision No. 0
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P = 14.7 psi
Ls = 36.51042 in

+ 1.r9t36.51M2))

A: 2.412903E-04

Required moment of inertia of the combined ring-shell section

Is= (Do^2*Ls*(t + AsiLs)*A)/10.9
: (7 ? l_s 

^ 
T ? 6 s 1042* (0.2 1929 + I . I 9/3 6. 5 I 042)*2. 4 la9f'3E-c4) | 1 0.9

: 1.071447 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.691149

W = l. I *Sqr(Do*ts)
: l . l+sqr(72.75!t0.25)
: 4.691 149 in

W: Ls:  36.51042 in

Shell area A1 = W*ts = 1.172'187 in^2

Distance to the ring neutral axis

3.21.1996
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Stiffner Rings

Y2 = Rins. NA + ts/2
- 1.783-+ 0.2st2
: 1.908 in

Neufal axis of combined section

NA: As*Y2l(Al + As)
: 1.1911.908(1.1t2787 + 1.19)
= .9609499 in'

Inertia of the shell about the combined section NA

I l : W * t s ' 3 / 1 2 + A I * N A ^ 2
: 4.69 | 149*0.25^ 3 | 12 + 1.172787 *0.9ffi499 ̂  2
: 1.089089 in^4

Inertia of the ring about the combined section NA

1 2 = l r + A s * ( N A - Y 2 ) ^ 2
: 0.703 + l.19,r.(0.9609499 - 1.908)^2
: 1.7'1O316 in^4

Total available I = 11 + 12 :2.859405 in^4

The 2.5x2.5x114 Equal A vacuum stiffener is satisfactory.

Calculations for ring 65 in from datum

Shell material specification: SA 240 3@L HIGH
Required shefl ihickness: t : 0.21929 in
Corroded shell thickness: ts = 0.25 in
Shell outer diameter: Do : 72.75 in
Design temperature: = 400 des F
External design preszure: P = 14.7 osli
Stiffener supporied length: Ls : 50 in'

B = .75*(P*Do/(t + As/Ls)
: 3-5*^(14.7*72.7 5t (0.21929 + 1. 19/50))
:3299.472

From table HA-3 (ring) A = 2.499343E-04

Required moment of inertia of the combined ring-shell section

ls= (!6^l+15+(t + AsiLs)*A)/10.9= \7 ? J -s: ?: Jo: (0.2 1929 +' | . re I so)*z. 499343E-04y I 0. e: 1.475035 in^4

Available moment of inertia of the combined rinp-shelt section

Shell width contributing smaller of = 4.691149

W: 1. l+Sqr(Do*ts)
Revision No. O
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Stiffner Rings

= l. l*Stlr(72.75*0.25)
= 4.691 149 in

W  =  L s : 5 0 i n

Shell area Al = W*ts = L172787 in'Z

Distance to the ring neutral axis

Y2 : Rine NA + ts/2
= 1.783-+ O.2512
: 1.908 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
= 1.19*1.908i ( l  .172787 + l .19)
= .9609499 in

Inertia of the shell about the combined section NA

I l : W * t s ^ 3 / 1 2 + A l * N A ^ 2-- 4. 69 | 1 49+ 0.25' 3 | t2 + | . l7 27 87 *0.9 609 499 ̂ 2
: 1.089089 in^4

Inertia of the ring about the combined section NA

I 2 : I r + A s * ( N A _ Y 2 ) ^ 2
: 0.703 + l.l9E(0.9609499 - 1.908)^2
= | .770316 in^ 4

Total available I = Il + 12 :2.859445 n^4

The 2 .5x2 .Sxl | 4 Equal A vacuum stiffener is satisfactory .

Calculations for ring I 15 in from datum

SA 240 3O4L HIGH
0.21929 n
0.25 in
72.75 in
400 dee F
14.7 psf
47.5935 in

Apr.25, 1996

STlirYd-'""
Paee 3l of 46

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Desisn temDerature:
Exteinal deiign pressure:
Stiffener supported length :

t =
t s -
D o :

P =
L s :

B = .75*(P*Do/(t + As/Ls))
: .7 5+ (14.'1 *72.7 5 I (0.21929 + r.l9 I 47 .5935))
:32E3.219

From table HA-3 (ring) A: 2.487147E.-04-

Required moment of inertia of the combined ring-shell section

3.2t.1996
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Stiffner Rings

Is= (Do^2*Ls*(t + As/Ls)*A)/10.9
= (72.7 5^ 2+47 .5935*(0.21929 + 1.191 47.5935)+2.487 l47E-04)l 10.9
: l.zt04l08 in^4

Available moment of inertia of tle combined ring-shell section

Shell width contritruting smaller of : 4.691149

W = l.l *Sor(Do*ts)
= l. l*sqrt72.75'.0.25)
: 4.691f49 in

W = Ls = 47.5935 in

Shell area A1 : W*ts : 1.172787 ir."2

Distance to the ring neutral axis

Y2 : Rine NA + ts/2
: t.783-+ O.2st2
: 1.908 in

Neutral axis of combined section

NA=As*Y2 l (A l  +As)
:  l . l9*r .908/( t . l '12t87 + r . r9\
: .9609499 in

Inertia of the shell about the combined section NA

I l = W * t s ^ 3 / 1 2 + A l * N A ^ 2
: 4.69 1149*0.25^ 3 I 12 + l. 17 27 87 *0.9609499 ^ 2
: 1.089089 in'4

Inertia of the ring about the combined section NA

1 2 = I r + A s * ( N A _ y 2 ) ^ 2
= g.zqi_t 1.19x(0.9609499 _ 1.e08)^2
= 1.77O316 n^4

Total available I = Il + 12 : 2.859405 itr^4

The 2 .5x2 .5xl | 4 Equal A vacuum stiffener is satisfactory .

Apr.25,1996
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Support Ring

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division I, 1995 Edition. A95 Addenda

Suooort Rins
sA 240 304t HrcH
I
160.187 in

4x3xll4 Un Equal Ang
lee in (hard wav)
l.=69 in^2
2.77 in^4

Calculations for ring 160. 187 in from datum

Identifier:
Ring material specification:
Number of rines in this srouo:
Distance fnst ring to datim line:

Ring description:
Rine is rolled:
Rin! cross sectional area: As :
Ring moment of inertia: Ir :

Shell material sDecification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Desien temDerature:
Extertral detisn oressure:
Stiffener supli'orted lengrh:

SA 240 3O4L HIGH
0.21929 in
0.25 in
72.75 in
400 des F
14.7 psi
44.5935 in

Apr .25,1996

Rwision No. 0
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t :
t s :
D o :

P =
L s =

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

= .l f ;{.r:r.,.r, 
.7 5 | (0.2 teze + 1 . 6e t 44 . 5e3 s))

From table HA-3 (ring) A = 2.363605E-04

Required moment of inertia of the combined ring-shell section

Is: (8s^2*l5x(t + As/Ls)+A)/10.9
: \7?l ;-^?:!4.s93s*(0.21929 + r.69 t 44.5935)+2.363605E-M)/ t0.g= | .316244 io^ 4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.691149

W: l . l  +Sqr(Do*rs)
: l . l*Sqr(72.75*0.25)
= 4.691149 in

W = Ls = 44.5935 n

Shell area A1 : W*ts : 1.172787 n^2

Distance to the ring neutral axis

Y2 = Ring NA + ts/2

3.2r.1996
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Support Ring

= 2.76 + O.2512
: 2.885 in

Neutral axis of combined section

NA :As tY2 / (A l+As )
: 1.69*2.885/(1.172787 + t.69)
= 1.7031 13 in

Inertia of the shell about the combined section NA

11 =W*ts^3/12+Al*NA^2
: 4.691149*0.25' 3 | 12 + 1.t72787 *1.703113^ 2
: 3.407887 in^4

Inertia of the ring about the combined section NA

12= l r  +  As * (NA-Y2 ) ^2
= ?,77 + 1.69*(1.703113 -  2 .885)^2
: 5.130688 in^4

Toal available I = Il + 12 = 8.538576 in^4

The 4x3xll4 Un Equal Ang vacuum stiffener is satisfactory.

Rer.ision No. 0
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Stiffening Ring Calculations Per UG-29

ASME $ection VIII Division I, 1995 Edition, A95 Addenda

Stiffner fungs @ rtozzles
sA 240 304L HICH
3
2O4.187 in
4E in

2.5t2.5x114 Equal A
leg in (hard way)

As = 1.19 in^2
Ir = 0.703 in^4

Calculations for ring 204.187 in from datum

C :\COM PRESS\MANIFOLD\BE-54. vSL

Stiffner Rings @ nozzles

SA 240 3O4L HIGH
0.21929 in
0.25 in
72.75 in
400 deg F
14.7 psi
46 in-

Apr- 25, 1996
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Identifier:
Ring material specifi cation :
Number of rinss in this qrouo:
Distance first rins to datim line:
Ring spacing:

Rine descriotion:
Rin[ is rollad:
Rins cross sectional area:
Rin! moment of inertia:

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperaiure:
External desiqn Dressure:
Stiffener supi'oried length :

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

= -l;;rlLorl.r r.7 5 t (0.2te2e + I . I e/46))

t :
t s =
D o :

P :
L s =

From table HA-3 (ring) A: 2.4784438-04

Required noment of inertia of the combined ring-shell section

Is= (Do^2+Ls+(t + As/Ls)+A)/10.9
= (72.7 J^ 2+{$+ (0.21929 + l.l9l 46)*2.4784438-04)1 10.9
= 1.357142 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 4.691149

W = l.ltSqr(Do*ts)
= l . l+Sqr(72.75+0.25)
: 4.691149 in

W :  L s : , t 6 i n

Shell area Al = W*ts : 1.172'187 in^2

Distance to the ring neutral axls

3.21.1996
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Stiffner Rings @ nozzles

Y2 : Ring NA + ts/2
= 1.783 + 0.2512
: 1.908 in

Neutral axis of combined section

NA:As*Y2 l (A l  +As)
: l.!! i1.9O8/(1.172787 + 1.19)
= .9609499 in'

Inertia of the shell about the combined section NA

I l = W * s ^ 3 / 1 2 + A 1 * N A ^ 2
= 4.69 1 149*0.25 ^ 3 / 12 + 1.n2787 l'0.9609499 ^ 2: 1.089089 in^4

Inertia of the ring about the combined section NA

12 : l r  +  As * (NA-Y2 ) "2: g.zqi-+ 1.19',(0.96094ee - 1.908)^2
: 1.770316 in^4

Total available I : Il + 12 : 2.859405 in^4

The2.5x2.5xl/4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 252.187 in fron datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: | = O.21929 in
Corroded shell thickness: ts = 0.25 in
Shelf outer diameter: Do -- 72.75 n
Design temperature: : 400 dee F
External design pressure: P : 14.7 psl
Stiffener supi'oried length: l-s = +4.0ffit in

B = ls*(P*Doi(r + As/Ls))
= J-5: (t-4..1 *7 2.7 5 | (0.21929 + I . I 9/48. 00m I )):3286.M7

From table HA-3 (ring) A : 2.4B9ZE4E-04

Required moment of inertia of the combined ring-shell section

15= (De^f,*15*(t + As/Ls)*A)/10.9
: \'1 ?.'1 t_^ ?_+ !8.0000 I +(0. 2 I 929 + I . I 9/48.0000 1 )*2.489284E_04y 10.9= 1.416089 in^4

Available moment of inertia of the combined rinp-shell section

Shell width contributing smaller of : 4.691149

W = l. I *Sqr(Do+ts)

3.2t.tss6 B;1TY*g-'"*
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Stiffner Rings @ nozzles

: l . l*Sqr(72.75*0.25)
= 4.691149 in

W : Ls = 48.00001 in

Shell area Al : W*ts : 1.172787 in^Z

Distance to the ring neutral axis

Y2 : Rine NA + ts/2
: 1.783-+ 0.2512
: 1.908 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: l . l9*1.908/(1.172787 + l .19)
: .9609499 in

Inertia of the shell about the combined section NA

Il = W*ts^3/12 + Al 'rNA^2
: 4.691149*0.25" 3/ 12 + 1.172787*0.9609499^ 2
: 1.089089 in^4

Inertia of the ring about the combined section NA

1 2 = I r * A s * ( N A - Y 2 ) ^ 2
: 0.703 + 1.19*(0.9609499 - 1.908)^2
= | .77O316 in^ 4

Total available I : Il + 12 -- 2.859405 in^4

The2.5x2.5xll4 Equal A vacuum stiffener is satisfactory.

Calculations for ring 3fi).1E7 in from datum

SA 240 3O4L HIGH
0.21929 in
0.25 in
72.'15 in
400 des F
14.7 psi
53.9065 in

1996

Revision No. 0
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Shell material soecification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Desiqn temperature:
Extefrral deiign pressure:
Stiffener supported length:

t :
t s :
D o :

P :
L s :

B : .75+(P*Do/(t + As/Ls))
= 3-5*-(1 4.'l *7 2.7 5 I (0.21929 + I . I 9/53. 9065))= 3323.os

From table HA-3 (ring) A = 2.5170328-04

Required moment of inertia of the combined ring-shell section

3_2t.1996
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Stifftrer Rings @ nozzles

Is: (Do^2*Lsx(t + AsiLs)*A)/10.9
= (7 2.7 5 ̂  2* 53.9065'r'(0. 2 I 929 + 1. I 9/53. 9065)*2.5 l7 032E-U) I lO.9
= 1.590172 in^4

Available moment of incrtia of the combined ring-shell section

Shell width contributing smaller of : 4.691149

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

W: lx : 53.9065 in

Shelf area A1 : W*ts = 1.172787 n^2

Distance to the ring neutral axis

Y2 = Rins NA + tsi2
= 1.783"+ O.2512
: 1.908 in

Neutral axis of combined section

NA :As *Y2 l (A l+As )
: 1.19*1.908/(1.172787 + 1. 19)
: .9609499 in

Inertia of the shell about the combined section NA

11  =W* t s^3 /12+A1*NA^2
: 4.691149*0.25^ 3l 12 + 1.112787 *0.96W499^ 2
: 1.089089 in^4

Inertia of the ring about the combined section NA

12 :k  +  As * (NA-Y2 ) ^2
: 0.Zqi + l.19*(0.9609499 - 1.908)^2-- 1.770316 in'4

Total available I : Il + 12 :2.859445 in^4

Tbe2.5x2.5xll4 Equal A vacuum stiffener is satisfactory.
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(al Muinruu. Exccpl as requircd in UW-2(dX3),
thc maxinrunr lcnrpcraturc uscd in design shall be not
lcss thao lhc nrcan mctal tcnrpcraturc (lhrough thc
thickrcss) cxpccted under opcrating conditions for the
pan considcred (sce l-2). lf nccessary. the meral aem-
pcraturc shall bc detcrmincd by conrpurarion or by
mcasurcmcnl froin cquipmenl in scrvicc under cquiv-
alcnt operating condirions.

(b) Mininun. The minimum melal rcmpcraturc uscd
in dcsign shall b€ thc lowcst cxpected in servicc cxccpt
whcn lowcl lemperatures arc pcrmrtted by tbe rules of
rhis Division (scc UCS-66). Thc minimum mcan meral
tcmpcraturc shall bc delermincd by rhe principlcs de.
scribcd in (a) above. Considerarion shall includc thc
lowcst op€rating rcmpcrature. operational upscts.
autorcfrigcration. almospheric tcmpcrature, and any
orhcr sourccs of cooling lcxccpr as permirred in (fX3)
belowl.

(c, Dcsign temperaturcs l isted in excess of the max-
imum tempcrarures l isted in the tables rcfcrcnced in
UC-23 are nor permined. In addition. dcsign rempcr-
aturcs for vessels undcr sxremal pressurc shatl not cx.
cccd the maximum (empcraiures given on the extcmal
prcssurc chans-

(d, Thc dcsign of zoncs wirh different metal tem-
pcraturcs may be based on rhcir determined tempera-
rurcs.

(c, Suggestcd methods for obraining the opcrating
tcmpcraturc of vessel walls in scrvice arc given in Ap-
pcndix C.

(/) lmpact tcsting p€r UG-84 is nor mandarory for
prcssurc vcsscl marerials which sarisfy all of thc fol.
Iowing.

(r, Tbe mahrial shall bc l imiled ro P-No. l. Gr.
No. I or 2, and thc thickrcss, as dcfined in UCS-66(a),
shall not crcccd that givcn in (a) or (b) below:

(o) t/1 i^. for matcrials lisred in Curvc A of
Fig. UCS-66;

(D/ | in. for matcrials lisred in Curvc B. C, or
D of Fig. UCS-66.

(2J Thc completed vcsscl shall be hydrosaricalty
tcstcd pcr UG.99(b), (c), or (k)-

(JJ Dcsitn rcmperaturc is no warmer rhan 650"F
nor coldcr than -20'F. Occasional opcraring tcmpcr-
aturcs coldcr than -20'F arc acceptablc whcn duc lo
lowcr scasonal atmospheric tcmpcraturc.

(4t Thc thcrmal or mechanical shock loadings arc
nol a conlroll ing dcsign rcquiremenr (Scc UG-22.)

(Jl Cyclical loading is nor a conlroll int design rc-
qui.cmcnl (Scc UC-22. I

t,G-20

UG.2O DESIGNTEMPER^TURE

ree2 SECTION v l - DIVIS|ON r UG.T]

UG.2I DESIGN PRESSUREI

Vcsscls covcrcd by lhis Division of Scction Vll l
shall be dcsigncd for ar lcasr thc most scvcrc condilion
of coincidcnt prcssurc and tcmperaturc cx;rctcd in nor-
mal opcrarion- For this condition and for lest condi-
tions, thc maximum diffcrcncc in prcssurc bctwccn thc
insidc and outsidc of a vessel, or b€twcco any lwo
chambcrs of a combination unit. shall be considered
lsee UC-98. UC-99(c). snd l-21.

UG.ZZ LOADINGS

Thc loadings to be considcred in designing a vcsscl
shall includc those from:

{af intcmal or cxlemal design prcssurc (as dcfincd
in  UC-21) :

(b/ wcight of the vessel and normal contents undcr
operating or tcsr condirions (this includes additional
prcssurc due to staric head of liquids):

(c, supcrimposcd stalic rcactions from weight of at-
lached eguipment, such as motors, machinery. other
vessels. piping. l inings, and insulation;

(d] thc anachment of:
(,1, intemals (sce Appcndix D);
(?) vessel suppons, such as lugs, rings, skins,

saddles. and lcgs (scc Appcndix G);
(r, cyclic and dynamic rcactions due to prEssure or

ftcrmal variations, or from cguipmcnt mountcd on a
vcsscl. and mcchanical loadings;

f) wind, snow, and scismic rcactions, whcrr rc-
quircd;

(8, impact reactions such as thosc duc to f,uid shock:
(&, tcmpcratuc gradicnr and diffcrential thermal cx-

pansion.

(a, Thc maximum allowablc smsr valuc is thc max-
imum unit slrcss pcrmitlcd in a givcn matcrial uscd in
a vcsscl construclcd under thcsc rulcs- Thc maximum
allowablc tcnsilc stress valucs pcrmittcd for diffcrcnt
inatcrials arc Sivcn in Subpan I of Scction lt, Pan D.
A listinB of thcsc materials arc given in thc following
tables. which ar. includcd in Subscction C.

'll ir rccornmcntlcd rhd : iurtrblc nuryin b. -FDvi&d rbovr thc
pr.$urc rt *hich lhc v.ir.l $ill b. no.|nrtty ofcr.rcd rc dlo$ fo.
probrbld prcrru.t 3urtc! in rhc v.rel uF ro th. rcttint of ftc plcssuff

.(cliclint d.riccr (r€c j{G. | l{rt
'F(,r rhc bh'i rn *h.'J rm ,iut.r"dir.** vrtucs hrvc bccn c!
Irblishtd. r.c AprEndir I of Scction ll. P|.r D.
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UG.At PART UG _ GENERAL REQUIREMEN'TS

Tablc UCS.23 Carbon and l,ow Alloy Slccl (stress val-
ucs in Sccrion Il. Pan D. Table 3 for boltin8. and
Tablc tA for othcr carbon stccls)

Tablc UNF-23 Nonfcrrous Mctals (strcss valucs in Scc-
tion l l. part D, Tablc 3 for bolring. and Tablc lB
for othcr nonfcnous mctals)

Tablc UHA-?3 High Alloy Stccl (strcss valucs in Scc-
tion ll, Pan D, Tablc I for bolting. and Table lA
for othcr high alloy stecls)

Tablc UCl.2l Maximum Allowable Srress Valucs in
Tension for Cast lron

Tablc UCD.23 Maximum Allowablc Srrcss Valucs in
Tcnsion for Cast Ductilc lron

Tablc UHT-23 Fcnitic Stccls with hopcnics Enhanccd
by Hcat Treatmcnt (strcss valucs in Scction ll. Pan
D. Tablc lA)

Tablc ULT-23 Maximum Allowable Strcss Valucs in
Tension for 5%, E%, and 9% Nickcl Srccls and
5081.0 Aluminum Alloy at Cryogenic Tempcrarurcs
for Welded and Nonwelded Construcrion
(b/ Thc maximum allowablc longirudinal comprcs-

sivc slrcss to be uscd in lhc design of cylindrical shclls
or tubcs, cithcr scamless or butt wcldcd, subjectcd ao
lordings that producc longitudinal comprcssion in Oc
shcll or tubc shall bc thc smillcr of thc following val-
ues;

f// $e maximum allowable tensile sircss valuc
permincd in (a) abovc;

(?/ rhe value of thc factor I dctermincd by thc
following proccdurc wherc

t= thc minimum rcquircd thickness of thc cylin-
drical shcll or tubc, in.

R,=outside radius of cylindrical shcll or tubc, in-
E= modulus of clasticity of matcrial at dcsign

tcmpeElurc, psi. Thc modulus of clasticity ro
bc uscd shall bc taken from thc applicablc ma-
tcrials chan in Scction U, Pan D, Subpan 3.r0
(lntcrpolation may bc made bctwccn lincs for
intcrmcdiatc tcmpcraturcs. )

Thc joint cfficicncy for butr.wcldcd joints shall bc r8!-
cn as unity,

Thc valuc of I shall bc detcrmincd as follows.
Step I. Using thc sclecacd valucs of r and R. cal-

cularc thc valuc of factor A using thc following for.
mula:

.  :0. iB^-Gii

Srep 2- Using the valuc of ,4 calcularcd in Stcp l.
cntcr thc applicablc matcrial chan in Scction II, pan

'''Notc rh.r th. modulur of cl.sricity v.lucs tist.d in UF.l? of rh,!'
D'vr!'on ehitll nor bc urcd for.rirl comprelson o€srl:n

TABLE UG.23.I
MAXIMUM METAL TEMPERATURE FOR WHICH

FACTOR OF I.2 IS APPLICABLE

T.bl. in l{/hkh M.tarid
Ir Lhtcd fmr' 'F

ucs-2,

UHF-2r.t
uirF.2.l.2
U F-21.'
uflF-2r.a
ur{F-2t.5

uxa-21

u|tr.23

t00

t00
t50
900
a{t0
600

ao0

700

D, Subpart 3 for thc matcrial undcr considcration-
Move venically to an interection with thc marerial/
tempcrature line for thc dcsign tempcraturc (scc UC-
20). Intcrpolation may bc made betwecn lincs for in-
tcrmcdiale lempcraturcs.

In cascs whcrc thc valuc at e falls to thc right of
$c cnd of the matcriaUtcmpcraturc linc, assume an in-
tersection with thc horizontal projcction of the upper
cnd of thc materiaVtemFraturc line. For valucs of A
falling to thc lcfi of thc matcriaytcmFraturc linc, se€
Slcp 4.

Srep -i. Fmm thc intcrscction obtaincd in Stcp 2,
movc horizontally ao lhc right and rcrd 'al[c of
frdor 8. This is
smss for

Stcp 4. For valucs of, f8lling ro thc lcft of tbc
applicablc matcriautcmpcraturc linc, thc valuc of 8,
psi, shall bc calculatd using thc following formula:

a=+
Srep J. Comparc lhe viidc: di

3 or 4.wirh rk adiirirrfrfs
strcss in thc cylindrical slicll 6i

2 l

values of t urd &. lf thc valuc of I is smallcr lhan
thc computcd comprcssivc strcss, a trcatcr valuc of r
must bc sclecGd and thc design proccdurc rcpcatcd un-
til a value of I is obtaincd which is grrarcr than thc
comprcssivc atrcss computcd for the loading on thc cy-
lindrical shcll or tuhe.

Thc joint cflicicncy for bun wcldcd joints may bc
ralcn as unity.

(c, Ttre wattihictcri&s of i vcsscl computed by thcsc
rulcs shall be dcrcrmioed such that. for any combi
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GENERAL NOTE: See Tabte HA.3 for r.butar v. lues-

PART D _ PROPERTIES Fi8s. HA.3, HA-{
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FIG. HA.3 CHART FOR OETERMINING SHELL THICKNESS OF COMPONENTS UI'IDER €XTERNAL PRESSURE
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FIG, HA-4 CTIART FOR OETERMINING SHELL THICK.NESS OF COMPONENTS4NDER EXTERNAL PRESSURE
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Pressure SunEnarv

Pressure sunmaty for pressure chamber 1

a t ! . . .  t . d s c t  ! o n |  ( r n )  |
l - t
|  0 . 0 0 0  I

l - l

l P l t l i ' ^ r P l ' 0 P

I  d . . l e !  |  d € r r e n  |  |

I  t .  I  uc-et I

l . ' t . r n . r  I  R . r l o  I

5 P O 0 !  t - r

|  ( p . 1 )  l ( d e g  r )  |  t p . 1 )  |  ( p . r )  |  ( 9 3 ! )  |  |

t - t - l
!  0 . 0  I  / r 0 0 . 0  |  1 0 . . r  I  1 1 0 . 6  I  1 6 - r  I  r , r ! 6  |

( d . g  r )

- t _ t _ t _ t _ t _ t _
I  tor  rpFl  !c lbt .

Vessel MAWP hot & corroded is 104.47 psi @ 400 degrees F.

Vesse] MAP new & cold is 1L8.69 psi @ 0 degrees F.

VesseL al lowable external- pressure is 1G.41 psi @ 400 degrees F.

Ilvdrotest pressure calcul-ation based on ITIAWP

= 1 .5 i  (MAWP + Opera t ing  L igu id  Head)  *1 .136 =  178 ps i

Vessel hydrotest pressure is L?8 psi.

Not.e: vessel MAP rat inq not valid unless hydrotest pressure based on MAp -

REVO
v049-l -077
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weiqht Sumnarv

c o t r P o n . r t  - - - - - - - - -  f f . t E h t  ( l b . l

r€r !1 r { . t .1 Trrys l .c*3d

Ner co! !  a 3up a.d.

c o n r  r l b u t . d  b y  v . . . . I  l l r ! . t t .

I n s u l  ! i t r i t r g  P l P l n g  t  r d d c r

&  P l .  r

i lng .  Op. !  t . r t  l ro rz l  c

a  t { i . c  l ,1q ! ld  ! lqu ld  a  f l9

t t 0 0

v c s . . 1  o p e ! . t i D g  r e i E h t ,  c o l r o d e d :  a 5 9  l b t

v e . s € r  . n p ! y  r c i g h t ,  c o r l o d . d :  a 5 t  l b .

Ve3e€ l  s t rp ty  u€ igh t ,  t r . r :  rss  tb !

v c r r e l  t e . t  r e i g b t ,  n € Y r  3 , 0 a 7  1 b .

vessel center of qravitv location (from riohts rteld seam)

459  lbs
30  i n

REVO
v049-l-077
Pege lI of 56

Vessel l i f t  weight. new:
Center of gravity tso seam:
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Thickness Sumnary

I D l , c n g t h  l . o h  I

( t n )  ( 1 t r ) ( t D )  B

cov . rn l rg

L o . a  s r l t u .  a t r a a a {  l r )

5 0  , 0 0 0 . 1 4 ? 5 0 . 1 3 1 2  o .  a 5  . r t € r D . t

Nom t - vessel wall  thickness
Req t - required vessel walL rhickness due to governing loading
E - longitudinal seam joint eff iciency

Load:
int.ernal - circ stress due Lo internal pressure governs
ext.ernal - external pressure governs
wind - combined long stress due Eo STATUS + wind govertrs
seismic - combined long stress due to STATUS + seismic governs

REVO
vfi9-l{77
Prge 12 of56
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sPool, A-1

ASlilE Section VIII Division 1. 1992 Bditsion. A94 Addenda

Component: Cyl inder
MateriaL specif icat ion: SA 240 304L HIGH

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

Corrosion al lowance: InnerC = 0 Outer= 0 in

PWHT is not. performed

Radiography: Category A joints - SpoC IX{-11 (b) E)t)e 1
Category B j oints - SpoE ltl{- 11 (b) E)t)e 1

EsE.imated weight: new = 459.3 corr = 459 -3 ]b
capacity: new = 406.242 corr = 406.242 US ga

ID =  44 .625 length  l rc=  60  t  =  0 .1875 in  (new)

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

p = S * E * E / ( R + 0 . 6 * E )  - p s
=  1 5 7 0 0 * 0  . 8 5 * O  . 7 8 7 5 /  ( 2 2 . 3 t 2 5  +  0 . 5 * 0 . 1 8 7 5 )  -  0
=  1 L 8 . 5 8 7 3  p s i

MAvIP: (Corroded & at 4OO degr F) UG-27(c) (1)

p  =  S * E * ! / ( R  +  0 . G * 8 . )  -  p s
=  1 4 7 0 0 * 0  . 8 5 * O . L 8 7 5 /  ( 2 2 , 3 a 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  1 0 4 . 4 7 3 2  p s i

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

L / D o  =  7 L . 4 3 7 s / 4 5  = 1  . s 8 7 s  D o / t  =  4 5 / O . L 8 L 2 6  =  2 4 8 . 2 6 2 2
From tab le  G :  A  =  0 ,00021
From tab le  I IA -3 :  B  =  2767  -7

Pa= 4*B/ (  3*Dolt  )
=  4 * 2 7 6 7  . 7  /  ( 3 * 4 5 / O . 1 8 1 2 6 )
=  1 4 . 8 6 4 4  p s i

nesigrt thickness, for external pressure Pa = 14.8644 gsi:

= t. + Corrosion
=  0 , 1 8 1 2 5  +  0
=  0 . 1 8 1 2 5  i n

Itlaxinnrm Allowable B:cternal Pressure: (Corroded @ 4OO degr P)

L / D o  =  7 L . 4 3 7 s / 4 s  = 1 . 5 8 ? 5  D o / E  =  4 s / o . ; B 7 s  =  z 4 o
From t ,ab le  e :  A  =  0 .000224
From t .able I{A-3: B = 2954

REVO
vo49-t477
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sPool, A-1

Pa= 4*B/  (3  *Do lE )
=  4 * 2 9 5 4 /  ( 3 * 4 5 l 0 .  1 8 7 5 )
=  1 6 . 4 1 1 1  p s i

REVO
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3Thickness SumEry
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Pressure Su mary

Pressure summary for pressure charnber 1

I  t r t r )  |

t - l

I  o . o o o  I

t - l

l P l r l

l d e r i g t r  |  d . . 1 9 n  I

|  ( p . t  )  |  l d . g  ! )  |

r^rlP I r^e I D. I

I  l . x t . r n r r  I
( p . !  I  l l p . l )  l ( p r ! )  I

uc-9r I
Rrtto I frDfit'

I t o r g

oct-+6

lx. !9t lon or

t )  a t r . . .  t . d u . t l o n

a rooL  l " z |  0 , 0  |  . 0 0 . 0  |  9 5 . 5  |  1 o r . a  I  r { , 5  1 1 . 1 r 5  | l x o t . P P r t . . b r c

l _ l _ t _ t _ t _ t _ l _ l

VesseL MAWP hoE & corroded is 96.66 psi @ 400 degrees

Vessel MAP new & cold is 109.81 psi @ 0 degrees F.

Vessel al- lowab1e external pressure is 24.59 psi @ 400

Ilydrotest pressure calculation based on MAWP

= 1.5* ( l" lAWP + Operating Liquid Headl *1.135 = 164 .7 psi

Vesse l  hydro tes t  p ressure  is  164.7  ps i .

degrees F.

Note: wessel tlAP rating not valid unLess hydrotest pressure based on MAP -

REVO
v049-r-011
Prge l6 of 56
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1"1

weight Sununarv

C o n P o n e n l  - - - - - - - - -  f l . i g h t  1 l b . J

M . r r l  l e t a t  t r . y .  P i c l . d

N. r  Cor r  r  . ' lP  led l

C o r t  r i b u t . d  b y  v . . . . 1  l l . ! . a t 3

rnsu l  t ln ln9  E lP lng  Ladr lc r

& p l .  r

n ln t .  Op. !  1 . . t  l to r  r  l .

&  H l .c  ! , lqu l i l  & lq t l ld  a  f lg

v . . . . r  o l ) e r r t t n g  y e t E h t ,  c o r r o d e d :  , r .  l b !

v . . . . I  . h p t y  r € t E h t ,  c o r r o d . a l :  2 2 a  l b .

v e 6 . € l  e h p t y  e e i g h t ,  D . r :  2 2 4  t b .

v e 5 B 6 l  t e a t  e e l E h t i  n e r :  2 , 0 1 5  l b B

vessel center of gravity location (from right weld seam)

224 lbs
1 3  . 6  i n

REVO
yo49-r477
Prge l7 of56

Vessel l i f t  weight, new:
Center of gravity to seam:

3 .L2 -L996



r A

Thickness Sunmary

' D

( 1 n l

L.ng th  Nor  i

|  ! ! )  B

cover r ln9

L o r d  6 r l t u a  g t a . a r (  1 ! )

a 3 . 4 5 l r .  t t O . l A 7 5  O . l a t {  0 . 6 5  . x t € r t r . f

Nom E
Par.t l-

t1

Load:
int ernal
external
wind
seismic

vessel waII Ehickness
required vessel wa1I thickness due to governing loading
longitudinal seam joint eff iciency

- circ stress due to inEernal pressure governs
- ext.ernal pressure governs
- combined Long stress due tso sTATus + wind governs
- combined long slress due to STATUS + seismic governs

REVO
v049-l-077
PrSe 18 of563  -  1 2 . 1 9 9 6



sPooL A-2

ASMB Sect.ion VIII Division 1. 1992 Bdition. A94 Addenda

Component: Cyfinder
Material specif icat ion: SA 240 304t HIGH

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

Corrosion alLowance: Inner C = 0 Outer= 0

PWHT j.s no! performed

Radiography: Category A joints - Spot lrw-11 (b) t]rye 1
Category B j oints - Spot ltw- 11 (b) El4)e 1

Est. imaEed weight.:  new = 224.5 corr = 224.5 1b
capac iEy :  new =  274.744 cor r  =  2 t4 .744 US ga

ID =  48 .25  lengEh Lc= 27  - I3  t  =  0 .1875 in  (new)

MAP: (New & at O deo F) I tG-  27 (c)  (1)

P = S * E r t l ( R + 0 . 5 * t )  - P s
=  L  5  7  0  0  *  0  .  I  5  *  0  .  1  I  7  5  /  ( 2 4 . I 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  1 0 9 . 8 1 - l - 8  p s i

MAWP: (Corroded & at 400 deg F) UG-27(c) {1)

P = S * E * L / ( R + 0 . 5 * E )  - P s
=  1 4 7 0 0 * 0  . 8 5 * 0  . 1 8 7 5 /  ( 2 4 . L 2 5  +  0 . 5 * 0 . 1 8 7 5 )  -  0
=  9 5 . 5 6 0 6 5  p s i

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

r , /Do  =  39 .L7167  /48 .525  =0 .8055  Do l t  =  48 .625 /0 .1 ,4547  =  334 .26 t4

l_n

From E.able G:
From E.able !lA- 3 :

Pa= 4*B/ (3 *Dol E )
=  4 * 3 7 0 0  - 4 /  ( 3 *  4 8  . 6 2 5  /  0  . 1 , 4 5 4 7 )
=  1 4 . 7 5 0 5  p s i

Design thickness for ext.ernal oressure Pa = 14.7505 pei:

= t + Corrosion
=  0  .  14547  +  0
=  0 . 1 4 5 4 7  i n

Maxilmlm Allowable Bxternal Preasure: (Corroded @ 4OO deg F)

i . , / D o  =  3 9 . L 7 r 6 7 / 4 8 . 6 2 s  = 0 . 8 0 5 6  D o / E  =  4 8 . 6 2 5 / 0 . 1 8 ? 5  =  2 s 9 . 3 3 3 3

A  =  0 . 0 0 0 2 8
B  =  3 ? 0 0 . 4

A  =  0 . 0 0 0 4
B  =  4 7 8 3 . 3

From Eable G:
From tabLe HA-3:

3 . L 2 . L 9 9 5
REVO
v049-t-077
Prgs 19 of 56



zo

sPool, A-2

Pa= 4 *B/ (  3 iDolr  )
=  4 *  4 ' 7 8 3 . 3  /  ( 3  * 4 8  . 5 2 5  /  O  . r 8 7 5 )
=  2 4 . 5 9 2 8  p s i

REVO
v049-t477
Ptge 20 of 56
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zo

sPool, A-2

Pa= 4*B/ (3 iDolE )
=  4 * 4 7 8 3 . 3 /  ( 3 * 4 8 . 5 2 5 /  O . 1 8 1 5 '
=  2 4 . 5 9 2 8  p s i

REVO
v049-t4?7
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Pressure SuI nary

Pressure sunnral']. for gressure chadber 1

|  |  ?  I  I  I  t A t E  l i ^ e  I  P .  l u c - e e  I  u c s - . 6  l c o r r o . i o o l

I  t d . n t l r i . r  l d . . 1 9 n  I  d . . i E n  |  |  l . r t . ! n . l 1  t r c i o  I  x D i r r  t ! . r p l r o n  o r  l ^ r r o r . n c . l

I  { F E i )  l { d e g  r )  I  ( p . i )  |  ( p s r )  |  ( p . i }  |  |  ( t l . s  ! }  l t ! . . .  t . d u c t l o n  |  ( 1 ' }  |

t - t - t - t - l
l s p o o r ,  a - 3  |  o . o l . o o . o l  1 5 . 6  l r o 9 . ! l  2 0 . 5  l r . r ! 6  |  |  x o r  l p p l t c l b r .  I  o . o 0 o  I

t _ t _ t _ t _ t _ t _ l _ l t - l

vessel MAWP hot & corroded is 96.65 psi @ 400 degrees F.

vesseL MAP new & co ld  i s  109.81  ps i  @ 0  degrees  F .

Vessel al lowable external pressure is 20.54 psi @ 400 degrees F.

Hydrotest gressure cal"culation based on MAV|P

= l - .5*  (MAWP + Opera t ing  L iqu id  l tead)  *1 .136 =  164.7  ps i

Vesse l  hydro tes t  p ressure  is  154.7  ps i .

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

REVO
v049-l-07?
Psge 22 of 56
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1 ' -

Weight Sul[nary

c o h g o n € . r  - - - - - - - - -  x .  i g h r  l l D s )

r r€  r .  !  ' {EE! I  t ! ! y .  P .eked

Ner  Co l r  e  .up  ge t l .

c o n r  r l b u t s d  b y  v e . ! € 1  l l 6 h e n t c

l o B u r  L l n t n 9  l i p l n 9  l , r d d . t

a  P l a t

t l n g .  o P . !  t . . t  n o . r  I .

E  H l r c  l , l q u i d  t l q l l < l  &  l l 9

v . . . c l  o p e l l t i t r g  r . 1 g h t . ,  c o r l o d . i l :  3 2 5  l b .

v e E ! . 1  . ! p r y  y € i g h t ,  c o l l o d e d :  3 2 5  l b .

v c € 8 e l  e t r p t y  r e i g h t ,  n e * :  ! 2 6  l b 3

v e . E . l  i e E t s  r e i s h L ,  n . ! :  2 ! 9 2 s  l b E

Vessel center of qravitv location (from righL weld seam)

Vessel l i f t  vreight, new:
eenter of gravitsy to seam:

325 1bs
1 9 . 7  i n

REVO
v049-l-077
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Ttrickness Sumnant

Leagth  Non t G o v . r r I D 9

a t .  t u r

D . l l . c t

s t r . . .  ( 1 r )

I D

I ! n )

0 . 1 3 7 5  0 , 1 6 5 r  O . B s  . x t e ! r ! l

Nom E
Req t
-!t

Load :
internal
external
wind
se ismic

vessel waII Chickness
reguired vessel wall thickness due tso governing
longitudinal seam j oint.  eff iciency

loading

REVO
v049-t-0??
Prge 24 of56

- circ stress due to inEernal pressure governs
- external- pressure governs
- combined long stress due to STATUS + wind governs
- coftbined Long sE.ress due to STATUS + seismic governs
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sPool, A-3

ASMB Section VIII Division 1. 1992 Bdit.ion. A94 Addenda

ComponenL: Cylinder
Material specif icat ion: SA 240 304L HIGH

ExEernaL design pressure: Pe= f4.7 p6i @ 400

Corrosion allowance: Inner C = 0 Outer= 0

PWITT is not. performed

Radiography: Category A joints - SpoE llw-11(b) Cype 1
CaEegory B joints - Spot UW-1l (b) type 1

deg

in

Est.imaled weight :
capac ity :

n e $ r  =  3 2 5 , 8  c o r r  =  3 2 5 . 8
n e w  =  3 1 1 . 5 5 8  c o f r  =  3 1 1 . 6 6 8

Ib
US ga

I D  =  4 9 , 2 5 Leng th  l r c=  39 .375 t  =  0 . 1 8 7 5  i n  ( n e w )

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

p = S * E * E / ( R + 0 . 6 * t )  - p s
=  1  5  7  0  0  *  0  .  8  5  *  0  .  1  8  7  5  /  1 2 4 . r 2 5  +  0 . 6 * 0 .  L 8 ? 5 )  -  0
=  1 0 9 . 8 1 1 8  p s i

MAWP: (  Corroded & at 400 deg F) Ue-27(cl  (1)

p = S * E * ! / ( R + 0 . 6 * t )  - p s
=  1 4 7 0 0 * 0  . 8 s r 0 . 1 8 7 5 /  ( 2 4 . 1 � 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  9 6 . 5 6 0 5 5  p s i

Bxternal Pressure: ( Corroded & at 400 deg F) IIG-28

L / D o  =  5 I  . 4 1 5 5 5 / 4 8 . 6 2 5  = t . O 5 7 4
From E.able G:
From t.able HA- 3 :

Pa=  4*B /  (3 *Do lE )
=  4 * 3 2 7 3  . 7  /  ( 3 * 4 8 . 6 2 5 / O . 1 5 5 1 9 )
=  14  .  8287  ps i

From Eable G:
From E,able I{A- 3 :

3 . L 2 . L 9 9 5

D o / t  =  4 8 - 5 2 5 / 0 . 1 6 s 1 9  =  2 9 4 . 3 5 8
A  =  0 . 0 0 0 2 4 8
B  =  3 2 7 3 . 7

2 s 9 . 3 3 3 3
A  =  0 . 0 0 0 3 0 2
B  =  3 9 9 4 . 1

Design thicknees for external gressure Pa -- 14.8287 Dsi:

= t + Corrosion
=  0 . 1 6 5 1 9  +  0
=  0 . 1 5 5 1 9  i n

Maximrm Allowable Bxternal Pressure: (Corroded @ 400 dea F)

L / D o  =  s t - 4 1 6 6 6 / 4 8 . 6 2 5  = r . 0 5 7 4  D o / t  =  4 8 . 5 2 5 / 0 . 1 8 ? 5  =

REVO
v049-1477
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2 c

sPooIJ A-3

Pa= 4  *B/  (3  *Do l r  )
=  4 * 3 9 9 4  . r /  1 3 * 4 8 . 5 2 5 / 0  . L 8 7 s l
=  2 0 . 5 3 5 2  p s i

REVO
v049-1477
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Pressure Sulrl|laa'y

Pressure sulrr|ary for gressure cha ber 1

|  ( r D )  |

t - l
|  0 . o o o  I

l D l r l l r ^ $ r l $ A P

I  d . r l e n  I  d . . i e n  |  |

I  D .  l u c - t t  I

I r r . t . r n .1 l  r . t t o  I llDllt ltalPr lon or

ld .9  r t  8 t r . . r  l . i l uc l lo t

g P o o l  t -  6

|  ( 0 . r ,  l ( d e g  ! )  I  ( p . i t  I  t n . r t  1  1 " " r ,  '  I
- l - l - t - l

|  0 . 0  |  . 0 0 . 0  |  9 6 - 6  |  r o e . 8  |  1 8 . 0  |  1 . 1 3 6  | I t r o t  a p p r l c ! b l .

r _ t _ t _ t _ t _ t _ t _ t

Vessel MAWP hot & corroded is 95.66 psi @ 400 degrees F.

Vesse l  MAP new & co ld  i s  109.81  ps i  @ 0  degrees  F .

Vessel al lowabl-e ext.ernal pressure is 18.07 psi @ 400 degrees F.

Hydrotest gressure calculation based on MAWP

= 1.5* ( t" iAWP + Operating Liquid Headl *1.135 = 164 . ? psi

Vesse1 hydro tses t  p ressure  is  164.2  ps i .

Note: vessel MAP rating not, valid unl-ess hydrotest gressure based on MAP -

REVO
v049-t.0??
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neight Suflrnary

c o n p o n . n t  - - - - - - - - -  l r e l g b r  ( l D B )

H. i r I  l l e t ! l  T r .ys  9 rckea l

! l .u  Co l r  . l  rup  Eeda

c o n r  r l b u r , . d  b y  v c 3 3 e l  l l . h . s t r

Insur  ! l r !1 .g  g tF tng  u( l i l€ r

e  P l l i

t 1 o 9 .  O p . r  t . ! t  r o t . l  e

.  r 1 . c  l r t q u l d  ! ! q | J l c  r  f t g

.3  31

v e r . € t  o p e . r t i n 9  r € 1 g h t ,  c o ! ! o d e d :  3 4 1  1 b .

v . . . . 1  . h p i y  r € 1 g h t ,  c o r r o d e d :  ! 3 1  l b E

V e 3 6 e 1  e n p t y  e e i g h t ,  n c r :  3 S 1  1 b 6

v € r r . l  t e . t  r e l g t r ,  n e r :  l ! a 1 8  l b g

REVO
v049-t-077
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Vessel cent.er of gravity location (from rights weld seam)

Vesse l  l i f t  we igh t ,  new:
Center of  gravi ty to seam:

381  1bs
23  i n

3 . t 2 . 1 9 9 6
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Thickness Suttunarv

cohpon.Dt  tD  ! ,ength  t toh  ts  t .q  E  Jo ln t  coe . rD lDg D. ! l . c t

t a l . n ! M . !  { 1 n )  ( t n )  { 1 n )  l l D )  !  l o . d  B l a t ! !  8 t ! . . .  ( l n l

8 p o o r . - 6  4 0 . 2 5  . 6 , 0 0  0 - 1 a 7 5  0 , 1 ? 1 1  0  8 5  . x t . ! ! r l

Nom t. - vessel vralL Ehickness
Req t - required vessel wall thickness due to governing loading
E . - longitudinaL seam joint eff iciency

Load:
internal - circ stress due to internal pressure governs
excernal - ext.ernal pressure governs
wind - comlcined long slress due to STATUS + wind governs
seismic - combined long stress due Eo STATUS + seismic governs

R.EVO
v049-1477
Pagc 30 of56
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sPoor., A-6

ASMB Secrion VIIf Division 1. 1992 Edition. A94 Addenda

Component. : Cyl inder
Material specif icatsion: SA 240 304L HIGH

ExEernaf design pressure: Pe= !4.1 psi @ 400 deg F

Corrosion allowance: fnner C = 0 Out.er= 0 in

PWHT is not perf omed

Radiography: Cacegory A joints - SpoE llw-11(b) t)T)e 1
category B joints - SpoE IIw-11 (b) type 1

Est imated we igh t :  new =  380.5  cor r  =  380.5  ]b
capac i tsy :  new =  364.108 cor r  =  364.108 US ga

I D  =  4 8 . 2 5  l e n g r h  L c =  4 6  E  =  0 . 1 8 ? 5  i n  ( n e w )

MAP: (New & at o deq F) UG-27 (c) (1)

p = S * E * t / ( R + 0 . 6 * t )  - p s
=  1 5 7 0 0 * 0  - 8 5 * 0  . 1 8 7 5 /  ( 2 4 . I 2 s  +  0 . 5 * 0 . 1 8 7 5 )  -  0
=  1 0 9 . 8 1 1 - 8  p s i

MA9|P: (Corroded c at 400 deg F) UG-27 (c) (1)

P - S * E * E / ( R + 0 . 5 * t )  - P s
=  1 , 4 7 0 0 * 0 . 8 5 * 0 . 1 8 7 5 /  ( 2 4 . ] - 2 5  +  0  . 5 * 0 . 1 8 7 5 )  -  0
=  9 5 . 5 6 0 5 5  p s i

External Pressure: ( Corroded & at 4OO deq F) UG-28

r , / D o  =  5 8 . 0 4 1 6 6 / 4 8 . 6 2 s  = r . L 9 3 7  D o / E  =  4 e . 6 2 5 / 0 . 1 7 3 1 r -  =  2 8 0 . 8 9 0 8
From Eable G:
From table IIA-3:

Pa= 4*B/  (3  *Do l t  )
=  4 * 3 L 2 7  . L /  1 3 * 4 8  . 6 2 5 / O . 1 7 3 1 1 )
=  1 4  . 8 4 3 7  p s i

Desiqn thickness for external pressure Pa = 14-8437 psi:

= E + Corroaion
=  U . I  / J I I  +  U
=  0 . 1 ? 3 1 1  i n

Maxiunrm A1lowab1e Bxternal Pressure: (Corroded @ 4OO deg F)

L / D o  =  s 8 . 0 4 L 6 6 / 4 9 . 6 2 5  = r . L 9 3 7  o o / E  =  4 8 . 6 2 5 / o . 1 8 ? 5  =  2 s 9 . 3 3 3 3

A  =  0 . 0 0 0 2 3 7
E  -  5 L Z t . L

A  =  0 . 0 0 0 2 5 5
B  =  3 5 1 3 . 7

From table G:
From table !IA- 3 :

3 -L2 _L996 REVO
v049-t-077
Page 3l of56
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sPool, A-5

Pa= 4*B /  (3 *Do lE  )
=  4 * 3 5 1 3  . 7  /  ( 3 " 4 8  . 6 2 5 / O . t 8 7 5 )
=  l - 8 . 0 6 5 3  P s i

REVO
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Pressure Sulunarv

Pressure su[Enary for pressure chamber 1

I  P  I  T  I  a r P  l r A p  I  e .  l u c - e e  |  ! c a - { 6

I  r d € n t l l i . !  |  d . . r E n  I  d c . 1 9 r  |  |  l . r r . t D A r l n . t t o  I  r , t D n r  r r . r p t t o a  o r  l l r r o r . n . . l

|  |  ( p r i )  l { d e s  ! )  |  ( p s i )  I  t p . l )  |  t p B i )  I  |  { d . e  r )  s t r . . .  r r d u c r t o t r  I  t r " )  |

t _ t _ t _ t _ t _ t _ t _ t l - l

I  s P o o l  a - 1 2  |  o . o l . 0 0 , o l  1 6 , 6  l  l o 9 . 8  l  r 0 . o  1 1 . 1 3 5  |  l x o t  ! p p t t c . b 1 .  I  o . o o o  I

t _ t _ l _ t _ t _ t _ t _ l t - l

Vessel MAVIP hoE. & corroded is 96.65 psi @ 400 degrees F.

Vessel MAP new & cold j-s 109.81 psi @ 0 degrees F.

Vessel alfowable ext.ernal pressure is 18.0? psi @ 400 degrees F.

Hvdrotests pressure caLculation based on MAI|P

= 1 .5*  (MAWP + Opera t ing  l , igu id  Head)*1 .136 =  154.7  ps i

VesseL hydro tes t .  p ressure  is  164.?  ps i .

Notse: vessel MAP ratingr not valid unless hydrotest pressure based on MAP.

REVO
v049-t-077
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tleiqht Summaa?

C o n p o D c D t  - - - - - - ' ' '  r | . i g h t  l l b . )

H e r a l  l l c t r l  T r . y s  ! r  c  k e d

N . s  C o r r  &  . u P  A e d .

c o r r ! i b ! t . d  b y  v . . . . 1  1 1 . E . t r t .

lnsur  L ln ing  E iP1.g  t / ra lde  r

t  P l . t

R 1 n 9 .  O P . !  l . . t  r o r r l .

& r i t . .  L lqul i l  ! , tquid .  l lg

g p o o t  ! -  r 2

vessel l- i fE weight, new:
Center of gravity to seam:

t 0 3 ?

v t E E e l  o p e l l t i n 9  v E i g b E ,  c o l r o d c d :  3 4 1  l b .

r ? e 3 B e l  € | n p t y  r . l E h t ,  c o r r o a l e l l :  3 a t  l b B

v r . . . l  . h p t y  u € l g h ! ,  R e r l  3 a l  l b .

v . ! a . l  t . 6 t  e e i g h t ,  n e r :  3 , a 1 ,  l b g

Vessel center of gravity location (from riqht weld seam)

381  lbs
23  i n

REVO
v049-r.077
Page 35 of 56
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ltrickness Sunmarv

corpoD.Da rD L .ngEh xom t  r .q  t  i to in t  Gov. !41 !9  D. ! l r . t

r d . r a t t i . !  { 1 n )  t l r }  ( 1 n )  ( t n )  !  ! o . d  g t . t ! .  8 t r . . t  ( 1 ! l

a p o o l  r - l l  4 4 , 2 5  a 5 . 0 0  0 , 1 4 t 5  O . 7 7 2 a  0 . a t  t t t a r n . l

Nom t - vessel wall  thickness
Req t - required vessel waII lhickness due Eo governing loading
E - longitsudinaf seam joinE eff iciency

Load:
inE.ernal" - circ sEress due Eo internal pressure governs
ext.ernal - external pressure governs
wind - combined long stress due to STATUS + wind governs
seismic - combined tong sE.ress due to STATUS + seismic governs

REVO
v049-t477
Prge 36 of56
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sPool, A-12

ASIIE Section VIrI Diwision 1. 1992 Bdition. A94 Addenda

component: Cylinder
Malerial specif icat i .on: SA 240 304L HIGH

External design pressure: Pe= 14.7

Corrosion al lowance: Inner C = 0

Radiography; Catsegory A joints -
Catsegory B joints -

Est.imaced weighE, :
n : n :  r '  i  t r r .

ps i  @ 400

Outer= 0

PWHT is noE performed

Spot UW-l1 (b) Eype 1
SpoE Uw-11 (b) Eype 1

n e w  =  3 8 0 . 6  c o r r  =  3 8 0 . 5
n e w  =  3 5 4 . 1 0 8  c o r r  =  3 6 4 . 1 0 8

A  =  0 . 0 0 0 2 3 6
B  =  3 1 1 3 , 8

A  =  0 . 0 0 0 2 6 5
B  =  3 s 1 3 .  ?

in

REVO
v049-l-077
Psge 3? of 56

LD
US ga

I D  =  4 8  . 2 s length Lc= 46 t .  =  0 .1875  i n  (new)

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

p = S * E * t / ( R + 0 . 6 * E )  - p s
=  1 6 7 0 0 * 0  . 8 5 * 0 . t 8 7 5 /  ( 2 4 . L 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  1 , 0 9  . 8 1 1 8  p s i

MAWP: (Corroded & ats 400 deg F) UG-27(c) (11

p = S * E * I / ( R + o , G * t )  - p s
=  1 4 7 0 0 * 0  . 8 5 * O . 1 8 7 5 /  ( 2 4 . 1 , 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  9 6 . 5 5 0 5 s  p s i

Bxternal Pressure: (Corroded & at 400 deg Fl IIG-28

L / D o  =  s 8 . 0 4 1 6 5 / 4 8 . 5 2 5  = r . 1 9 3 7  D o / E  =  4 8 . 6 2 s / A . ] - 7 2 4 9  =  2 8 1 . 9 0 0 4
From t.able G:
From table I ]A-3:

Pa= 4*B/ (3 *Dol t  )
=  4  *  3 1 1 3  . 8 /  ( 3 " 4 8 . 6 2 5 / O . r 7 2 4 9 )
=  ] - � 4 .7277  ps !

Desion thickness for exteraal pressure Pa = 14.7277 psi:

= t. + Corrosion
=  O  . r . 7 2 4 9  +  O
=  0 . 1 7 2 4 9  i n

lilaxirmrm Allowable Bxternal Pressure: (Corroded o 4OO deo F)

L / D o  =  5 8 . 0 4 : _ 5 6 / 4 8 . 6 2 5  = t . ! 9 3 7  o o l r  =  4 8 . 6 2 5 / o . 1 8 ? 5  =  2 s 9 . 3 3 3 3
From table G:
From t.able IIA-3:

3  . 1 2  . 1 9 9 6
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sPool-, A-12

Pa= 4*B/ 13 *Psl t  )
=  4 * 3 5 1 3  . 7  /  ( 3 * 4 8 . 6 2 5 / 0  . 1 8 7 5 )
=  1 8 . 0 5 5 3  p s i

REVO
v049-t{77
Page 38 of56
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Pressure Sunmary

Pressure sununary for pressure chamber I

l D l T l n ^ r P l f i A P

I  d € E r E n  I  d . . l e n  |  |

I  E. I  uc-er I

l .rrc!n!r I  ra!ro I  r iDrr

I  I ! . 9  t l

ucg-66

|  (  1 n l  ia l r . . .  l . i l uc i io !

s ? o o t  a - 1 3

I  l E E i )  l ( i l . e  r t  I  l p r i )  |  ( p r i I  |  ( p . l )  |

I  o _ o  |  . o o , o  |  7 1 . 7  |  a r . 6  |  1 9 , 5  | 1 . 1 3 6  I l r o i . p p l t c . b l .

t _ l

Vessel MAWP hot c corroded is ??.16 psi @ 400 degrees

Vessel MAp new & cold is 87.55 psi @ O degrees F.

Vessel- aLLowable external pressure is 19.55 psi @ 400

Ilydrotest pressure calcuLation based on M]lWp

= 1 .5*  (MAWP + Opera t ing  L iqu id  Head)  *1 .136 =  131.5  ps i

Vessel hydrotest. pressure is 131 .5 psi.

degrees F.

lilote: vessel plAP racinq not valid unless hvdrot.est pressure based on MA.P -

REVO
vu9-r-077
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A I

Yleight Suflnnr:rt

c o n p o n . n r  ' ' . - - . - ' -  r r . i g h r  { l b . l

e t l t  r . r r l  t r r y .  P . c k € d

l{€F colr  & .uP aedE

c o n t  l l b u t € c  b y  v . r . . M . 6 . r t .

tDB!1 Ll r l r9 PiP. l  n9 Lr l l i l . r

I  P r . E

RlrE.  O9.!  t . . t  t rorr l r

!  f , l .c  l ,1qu1d rr tqui i t  .  !19

2 3 4 Z a 6 7

v . . . e l  o p . ! ! t i r g  v e i g b i ,  c o r r o d . t l :  2 3 8  I b .

v . . . .1  c ip ty  re igh t .  .o l rodeat :  23e lb .

l e . 3 e l  e f i P t Y  e € l g h t ,  r € r :  2 3 3  l b .

v . . . e l  t e B t  r € i s h t .  n E r :  2 , 6 2 s  l b 6

vessel center of gravity location (from right weld seaml

238 1bs
1 1 . 5  i n

, ! 8 ?

REVO
v049-1477
Prge 4l of56

VesseL l i f t  we igh t ,  new:
Center of gravity to seam:

3  _  1 2 . 1 9 9 5



Ttrickness Sunrnary

L.Dg lh  xom t

l l n )  l l r t { 1 . )  !

cov . rd in9

t  o rd  8 t  a  iua

D . t l . . r

8 l r . . r  ( 1 r ,
I D

0 , 1 8 7 5  o . 1 6 a t  0 . 3 5, J . 0 0

vesse] r,ra1I thickness
required vessel, wall t.hickness due to governing loading
longitudinal seam joint eff iciency

Load:
internal - circ stress due Eo inE.ernal pressure governs
external- - external pressure governs
wind - combined long stress due to STATUS + wind goverrls
seismic - combined long slress due to STATUS + seismic governs

Nom t
Reg E
E

REVO
v049-1-0??
Prge 42 of 56

3  . 1 2  . 1 9 9 6



sPooL A-13

ASMB section vrrr Division 1. 1992 Bdition. A94 Addenda

ComponenE. :
Material specif icaE.ion:

External design pressure: Pe= !4.1

Corrosion al lowance: fnner C = 0

Cyl inder
SA 240 304I, HIGH

p s i  @  4 0 0

OuEer= 0

deg

in

PVIHT is not performed

Radi.ography: Category A joints - Spots ltw-11(b) t)4)e 1
category B joinEs - spot lrw-11(b) type 1

EsEimaE.ed $reight: nerrf = 238.4 corr = 238.4
. . a r ! . . - i l - v .  n e w  =  2 8 5 . 2 3 1  C o r f ,  =  2 8 6 , 2 3 7

I D  =  6 0 . 5 length 1,s= 23 t  =  0 . 1 8 7 5  i n  ( n e w )

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

p = S * E * I / ( R + 0 . 5 * t )  - p s
=  1  6  7  0  0  *  0  .  I  5  r  0  .  1  I  7  5  /  ( 3 0 . 2 5  +  0 . 5 * 0 . 1 8 7 s )  -  0
=  8 ? . 6 5 9 5 3  p s i

MAWP: (Corroded & at 400 deg F) ttc-27(c) {1)

P = S t E * t / ( R + 0 . 6 * E )  - P s
=  1 4 ? 0 0 * 0 . 8 5 * 0 . 1 - 8 7 5 / ( 3 0 . 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  7 7 . 1 G L 3 8  p s i

Bxternal Pressure: (Corroded & at 4OO deq F) UG-28

lb
US ga

L l D o  =  3 7 . 0 8 3 3 3 / 6 0 . 8 7 s  = 0 . 5 0 9 2
From table G!
From t,able HA- 3 :

Pa= 4*B/ ( 3 *DolE )
=  4 * 4 ! 5 7  . 7  /  ( 3 * 6 0 . 8 7 5 / O . L 6 2 7 \
=  1 4 . 8 5 2  p s i

L / D o  =  3 7 . 0 8 3 3 3 / 5 0  . 8 7 5  = O . 6 0 9 2
From table G:
From tsable HA-3 :

3  - L 2 . L 9 9 6

oo/E =  60 .875/0 .1627 =  374.Ls49
A  =  0 . 0 0 0 3 1 5
B = 4]-67 .7

D o / t  =  6 0 . 8 7 s / O . 1 8 7 5  =  3 2 4 . 6 6 6 7
A  =  0 . 0 0 0 3 8 9
B =  4759 .9

REVO
v049-t-077
Prge 43 of56

Desi€rn thickness fo! external pressure Pa = 14-852 9si:

= t + Corrosion
=  O - L 6 2 7  +  0
=  O .L527  in

Itlaxitrrum Allowable External Pressure: {Corroded @ 4OO deg F}



1 q

sPool, A-13

Pa=  4*B /  (3 *Do l t )
=  4 * 4 7 5 9 . 9  /  G * 6 0 . 8 7 5 / O . ! 8 7 5 )
=  1 9 . 5 4 7 8  p s i

REVO
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Pressure Sumnary

Pressure sufltrnarv for pressure channber 1

I
I  rd. t r t  t  r  1. !

I I  r r D '  I

l - l

|  0 , 0 0 0  |

I  p I  r  I  xAl.p I  i r^p I p" luc-+9 | ucs--66

I  d . . i gn  I  d .B19 .  I  I  l ax r . r . . l l  R . r ro  |  ' lDn t  r r . aDr l on  o r

|  ( p 6 i )  l ( d . 9  ! )  |  ( p . i )  |  { p . 1 )  |  ( p s t }  |  |  { d . s  ! )  a t r . . .  r . c u c l l , o t

I  aPool  ^-  r . I  o - o  |  . 0 0 . o  I  t 0 . . .  I  t t 8 . 6  I  2 o . e  l r . l t 5  | l N o ! . p p r t c ! b r c

t _ t _ t _ t _ t _ t _ t _ l

vessel MAWP hot & corroded is 104.4? 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.

Ilvdrotest pressure caLculation based on l.lAWP

= 1 .5*  (MAWP + Opera t ing  L iqu id  Head)  *1 .136 =  178 ps i

Vessel hydrotest. pressure is 178 psi.

Note: vessel tjlAP rating not valid unless hvdrotest pressure based on MAP.

REVO
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Prge 46 of56

3  . 1 2  .  1 9 9 6



4 1

Weight Sumnary

c o r p o n . t r l  - - - - - - . ' -  L . l g h E  { 1 b . )

r , r . r r l  r | . t . l  t r .y .  Prctear

! |er  corr  a .up E.dr

conrr ib l r .d ! ,y  v€. . . r  r lehsnt  r

lnsul  ' ,1o1D9 t iPl rE t , rdt l . r

E  P l .  t

R1n9.  OP. r  t . r t  i l o2 . l .

r  t t l . c  L lqu ld  l lqu l r l  a  t lg

2 a t 2

v . . . . 1  o p e ! . t l n 9  r . t g h t ,  c o r r o d . d :  3 { 6  1 b .

ve33€1 . i rp ty  re l ,9h t ,  cor rodea l .  3 t5  lDg

v . . . . !  e s p t y  u . i g h t ,  n € v j  ! { 6  t b t

v o a . c l  r e a t  , e i g b i ,  r e r :  2 , 8 9 8  1 b 6

vessel center of orawitv location ( from riqht weld seam)

vessel l i f t  weighE ,
Center of gravity to

new i
seam:

345  lbs
2 2 . 6  l n

REVO
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4 3

Thickness Sunmar:f

cohpon.n t  tD  l /ength  NoD !  R.q  t  to ln t  covr l t lDg D. l l . c t

t d . n t i ! 1 c !  ( 1 n )  ( l n )  ( l D )  ( t n )  I  l o t c  8 t . t u .  3 t r . . .  { l t )

g g o o ! . - r r  a . - a z  { s , 1 9  a . l 0 t 5  0 . 1 6 3 !  0 . 6 5  l r t . r ! ! I

Nom t - vessel walL thickness
Req ts - required vessel wall thickness due to governing loading
E - longj.tudinal seam joint eff iciency

L,oad :
inEernaf - circ stress due to internal pressure governs
exEernal - external pressure governs
wind - combined long stress due Eo STATUS + wind governs
seismic - combined long sEress due to STATUS + seismic governs'

REVO
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sPool, A-14

ASIiIB Section vIfI Division 1. 1992 Bdition. A94 Addenda

Component: Cyl inder
Material specif icat i .on: SA 240 304L HIGH

External design pressure: pe= I4.7 psi @ 400 deg F

Corrosion al lowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography: Category A joints - Spot ItW-11 (b) E)4)e 1
Cat.egoqr B joinrs - Spot lJw-l l  (b) Eype 1

Est . imaEed we igh t :  nevr  =  345.9  cor r  =  345.9  Ib
capac iE .y :  new =  305.9G8 cor r  =  305.968 Us ga

ID =  44 .525 length  Lc= 45 .19  t  =  0 .1975 in  (new)

MAP: (New & at 0 deq F) U G - 2 7 ( c )  ( 1 )

P = S * E * t / ( R + 0 . 6 * t )  - p s
=  1 6 7 0 0 * 0  . 8 5 * O  . A 8 7 5 /  ( 2 2 . 3 ] - 2 5  +  0 . 6 * 0 . 1 8 7 5 )  -  0
=  I . L 6  .  b U  / J  D S A

MAY|P: (Corroded & at 4OO deg F) Uc-22(c) (1)

P  =  S * E * E / ( R  +  0 . 6 * t . )  -  P s
=  1 4 7 0 0 * 0  . 8 5 * 0 . 1 8 1 5 /  ( 2 2 . 3 1 2 5  +  0 . 6 * 0 .  j . 8 7 5 )  -  O
=  \04 .4732  ps j - �

Bxternal Pressure: ( Corroded & at 4OO deg F) IE-28

L / D o  =  s 6 . 6 2 7 5 / 4 s  = L  . 2 s 8 4
From table c:
From lable IIA- 3 :

Pa= 4*B/ (  3 *Do,/E )
=  4 * 3 0 4 7  . 2 /  ( 3 * 4 5 / O . 1 6 3 3 1 )
=  1 4 . ? 4 4 8  p s i

D o l t  =  4 5 1 0 . 1 5 3 3 1  =  2 7 5 . 5 4 9 6
A  =  0 . 0 0 0 2 3 1
B =  3041 ,2

= C + Corrosion
=  0 . 1 6 3 3 1  +  0
=  0 . 1 6 3 3 1  i n

L / D o  =  5 5 . 6 2 1 5 / 4 5  = r . 2 5 8 4
From !ab1e G:
From table HA-3:

3 . 1 2 . 1 9 9 6

D o / E = 4 5 1 0 . 1 8 7 s = 2 4 0
A  =  0 . 0 0 0 2 8 s
B = 3'767 -L

REVO
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f(.)

sPoor., A- 14

4*B/  (3*Do/E l
4 * 3 7  6 7  . t /  ( 3 * 4 5 / O . ] - 8 7 5 )
2 0 . 9 2 8 3  p s i
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Pressure Surnnary

Presaure sunmary for pressure chanber 1

I  E  I  r  I  r , r r r p  l r ^ p  I  r .  l D c - e r  I  e c a - 5 6
I  t d e r t i a i c !  |  d . . i g n  I  d . . r g r  |  |  l . x t . t D a r l t . t r o  |  , D r r  r r . l r r t l o r  o r  l ^ r r o r t r c . l

|  |  ( p . i t  l l d . e  r )  |  ( p . i )  |  { p . i )  |  ( p . r ,  |  |  { < t . 9  ! )  a r r . . .  r . d u c t r o n  I  ( 1 . )  |
- t - l t - t

l a P o o !  r - t '  I  o - o l . o o . o l  1 6 . 6  l r o 9 , B l  2 . . 9  l r - 1 ! 6  |  l x o t  l p p t t c r b l .  I  o . o o o  I

t _ t _ t _ t _ t _ t _ t l t - l

vessel MAWP hot. & corroded is 96.55 psi @ 400 degrees F.

Vessel MAP new & cold is 109.81 psi @ 0 degrees F.

Vessel al- lowable external pressure is 24.94 psi @ 400 degrees F.

Hydrotest pressure calculat.ion based on MAtilp

= 1.5* (I"IAWP + Operat. ing Liquid Head) *1.135 = 164 . ? psi

VesseL hydro t .es t  p ressure  is  164.7  ps i .

NoEe: vessel MAP rating not valid unless hvdrotest E ressure based on MAIr.

REVO
v019-1477
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t )

weight summala/

c o i P o n . r t  - - - - - - - - -  $ e t g h t  { l b . )

I . t r l  n . i . l  t l t ys  P ! .ked

Ner  Cor r  a  3uP E.d .

C o b t  r t b u t . i l  b y  v . . . . 1  l l . n . n l .

I D r u t  ! l n 1 D g  P 1 P 1 n g  t , r a r d E r

r  P l  ! r

l lng !  oP. f  T . ! t  t to rz rc

r  | |1 .c  l lqu ld  l r lqu td  I  t lg

a P o o l  . - 1 5 1 6 0  5

v€. .€ l  oPe. ! t l ' |g  re lgb t r  co l rode i l :  201  IDB

v . . . . r  . b p t y  e e i g h t ,  c o r r o l t e r t :  2 0 r  l b B

v . . . . 1  . f r p t y  v e i g h t ,  n e * :  2 0 1  l b .

V e i . e l  t c s t  r e i g h t ,  n c r :  1 , 4 0 6  l b .

Vessel center of gravity location (from right weld seam)

! 6 o s

REVO
v049-1-077
Prge 53 of 56

Vesse1 l i f t  weight, new:
CenEer of gravity to seam:

201 1bs
L 2  . 2  i n
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*

Thickness Sunmar?

cocpor€nc  tD t . r lg rn  Don t  neq t  i to lD t  cov . rn lng  D. t l .e !

r d . D r i t l e r  ( t n )  ( i D )  ( t n )  ( l n M J o r l l  s t . t u .  s l r . r t  I l D )

s F o o l  . - r 5  a 6 , 2 s  2 . a . l l  0 . ! a ? 5  0 . r { r 2  0 . 1 5  . r t . r n a l

Nom t - vessel wall t.hickness
Req t - required vessel wall thickness due to governing loading
E - longitudinal seam joint eff iciency

L,oad :
inEernal - circ stress due to internal pressure governs
external - externaL pressure governs
wind - combined long stress due to STATUS + vrind governs
seismic - combined lonq stress due to STATUS + seismic qowerns

REVO
v049-t-077
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sPool, A-15

Asl.lB section VIII Division 1. 1992 Bdition. A94 Addenda

Component:
Material specif  icat ion :

Cyl J.nder
SA 240 3O4L HIGH

External design pressure: Pe= 74.7 psi e 400

Corrosion al lowance: Inner C = 0 Outer= 0

PWHT is noE. perforned

Radiography: Category A joincs : Spot iJw-11 (b) t]4)e 1
Catsegory B j oints - Spot IJw-11 (b) ts)4)e 1

deg

in

BsEimated weighE. :
capaci ty:

n e w  =  2 0 1 . 1 -  c o r r  =  2 0 1 . 1  ] b
new = L92.423 corr = 192.423 US ga

L U  =  + E . Z a l e n q t h  L c =  2 4 . 3 1 t  =  0 . 1 8 ? 5  i n  ( n e w )

MAP: (NeI' & at O deo F) tIG-27 (c) (1)

p = S * E * I / ( 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 * 0 . 1 8 7 5 )  -  0
=  1 0 9 , 8 1 1 8  p s i

uAvfP: (Corroded & at 400 deq Fl UG-27(c) (1)

P = S * E * E / ( R + 0 . 6 * E )  - P s
=  1 4 7 0 0 * 0 . 8 5 * 0 . 1 8 7 5 /  ( 2 4 . I 2 5  +  0 . 5 * 0 . 1 8 7 5 )  -  0
=  9 6 . 5 5 0 5 5  p s i

Bxternal Pressure: (Corroded & ats 400 deg Fl uG-28

L / D o  =  3 6 . 3 s r 6 7 / 4 8 . 6 2 5  = 0 . 7 4 7 6  p o / t  =  4 e . 6 2 s / 0 . r 4 r 2 2  =  3 4 4 . 3 2 0 9
From table G:
From table HA-3:

Pa= 4*91 ( 3 *Do,/t  )
=  4 * 3 8 3 3  . 9 /  ( 3 * 4 8 . 6 2 5 / O . r 4 r 2 2 l
=  l _ 4 . 8 4 6 2  p s i

From table G:
From table HA-3 :

3  . 1 2  . 1 9 9 6

Desigm thickrtess for external Dressure Pa = 14.8462 psi:

= t  + Corrosion
=  O . !4122  +  O
=  O  - I 4 L 2 2  i n

Maxim.rm Allowable External Pressure: (Corroded o 4OO degr P)

L l D o  =  3 6 . 3 s r 6 7 / 4 8 . 6 2 5  = O . 7 4 7 6  D o / E  =  4 e . 6 2 5 / 0 . 1 8 7 5  =  2 5 9 . 3 3 3 3

A  =  0 . 0 0 0 2 9
B  =  3 8 3 3 . 9

A  =  0 . 0 0 0 4 3 3
B  =  4 8 5 0 . 4

REVO
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SPOOI, A-15

Pa= 4*B/  (3*Do lE)
=  4 * 4 8 5 0  . 4 /  ( 3 * 4 8 . 6 2 s / 0  . 1 8 7 5 1
=  2 4 . 9 3 7 8  p s i
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ASSUMPTIONS: Standard assumptions of linear structural analysis are included in this calculation.

NO: V049-l-062PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH, MA PAGE I OF

TITLE:

Design of Flexible Support

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Analyze and evaluate supports for thermal expansion, weight, and seismic
forces. Ensure that reouirements ofAISC Soecification are met

METHOD: Hand calculation methods are used to determine moments and forces in members.
The evaluation is performed in accordance with the AISC Code, Ninth Edition.

INPUTS: l. The weight ofspool A-7 is taken from another calculation (V049-1-052).
2. The seismic acceleration is.05625g.
3. The temperature rise during bakeout is from 70oF to 400oF.

REFERENCES: 1. AISC Steel Manual, Ninth Edition.
2 , D o c - ,  t J c ,  y ' o t / f  - / -

Jz 4 t ' t t ' ;  '  A ' ' t t  c ; ; )  " " '
o 1 , 1  l / t c t

' . ! . 7  . . . , t  ' - . , �
t

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: The requirements of the AISC Code are met. Axial gro*th of the shell is allowed
by bending of the support leg columns without imposing stresses that are beyond the limits of the Code.

NOTES:
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-087
PAGE I OF q€)

REV. DEO # DATE BY: CHECK
flesien of C€neric Snnmtl Scheme for
Mnde Cleaner Trrbes B-5- B-2 & B-3

TITLE:
o n{|, .1 4/5n6 WDR ^.bnt

Rv.t^) , l. '1, .- L- FTFPT : 7,14

PROJECT: LIGO Vacuum Equipment
t r lr l

PROJECT NO: V59049

PURPOSE:. The purpose of this calculation is to design a generic support scheme for the Mode Cleaner
Tubes (MCT's) B-5, B-2 & B-3. The support scheme for the MCT's is designed allowing thermal axial
growth due to 'bakeout'. Thermal growth occurs in opposite directions from an anchor at midpoint of
the MCT, therefore to facilitate this conc€pt, the support scheme is made up ofan anchor and two flexible
supports. MCT B-5 was used for the generic design. The anchor location for B-5 was chosen based on
the free area around the pipe bridge, The flexible supports were located using 0.50 in. as the maximum
allowed thermal displacement.

METHOD: A STAAD model of MCT B-5 was developed and used for design. Baseplates, anchor bolts
and thru-bolted connections at the suppon to MCT interface were designed based on STAAD design
output. From previous design, the MCT's weight was determined including weight of flanges, and nozzle
loads. A uniform load representing the MCT's deadweight was applied to the model, additionally this
load was factored for seismic accelerations and applied as a uniform horizontal load. A thermal load of
330 F was applied along the length of the Mode Cleaner Tube.

ASSI-JMPTIONS Assume anchor points are fixed but released for Mz ( about the out-of-plane moment)

INPUTS: Vesselwght = 6437.01bs, Flangewght= 1539.0 lbs
External Nozzle Loads:

Pr = 2250.0lbs, Mc = M:4542.0 inJbs, Vc = VI = 126.5 lbs,
Seismic Acceleration = 0.05625 s.

REFERENCES: L STAAD-III release 2l , Research Engineers
2. COMPRESS - Computer Aided Vessel Desigrr program - version 5.53
3. ASD - AISC 9thedition
q, Dae, tJo t/AV?.1-i"O , tt;o /ar rto Fq,.t4, *'t,',tt' Drs,?tftt't

CALCULATIONS: V049-l-057 - ModeCleanerTubeB-5

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Desien Criteria are met.

NOTES: STAAD-III Computer file: BSMDCLNR. *

Relision No. 0
Doc. No. V0'19-l{8?
Pase | (tf 48



PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH. MA

ENGINEERING NO: V0{9-l-
CALCULATIONS PAGE OF

PROJECT: LIGO VACUUM EOUIPMENT
BY: CHKD:
PROJECT NO: V590{9

DISCUSSION

Modc Clcancr Tubcs

Support Scheme

Step I - B-5 due to its extemal loading from ion pumps and portable roughing pumps nas usgd for
dcsigning gcncric support schsmcs for all mode clcaner tubcs i.c. B-5, B-2 & B-3. Anchoragc sas
preferrcd at midspan but duc to limited space at the pipe bridge the anchor location ras not at
mid span but rather as near to the pipe bridge as pcmrissiblc duc to the " stay clear zone ".

Step 2 - Flexible supports u'ere located based on max allorvable displaccment (duc to thermal
gronth). A marimum allouablc displacemcnt of l/2" uas established. This in tum detcrmined the
maximum spacing betneen anchor and flexible support.

Step 3 - A finite element model s'hich includes the properties ofthe mode cleaner tube shell and the
support frame \as gcnerated using the STAAD structural design computcr program.

Step 4 - Applicablc loading conditions lrcre determincd. These included; dcad*'cight for vesscl and
flanges, unbalanced vacuunr pressure loads at pump nozzles, uniform thermal load for the Mode
Clcaner Tube, and seismic factors.

Step 5 - Computer output results lverc cvaluated.

Step 6 - Using computer gencratcd forces and reactions, anchors, baseplates and bolted
conncctions (support lcgs to vcsscl stiffcncr rings) tverc designcd.

H:iffY;*.'-'"*'
PaPe 2 of48
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PAGE NO. 1
ID: Process systems Internatio

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

*  S T A A D . I I I  *
*  Revision 2l- .  o *
* Proprietary Progran of tc
* Research Engineers,  Inc.  *
*  Date= APR 4, L996 *
*  T i m e =  7 I 2  7 . 4 6  *
* *
* USER ID: Process Systems International *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1. STAAD SPACE 85 MODE CLEANER TUBE SUPPORT
2. INPUT WIDTH 72
3. UNIT INCHES POUND
4. JOINT COORDINATES
5 .  I  - 2 4 .  0 .  0 , r  2  4 8 . 0 .  0 . ,  3  9 6 .  0 .  0 . ;  4 1 0 8 .  0 .  0 . r  5  2 4 4 .  O .  O .
6 .  6  3 4 8 .  0 .  0 . t  7  4 3 9 . 0 .  0 . ;  8 1 0 8 .  O .  - L 7 . 2 5 ,  9  L 0 8 .  - 2 f  . f 2 5  - L 7 . 2 5
7 .  l - O  1 0 8 .  - 2 L . L 2 5  - I 4 . 7 5 i  1 1  1 0 8 .  - 7 o .  - L 4 . 7 5  r  1 2  1 0 8 .  O .  1 7 . 2 5
8 .  l - 3  1 0 8 .  - 2 L . r 2 5  7 7 . 2 5 i  r - 4  1 " 0 8 .  - 2 r . L 2 5  L 4 . 7 5 ,  1 5  1 0 8 .  - 7 0 .  L 4 . 7 5
9 .  1 6  2 4 4 .  O .  - 1 7 . 2 5 ,  L 7  2 4 4 .  - 9 .  - 1 7 . 2 5 ,  1 A  2 4 4 .  - 7 O .  - L 7 . 2 5

l - 0 .  1 9  2 4 4 .  O .  L 7  . 2 5 ;  2 0  2 4 4 .  - 9 .  1 , 7  . 2 5 ,  2 L  2 4 4 .  - 7 0 .  1 7  . 2 5
l J . .  2 2  3 4 8 .  0 .  - 7 7 . 2 5 i  2 3  3 4 8 .  - 7 O .  - L 7 . 2 5 i  2 4  3 4 8 .  O .  f 7 . 2 5
1 2 . 2 5  3 4 8 .  - 7 0 .  1 7 . 2 5 ,  2 O O  7 2 . 0 .  0 . r  5 0 0  2 9 6 .  0 .  0 ,
1.3 . MEI,IBER INCIDENCES

1 5 .  1 9  1 4  l - 5 t  1 8  L 0  1 l - ;  L 7  7 3  ] - 4 , .  1 5  1 4  1 0 r  8  5  1 - 5 r  2 0  L 6  I 7 i  2 2  1 9  2 0
1 6 .  2 3  2 0  2 L i  9  6  2 2 i  2 4  2 2  2 3 ,  ! 2  6  2 4 ,  2 5  2 4  2 5 i  2 6  7 7  2 3 ,  2 7  2 0  2 5

1 4 .  1 1 2 , 3 3 4 1  4 4  5 ; 6 6  7 i 7  4  8 ,  1 3  8  9 ,  ! 4 L 2  1 3 r  1 5 9 1 0 ,  L O 4 1 2

1 7 .  2 r  1 7  L 8 L L  5  1 - 9 , '  2  2  2 O O i  2 0 0  2 0 0  3 1  5  5  5 0 0 ,  5 O O  5 0 0  6
18 . MEMBER PROPERTY AI,TER
19 .  13  TO r . s  19  18  17  t6  20  22  TO 27  21  TABLE ST  TU830203
20. 7 ro I  9 12 L1, TABLE ST TU880805
2 r . .  1 T O  6  2 0 0  5 0 0  T A B L E  S T  p I p E  O D  3 1 .  I D  3 0 . 5
22. MEI,IBER RELEASE
23. 13 14 20 22 24 2s START MX MY MZ
24. 7 tO L2 END MX MY uZ
25. CONSTANTS
26. E STEEL ALL
27. POISSON STEEL ALL
28. DENSITY STEEL ALL
29 .  BETA 90 .  MEMB 13  l -4  19  78  20  22  TO 25  2 I
30 .  ALPHA 0 .00000919  MEM 1  TO 5  200  500  7  TO t2
31. SUPPORTS
32 .  11  15  l -8  2L  23  25  F IXED BUT MZ
33. LOAD L DW
34. JOINT LOAD
3 5 . L 7 F y - 1 5 3 9 .
3 6 . 2 3 F Y - 2 2 5 0 .
37. MEMBER LOAD
3 8 .  1  T O  6  2 0 0  5 0 0  u N r  Y  - L 4 . 6 6
39. LOAD 2 DW+TH+VACUUI'{
40. ;IOINT LOAD
4 r .  I 7  F y  - L 5 3 9 .

R€\ision No. 0
Doc. No, V0,19-l{87
Pase l2 of 4E



-
85 MODE CLEANER TUBE SUPPORT

4 2 . 2 3 F Y - 2 2 5 0 .
4 3 .  2 0 0  F Z  I O 4 2 .
4 4 .  5 0 0  F Z  3 8 2 .
45. II{EMBER LOAD
4 6 .  1  T O  6  2 0 0  5 0 0  U N r  Y  - 1 4 . 6 6
47. TEMPERATURE LOAD
48 .  1  TO 6  200  500  7  IO  L2  TEMP 330 .
49. LOAD 3 DW+TH+VACUUM+SEI S-AXIAL
50. JOINT LOAD
51  .  1  7  FY  - r -539 .
5 2 . 2 3 F Y - 2 2 5 0 .
5 3 .  2 0 0  F z  L o 4 2 .
5 4 .  5 0 0  F Z  3 8 2 .
5 5 . 2 3 F X - 1 2 6 . 5
5 6 . 2 3 M 2 4 5 4 2 .
5 7 .  I 7  F X - 8 5 . 5
58. MEMBER LOAD
5 9 .  1  T O  6  2 0 0  5 0 0  U N r  Y  - 1 4 . 6 6
6 0 .  1  T O  6  2 0 0  5 0 0  U N I  X  - 0 . 8 2 5
5].. TEMPERATURE LOAD
62 .  1  TO 6  200  500  7  IO  12  TEMP 330 .
63. LOAD 4 DW+TH+VACUUI,I+SEIS-LAT
64. JOINT LOAD
6 5 . 7 7 F Y - L 5 3 9 .
6 6 . 2 3 F Y - 2 2 5 0 .
6 7 .  2 0 0  F Z  L O 4 2 .
68 .  500  FZ  3A2 .
6 9 . 2 3 F 2 L 2 6 . 5
70 .  2  3  N tX  4542 .
7 1 _ .  I  7  F Z  8 6 . 5
72. MEMBER LOAD
7 3 .  1  T O  6  2 0 0  5 0 0  U N I  Y  - L 4 . 6 6
7 4 .  1  T O  6  2 0 0  5 0 0  U N I  Z  0 . 8 2 5
75. TEMPERATURE LOAD
7 6 .  r  t o  6  2 0 0  5 0 0  7  r o  1 2  T E M P  3 3 0 .
77. LOAD 5 THERM DISPL NB\KEOUTII
78. TEMPERATURE LOAD
79 .  I  IO  6  200  500  7  TO t2  TEMP 330 .
80. PERFORM ANALYSIS

P R O B L E M  S T A T I S T I C S

NWBER oF JoINTS/MEMBER+ELEMENTS/SUPPORTS = 27/
oRIGINAL/FINAL BAND-WIDTH = 24/ 5

ID: Process
--  PAGE NO. 2

Systems Internatio

2e/

TOTAL PRIMARY LOAD CASES
SIZE OF STIFFNESS I,IATRIX =

PROCESSING ELEMENT STIFFNESS I,IATRIX.
PROCESSING GLOBAL STIFFNESS MATRIX.
PROCESSING TRIANGULAR FACTORIZATION.
CALCULATING JOINT DISPLACEI,TENTS.
CALCUI"AT I NG I'{EMBER FORCES .

5 , TOTAL DEGREES OF FREEDOI,I
4092 DOUBLE PREC. WORDS

L32

REQRD/AVAIL. DISK SPACE = I2.O7/ 486.9 l ' !B,  EXIIEM :

1 1 :
1l_ :
1 1 :
1 .1 :
I t  :

1 . 0 2

7 i 4 7
7  . . 47
7  i 47
7 , 4 7
7 r 4 7

++
++
++
++
++

Revision No. 0
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B5 MODE CLEANER TUBE SUPPORT

PRINT MATERIAL PROPERTIES ALL
T n .

--  PAGE NO. 3
Process SysterRs Internatio
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85 MODE CLEANER TUBE SUPPORT

I '{ATERIAL PROPERTIES.

ID: Process
-- PAGE NO. 4

Systems Internatio

,ALL UNTTS

MEMBER

I
3
4
6

1 3
L 4
1 5
10
L 9
t 8
L 7
1 6

.'
2 0

2 3
9

L 2
2 5
2 6
2 7
2 L
L 1

2
2 0 0

5
5 0 0

ARE - POUN

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
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

INCH

G

L L 1 5 3 8 4 6 . 0
L L L 5 3 8 4 6 . O
1 1 1 5 3 8 4 5 . O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 .  O
1 1 1 5 3 8 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
1 1 1 5 3 8 4 5 . 0
1 1 1 5 3 8 4 6 . 0
l - 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 .  O
r . L L 5 3 8 4 6 . 0
L l - L 5 3 8 4 6 . 0
1 1 L 5 3 8 4 6 . O
1 1 1 5 3 8 4 6 . 0
1 L 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 L L 5 3 8 4 6 . 0
1 - 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 . L 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 , 0
1 L L 5 3 8 4 6 . 0
L 1 L 5 3 8 4 6 . O

DEN

o.28299999
o .24299999
o.28299999
o .28299999
o.28299999
o.28299999
o.28299999
o.2a299999
o.28299999
o.24299999
o.28299999
o .2a299999
o .24299999
o .24299999
o .24299999
o .28299999
o.28299999
o.28299999
o.28299999
o .24299999
o .28299999
o.28299999
o.28299999
o.28299999
o.28299999
o.24299999
o .24299999
o .28299999
o .24299999

ALPHA

o . 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.  ooooo000
0 . 0 0 0 0 0 0 0 0
o . 0 0 0 0 0 0 0 0
0 .  o o o o 0 9 1 9
0 . 0 0 0 0 0 0 0 0
o . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
o . 0 0 0 0 0 0 0 0
0 . 0 0 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.  ooooo9L9
0 . 0 0 0 0 0 0 0 0
0 .  o 0 0 0 0 9 1 9
0 .  oooo0000
0 . 0 0 0 0 0 0 0 0
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 FROM INTERNAL STORAGE *********+**

82. PRINT MEMBER INFORMATTON AIL
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85 MODE CLEANER TUBE SUPPORT

MEMBER INFORMATION

--  PAGE NO. 5
ID: Process Systens Internat io

MEI'IBER

1
3
4
6
7

1 3
L 4
1 5
L 0
l9
1 8
L 7
1 6

I

2 2
2 3

9
2 4
T 2
2 5
2 6
2 7
Z L

1 1

200
5

5 U U

START
JOINT

L
3
4
6

8
L 2

9

1 4
1 0
1 3

5
1,6
r 9
2 0

6
2 2

o

7 7
2 0
)-7

5

5
5 0 0

END
.TO I NT

2

5

7
o

9
1 3
L 0
L 2
1 5
L 1
1 L

t 0
l-6
7 7
2 0
2 L
2 2
2 3
2 4
2 5
2 3
2 5
-1t'

1 9
200

5 0 0
6

LENGTH
( rNcH)

7 2 . O O O
1 2 . 0 0 0

L 3 6 . 0 0 0
9 1 . 0 0 0
t 7  . 2 5 0
2 r . ! 2 5
2 L . L 2 5

2  . 5 0 0
1 7  . 2 5 0
4 8  . 8 7  5
4 8 . 8 7 5

2 . 5 0 0
29 .500
L 7 . 2 5 0

9 . 0 0 0
6 1 . 0 0 0
I 7  . 2 5 0
7 0 . 0 0 0
1 7  . 2 5 0
7 0 . 0 0 0

1 2 0 . 5 5 9
1 2 0 . 5 6 9

6 1 . 0 0 0
L 7  . 2 5 0
2 4 . O O O
2 4 . 0 0 0
5 2 . 0 0 0
5 2 . 0 0 0

BETA
(DEG)

0 .  o 0
0 . 0 0
o . 0 0
0 . o 0
o . 0 0

9 0 . 0 0
9 0 .  o 0

0 . 0 0
0 . 0 0

9 0 . 0 0
9 0 . 0 0

0  . 0 0
0 .  o 0
0 . 0 0

9 0 . 0 0
9 0 . 0 0
9 0 . 0 0

0 . 0 0
9 0 . 0 0

0 . 0 0
9 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
0 . 0 0

RELEASES

000000000111
000111000000
ooo111000000

00000000011- t_

0 0 0 0 0 0 0 0 0 1 L 1
000111000000
0 0 0 1 1 1 0 0 0 0 0 0

000000000111
0 0 0 1 1 1 0 0 0 0 0 0
0000000001-11
0 0 0 1 1 . 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 1 1 1

************ END OF DATA FROM INTERNAL STORAGE ************

83. PRINT JOINT COORDTNATES ALL
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85 I,IODE CLEANER TUBE SUPPORT

JOINT COORDINATES

ID: Process
-- PAGE NO. 6

Systems Internatio

COORDINATES

.fOINT

I
2
3
4
5
6
7
8
9

1 1
! 2
t 3
1 A .

1 5
t 6
L7
1 8
1 9
2 0
2 I
2 2
2 3
2 4
2 5

2 0 0
5 0 0

ARE INCH UNIT

x
-  z . t  .  u u u

4 8 ,  O O O
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
108  -  OO0
1 0 8 . 0 0 0
1 0 8 .  O 0 0
l _ 0 8 . 0 0 0
1 0 8 . 0 0 0
L 0 8 . 0 0 0
1 0 8 . 0 0 0
1 , 0 8 . 0 0 0
2 4 4 . O O O
2 4 4 . O O O
2 4 4 . 0 0 0
2 4 4 . O O O
2 4 4 . 0 0 0
2 4 4 . O O O
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 . O O O
2 9 6 . 0 0 0

Y

0 . 0 0 0
0 .  o 0 0
0 . 0 0 0
o . 0 0 0
0 .  ooo
0 . 0 0 0
0 .  o 0 0
0 . 0 0 0

-2I .  r25
-27 . r25
- 7 0 . 0 0 0

0 . 0 0 0
- 2 r  . 1 2 5
-21_  .  ! 25
- 7 0 . 0 0 0

0 . 0 0 0
- 9 . 0 0 0

- 7 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

z

0 .  ooo
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- r7  .250
-L7  .250
- r4 .750
- r4 .750

r 7  . 2 5 0
77  .250
1 4 . 7 5 0
L4 .750

- L 7 . 2 5 0
- ! 7  . 2 5 0
- L 7  . 2 5 0

r 7  . 2 5 0
L 7  . 2 5 0
1 7  . 2 5 0

- L 7 . 2 5 0
- L 7  . 2 5 0

L 7  . 2 5 0
1_7  .250

0 . 0 0 0
0 . 0 0 0

************  END OF DATA FROM INTERNAL STORAGE rr r ! **********

84. PRINT SUPPORT INFORI''ATION ALL

SUPPORT INFORMATION ( I=FIXED, O=RELEASED )

UNTTS FOR SPRING CONSTANTS ARE

JOINT FORCE-X/ FORCE-Y/
KFX KFY

POUN INCH DEGREES

FORCE-Z,/ l.tOM-X/ UOU-Y// VIOM-Z/
KFZ KMX KMY KMZ

0 . 0 0 . 0 0 . 0 0 . o 0 . 0 o . o
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ID! Process Systens Internatio

1 1 0
o . 0  0 . 0  0 . 0

1 1 0
0 . 0  0 . 0  0 . o

1 1 0
0  . 0  0 . 0  0 . 0

L 1 0
0 . 0  0 . 0  0 . 0

L 1 0
0 . o  0 . 0  0 . 0

Revision No 0
Doc. No V0+9-14E7
Paee l8 of 48

L 5

1 8

2 !

2 3

2 5

0 . 0

0 . 0

o . 0

0 . 0

I

0 . 0
1

0 . 0

0 . 0

0 . 0
I

0 , 0

1
0 . 0

1
0 . 0

1
0 . 0

L
0 . 0

1
0 . 0

************ END OF DATA FROI,{  INTERNAL STORAGE ************

85. PRINT ANALYSIS RESULTS
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JOINT DISPLACEI'TENT ( INCH RADIANS)

-- PAGE NO. 8
ID: Process Systerns Internat io

STRUCTURE TYPE = SPACE

.IINT

1

LOAD

1

3
4
5
1
2
J

4
5
1

3

5
1-
z
3

5
I

?

4
5
l-
2
J

5
1
2
.'
4
5
1

4
5
1

J

4
5
1t 0

X-TRANS

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

0 , 0 0 0 8 7
- 0 . 6 0 0 3 4
-o .  617 09
- 0 . 6 0 0 3 5
-o  .50L22

0 . 0 0 0 8 7
-o  .  45477
- 0  . 4 7 1 5 0
-o .  4547 8
- 0 , 4 5 5 6 5

0 . 0 0 0 8 7
- 0 . 4 1 8 3 8
- 0 . 4 3 5 1 0
- 0 . 4 L 8 3 9
-o..-4L925

0 . 0 0 0 8 7
- 0 . 0 0 5 9 3
-o .  02256
- 0 . 0 0 5 9 4
- 0 . 0 0 6 8 1 .

o . 0 0 0 8 7
0 . 3 0 9 4 5
o . 2 9 2 8 0
0 . 3 0 9 4 5
0-3!_95_q
0 . 0 0 0 8 7
0 . 5 8 5 4 3
0 . 5 6 8 7 5
0 . 5 8 5 4 3
0 . 5 8 4 5 6
0 . 0 0 0 8 7

-o  .4299L
- o  . 4 4 6 6 3
- 0 . 4 3 0 2 0
- 0 . 4 1 9 2 5

0 . 0 0 0 6 1
- 0 . 2 9 9 1 6
- 0 .  3 1 0 8 3
- 0 . 2 9 9 3 3
-o .29273

0 . 0 0 0 6 1 _
-o  .29820
-0 .  30987

Y-TRANS

- 0 . 1 0 6 9 6
- 0 . L L 2 7 0
- 0 . 1 L 3 8 1
- o . r L270
- 0 . 0 0 5 7 3
- 0 . 0 5 4 9 1
- 0 . 0 5 9 0 6
- o . 0 5 9 5 9
- 0 . 0 5 9 0 5
- 0 . 0 0 4 1 5
-o  .02440
-o .  o27 5I
- o  .  0 2 7 7 I
-o ,  o27 5L
- 0 . 0 0 3 1 0
- 0 , 0 t _ 8 0 4
- 0 . 0 2 0 8 8
- 0 . 0 2 1 0 2
- 0 . 0 2 0 8 8
- 0 . 0 0 2 8 4

o . 0 0 2 4 6
0 . 0 0 2 1 - 8
0 . 0 0 1 9 8
0 . 0 0 2 r . 8

- 0 . 0 0 0 2 8
- 0 , 0 0 5 5 4
- 0 . 0 0 5 3 8
-0  .  0054  3
- 0 . 0 0 5 3 8

0 . 0 0 0 L 5
- 0 . o 2 9 3 8
-o .  o2902
- o . 0 2 8 8 8
-o .  02902

0 . 0 0 0 3 6
- o  .  o I 2 3 7
- 0 . 0 1 0 5 L
-0  .01 ,061
- 0 . 0 0 7 9 1
- 0 , 0 0 2 8 9
- 0 . 0 0 9 7 4
- 0 .  o 0 7 3 1
- 0 . 0 0 7 3 8
- 0 . 0 0 4 4 8
- 0 . 0 0 2 9 1
- 0 . 0 0 6 0 8
- 0 . 0 0 5 9 5
- 0 . 0 0 5 9 9

Z-TRANS

o . 0 0 0 0 0
0 . 3 2 9 3 4
o . 3 2 9 3 4
0 , 4 4 9 8 1

- 0 . 0 0 0 0 1
0 , 0 0 0 0 0
0 .  2 8 0 5 9
o , 2 8 0 5 9
o . 3 9 8 7 6

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

- 0 . 0 0 0 0 1
0 . 0 0 0 0 0
o  .23984
o . 2 3 9 8 4
0 . 3 5 5 4 5
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 15250
0 . 1 5 2 5 1
0 . 2 6 9 5 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 8 8 1 1
0 , 0 8 8 1 r ,
o  .20452
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 3 1 - 6 5
0 . 0 3 L 6 5
o . l - 5 6 1 2
0 . 0 0 0 0 1

- 0 . 0 0 0 0 2
o . r a 7 4 9
o  . I 87  49
0 . 3 0 4 0 8

-o.05229
0 . 0 0 0 0 8
0 . 1 5 3 4 3
0 . 1 5 3 4 3
o . 2 2 7 8 2

- 0 . 0 0 0 1 9
o . 0 0 0 0 7
0 .  L 5 3 4 0
0 . 1 5 3 4 1

X-ROTAN

0 .  ooo00
0 . 0 0 0 2 0
0 . 0 0 0 2 0
0 . 0 0 0 3 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 2 0
0 .  ooo20
0 . 0 0 0 3 3
0 .  o 0 0 0 0
0 .  oooo0
0 . 0 0 0 2 0
0 . 0 0 0 2 0
0 . 0 0 0 3 2
o . 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 3 2
0 .  oooo0
0 . 0 0 0 0 0
0 . 0 0 0 1 0
0 .  ooo10
0 . 0 0 0 1 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o , 0 0 0 0 7
0 . 0 0 0 0 7
0 . 0 0 0 1 2
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooo07
0 . 0 0 0 0 7
0 .  ooo12
0 .  ooooo
o . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 9 4
0 , 0 0 0 1 5
0 . 0 0 0 1 4
0 . 0 0 1 3 7

- 0 . 0 0 1 3 8
- 0 .  ooo93

0 . 0 0 0 0 5
0 . 0 0 0 0 4

Y-ROTAN

0 . 0 0 0 0 0
o .  0 0 0 6 8
0 . 0 0 0 5 8
o . 0 0 0 7 1
o .  o o o 0 0
0 . 0 0 0 0 0
0 . 0 0 0 6 8
0 . 0 0 0 6 8
0 . 0 0 0 7 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 6 7
0 . 0 0 0 6 7
o .  00069
0 . 0 0 0 0 0
o . 0 0 0 0 0
o .  00067
0 . 0 0 0 6 7
o . 0 0 0 6 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 5 2
0 . 0 0 0 6 2
0 . 0 0 0 6 0
0 . 0 0 0 0 0
o. oooo0
0 , 0 0 0 6 2
o . 0 0 0 6 2
o  .  ooo58
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 6 2
0 . 0 0 0 6 2
0 . 0 0 0 5 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
o . 0 o 0 3 8
0 .  o o o 3 8
0 . 0 0 0 3 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 3 8
0 . 0 0 0 3 8

Z-ROTAN

0 . 0 0 0 7 3
o .  ooo75
0 . 0 0 0 7 6
o . 0 0 0 7 5
0 .  o o o 0 2
0 . 0 0 0 5 7
0 . 0 0 0 6 9
0 . 0 0 0 7 0
0 . 0 0 0 5 9
0 . 0 0 0 0 2
0 . 0 0 0 5 1

. 0 . 0 0 0 5 3
0 . 0 0 0 5 4
0 . 0 0 0 5 3
0 . 0 0 0 0 2
0 .  0 0 0 4 5
0 . 0 0 0 4 7
o . 0 0 0 4 7
0 . 0 0 0 4 7
0 . 0 0 0 0 2

- 0 .  o o o 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1
0 . 0 0 0 0 1

- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 8

0 , 0 0 0 0 0
- 0 . 0 0 0 2 8
- 0 . 0 0 0 2 8
- 0 . 0 0 0 2 8
- 0 . 0 0 0 2 8

0 . 0 0 0 0 0
o . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooooo

- 0 . 0 0 0 0 1
0 . 0 0 6 1 3
0 . 0 0 6 3 7
0 . 0 0 6 1 4
o . 0 0 5 9 9

- 0 . 0 0 0 0 1
o . 0 0 6 1 1
0 . 0 0 6 3 5
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JOINT DISPLACEI,{ENT ( INCH RADIANS )

, INT

-- PAGE NO. 9
fD: Process systens fnternat io

STRUCTURE TYPE = SPACE

1 3

L 4

1 1

1 2

1 5

LOAD

4
5
1
2
3
4
5

l-

3
4
5
l"
2

1

3

5
1

3
4
5
L

4
5
L

5
1
2
3
4
5
1
2
3
4
5
1

X-TRANS

- 0 , 2 9 8 3 5
-o  .29273

0 . 0 0 0 0 0
0 . 0 0 0 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 7

- 0 . 4 0 5 8 5
- 0 . 4 2 3 5 8
- 0 . 4 0 6 5 7
-o  .4 I926

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

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

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 8 7

- 0 . 0 1 6 3 5
- 0 . 0 3 2 6 0
- 0 . 0 1 6 0 0
- o  .  0 0 6 7 7

0 . 0 0 0 7 6
- 0 . 0 0 0 0 1
- 0 . 0 0 1 6 4

0 . 0 0 0 3 3
- 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 8 7
0 . 0 0 4 5 7

- 0 . 0 1 1 6 8
o .  o 0 4 2 0

- o . 0 0 6 7 7
0 . 0 0 0 7 6

Y-TRANS

- 0 . 0 0 5 7 6
o . 0 0 0 0 5
0 .  0 0 0 0  0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- o  .  o L 2 3 7
- 0 . 0 2 0 0 1
- 0 . 0 2 0 1 0
- o . o226L
- 0 . 0 0 2 8 9
- 0 . 0 0 9 7 4
- 0 . 0 1 8 0 0
- 0 . 0 1 8 0 8
- 0 . 0 2 0 8 3
- 0 . 0 0 2 9 r .
- 0 . 0 0 5 0 8
- 0 . 0 0 6 1 1
- 0 . 0 0 6 1 5
- 0 . 0 0 6 2 9

0 . 0 0 0 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 L 4 9
o  .  oo229
0 .  oo204
0 . 0 0 2 9 6

- 0 . 0 0 0 L 7
0 . 0 0 L 3 0
0 . 0 0 1 9 7
0 . 0 0 1 7 0
0 . 0 0 2 5 5

- 0 . 0 0 0 1 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 1 4 9
0 . 0 0 0 3 5
0 . 0 0 0 0 9

- 0 . 0 o 0 3 2
- 0 . 0 0 0 1 7

o . 0 0 L 3 0

Z-TRANS

o . 2 2 7 7 8
- 0 . 0 0 0 1 7

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 2
o . 2 9 2 r L
o . 2 9 2 L L
0 . 4 0 8 7 0
0 . 0 5 2 2 8

- 0 . 0 0 0 0 8
0 .  L 5 3 6 3
0 . l _ 5 3 6 3
o .22802
0 . 0 0 0 L 8

- 0 . 0 0 0 0 7
0 . 1 5 3 6 0
0 . 1 5 3 6 0
o . 2 2 7 9 7
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 . 1 0 0 1 9
0 .  L 0 0 1 9
o  .2L7  27

-0 .  o52  3  t -
0 . 0 0 0 0 0
0 . 0 8 L 5 2
0 . 0 8 L 5 2
o . 1 7 6 7 9

-o .04257
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 2 0 4 8 1
0 . 2 0 4 8 1
0 . 3 2 1 8 9
0 . 0 5 2 3 1
0 . 0 0 0 0 0

X-ROTAN

0 . 0 0 1 0 4
- 0 .  o 0 1 0 0

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 9 4
o . o o 4 7 9
0 . 0 0 4 7 9
0 . 0 0 6 0 1
0 . 0 0 L 3 8
0 . 0 0 0 9 3
0 . 0 0 3 9 2
0 . 0 0 3 9 3
0 .  o 0 4 9 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
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o o 2 0 4
0 . 0 0 2 0 4
0 . 0 0 4 4 3

- 0 . 0 0 1 0 7
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 3 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 0 0
0  . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 3 8
o . o o 0 3 8
0 . 0 0 0 3 9
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 3 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  oooo0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 1 4
0 . 0 0 0 1 4
0 . 0 0 0 3 1

- 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
o. oooo0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

Z-ROTAN

0 . 0 0 6 1 1 .
0 . 0 0 5 9 9

-o .  o0001
0 .  0 0 6 1 0
0 . 0 0 6 3 4
0 . 0 0 5 L o
0 . 0 0 5 9 9
0 .  ooooo
0 . 0 0 0 0 0
o .  ooo00
0 . 0 0 0 0 0
0. ooooo

- 0 . 0 0 0 0 1
o . 0 0 5 8 2
0 . 0 0 5 0 6
o .  o o 5 8 2
0 . 0 0 5 9 9

- 0 .  o 0 0 0 1
0 . 0 0 5 8 5
0 . 0 0 5 0 8
0 . 0 0 5 8 4
0 . 0 0 5 9 9

- 0 . 0 0 0 0 1
0 . 0 0 5 8 6
0 . 0 0 5 0 9
0 . 0 0 5 8 5
0 . 0 0 5 9 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
0 . 0 0 1 4 7
0 .  o 0 2 6 5
o . o o L 4 7
0 . 0 0 0 5 8

- 0 . 0 0 0 0 1
-o .ooo72
-o,ooL27
- 0 . 0 0 0 7 3
- 0 . 0 0 0 3 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 1

! 7

1 8

1 9
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JOINT DISPLACEMENT (TNCH RADIANS)

IINT LOAD

4
5
1
2
3
4

1
2
3

5

1
2

5
1

4
5
L
2
J

5
1
2
3

5
t

3
4
5

2 0 0

5 0 0

.-  PAGE NO. 10
ID: Process Systems Internatio

STRUCTURE TYPE = SPACE

2 I

X-TRANS

0 . 0 0 1 0 6
- 0 . 0 0 0 5 7
o . o o o 7 2

- 0 . 0 0 0 2 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 8 7
o . 2 9 4 7 2
o .28207
o  . 2 9 9  4 0
0 . 3 0 8 5 4
0 . 0 0 0 0 0
0 .  o o 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 8 7
0 . 3 2 0 1 r .
o . 3 0 3 4 7
o  . 3 L 9  4 2
0 , 3 0 8 5 4
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 ; 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 8 7

-o .52756
- 0 . 5 4 4 3 0
-o .52756
-o  .52443

0 . 0 0 0 8 7
0 .  L51 ,76
0 .  t  3 5 t  2
0 . 1 5 1 - 7 6
0 . 1 5 0 8 9

Y-TFANS

0 . 0 0 0 3 3
o . 0 0 0 0 7

- 0 . 0 0 0 2 5
- 0 . 0 0 0 1 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 3 3 6
- 0 . 0 0 2 5 0
- o . oo252
- 0 . 0 0 2 0 2

0 . 0 0 0 1 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 3 3 6
- 0 . 0 0 4 0 2
- 0 . 0 0 4 0 5
- 0 . 0 0 4 5 0

0 . 0 0 0 L 0
0 . 0 0 0 0 0
0 . 0 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 7 4
-o .  o4237
-o .o4272
-o .  o4237
- 0 . 0 0 3 6 3

0 . 0 0 0 5 6
0 . 0 0 0 6 L
0 . 0 0 0 4 6
0 . 0 0 0 6 L
0 . 0 0 0 0 5

Z-TRANS

0 . 1 6 6 6 6
o . 1 6 6 6 6
o .26L93
o .04257
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 3 5 8 0
0 . 0 3 5 8 0
o  .15621

- 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
o . 0 0 0 0 0
o .  L4042
o .1 -4042
o .  2 6 0 8 3
o  .05232
0 . 0 0 0 0 0
0 . 0 0 0 0 0
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 . 2 6 4 3 4
o  .26435
0 , 3 I t  8 t

- 0 . 0 0 0 0 1
o . 0 0 0 0 0
0 .  L 2 0 3 8
0 . 1 2 0 3 9
0 . 2 3 8 9 0
0 . 0 0 0 0 0

X-ROTAN

o .  oo4l7
o .00417
0 . 0 0 6 5 6
0 . 0 0 1 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 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 ; ,  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 2 0
0 . 0 0 0 2 0
0 , 0 0 0 3 3
0 . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 9
0 . 0 0 0 0 9
0 . 0 0 0 1 4
0 . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 2 9
0 . 0 0 0 2 9
0 . 0 0 0 4 5
0 . 0 0 0 0 7
0 . 0 0 0 0 0
o .  o 0 0 0 0
o .  oo000
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 6 8
0 . 0 0 0 6 8
0 . 0 0 0 7 0
0 , 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 6 2
0 . 0 0 0 5 2
0 . 0 0 0 5 9
0 . 0 0 0 0 0

Z-ROTAN

- 0 . 0 0 0 1 4
0 . 0 0 1 0 5

- 0 . 0 0 0 1 3
0 . 0 0 0 6 8

-0.  ooo01
0 . 0 0 0 0 4

- 0 . 0 o 0 5 0
0 . 0 0 0 0 5

- 0 . 0 0 0 3 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooooo
0 . 0 0 0 0 0
0 .  o 0 0 0 0

- 0 . 0 0 0 0 1
- 0 . 0 0 2 1 8
- 4 . oo242
- 0 . 0 0 2 1 8
- 0 . 0 0 1 9 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
o . 0 0 0 0 0

- 0 . 0 0 0 0 L
- 0 . 0 0 1 8 2
- 0 .  o o 2 0 6
- 0 . 0 0 1 8 1
- 0 . 0 0 1 9 8

0 . 0 0 0 6 1
o . 0 0 0 5 3
0 . 0 0 0 6 4
0 . 0 0 0 6 3
0 .0ooo2

- 0 . 0 0 0 0 8
- 0 . 0 0 0 0 7
- 0 . 0 0 0 0 7
- 0 . 0 0 0 0 7

0 .  o o 0 0 0

2 2

2 3

2 4

2 5

Revision No. 0
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85 MODE CLEANER TUBE SUPPORT
IDi Process

SUPFORT REACTIONS -UNIT POUN INCH STRUCTI'RE TYPE =

.-  PAGE NO. 11
systens Internatio

,INT

1 1

LOAD

I

2
J

4
5
I

?

4
5
1

5
l"
2
3

5
L
2
3
4
5
L
2

5

FORCE-X

o . 0 0
- 0 . 2 5
- 0 . 2 5
- 0 . 2 5

0 . 0 0
0 . 0 0
o . 2 5
0 . 2 5
0 . 2 5
0 . 0 0
0 . 0 0

- 3 4 . L 8
-61 - .1 "6
- 3 4 . 2 5
- l - 5 . 7 0

0 . 0 0

-24  .  L9
2 . 4 4

- I 5 . 7 0
0 . 0 0

310 .78
7  4 L  . 5 8
3 l - l - . 59

t _ 5 . 6 1
0 . 0 0

- z t Y . ) )

r s l  . 24
- 2 8 0 . 0 9

1 5 . 6 4

SPACE

MOM-Y

o . 0 0
- 1 9 1 . 8 0
- 1 9 1  . 8 0
- 1 9 6 . 5 5

0 . 0 1
0 .  o o

- 1 9 1 . 8 0
- 1 9 1 . 8 0
- 1 9 6 . 5 5

0 . 0 1
0 .  o 0

- 5 6 . 9 1
- 5 6 . 9 L

- r23.42
29 .72

0  . 0 0
- 1 1 6 . 3 5
- L l . 6 . 3 5
- 1 8 2 . 8 6

-29  .7  2
0 . 0 0

- 1 8 8 . 2 0
- r . 8 8 . 2 1
- 4 0 8 . 1 5

9 8  . 2 7
0 . 0 0

- 3 8 4  . 7  4
- 3 8 4 . 7 5

I,IOM Z

o . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
o .  o o
0 . 0 0
0 . o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . o o
0  . 0 0
o .  o o
0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0
o .  o o

FORCE-Y

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

- 5 0 . 0 5
5 9 1 3 . 5 6
5 9 4 1 . 0 4
s 9 a 7  . 7 I
6 1 1 9 . 6 9

- 5 0 . 0 5
- r . 0 L L . 5 L
- 1 5 3 2 . 8 1 .
- 1 . 3 2 5 . 1 9
=1998.1-9,

1 1 5 . 4 6
- 1 0 L L . 5 1

- 2 5 9 . 3 0
- 5 L . 6 8
L 9 6  . 6 L
1 1 5 , 4 5

2 2 A O  . 7  4
1 5 L L . 4 5
1 2 5 7 . 0 8
1 1 8 5 . 2 0

- 6 5 . 3 9
2 2 A O  . 7  4
29L9  .24
2 6 6 4 . 8 8
3 2 4 5  . 3 3

- 6 5  . 4 2

FORCE-Z

- 1 2 6 . 8 0
- 8 4 3 . 3 8
- 8 4 4 . 3 8

-JL2L39-
- L 3 4 . 7 8

1 2 6 . 8 0
- 3 2 0 . 1 9
-3L9 .20
- 5 9 8 . 8 1

1 3 4 , 8 0
0 . 0 0

- 5 5  . 3 7

- l _ 2 0 . 0 9
2 8 . 9 1

0 . 0 0
- 1 r - 3 . 2 0
- t - t - 3 . 2 0
- L 7 7 . 9 r

0 . 0 0
- 1 9 . 5 6
- L 9 . 5 6
- 8 0 .  t - 9

z i J . J 1

0 . 0 0
- 7 2 . 3 L
- 7 2 . 3 L

- ! 3 2 . 9 4
- 2 6 . 3 8

uoM-x
-2046 .04

- 2 0 6 6 5 . 3 9
- 2 0 6 8 1 .  ? 1
-?-g_585_..-4C

- 2 L 6 3 . 8 6
2046 .04

- L 2 2 4 4 . 9 5
- L 2 2 2 8 . 9 4
- 2 0 1 6 5 . 0 4

2164  .49
0 . 0 0

- 3 5 3 2 .  3 4
- 3 5 3 2 . 3 8
- 7 6 6 0 . 3 6

1 8 4 4 .  3 9
o . o o

- 7 2 2 L . L 4
-7 22r .  L9

- L L 3 4 9 . 1 7
- L 4 4 4  . 4 2

0 . 0 0
- r 7  7 3  .  2 1
- L 7 L 3 . 2 4
-6358  .92

2025  .57
0 . 0 0

- 5 7  6 4  .  6 2
- 5 7  6 4  . 6 5

- 1 0 4 1 0 . 3 3
- 2 0 2 5 . 8 5

- 6 0 4  . 6 9
- 9 8 . 2 7

1 5

1 8

2 T

2 3

z 5

Ra'ision No. 0
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85 MODE CLEANER TUBE SUPPORT

I{E},{BER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE -- POUN INCH

ID: Process
--  PAGE NO. L2

Systens Internatio

MEI4BER

1

AXIAL

0 . 0 0
0 . 0 0

- o  . 2 4
o  . 2 4

- 8 5 . 6 9
L45  .  02

- o . 7 3
o . 7 3
o  . 2 4

- 0 . 2 4

0 . 0 0
0 . 0 0
r . 2 2

- r . 2 2
- 4 3 4  . 2 3

4 4 4  . 2 4
- 4 . 8 8

4 . 8 8
- L . 7 !

0 . 0 0
0 . 0 0

- o  . 2 4
o . 2 4

- 4 4 4  . 4 9
5 6 0 . 5 5

- o . 24
0 . 2 4
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

- 0 . 4 9
o  . 4 9

1 6 1 .  3 8
- 8 6 . 4 3

- 0 . 4 9
0 . 4 9

- o  . 2 4
o  . 2 4

- 3 3 8 . 2 0
3 3 8 . 2 0

LOAD .fT SHEAR-Y SHEAR-Z TORSION

0 . 0 0
0 . 0 0
0 . 0 1

- 0 . 0 1
- o . 0 2

0 . 0 2
0 . 0 1

- 0  . 0 1
0 . 0 0
0 . 0 0

- 0 . 0 1
0  . 0 1

- 0 . 0 5
0 . 0 6
o . o 2

- 0 . 0 2
9 0 8 4 . 1 5

- 9 0 8 4 . 1 6
0 . 0 1

- 0 . 0 1

0 . 0 0
0  . 0 0

4 6 2 5 2  . 2 3
-46252  .23

46252  .64
-46252 .64

7323L .97
-7  3231  .97

- o . 9 2
o . 9 2

0 . 0 0
0 . 0 0
0 .  o o
0 . 0 0
0 . o o
0 . 0 0
o . o o
0 . 0 0
o .  o o
0 . 0 0

0 . 0 0
0 . 0 0

I'{OM-Y

0 . 0 0
0 . 0 0
2 . 9 8
2  . 2 0
0 . 9 8
o . 6 2

- L . 9 5
- 8 3 6 8 . 9 4

o . o 0
0 . 0 0

0 . 0 0
0 . 0 0

25009 .52
- 3 7 5 1 1 . 0 0

2 5 0 1 0 . 5 1
- 3 7 5 r 2 . 9 3

4 7  4 0 2  . 2 5
-65224 .27

1 . 1 6
- o . 7 7

o . o o
0 . 0 0

37L36 .16
- 2 0 6 0 0 . 3 4

37L35 .84
- 2 0 6 0 0 . 5 8

6 4 8 3 8 . 8 5
-4L r36 .70

- o  . 2 7
o  . 4 2

0 . 0 0
0 . 0 0

- 0 . 0 2
- 0 . 1 5

0 . 6 4
0 . 1 0

r 7 2 A 7 . 9 5
o . 2 2
0 . 0 5

- 0 . 0 3

0 . 0 0
0 . 0 0

MO}{-Z

o . 2 9
- 1 4 8 8 0 6 . 8 9

0 . 0 4
- 1 4 8 8 0 6 . 6 4

- n  1 q
-L4A806 .72

0 . 0 6
- 1 4 8 8 0 6 . 3 4

- 0 . 0 2
- 0 . 0 3

394232 .L3
- 4 9 2 8 6 5 . 8 8

394232.19
-492866 .76

407315 .97
- 5 0 1 9 4 9 . 5 9

394232 .L9
- 4 9 2 a 6 6 . L 3

0 .  0 5
- 0 . 0 4

4 9 2 8 6 6 .  O 0
- ro4434 .26

492A65.97
- 1 1 8 0 4 8 . 4 3

5 0 1 9 4 9 . 7 8
- L L 4 4 2 0  . 2 9

492A65.97
- 1 1 8 0 4 7 . 3 6

0 . 0 2
- 1 3 6 1 4 . 1 3

2 0 0 7 4 4 . 7 3
o . 0 3

2007  4A  .72
o .  o 2

2 0 0 7 4 8 . 6 9
- 0 , 0 4

200?  48  .7  5
- 0 . 0 5

0 . 0 0
o . 0 0

- 1 0 2 0 0 8 . 9 5
0 . 0 0

1
2
1
2
1

1

l-
2

4

4

I

5

5

5
4

6
7
6
7
6
7
5
7
6
7

- 1 5 3 8 . 9 9
2594 .51

- 1 5 3 9 .  O 0
2594  .52

- 1 5 3 9 .  O 0
2594 .52

- 1 - 5 3 9 . 0 0
2594 .52

o . 0 0
0 . 0 0

- 7 7  9 A  .  1 7
7 9 7  4  . 0 9

- 7 7 9 8 . 2 r
7 9 7  4 . r 3

- 7 7 9 8  . 2 0
7 9 7 4 . L 2

- 7 7 9 8  . 2 2
7 9 7 4 . 1 4

0 , 0 0
0 . 0 0

3 8 5 3 .  O 0
-L859  .24

J  I  a Z . 6 Y
- L 7 5 9 . 1 3

3 8 4 6 . 3 6
- 1 8 5 2 . 6 0

3 7 5 2 . 9 0
- L 7  5 9  . 7 4

- L 0 0 .  L 0
1 0 0 .  L 0

2 4 7 3 . 0 6
- L 5 3 9 .  O 0

2 4 7 3 . 0 6
- 1 5 3 9 .  O 0

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

2473 .06
- 1 5 3 9 .  O 0

0 . 0 0
o . o 0

- 5 9 1 3 . 5 6
5 9 L 3 . 5 6

0  . 0 0
0 . 0 0

- 0 . 0 9
0 . 0 9

- o . 0 2
0 . 0 2

8 6 . 5 1
- 1 4 5 . 9 1

0 . 0 0
0 . 0 0

0 . 0 0
0 , 0 0

1 0 4 2 . 0 3
- 1 0 4 2 . 0 3

1 0  4 1  . 9 0
- 1 0 4 1 . 9 0

I 4 7 9 . 7 7
- r4a9.67

- n  n ?

0 . 0 3

0 . 0 0
0 . 0 0

- L 2 L . 5 8
L 2 1 - . 5 8

- 1 . 2 L , 5 8
L 2 l - . 5 8

- 2 3 0 . 3 8
1 1 8  .  1 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

- 1 6 1  . 5 7
8 6 .  5 0

0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

4
8
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85 MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

ID: Process
-- PAGE NO. 13

systens Internatio

ALL UNITS ARE --

ME!,IBER LOAD JT

2 4
I

3 4
6

4 4
8

5 4
I

1 3  1  8
9

2 6

9
J t t

9
4 A

9
5 8

9

7 4  1 1 2
t -3

2 1 2
1 3

3 L 2
1 3

4 L 2
l-3

5 1 2
L 3

STRUCTURE TYPE

POUN INCH

AXIAL SHEAR-Y

-527  .40  -7204 .L5
5 2 7 . 4 0  7 2 0 4 . 1 5

- 5 3 0 . 1 5  - 7 2 5 0 . 9 0
5 3 0 . 1 5  7 2 5 0 . 9 0

- 8 0 5 . 9 7  - 7 7 2 2 . 8 7
8 0 5 . 9 7  7 7 2 2 . 4 7
3 9 2 . 5 8  5 0 . 0 8

- 3 9 2 . 5 A  - 5 0 . 0 8

MOM-Z

- L 2 4 2 7 L . 5 7
o . 0 0

- L 2 5 0 ? 7 . 9 9
0 . 0 0

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

8 6 3 . 8 6
o . o o

0 . 0 0
7 L 4 4  . 4 7

0 . 0 0
L r142  .48

0 . 0 0
L i . 1 9 9 . 0 3

0 . 0 0
17024 .20

0 . 0 0
-8292 .44

0 . 0 0
-7  744  ,  47

0 . 0 0
13437  .95

0 . 0 0
1 3 3 8 1 . 5 9

0 . 0 0
1 9 3 2 3 . 6 6

o . 0 0
8 2 9 1 . 9 8

- 7 1 4 4 . 4 7
- 7  6 3 9  . 4 2

- 1 1 1 4 2 . 4 9
- 6 A 6 7  . 8 9

- 1 r . 1 9 9 . 0 5
-6928  .20

-L7024 .  L9
-2278 .94

8292 .45
- a t 6 7 . 2 6

- 1 0 2 0 0 8 . 9 5
0 . 0 0

- 7 8 0 1 9 . 3 3
0 . 0 0

- 7 8 8 2 5 . 3 0
0 . 0 0

: SPACE

1 5

10

1,0
9

1 0
9

l-0
o

1 0
o

1 0

4
L 2

4
I 2

4
7 2

5 9 1 3 . 5 6
- 5 9 1 3 . 5 5

7  2 0 4  . 1 5
- 7 2 0 4 . L 5

7  2 5 0  . 9 0
-7  250  .90
722-?-'3L

- 7 7  2 2  .  A 7
- 5 0 . 0 8

5 0 . 0 8

SHEAR-Z

- 1 0 . 9 3
1 0 . 9 3

- 1 0 . 8 6
1 0 . 8 5

- 1 1 . 1 0
1 1 . 1 0
- 0 . 0 3

o .  0 3

0 . 0 0
o . o 0

10 .  91,
- 1 0 . 9 1

1 0 . 9 1
- 1 0 . 9 t

r r . l - a l
- 1 1 , 1 8

0 , 0 0
0 .  o 0

0 . 0 0
o . o 0

- L 0 . 9 1 -
1 0 . 9 t

- l - 0 . 9 1
1 0 . 9 1

- 1 1 . 1 8
1 l - .  L8

0 . 0 0
0 . 0 0

0 . 0 0
o . o 0

1 0 . 8 8
- 1 0 . 8 8

1 0 . 9 5
- 1 0 . 9 5

1 L . 1 2
- r , 1 . 1 2

- 0 .  0 1
o .  0 1

o .  o o
0 . 0 0

- 1 0 . 9 3
1 0 . 9 3

- r .0 .90
1 0 . 9 0

TORSION

0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

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

0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
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 3 0 . 4 0
- 2 3 0 , 4 0

2 3 0 . 3 9
- 2 3 0 . 3 9

236 .09
- 2 3 6 . 0 9

- 0 . 0 2
0 . 0 2

0 . 0 0
0 . o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

l{ot{- Y

1 8 8 . 3 5
0 . 0 0

1 S 7 . 3 0
0 . 0 0

Lg I .2L
0 . 0 0
o . 7 1
0 . 0 0

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

-230  .4L
0 . 0 0

- 2 3 0 . 3 8
0 . 0 0

- 2 3 6 . 1 0
o .  o 0

- 0 . 0 L

o . o 0
0 . 0 0
0 . 0 0

230 .39
o . 0 0

2 3 0 . 4 0
o . 0 0

2 3 6 . L O
0 . 0 0

- 0 . 0 5

o . o o
0 . 0 0
o .  0 3

- 2 7 . 2 2
- 0 . 0 7

- 2 7 . 3 6
0 . 0 4

- 2 7 . 4 4
0 . 0 4
0 . 0 2

0 . 0 0
0 . 0 0

1 8 8 . 0 7
0 . 0 0

1 8 8 . 2 0
0 . 0 0

3 3 8 . 2 0
- 3 3 8 . 2 0

5 2 7 . 4 5
-527  .45

5 3 0 . 1 3
- F a n  1 a

_8_0_5_.07_- 8 0 6 . 0 7
- 3 9 2 . 5 4

3 9 2  . 5 4

J9l_3._-_56 -338.20
- 5 9  t  3 . 5 6  3 3 8 . 2 0

4522 .45  636 .1_2
- 4 5 2 2 . 4 5  - 6 3 6 . 1 2

4 5 6 9 . 5 8  6 3 3 . 4 5
- 4 s 6 9 . 5 8  - 6 3 3 . 4 5

4 0 0 4 .  L 5  9 I 4 . 7 3
- 4 0 0 4 .  L 5  - 9 ) _ 4 . 7 3

- 5 0 . 0 3  3 9 2 . 5 2
5 0 . 0 3  - 3 9 2 . 5 2

3 3 8 . 2 0  - 5 9 r - 3 . 5 6
- 3 3 8 . 2 0  5 9 1 3 . 5 6

5 2 7 . 3 9  - 7 2 0 4 . I 5
- 5 2 7  . 3 9  7 2 0 4 . L 5

5 3 0 . 3 3  - 7 2 5 0 . 9 0
- 5 3 0 . 3 3  7 2 5 0 . 9 0

8 0 6 . 1 7  - 7 7 2 2 . A 7
- 8 0 6 . 1 , 7  7 7 2 2 . A 7
- 3 9 2 . 5 4  5 0 . 0 8

3 9 2 . 5 4  - 5 0 . 0 8

- 3 3 8 . 2 0  - 5 9 1 3 . 5 6
3 3 8 . 2 0  5 9 1 3 . 5 5
636 .29  -4522 .A6

-636 .29  4522 .86
6 3 3 . 5 1 ,  - 4 5 6 9 . 5 8

- 6 3 3 . 6 t  4 5 6 9 . 5 8

Rerision No. o
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85 MODE CLEANER TUBE SUPPORT

MEMBER END FORCES

ID: Process
--  PAGE NO. L4

Systems Internatio

ALL I,'NITS ARE --

I{EMBER LOAD JT

4 4
L 2

5 4
L 2

1 9  1 1 4
1 5

2 1 4
1 5

3 1 4
1 5

4 ! 4
t-5

F .  1 A

1 5

L 8  1  1 0
l- l-

2  1 0
1 1

J  I U

t_1
4 r o

1 1
q  l n

1 1

L7 1 r.3
L 4

2 L 3
I 4

3 1 3
7 4

4  1 3
1_4

5  L 3
t 4

1 6 L 1 4
1 0

2 L 4
1 0

3 1.4
1 0

4 L 4
1 0

5  1 4
1 0

STRIJCTURE TYPE

POUN II.ICH

AXIAL SHEAR-Y

9 1 5 . 2 8  - 4 0 0 4 . 1 5
- 9 1 5 . 2 8  4 0 0 4 . 1 5

3 9 2 . 6 4  5 0 .  0 3
- 3 9 2 . 6 4  - 5 0 . 0 3

5 9 1 3  . 5 6  - 1 2 6 . 8 0
- 5 9 1 . 3 . 5 6  1 2 6 . 8 0

5 9 4 1  .  0 4  3 2 0 . 1 9
- 5 9 4 1 . 0 4  - 3 2 0 . 1 9

5 9 8 7  . 7 4  3 1 9 . 2 0
- 5 9 8 7  . 7 A  - 3 L 9 . 2 0

6 L 1 9 . 6 9  5 9 8 . 8 1
- 6 L 1 9 . 6 9  - 5 9 8 . 8 1

- 5 0 . 0 5  - 1 3 4 . 8 0
s 0 . 0 5  1 3 4 . 8 0

5 9 1 3 . 5 5  1 2 6 . 8 0
- 5 9 r . 3 . 5 6  - 1 2 6 . 8 0

5 7 8 5 . 9 7  8 4 3 . 3 8
- 5 7 8 5 . 9 7  - 8 4 3 , 3 8

5 8 3 2 . ? O  8 4 4 . 3 8
- 5 4 3 2 . 7 0  - 8 4 4 . 3 8

5 6 0 7 . 3 2  L I 2 I  . 9 9
-5607 .32  - I r2 t .99

- 5 0 . 0 5  r 3 4 . 7 8
5 0 , 0 5  - L 3 4 . 7 A

3 3 8 . 2 0  - 5 9 1 3 . 5 6
- 3 3 8 . 2 0  5 9 1 3 . 5 6
- 6 3 6 . 5 1 _  - 4 5 2 2 . 8 5

6 3 5 . 5 1  4 5 2 2 . A 5
- 6 3 3 . 4 !  - 4 5 6 9  .  5 8

5 3 3 . 4 L  4 5 6 9 , 5 8
- 9 1 4 . 5 5  - 4 0 0 4 . 1 5

9 1 4 , 5 5  4 0 0 4 . 1 5
- 3 9 2 . 5 2  5 0 . 0 3

3 9 2 . 5 2  - 5 0 . 0 3

2 I L . 4 0  0 . 0 0
- 2 L L . 4 0  0 . 0 0
- 3 1 5 , 9 4  1 4 1 8 . 1 8

3 1 5 . 9 4  - 1 4 1 8 . 1 8
- 3 L 4 . 2 5  1 4 1 8 . 1 9

3 t 4 . 2 5  - 1 4 1 8 . 1 9
- 3 1 5 . 9 3  2 L L 5 . 5 5

3 1 5 . 9 3  - 2 1 1 5 . 5 5
- 5 2 7 . 3 2  - 0 , 0 3

5 2 7 . 3 2  0 .  0 3

= SPACE

SHEAR-Z

- 1 L . 3 0
1 1 . 3 0

0 . 0 0
0 . 0 0

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

- o  . 2 5
o  . 2 5

- 0 . 2 5
o . 2 5

-o  . 25
0 . 0 0
o .  o 0

0 . 0 0
o . 0 0

- o . 2 5
o . 2 5

- 0 . 2 5
o . 2 5

- o  . 2 5
0 . 2 5
0 .  o 0
0 . 0 0

o . o 0
o . 0 0

LO.70
- 1 0 . 7 0

1 0 . 8 0
- L 0 . 8 0

LL.T7
-TL . L7
- o .  0 2

0 . 0 2

0 . 0 0
0 . 0 0

1 1 . 1 5
- 1 1 . 1 5

1 1 . 1 6
- 1 1  .  L 6

1 1 . 4 3
- 1 1 . 4 3

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

- 1 9 1 . 8 0
1 9 1 . 8 0

- 1 9 1 . 8 0
1 9 1 . 8 0

- 1 9 6 . 5 5
1 9 6 . 5 5

0 . 0 1
- 0 . 0 L

0 . 0 0
0 . 0 0

- 1 9 1 . 8 0
L 9 1 . 8 0

- 1 9 1 . 8 0
1 9 1 . 8 0

- 1 9 6 . 5 5
1 9 6 . 5 5

0 . 0 1
- 0 .  0 1

0 . 0 0
0 . 0 0

2 3 0  . 3 9
- 2 3 0 . 3 9

2 3 0 . 3 9
- 2 3 0 . 3 9

2 3 6 . 1 0
- 2 3 6 . 1 0

- 0 . 0 1
o .  0 1

0 . 0 0
o .  o 0

2L8 .24
=2L8 .24

2L8 .24
-2L4.24

223  .65
- 2 2 3 . 6 5

- 0 .  0 1
0 . 0 1

MO}{-Y

L94  .40
0 . 0 0
o . 4 4
0 . 0 0

0 . 0 0
0 . 0 0

- 1 2 . 1 5
0 . 0 0

- t2 .16
0 . 0 0

- r2 .45
0 . 0 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

L 2 . I 5
0 . 0 0

1 2 . ! 5
0 . 0 0

1 2 . 4 6
0 . 0 0
0 . 0 0
0 . o o

0 . 0 0
0 . 0 0
o . 2 4

- 2 7 . 0 3
0 . 1 3

- 2 7 . L L
0 . 0 0

- 2 7  . 8 9
0 . 0 5
0 . 0 5

0 . 0 0
0 . 0 0

- 1 6 4 . 5 3
-164 .52
- ! 6 4 . 5 4
-L64 .54
- 1 6 8 . 6 1
-L64.62

o .  0 1
0 . 0 1

MOM-Z

- 6 9 0 ? L . 5 4
0 . 0 0

862 .93
0 . 0 0

- 4 1 5 1 . 3 6
-2046 .O4

3 4 0 4 . 5 5
12244 .95

3 3 7 1 . 8 6
12228.94

9 ! O 7 . ? 6
2 0 1 6 5 . 0 4
-4423 .47
-2164  .49

4 1 5 1  . 3 6
2 0 4 6 . 0 4

20554  .57
20665 .39
20587 .49
2068r .7L
2625L .?9
2 8 5 8 5 . 4 8

4423  .4 r
2 1 6 3 . 8 6

- 7 1 4 4  . 4 7
- ? 6 3 9  . 4 2
L3437 .97

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

- 2 4 8 0 5 . 5 5
L9323  .66

-29334 .O4
8 2 9 1 . 9 8

- 8 1 6 6 . 9 1

3 4 8 8 . 0 5
- 3 4 8 8 .  0 6
2 8 1 4 9 . 5 6
1 3 6 8 6 . 6 6
28 t77  .4L
1 3 6 5 9 . 2 e
3 8 4 3 5 . 8 2
23972 .82

3 7  4 3  . 0 4
- 3 7  4 3  . 4 4
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85 IIIODE CLEANER TUBE SUPPORT

I{EMBER END FORCES

ID: Process
-- PAGE NO. 15

Systems Internatio

SHEAR-Z TORSION MOM-Y

STRUCTURE TYPE =

POUN INCH

AXIAL SHEAR-Y

SPACE

ALL UNTTS ARE --

dEMBER

I

LOAD JT

5  0 . o o
r . 6  0 .00

5  - 5 7 . 7 4
1 6  5 7 . 7 4

5  - 5 7 . 8 6
1 6  5 7 . A 6

5  - L 2 4 . 9 4
1 6  I 2 4 . 9 4

5  3 0 . 1 . 5
r _ 6  - 3 0 . 1 5

L 6  - 1 0 1 1 . 5 1
L 7  L o t  t  . 5 1
1 6  - 1 7 1 8 . 9 8
1 7  1 7 1 8 . 9 8
1 6  - 1 7 4 3 . t 7
L 7  I ? 8 3 . r 7
1 6  - 2 1 7 5 . 2 5
) _ 7  2 t 7  5  . 2 5
1 6  1 1 5 . 5 2
1 _ 7  - 1 1 5 . 5 2

le :-lqll_,5l,
2 0  1 0 1 1 . 5 1
1 9  - 7 3 . 0 2
2 0  7 3 . 0 2
L 9  - L 3 7 . r 9
2 0  L 3 7 . L 9
L 9  3 8 3 . 2 3
2 0  - 3 8 3 . 2 3
1 9  1 1 5 . 4 9
2 0  - 1 1 5 . 4 9

.J
2 0  - r . 0 1 - L . 5 1
2 L  1 0 1 " 1 . 5 L
2 0  - 2 5 9 . 3 0
2 L  2 5 9 . 3 0
2 0  - 5 1  . 6 8
2 L  5 1 . 5 8
2 0  1 9 5 . 5 1
2 I  - 1 9 6 . 6 L
2 0  1 1 5 . 4 5
2 r  - 1 1 5 . 4 5

6  0 . 0 0
2 2  0 .  O O

1 0 1 1 . 5 1
- 1 0 1 1 . 5 1

1 7 1 8 . 9 8
- 1 7 1 8 . 9 8

1 7 8 3 . L 7
-L743 .17

2 L 7  5  . 2 5
- 2 L 7 5 . 2 5

- 1 , 1 5 . 5 2
1 r . 5 . 5 2

0 . 0 0
0 . 0 0

5 7  . 7 3
- 5 7 . 7 3

5 7 . 7 3
- 5 7 . 7 3
t_29=?g

- 1 - 2 5  . 2 0
- 3 0 . 1 4

3 0 .  L 4

0 . 0 0
0 . 0 0

t  l - 8 . 0 2
- l - t _8 .  o2

1 1 8 . 0 2
- 1 1 8 . 0 2

1 8 5 . 4 9
- 1 8 5 . 4 9

3 0 . 1 _ 4
- 3 0 . 1 4

o-. oo
0 . 0 0

1 1 3  . 2 0
- J . I J .  Z U

LL3 .20
- 1 L 3 . 2 0

r 7 7 . 9 I
- ! 7 7 . 9 1

28 .9 r
- 2 8 . 9 1 -

- 2 2 4 0  . 7  4
2 2 a O  . 7  4

0 . 0 0
0 . 0 0

- 3 1 3 . 6 4
3 r . 3 . 6 4

- 7 0 8 . 8 5
7 0 8 , 8 5

- 3 1 4 . 3 ?
3 r 4 . 3 7
- 4 2 . 4 5

4 2  . 8 5

0 . 0 0
0 . 0 0

3 1 3 . 5 3
- 3 1 - 3 . 6 3

zo_8L.8,6
- 7 0 8 . 8 6

3 r 4  . 4 0
- 3 L 4  .  4 0

4 2 . 4 3
- 4 2 . 8 3

0 . 0 0
0 . 0 0

- 2 2 7  . 9 6
2 2 7 . 9 6
167  .26

- 1 6 7  . 2 6
-228  .49
TI{.4g

4 2  . 8 6
- 4 2 . 8 6

X.:.
0 . 0 0
0 . 0 0
2 . 7 9

- 2 . 7 9
- 2 4 . 1 9

2 4 . L 9
2  . 4 4

- 2 . 4 4
-L5  .7  0

1 5 . 7 0

o .  o o
0 . 0 0

0 .  o o  0 . 0 0
o . 0 0  0 . 0 0
0 . o o  5 4 L O . 2 4
0 . 0 0  0 . 0 0
0 .  o o  7 2 2 2 7 . 7 L
0 . 0 0  0 . 0 0
0 .00  5422 .85
0 . 0 0  0 . 0 0
0 . 0 0  7 3 9 . 2 2
0 . 0 0  0 . 0 0

o . 0 0  0 .  o o
0 . 0 0  0 . 0 0
0 . 0 0  0 . 0 0
0 ; 0 0  - 2 8 2 2 . 7 I
0 . 0 0  0 . o o
0 . 0 0  - 6 3 7 9 . 7 3
0 . 0 0  0 . 0 0
0 . 0 0  - 2 4 2 9 . 6 2
0 . 0 0  0 . 0 0
0 . o 0  - 3 8 5 . 4 8

0 . 0 0  0 . 0 0
0 .  o o  0 . 0 0
0 . 0 0  0 . 0 0
o .  o0  205L .66
0 . 0 0  0 . 0 0
o . 0 0  - ! 5 0 5 . 3 2
0 . 0 0  0 . 0 0
0 . 0 0  2 0 5 6  . 4 3
0 . 0 0  0 . 0 0
0 . 0 0  - 3 8 5 . 7 5

t40!,t- z

! 7  4 4 8  . 5 2
0 . 0 0

29652  .45
0 . 0 0

30759 .67
0 . 0 0

37523 . I I
0 . 0 0

- L 9 9 2 . 7 6
0 . 0 0

o . o 0
0 . 0 0
0 . 0 0

5 r - 9 . 6 1
0 . 0 0

5 1 9 . 5 9
0 . 0 0

1 1 - 2 6  . 7  6
0 , 0 0

- 2 7 L . 3 0

0 . 0 0
0 . 0 0
0 .  o 0

1 0 6 2 . 1 9
0 . o 0

LO62 .17
0 .  o 0

1 6 6 9 . 3 8
0 .  o o

2 7 J . . 3 !

o . o o
0 . 0 0

- 3 1 5 . 8 5
7 2 2 4 . ! 4
- 3 1 5 . 8 5
7227.r9
-496  . 4 r

LL349 .L7
- ao  . 67

1 8 4 4  . 4 2

-39342 .77
0 . 0 0

2 0

2 2

2 3 o . o 0
0 . 0 0

- 1 1 6 . 3 5
1 1 6 . 3 s

- 1 1 6 . 3 s
1 1 6 . 3 5

- 1 8 2 . 8 6
1 8 2 . 8 5
- 2 9 . 7 2

2 9 . 7 2

0 . 0 0
o .  o o

0 . 0 0
0 . 0 0

-L69 .96
0 . 0 0

L475  .46
0 . 0 0

- ! 7 2 . 9 7
0 . 0 0

9 5 7 . 6 5
0 . 0 0

0 . 0 0
0 . 0 0

Rei'ision No. 0
Doc. No. V049-1O87
Pase 26 of48



85 MODE CLEANER TUBE SUPPORT -- PAGE NO. 16

Revision No. 0
Doc. No. V049-l-087
Paee 27 of 48



ID: Process systens tnEernaEro

T,IEUBER END FORCES STRUCTTJRETYPE = SPACE

ALL UNITS ARE --

.EMBER LOAD JT

2 6
2 2

3 6
2 2

4 6
2 2

5 6
2 2

POUN INCH

AXIAL

- I 7  . 2 7
t 7  . 2 7

- ) , 7  . 2 L
T 7  . 2 L

- 7 5 . 0 7
7 5 . O 7
2 5 . O 9

-25 .  09

22AO .7  4
-2280 .7 4

1697  .62
- 'J,697 .62

1 7 1 5 . 0 6
- 1 7 1 5 . 0 6

r37L .A7
- L 3 7  L  . 8 7

- 6 5  . 4 4
6 5  . 4 4

SHEAR-Z

3 7 . O 3
- 3 7 . O 3

2 4 . 4 3
- 2 8 . 4 3

3 7  . 0 6
- 3 7 . 0 6

4 2 . 8 9
- 4 2 . 4 9

0 . 0 0
0 . 0 0

- 3 7 . 0 3
3 7 . 0 3

- 2 4  . 4 4
2 8 . 4 4

- 3 7  .  0 6
3 7 . 0 6

-,42.92
4 2  . 9 2

0 . 0 0
0 . 0 0

- 4 8 . 7 6
4 8 . 7 6

- 4 0 . 2 2
4 0  . 2 2

- 4 A . 7 8
4 8 . 7 8

- 4 2 . 9 L
4 2 . 9 L

0 . 0 0
0 . o 0

-{-8_.80
4 8 . 8 0

- 4 0 . 2 L
40 .2 r

-  4 8  . 7 7
4 8 . 7 7

- 4 2 . 9 2  -
4 2 . 9 2

0 . 0 0
0 .  0 0
2 . 3 6

- 2  . 3 6
2 . 3 6

- 2  . 3 6

!.{oM-z

- 2 9 2 A 3 . 9 9
0 . 0 0

- 2 9 s 8 4 . 8 0
0 . 0 0

-23664 .7L
0 . 0 0

1 1 2 8 . 9 1
0 . 0 0

0 .  o o
0 . 0 0
0 . 0 0

L204 .36
0 . 0 0

1 2 0 4 . 3 8
0 . 0 0

5255 .4 r
0 . 0 0

- 1 7 5 9 , 8 8

-39342 .76
0 .  o 0

-47743 .43
0 . 0 0

- 4 7  4 4 4  . 3 9
0 . 0 0

-52762 .90
o . 0 0

I I 2 9 . 2 L
0 . 0 0

0 . 0 0
0 . o o
0 , 0 0

4 7  2 4  . 3 9
0 . o o

4 7 2 4 . 4 r
o . o o

4775  .  44
0 . 0 0

1 7 5 0 . 1 5

0 . 0 0
0 , 0 0

7 3 7 . 6 6
-2592  .2 r

2649  .24
- 1 9 9 0 . 5 1

2 4

L 2

2 5

2 6

2 3

2 3

2 3
2 2
2 3

2 3

6  0 . o 0
2 4  0 . 0 0

6  6 7 . 5 0
2 4  - 6 7 . 5 0

6  6 7  . 4 4
2 4  - 6 7 . 4 4

5  1 2 5 . 5 5
2 4  - 1 2 5 . 5 5

6  2 5 . \ 5
2 4  - 2 5 . 1 5

24  2280 .74
2 5  - 2 2 A O . 7 4
2 4  2 7 3 2 . 9 5
2 5  - 2 7 3 2 . 9 5
2 4  2 7 s O . 4 0
2 5  - 2 7 5 0 . 4 0
24 3O5A.7?-
25  -305A.72
2 4  - 6 5 . 4 5
2 5  6 5  . 4 6

7 7  0 .  o o
2 3  0 . 0 0
77  -394  .2J ,
2 3  3 9 4 . 2 I
I 7  - 8 9 5 . 9 0
2 3  8 9 5 . 9 0

SHEAR-Y

- 1 6 9 7  . 6 2
! 5 9 7  . 6 2

- 1 7 1 5 . 0 6
1 7 1 5  .  0 6

- 7 3 7 r  .  A 7
! 3 7 7  . 8 7

5 5 . 4 4
- 6 5 . 4 4

0 . 0 0
0 . 0 0

T 7  . 2 L
- I 7  . 2 L

! 7  . 2 L
- L 7  . 2 L

7 5 . 0 8
- 7 5 . 0 8
- 2 5 . L 4

2 5 . L 4

- 2 2 4 0  . 7  4
2280 .7 4

- 2 7 3 2 . 9 5
2 7 3 2 . 9 5

- 2 7  5 0  .  4 0
2750 .40

-3054  .7  2
3058 .72

6 5 . 4 6
- 6 5  . 4 6

o . 0 0
0 . 0 0

6 7  . 4 9
-67  .  49

6 7  . 4 9
- 6 7  ,  4 9

J 2 5 . 3 6- L 2 5  . 3 6
Z J . L z

- 2 5 . L 5

0 . 0 0
o . o o

- 1 5 . 3 8
1 5 . 3 8

5 . 4 6
- 5  . 4 6

TORSION

0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0
0 .  o o
0 . 0 0
0 .  o o
0 . 0 0

0 . 0 0
0 . 0 0
0 . o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . o 0
0 . 0 0
0 . 0 0
0 .  o 0

o . 0 0
0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  o o

0 . 0 0
o ,  o o
0 . 0 0
0 .  o o
0 . 0 0
o .  o 0
0 . o o
0 . 0 0
0 . 0 0
o . 0 0

o .  o o
0 . 0 0

3 4 3 . 7 0
- 3 4 3 . 7 0

3 4 3 . 7 1
- 3 4 3 . 7 r

[10u-Y

- 6 3 8 . 8 1
0 . 0 0

- 4 9 0 . 3 1
o . 0 0

- 6 3 9 . 5 7
0 . 0 0

- 7 4 0 . L 7
0 . 0 0

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

2592  .2 I
0 .  o o

1 9 9 0 . 5 1
0 . 0 0

2594 .24
0 . 0 0

3 0 0 4 . 1 4

0 .  o 0
0 . 0 0

8 4 1 .  0 5
0 . 0 0

693 .24
0 . 0 0

8 4 r . . 1 8
0 . 0 0

7  4 0  . 2 4
0 . 0 0

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

3 4 1 5 . 0 5
0 . 0 0

2 A 7 4  . 3 6
0 . 0 0

3 4 1 3 . 6 6
0 . 0 0

3004  .  09

0 . o o
o . 0 0

1 3 5 . 6 1 -
-4r9 .78

1 3 5 . 6 2
-4r9 .79
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MEMBER END FORCES

-- PAGE NO. 77
ID: Process Systems Internat io

ALL UNITS ARE --

I{EMBER LOAD JT

STRUCTURE TYPE

POUN INCH

AXTAL SHEAR-Y

- 3 9 5 .  L 8  - ! 5 . 3 7
3 9 5 , 1 8  1 - 5 . 3 7
- 5 0 . 4 6  - 2 9 . 6 6

5 0 . 4 6  2 9  . 6 6

o . 0 0  0 . 0 0
0 . 0 0  0 . 0 0

2 9 3 . 2 A  - 4 3 . 9 4
- 2 9 3 . 2 8  4 3 . 9 4
- 2 0 8 . 4 0  - 2 3 . 0 9

2 0 8 . 4 0  2 3 . 0 9
2 9 3 . 9 5  - 4 3 . 9 3

- 2 9 3 . 9 5  4 3 . 9 3
- 5 0 , 4 9  - 2 9 . 6 6

5 0 . 4 9  2 9  . 6 6

l{oM-Y

2 9 4 . 1 0
- 9 1 0 . 3 6

- 7 0  . 8 I
2r9 . L9

0 . 0 0
0 . o 0

2 7 7 . 2 3
- 8 5 8 . 1 6

2 7 7  . 2 4
- 8 5 8 .  L 6

4 3 5 . 7 2
-1348 .73

7 0 . 4 \
-2 r9 .19

0 . 0 0
0 . 0 0

2 0 8 5 .  0 5
0 . 0 0

3 7 3 0 . 5 0
0 . 0 0

2 0 8 9 , 0 6
0 .  o o

9 5 7 . 5 2
0 . 0 0

o . 0 0
0 . 0 0

3 9 3 1 . 3 s
0 . 0 0

-2886 .02
0 , 0 0

3 9 4 2 . 7 2
0 . 0 0

- 7 3 9 . 5 L
0 . 0 0

o .  o o
0 . 0 0

- o . 4 0
- L . 7 7
- 3 . 0 7
- 2 . 5 5

8363 .?4
- t5L43 .74

o .  o 0
0 .  o 0

uott-z

7  4 0  . 5 6
-2594 .24

- 5 7 2 . 0 5
- 3 0 0 4 . 1 4

0 . 0 0
0 . 0 0

- 1 8 8 1 . 7 0
- 3 4 1 6 . 0 5

2 9 . 8 5
-24L4  .36
- 1 8 8 3 . 4 5
- 3 4 1 3 . 5 5

- 5 7 1 . 9 0
- 3 0 0 4 . 0 9

0 . 0 0
0 . 0 0

- 1 5 4 . 5 0
3532 .34
- 1 , 5 4 . 5 1
3 5 3 2 . 3 8
- 3 3 5 . 0 5
7 6 6 0 . 3 6

8 0  . 6 7
- ! 8 4 4 . 3 9

L7  448 .57
0 . 0 0

L 2 5 9 . 6 6
0 . 0 0

2 3 5 6 . 5 8
0 . 0 0

- 6 6 1 0 . 6 8
0 . 0 0

- r992  .  r4
0 .  o o

r48806 .67
-269296  .88

1 4 8 8 0 6 . 9 8
-269297 .4L

1 5 3 3 4 8 . 5 9
-273440 .09

1 4 8 8 0 7 . 1 3
-269297 .24

- 0 . 0 4
- 0 . 0 2

2 7  1 2 0
2 5

2 2 0
Z D

J Z V

z a
4 2 0

2 5
5 2 0

2 5

2)- r  17
1 8

2 1 7
L 8

3 )-7
l 6

1 8
5 1 7

1 8

1 1  I  5
L 9

z 3
1 9

J 3

l-9
+ 9

1 9

L 9

2 L 2
200

2 2
200

3 2
200

4 2
2 0 0

5 2
2 0 0

= SPACE

SHEAR-Z

5 . 1 1
- s .  L L
- t .  z J

L . 2 3

0 . 0 0
0 .  o 0
4 . 8 2

- 4 . 8 2
4 . 8 2

- 4 . 4 2
7  . 5 7

- 7 . 5 7
L . 2 3

- L  . 2 3

o . 0 0
0 . 0 0

- 3 4 . 1 8
3 4 .  L 8

- 5 L .  L 5
6l_ , t 6

- 3 4 . 2 5
3 4  . 2 5

-L5 .70
1 5 . 7 0

0 . 0 0
0 . 0 0

- 2 2 7  . 9 0
2 2 7 . 9 0
L 6 7 . 3 L

- L 6 7  . 3 r
- 2 2 8 . 5 6

228 .56
4 2 . 8 7

-42  .  A7

0 . 0 0
0 . 0 0
0 , 1 0

- 0 . 1 0
o . 1 9

- 0 . 1 9
2 7 2 . 7 6

- 2 9 2 . 5 6
0 . 0 0
o . o o

TORSION

7  4 5  . 3 6
- 7  4 5  . 3 6
- L 7 9 . 4 6

r 7 9  . 4 6

0 . 0 0
0 .  o o

7 0 2 . 6 3
- 7 0 2 . 6 3

7 0 2 . 6 3
- 7 0 2 . 6 3
LLO4.29

-1704 .29
L 7 9  . 4 6

- L 7 9  . 4 6

0 . 0 0
0 . 0 0

- 5 6 . 9 7
5 6 . 9 1

- 5 6 . 9 L
5 6 . 9 1

-1_23  .42
r 2 3 . 4 2

29 .72
- 2 9 . 7 2

0 . 0 0
0 . 0 0
0 . 0 0
0 .  o o
0 . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 ,  o o
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 1

- 0 . 0 1
0 . 1 3

- 0 . 1 3
4 5 4 2 . 0 8

-4542 .Oa
0 . 0 0
0 . 0 0

I 7
2 3
L 7
2 3

- L 0 1 r . .  s 1  0 . 0 0
L 0 1 l - . 5 1  0 , 0 0

- L 5 3 2 . 8 1  5 5 . 3 7
1 5 3 2 . 8 L  - 5 5 . 3 7

- L 3 2 5 . L 9  5 5 .  3 8
1 3 2 s .  t  9  - 5 5 . 3 8

- 1 9 8 8 . 5 8  1 2 0 . 0 9
1 9 8 8 . 5 8  - L 2 0 . 0 9

L L 5 . 4 6  - 2 8 . 9 r
- L L s . 4 6  2 a . 9 I

0 . 0 0  1 0 1 1 . 5 L
0 . 0 0  - 1 0 1 1 . 5 L

1"17  .  98  73  .  02
- 1 1 . 7 . 9 8  - 7 3 . O 2

1 L 8 . 0 4  I 3 7  . ! 9
- L 1 8 . 0 4  - 1 3 7 . 1 9

r 4 5 . 2 4  - 3 8 3 . 2 3
- L 4 5 . 2 4  3 8 3 . 2 3

3 0 . 1 5  - 1 L s . 4 9
- 3 0 .  L 5  1 1 5 . 4 9

0 . 0 0  - 4 a 4 4 . 5 0
0 , 0 0  5 L 9 6 . 3 4
1 . 4 6  - 4 a 4 4 . 5 2

- 1  . 4 5  5 1 9 6 . 3 6
- 2 7 2 . 2 2  - 4 A 4 4 . 5 6

2 9 I . 9 9  5 1 9 5 . 4 0
0 . 9 8  - 4 8 4 4  . 4 6

- 0 . 9 8  5 1 9 6 . 3 0
5 . 6 2  0 .  o o

- 5 . 6 2  0 . 0 0
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MEMBER END FORCES STRUCTURE TYPE = SPACE

ALL UNITS ARE -- POUN INCH

I{EMBER LOAD JT AXTAI SHEAR-Y

fD: Process
--  PAGE NO. 18

Systerns Internatio

2 0 0

5 0 0

2 0 0
3

200
3

2 0 0
J

200
J

2 0 0
J

5
5 0 0

I

5 0 0
5

500
5

500
5

5 0 0

5 0 0
I

5 0 0
6

5 0 0
6

5 0 0
t)

5 0 0
6

0 . 0 0
0 . 0 0
o . 2 4

- o  . 2 4
- 2 9 2  . 2 4

3 1 2 .  0 1
- o . 24
o . 2 4

- o  . 2 4
o  . 2 4

0 . 0 0
0 . 0 0

8 5 . 6 9
- 8 5 . 5 9
3 7 5 . 9 2

- 2 7  2  . 9 5
8 5 . 9 4

-85 .94
8 5 . 6 9

- 8 5 . 6 9

o , 0 0
0 . 0 0

8 5 . 9 4
- 8 5 . 9 4
2 7  2  . 9 5

-229  .98
8 5 . 9 4

- 4 5 . 9 4
8 5 . 6 9

- 8 5 . 6 9

- 5 L 9 6 . 3 7
5 5 4 8 . 2 1

- 5 L 9 6 . 3 7
s s 4 8 . 2 1

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

- 5 1 9 5 . 3 5
5 5 4 8 . 2 0

0 .  o 0
o . 0 0

- L 6 3 . 7 8
9 2 6 . 1 0
-32  .  A7
7 9 5 . 1 9
- 6 7 . 7 6
8 3 0 . 0 8
- 3 2 . 8 9
7 9 5 . 2 r
1 3 0 . 9 1

- t - 3 0 , 9 1

-925  . IO
1 6 8 8 . 4 2
- 7 9 5 . L 9
1 5 5 7 . 5 1
- 8 3 0 .  0 8
L 5 9 2 . 4 0
- 7 9 5 . 2 0
1557  .52

1 3 0 . 9 L
- l - 3 0 . 9 L

SHEAR-Z

0 . 0 0
o . o o

1 0 4 2 . 0 9
- 1 0 4 2 .  0 9

1 0 4 2 .  0 1
- 1 0 4 2 . 0 1 .

L334 .2L
- 1 3 5 4 . 0 1

0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

- 2 9 7  . 3 0
2 9 7  . 3 0

- 2 9 7  . 3 0
2 9 7  . 3 0

- 4 2 8 . 9 0
3 8 6 . 0 0

0 . 0 0
0 . 0 0

0 .  0 0
0 . 0 0

8 4 . 6 8
- 8 4 . 6 8

8 4 . 7 0
- 8 4 . 7 0

- 4 . 0 4
- 3 8 . 8 6

0 . 0 1
- 0 .  0 1

TORSION

0 . 0 1
- 0 .  0 1

0 . 0 1
- 0 .  o L

0 . 0 1
- 0 . 0 1

4542 .Ot
-4542 .Or

0 . 0 1
- 0 . 0 1

0 . 0 0
0 . 0 0

L7 459 .  44
- r7459  .44

L 7 8 5 9 . 6 0
- 1 7 8 5 9 . 5 0

2 9 0 9 8 . 1 8
- 2 9 0 9 8 . 1 8

- 0 . 3 0
o . 3 0

0 . 0 0
0 . 0 0

L7  859  .  44
- r7859  .44

L 7 A 5 9 . 6 I
- 1 7 8 5 9 . 6 1

2 9 0 9 8 . 1 8
- 2 9 0 9 8 . 1 8

- 0 .  3 0
0 .  3 0

l{oM-Y

0 . 0 0
0 . 0 0
1 . 0 5

-25009.27
- o . 7 4

- 2 5 0 0 9 . 5 8
!5143 .L7

-47399 .98
0 . 5 5

- 0 . 6 1

0 . 0 0
0 , 0 0

1 1 2 5 9 . 0 5
420L .  05

LL258 .26
4 1 9 9 . 8 6

3 r 7 7 ! . O A
-ro5a2.25

-o .22
0 . 1 1

0 . 0 0
o . o 0

-420L.02
-202 .7  2

- 4 2 0 1 . 6 8
-202 .95

1 0 5 8 3 . 9 4
- 1 1 4 8 8 . 0 1

- u . z v
- 0 . 1 0

MOM-Z

269296 .56
- 3 9 8 2 3 L . 7 5

269297.I9
- 3 9 8 2 3 2 . 0 6

2 7 3 8 3 9 . 5 0
-40277 4 .OO

269297.76
-39823I.94

0 . 0 5
- 0 . 0 3

IO4434 .26
- L 3 2 7 7 r . 1 6

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

1 . L 4 4 2 0 . 3 0
- 1 3 7 7 6 4 . 1 9

rLao47 .34
-139577  .72

1 3 5 1 4 . 1 3
- 6 4 0 7  . o 7

L 3 2 7 7 r . ! 6
-2007  4A  .69

139578 .25
-2007  4A  .67

L37764 .20
-2007  48  .67

L39577 .72
-2007  4A  .67

6807  .07
o .  o 0

* * * * * * * * * * * * * *  END OF LATEST ANALYSIS  RESULT * * * * * * * * *+* * * *
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SHEAR-Y SHEAR-Z

r - . 0 0
. 0

t - . 0 0
. 0

r . . 0 0
. 0

1 . 0 0
. 0

. 0
1  . 0 0

. 0
1 , . 0 0

1 _ . 0 0
. 0

1 . 0 0
. 0

L  . 0 0

. 0
l - . 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. U

1  , 0 0
. 0

1 . 0 0

. 0
1 . 0 0

. 0
L . 0 0

. 0
l _ . 0 0

1 . 0 0

1 . 0 0

. 0
1 . 0 0

. 0
r - . 0 0

0 . o  c
0 . 0  c
0 . 0  T
0 . 0  T
3 . 5  T
6 . 0  T
0 . 0  T
0 . 0  T
o . o  c
0 . 0  c

0 . 0  T
0 . 0  T
0 . 1  c

. 0 . 1  c
1 8 . 1  T
1 8 . 6  T

0 . 2  T
0 . 2  T
0 . L  T
0 . 1  T

0 . 0  c
0 . 0  c
0 . 0  T
0 . 0  T

1 8 . 6  T
2 3 . 2  T

0 . 0  T
0 . 0  T
0 . 0
0 . 0

0 . 0  T
0 . 0  T
0 . 0  T
0 . 0  T
6 . 7  C
3 . 6  C
0 . 0  T
0 . 0  T
0 . 0  T
0 . 0  T

3 6 . 1  T
3 6 . 1  T
5 6 , 3  T
5 6 . 3  T

o . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . o
0 . 0

4 5  . 4
0 . 0
o . o

0 . 0
o . 0

1 3 5 . 8
2 0 3 . ?
1 3 5 . 8
2 0 3 . 7
2 5 7  . 4
3 5 4 . 1

o . o
0 . 0

0 . 0
0 . 0

2 0 1  . 6
1 1 r . . 9
20 r  . 6
l -11  .9
3 5 2 . 0

0 . 0
0 . 0

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

6 1 . 3
0 . 0

0 . 0

0 . 0
0 . 0
8 . 3
o . o

BEND-Z

0 . o
8 0 8 . 0

o . o
8 0 8 . 0

o . o
8 0 8 . 0

0 . 0
8 0 8 . 0

0 . 0
0 . 0

2L62 .2
2 6 7 6 . r
2762 .2
2676 .L
2 2 r r  . 6
2 7 2 5 . 4
2762 .2
2 6 7 6 . r

0 . 0
0 . 0

2 6 7 6 . r
5 6 7 . O

2 6 7 6 . L
6 4 1 _ .  O

2 7 2 5  . 4
62L  .3

2676 . r
6 4 0 . 9

0 . 0
7 3 . 9

1 0 9 0 . 0
0 . 0

1 0 9 0 . 0
o . o

1 0 9 0 . 0
0 . 0

1 0 9 0 . 0
o . o
o . o
o . 0

4 4 8 8 . 8
0 . 0

5 4 5 8 . 5
0 . 0

CoI.tBINED

0 . 0
8 0 8 .  O

0 . 0
8 0 8 .  O

3 . 6
8 1 4 .  O

0 . 0
8 0 9 .  3

0 , 0
o . 0

2 L 5 2 . 2
2676. I
2 L 6 6 . 6
2643 .9
2233 .9
2 7  5 r  . 5
2 L 7 7  . 7
2699 .6

0 . 1
0 . L

2 6 7  6  . I
5 6 7 . O

2643 .7
650 .7

2 7 5 L . 4
6 5 4 . 5

2699 .L
6 7 4  . 8

0 . 0
7 3 . 9

1 0 9 0 .  o
0 . 0

1 0 9 0 . 0
0 . 0

LO96 .7
3 . 6

1 0 9 1 . 7
0 . 0
0 . 0
o . o

4525 . O
3 6 . 1

5 5 3 3 . 1
5 5 . 3

LO6.2
1 7 9 . O
106 .2
r 7 9 . O
1 0 6  . 2
L 7 9 . O
106  .2
L 7 9 . O

0 . 0
0 . 0

534 .2
E E A  ' I

538 .2
5 5 0 . 3
538 .2
s 5 0 . 3
5 3 8 . 2
5 5 0 . 3

0 , 0
0 . 0

265 .9
L28 .3
2 5 9 .  O
L2L  .4
265  .4
r 2 7 . 4
259 .O
L 2 I  . 4

6 . 9
6 . 9

1 9 8 .  3
106  .2
1 9 8 . 3
1 0 5 . 2
1 9 8 . 3
1 0 6 . 2
1 9 8 . 3
106 .2

o . o
0 . 0

LL82.7
Lraz.7
1 4 4 0 . 8
1 4 4 0 . 8

0 . 0
0 . 0
0 . 0
0 . o
0 . 0
o . o
6 . 0

1 0 . 1
0 . 0
0 . o

0 . 0
7 r . 9
7 L . 9
7 r . 9
7 7 . 9

1 0 2 . 1
1 0 2 . 8

0 . 0
0 . 0

o . o
8 . 4
8 . 4
8 . 4
8 . 4

1 5 . 9
4 . 2
0 . 0
0 . 0

0 . 0
o . 0
0 . 0
0 . 0
o . o
0 . 0

LT .2
6 . 0
o . o
0 . 0

0 . 0
0 . 0
2 . 2
2 . 2
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I'IE},IB LD BEND-Y

4 . 2
0 . 0
8 . 4
o . o
0 . 0
o . o

0 . 0
0 . 0
o . o

230  .4
o . o

230  .4
o . o

236.r
0 . 0
0 . 0

0 . 0
0 . 0
0 . 0

2 3 0 . 4
0 . 0

2 3 0 . 4
0 . 0

2 3 6 . L
0 . 0
0 . 1

0 . 0
0 . 0
0 . 0

2 7  . 2

2 7  . 4
0 . 0

2 7 . 8
0 . 0
0 . 0

0 . 0
o . o
8 . 3
0 . 0
8 . 3
0 . 0
8 . 6
0 . 0
o . o
0 . 0

BEND-Z

5 5 0 4 . 0
0 . 0

5862 .2
0 . 0

3 8 . 0
0 . 0

0 . 0
5640  .4

0 . 0
4796 .7

0 . 0
8 8 4 1 . 3

0 . 0
1 3 4 4 3 . 3

0 . 0
6546  .7

0 . 0
5640 .4

0 . 0
1 0 6 0 8 . 9

0 , 0
L O 5 6 4  . 4

0 . 0
1 5 2 5 5 . 5

0 . 0
6 5 4 6 . 3

5640  .4
5 0 3 1 . 1
8796 .7
5422 .O
8 8 4 L . 4
5469  .6

1 3 4 4 3 . 3
L 7 9 9 . 2
6546 .7
6447  .A

4 4 8 8 . 8
0 . 0

3433 .2
0 . 0

3464 .7
0 . 0

3 0 3 9 . 5
0 . 0

3 8 . 0
o . o

COMBINED

5 5 6 8 . 9
5 6  . 6

5 9 5 5 . 8
8 6 . 1
8 0 . 0
4 1 . 9

3 6 0 5 . 8
9 2 4 6 . 2
4392 .4

734L9 .9
4 4 2 L . 3

1 3 4 9 3 . 0
4 7 0 9 . L

1 8 3 8 8 . 5
3 0 . 5

6 5 7 7 . 2

3 6 0 5 . 8
9246  .2
2 7 5 7 . 8

1 3 5 9 7 . 1
2 7 8 5 . 3

1 3 5 8 1 . 1 -
2 4 4 r . 6

! 7 9 3 3 . 2
3 0 . 5

6576 .9

5 8 4 5 . 6
6237 .3
9 1 1 8  .  3
5770 .8
9 1 6 4 . 8
5 8 2 0 . 4

L3934 .9
2 3 1 8 . 6
6786 .L
6647 .2

4 5 2 5 . 0
3 6 . 1

3 5 0 9 . 4
6 8 .  O

3544  .6
6 7  . 7

3 1 4 5 . 8
9 7  , 4
7 9 . 9
4 t . 9

SHEAR-Y

1 4 5 0 . 2
\ 4 5 0 . 2
1544 .6
L544  .6

1 0 . 0
1 0 . 0

3 0 0 . 6
3 0 0 . 6
4 6 8 . 8
4 6 8  . 8
4 7 r . 2
471-  .2
7 L 6 . 5
7 7 6 . 5
3 4 8 . 9
3 4 8 . 9

3 0 0 . 6
3 0 0 . 6
5 6 5 . 4
5 6 5 . 4
5 6 3 , 1
5 6 3  . 1
8 1 3 . 1
8 1 3 . 1
3 4 8 . 9
3 4 8 . 9

5 2 5 6 . 5
5256.5
6403 .7
6 4 0 3 . 7
6445 .2
6 4 4 5 . 2
6 8 6 4 . 8
6 8 6 4 . 8

4 4 . 5
4 4 . 5

Lraz.7
L \ A z  . 7

9 0 4 . 6
9 0 4 . 6
9 1 3 . 9
9 1 3 . 9
8 0 0 . 8
8 0 0 . 8

1 0 . 0
1 0 .  o

SHEAR-Z

2 . 2
2 . 2
2 . 2
2 . 2
o . o
0 . 0

0 . 0
0 . 0

2 1 . 8
2 1 . 8
2 L . 8
2 1  . 8
22 .4
2 2 . 4

0 . 0
0 . 0

0 . 0
0 . 0

2 r . a
2 L . 8
2 1 . 8
2 1 . 8
2 2  . 4
2 2 . 4
o . o
0 . 0

o . o
0 . 0

2 L . 8
2 1 . 8
2 L . 9
z L . t

2 2 . 2
2 2 . 2

0 . 0

0 . 0
0 . 0
2 . 2
2 . 2
2 . 2
2 . 2
2 . 3
2 . 3
0 . 0
0 . 0

1 3

L 4

. 0  5 6 , 6  T
1 . 0 0  5 6 . 6  T

. 0  8 6 . 1  T
1 . 0 0  8 6 . 1  T

. 0  4 L . 9  C
1 . 0 0  4 1 . 9  C

. 0  3 5 0 5 . 8  C
1 . 0 0  3 6 0 5 . 8  C

. 0  4 3 9 2 . 4  C
1 . 0 0  4 3 9 2 . 4  C

. 0  4 4 2 L . 3  C
1 . . 0 0  4 4 2 L . 3  C

. 0  4 7 0 9 . 1  C
l - . 0 0  4 7 0 9 . !  c

. 0  3 0 . 5  T
1 . 0 0  3 0 . 5  T

. 0  3 6 0 5 . 8  C
1 . 0 0  3 6 0 5 . 8  C

. 0  2 7 5 7 . 8  C
1 . 0 0  2 7 5 7  . 8  C

, 0  2 7 8 6 . 3  C
1 . 0 0  2 7 8 6 . 3  e

. 0  2 4 4 I  . 6  C
l -  .  00  244 !  . 6  C

. 0  3 0 . 5  T
1 . 0 0  3 0 . 5  T

. o  2 0 6 . 2  C
L . 0 0  2 0 6 . 2  c

. 0  3 2 1  . 6  C
1 . 0 0  3 2 1 . 6  C

. 0  3 2 3 . 4  C
1 . 0 0  3 2 3 . 4  C

. o  4 9 1 _ . 6  C
1 . 0 0  4 9 L . 6  C

. 0  2 3 9 . 4  T
1 . 0 0  2 3 9 . 4  \

. 0  3 6 . 1  T
1 . 0 0  3 6 . 1  T

. 0  6 8 . 0  C
L . 0 0  6 8 . 0  c

. 0  6 7 . 7  C
1 . 0 0  6 7  . 7  C

. 0  9 7 . A  C
1 . 0 0  9 7 . 8  C

. 0  4 1 . 9  C
L , 0 0  4 I  . 9  c

l - f

1 0
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CO!.IBINED SHEAR-YgEMB LD SECT AXIAL

0 . o  c
0 . 0  c
6 . 2  r
6 . 2  T

BEND-Y

0 . 0
0 . 0

1 2 . 2
0 . 0

L 2 . 2
0 . 0

1 2 . 5
0 . 0
0 . 0
0 . 0

0 . 0
0 . 0

1 2 . 2
0 , 0

1 2 . L
0 . 0

1 2 . 5
0 . 0
0 . 0
0 . 0

0 . 0
0 . 0
o . 2

2 7  . O

2 7 . L
0 . 0

2 7  . 9
0 . 0
0 .  i .

0 . 0
0 . 0

1 6 4 . 5
1 6 4  . 5
1 5 4 . 5
1 6 4 . 5
L 5 8 . 5
L 6 8 . 6

0 . 0
0 . 0

0 . 0
0 . 0

2 3 8 . 1
o . o

BEND-Z

3 2 7 7  . 4
1 6 1 5 .  3
2687 .4
9 6 5 7 . I
2662 .O
9654  .4
7 1 8 5 . 6

1 5 9 1 9 . 8
3492 .5
1 7 0 8 . 8

3 2 7 7  . 4
L 6 1 5 .  3

L 6 2 2 7  . 3
1 6 3 1 4  .  8 .
1 6 2 5 3 . 3
16327 .?
2 0 7  2 5  . I
2 2 5 6 7  . 5

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

5640  .4
6 0 3 1 . 1

l - 0 6 0 8 . 9
1 9 5 3 5 . 6
L O 5 6 4  . 4
1 9 5 8 3  . 3
L 2 2 2 2 . 2

2 3 1 s 8 . 5
5 5 4 6 . 3
6447  .6

2753 .7
2753 .7

22223  .4
r . 0 8 0 5 . 3
2 2 2 4 5 . 3
1 0 7 8 3 . 6
3 0 3 4 4 . r
1 8 9 2 5 . 9

2 9 5 5 . 0
2955 .7

7 6 7 . 8
0 . 0

1 3 0 4 . 8
0 . 0

6 8 8 3 . 2
5 2 2 L . 1
6322.5

L3289.?
6325 .2

L 3 3 0 5 . 5
1 0 9 2 9 . 6
1 9 6 5 1  . 3

3523 .L
L 7 3 9 . 3

5 8 8 3 . 2
522r. I

L97  67  .5
1 9 8 4 2 . 8
L 9 A 2 2 . O
L9884 .2
24L56  .7
259a6.6

3522.7
1 7 3 8 . 8

5846 .6
6237  .3

LO997 .3
1 9 9 5 0 . 7
1 0 9 5 0 . 8
L9996.7
1 5 8 1 3 . 2
2 3 7 4 4 . O

6 7 a 5 . 7
6 6 A 7 . O

2 A A 2  . 6
2AA2  .6

22540.6
LLL62.4
2260L.5
1 r . 1 3 9 . 8
3 0 7 0 5 . 3
L9247 .2

3 2 7  6  . 6
3 2 7 7 . 2

7 6 7 . 4
0 . 0

1 5 4 9 . 1
6 . 2

LT2.'T
L L z . 7
284 .6
284 .6
283 .7
2a3 .7
532 .3
532 .3
1 1 9 . 8
1 1 9 . 8

r r2.7
LLz.7
7 4 9 . 7
7 4 9 . 7
7 5 0 . 6
7 5 0 . 6
997  .3
997  .3
1 L 9 . 8
1 1 9 . 8

5256 .5
5256.5
4 0 2 0 . 3
4 0 2 0 . 3
4 0 6 1 . 8
4 0 6 1 . 8
3559 .2
3559 .2

4 4  . 5
4 4  . 5

0 . 0
0 . 0

L260 .6
1260.6
1260 .6
L260 .6
1 8 8 0 . 5
1 8 8 0 . 5

0 . 0
0 . 0

202 .3
202 .3
3 4 3 . 8
3 4 3 . 8

SHEAR-Z

0 . 0
o . 0
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 0
o . o

0 . 0
0 . 0
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
0 . 5
o . o
0 . 0

o . o
0 . 0

2 L . 4
2 1 . 4
2 L . 6
2 t . 6
2 2 . 3
2 2  . 3

0 . 0
0 . 0

0 . 0
0 . 0

2 2  . 3
2 2  . 3
2 2  . 3
2 2 . 3
22 .9
2 2 . 9

0 . 0
.  0 . 0

0 . 0
0 . 0

6 2  . 7
6 2  . 7

19 . 0  3 6 0 5 . 8  C
L . 0 0  3 6 0 5 . 8  c

. 0  3 6 2 2 . 6  C
1 , 0 0  3 6 2 2 . 6  C

.  o  3 6 5 1 .  r -  C
1 . 0 0  3 5 5 1 . 1  C

. o  3 7 3 1 . 5  C
1 . 0 0  3 7 3 r . 5  C

. o  3 0 . 5  T
1 . 0 0  3 0 . 5  T

, 0  3 6 0 5 . 8  C
1 . 0 0  3 6 0 5 , 8  C

. 0  3 5 2 8 . 0  C
1 . 0 0  3 5 2 8 . O  C

. 0  3 5 5 6 , 5  C
1 . 0 0  3 5 5 6 . 5  C

. 0  3 4 1 9 . 1  C
1 . 0 0  3 4 1 9 . 1  C

. 0  3 0 . 5  T
L . 0 0  3 0 . 5  T

. 0  2 0 6 . 2  C
1 . 0 0  2 0 6 . 2  C

. 0  3 8 8 . L  T
L . 0 0  3 8 8 . L  T

, 0  3 8 6 . 2  T
r - . 0 0  3 8 5 . 2  T

. 0  5 5 7 . 7  T
1 . 0 0  5 5 7 . 7  A

. 0  2 3 9 . 3  I
l - . 0 0  2 3 9 . 3  A

. 0  1 2 8 . 9  C
L . 0 0  L 2 8 . 9  C

. o  1 9 2 . 6  T
L . 0 0  ! 9 2 . 6  T

. o  1 9 1 . 6  T
1 . 0 0  1 9 1 . 6  T

. 0  L 9 2 . 6  T
1 . 0 0  1 9 2 . 6  T

, o  3 2 1 . 5  T
l - . 0 0  3 2 1 . 5  T

1 8

I 7

t 6

1 . 0 0

1 . 0 0
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IrEMB LD SECT

' t . r

1 . 0 0
4  . 0

1 . 0 0
5  . 0

L . 0 0

2 0  1  . 0
1 , 0 0

2  . O
1 . 0 0

3  . 0
1 , 0 0

4  . 0
l - . 0 0

5  , O
1  n n

1 . 0 0

1 . 0 0
J  . U

t _ . 0 0
4  . 0

L . 0 0
q n

1 . 0 0

2 3  t  . 0
L . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

9  1  . 0
1 . 0 0

2  . O
1 . 0 0

3  . 0
I . T , , U

4  . 0
1 . 0 0

5  . O
1 . 0 0

AXIAL

o

6
1 3
1 3

?

J

6 1 6
616

1 0 4 8
1 0 4 8
1 0 8  7
L 0 8 7
L326
L326

70

616
6L6

4 4

. J J

8 3
4 J J

233
7 0
7 0

6 1 6
6L6
1 5 8
1 5 8

3 1
3 L

1 1 9
1 1 9

7 0
70

o
0
1
1
1

1
I
I
2
2

--  PAGE NO. 22
fD: Process systens Internat io

2 A
2 T
3 T
3 T
2 C
2 C

8 T
8 T
2 T
2 T
3 T
3 T
4 T

4 C

8 T
8 T
f L '

I  t '

7 T
7 T
7 C
7 C
4 C

8 T
8 T
l - T
L T
5 T
5 T
o a
9 C

4 C

0 c
0 c
8 T
8 T
8 T
8 T
O T
O T
7 C
7 C

BEND-Y

5 3 8 . 1
o . o

2 3 8 . 6
0 . 0

3 2 . 5
0 . 0

0 . 0
0 . 0
0 . 0

2422 .7
0 . 0

6379 .7
0 . 0

2429 .6
0 . 0

J t t f  . 9

0 , 0
0 . 0
0 . o

2051  .7
o . 0

1 5 0 5 . 3
0 . 0

2 0 5 6 . 4
0 . 0

3 8 5 . 7

0 . 0
0 . 0

0 . 0
L 4 7  5  . 5

o . o
1 7 3 . 0

0 . 0
9 5 7 . 7

0 . 0

o . 0
0 . 0

28 . t
0 . 0

2 7 . 6
0 . 0

2 8 . 1
0 . 0

3 2 . 6
0 . 0

BEND-Z

1 3 5 3 . 6
0 . 0

! 6 5 r . 2
0 . 0

8 ?  . 7
0 . 0

0 . o
0 . 0
0 . 0

4LO.2
o . 0

470 .2
0 . 0

8 8 9  . 5
0 . 0

2 r 4 . 2

0 . 0
0 . 0
0 . 0

8 3 8 . 6
0 . 0

8 3 8 . 6
0 , 0

r 3 L 7 . 9
0 . o

2 r 4 . 2

0 . 0
0 . 0

249  .4
5 7 0 0 . 9

249  .4
5 7 0 0 . 9

3 9 1 . 9
8 9 5 9 . 9

6 3 . 7
1456 .  L

173r .3
o . o

1 2 8 8 . 5
o . o

1 3 0 1 . 9
0 . 0

1 0 4 1 . 4
0 . 0

4 9 . 7
0 . 0

COMBTNED

1 8 9 7 . 8
6 . 2

1 9 0 3 . 2
1 3 . 3

t 2 3 . 4
3 . 2

6 1 6 . 8
6 1 5 . 8

ro48.2
4281 . .  L
1 0 8 7 . 3
7 8 7 7 . 2
L326 .4
5 0 4 5 . 5

7 0 . 4
6 7 0 . L

6 1 6 . 8
6 1 6 . 8

4 4 . 5
2934 .8

8 3 . 7
2 4 2 7  . 5

233 .7
3 6 0 8 .  O

7 0  . 4
6 7 0  . 4

6 1 6 . 8
6 1 5 . 8
5 7 7 . 4

5 8 5 9 . 0
L 7 5 6 . 3
5732 .5

6 8 4 . 8
9 0 7 9 . 8
1 0 9 1 . 7
7526  .5

1 7 3 1 . 3
0 . 0

1 3 1 8 . 6
1 . 8

1 3 2 5 .  3
1 . 8

r o 7 7  . 5
8 . 0

4 4 . 9
2 . 7

SHEAR-Y

356 .6
3 5 5 . 6
4 3 5 . 1
4 3 5 . 1

23 . r
2 3 . L

0 . 0
0 . 0

5 L . 3
5 1 .  3
5 1  . 3
5 1 . 3

1 r . 1 . 3
1 1 1 . 3

2 6  . 4
2 6  . A

0 . 0
0 . 0

1 0 4 . 9
LO4.9
! o 4 . 9
1 0 4  . 9
L64 .9
7 6 4  . 9

2 6 . 8
2 6  . 4

0 . 0
0 . 0

1 0 0 . 6
1 0 0 . 6
1 0 0 . 6
1 0 0 . 6
1 5 8 . 1
1 5 8 . 1

2 5 . 7
2 5 . 7

456 .1
4 5 6 . 1
3 3 9 . 5
3 3 9 . 5
3 4 3 . 0
3 4 3 . 0
274 .4
2 7 4 . 4

1 3 . 1
1 3 . 1

SHEAR-Z

1 4 1 . 8
1 4 1 . 8

6 2  . 9
6 2 . 9

8 . 6
8 . 6

o . o
0 . 0

6 2 7 . 3
5 2 7 . 3

L 4 L 7  . 7
L4 !7  .7

6 2 8 . 8
6 2 8 . 8

8 5 . 7
8 5 . 7

o . o
0 . 0

4 5 5 . 9
4 5 5 . 9
3 3 4 . 5
3 3 4 . 5
4 5 7 . O
4 5 7  . O

a 5 , 7
8 5 . 7

o . o
5 . 6
5 . 6

4 8 . 4
4 8 . 4

5 . 7
5 . 7

3 1  . 4
3 r . 4

0 . 0
o . o
7 . 4
7 . 4
5 . 7
5 . 7
7 . 4
7 . 4
8 . 6
8 . 6
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COMBINED SHEAR-Y SHEAR-Z

2 4 . 0  1 3 9 0 . 7  C
1 . 0 0  1 3 9 0 . 7  C

. 0  1 0 3 5 . 1  C
r . . 0 0  1 0 3 5 . 1  c

. 0  1 0 4 5 . 8  C
1  . 0 0  1 0 4 5 . 8  c

. 0  8 3 6 . 5  C
1 . 0 0  8 3 5 . 5  C

. 0  3 9 . 9  T
L , 0 0  3 9 . 9  T

, 0  0 . 0  c
1 . 0 0  0 . 0  c

. 0  7 . 2  C
L . 0 0  7 . 2  c

. 0  7 . 2  C
1 . 0 0  7 . 2  C

i  1 1  A  r \

1 _ . 0 0  L 3 . 4  c
. 0  2 . 7  C

L , 0 0  2 . 7  c

. 0  1 3 9 0 . 7  C
1 . 0 0  1 3 9 0 . 7  C

. 0  L 6 6 6 . 4  C
L . 0 0  ! 6 6 6 . 4  C

. 0  ) . 6 7 7  . L  C
L . 0 0  1 6 7 7 . L  C

, o  1 8 6 5 . 1  C
1 . 0 0  1 8 6 5 . 1  C

. 0  3 9 . 9  T
1 . 0 0  3 9 . 9  T

. 0  0 . 0  T
1 . 0 0  0 . 0  T

, 0  2 4 0 . 4  A
L . 0 0  2 4 0 . 4  T

. 0  5 4 6 . 3  T
1 . 0 0  5 4 6 . 3  f

. 0  2 4 L . O  T
L , 0 0  2 4 1 . 0  T

. 0  3 0 . 8  T
1 . 0 0  3 0 . 8  T

. 0  0 . 0  c
1 . O O  0 . 0  c

. 0  1 7 8 . 8  C
1 . 0 0  1 7 8 . 8  C

0 . 0
0 . 0
0 . 0

2592.2
o . o

1 9 9 0 . 5
0 . 0

2 5 9 4 . 2
0 . 0

3 0 0 4 . 1

0 . 0
0 . 0

0 . 0

0 . 0
3 7 . O

0 . 0
3 2  . 6

0 . 0

0 . o
0 . 0
0 . 0

3 4 1 6 . 0
0 . 0

2814 .4
0 . 0

3413 .7
0 . 0

3 0 0 4 . l -

0 . 0
0 . 0

L 3 5 . 5
4 l - 9 . 8
1 3 5 . 6
4 1 9 . 8
2 9 4 . L
9 1 0 . 4

7 0 . 8
219 .2

o . o
0 . 0

2 7 7  . 2
8 5 8 . 2

BEND-Z

0 . 0
0 . 0
0 . 0

9 5 0 . 8
0 . 0

9 5 0 . 8
0 . 0

4 L 4 9 . O
0 . 0

1 3 8 9 . 4

1 7 3 1 . 3
0 . 0

207  4  .5
0 . 0

2047  .8
0 . 0

2321..4
0 . 0

4 9  . 7
0 . 0

0 . 0
0 , o
0 . 0

3 7 2 9 . 4
0 . 0

3729 .8
o . o

6928 .0
0 . 0

1 3 8 9 . 6

0 . 0
0 . 0

582 .4
2 0 4 6 . 5
2 0 9 L . 5
1 5 7 1 . 5

5 4 4 . 7
2 0 4 8 . 1

4 5 1 . 6
2 3 7 L . 7

0 . 0
o . o

1 4 8 5 . 6
2696  .9

L390 .7
1390 .7
1 0 3 5 . 1
4578 .2
1 0 4 5 . 8
39A7 . L

8 3 6 . 5
? 5 7 9 . 7

3 9 . 9
4 4 3 3  . 4

1 7 3 1 . 3
o . o

2rL8.7
7 . 2

2 L 2 5 . 5
7 . 2

2372.2
1 3 . 4
8 5 . 0

2 . 7

t390 .7
1 3 9 0 . 7
7666  .4
8 8 1 2 . 3
1 6 7 7 . 1
822L  .2
L 8 5 5 . 1

L2206.7
3 9 . 9

4 4 3 3 . 6

0 . o
0 . 0

9 5 8 . 3
2706 .6
2 7 7 3 . 4
2 5 3 7 . 5
LLLg.7
3 1 9 9 . 4

553 .2
2 6 2 r . 6

0 . 0
0 . 0

1 9 4 1 . 6
3733 .9

o . o
o . 0

1 5 . 3
1 5 . 3
1 5 . 3
1 5 . 3
5 6 . 7
6 6 , 7
2 2  . 3
2 2 . 3

456 .L
456 .L
5 4 6  . 6
5 4 6 . 6
5 5 0 . 1
5 5 0 . 1
6LL  .7
5LL .7

1 3 .  r _
1 3 . 1 -

o . o
0 . 0

5 0 .  o
6 0 . 0
6 0 .  o
6 0 . 0

1 1 1  . 4
1 1 1 . 4

2 2 . 4
2 2 . 4

0 . 0
0 . 0

1 3  . 7
L 3  . 7

4 . 9
4 . 9

L 3 . 7
L 3 . 7
2 6  . 4
2 6  . 4

o . 0
0 . 0

3 9 . 1
3 9 .  1

0 . 0
0 . 0

7 4 . r
7  4 . L
5 5 . 9
5 6 . 9
7 4 . t
7 4 . L
8 5 . 8
8 5 . 8

0 . 0
o . o
9 . 8
9 , 8
8 . 0
8 . 0
9 . 8
9 . 8
8 . 6
8 . 6

0 . 0
o . o

9 7  . 6
9 7 . 6
8 0 . 4
8 0 . 4
9 7  . 5
9 7 . 5
8 5 . 8
8 5 . 8

0 . 0
0 . 0
4 . 7
4 . ?
4 . 7
4 . 7

1 0 . 2
L O . 2

2 . 5
2 . 5

o . o
o . 0
9 . 6
9 . 6

J.2

2 5

2 6

27
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85 },TODE CLEANER TUBE SUPPORT

I.IEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

-- PAGE NO. 24
ID: Process systens Internatio

$EUB LD SECT

3  . 0
1  . 0 0

4  . 0
1 . O O

5  . 0
1 .  O 0

2 1  1  . O
t - . 0 0

2  . O
1 . 0 0

3  . 0
1 . 0 0

4  . 0
1  n n

5  . 0
L  , 0 0

l ,L t -  .0
1 . O 0

2  . 0
1  . 0 0

3  . 0
1  . 0 0

4  , O
1 . 0 0

5  . 0
1 . 0 0

2  L  . 0
1 . 0 0

2 . O
1  . 0 0

3  . 0
1 . 0 0

4  . 0
1 . 0 0

5  . 0
1  . 0 0

2 0 0  I  . 0
1  . 0 0

2  . 0
1 . 0 0

3  . 0
1 . O O

4  . O
1 . 0 0

5  . 0
1 . 0 0

AXIAL

L 2 7  . L  T
L 2 7  . L  r
L 7 9 . 2  C
I 7 9 . 2  C

3 0 . 8  T
3 0 . 8  T

6 1 5 . 8  T
6 1 6 . 8  T
9 3 4 . 6  T
9 3 4 . 6  T
8 0 8 . 0  T
8 0 8 . 0  T

r 2 L 2 . 5  T
L 2 L 2 . 5  T

7 0  . 4  C
7 0 . 4  C

0 . 0  c
0 . 0  c

1 , 2 . 6  C
L 2 . 6  C
1 2 . 6  C
L 2 . 6  C
1 9 . 8  C
1 0  a  a r

3 . 2  C
3 . 2  C

0 . o  T
0 . 0  T
0 . 1  c

1 1 . 3  T
1 2 . 1  T

0 . 0  c
0 , 0  c
0 . 2  c
0 . 2  c

0 . 0  T
0 . 0  T
0 . 0  c
0 . 0  c

1 2 . 1  T
L 2 . 9  T

0 . 0  T
0 . 0  T
0 . 0  T
0 . 0  T

BEND-Y

2 7 7  . 2
8 5 8 . 2
4 3 5 . 7

1 3 4 8 . 7
7 0 . 8

2 L 9 , 2

0 . 0
0 . 0

2 0 8 5 . 1 _
0 . 0

3 7  3 0  , 5
o . o

2 0 8 9 . 1
o . 0

957  .5
0 . 0

o . 0
0 . 0

t - 7 3 . 0
0 . 0

r 2 7 . O
0 . 0

J . 7 3 . 5
0 . 0

J Z . a

0 . 0

0 . 0
0 . 0
0 . 0
0 . o
0 . 0
o . o

4 5  . 4
8 2 . 2

0 . 0
0 . 0

o . o
0 . 0
0 . 0

1 3 5 . 8
0 . 0

1 3 5 . 8
4 2 . 2

2 5 7  . 4
0 . 0
0 . 0

BEND-Z

2 3 . 6
2 2 2 L . 9
1 4 8 6 . 9
2595.O

4 5 1  . 5
2 3 7 I . 7

0 . 0
0 . 0

L 2 2 . O
2744 .7

I 2 2 . O
2 7 A A . 7

2 6 4  . 5
6047 .7

6 3 . 7
1 4 5 5 . 1

7 6 7 . 8
0 . o

5 5 , 4
0 . 0

1 0 4 . 1
0 . 0

290 .9
0 . 0

4 7 . 7
0 . 0

8 0 8 . 0
1 4 6 2 . 2

8 0 8 , 0
1 4 6 2 . 2

8 3 2 . 6
1 4 8 6 . 8

8 0 8 . 0
1462 .2

0 . 0
0 . 0

t 4 6 2  . 2
2L62  .2
L 4 6 2 . 2
2 L 6 2 . 2
1 4 8 6 . 8
2 1 8 6 . 9
L 4 6 2 . 2
2 1 6 2 . 2

0 . 0
0 . 0

COMBINED

427 .9
3207 .L
2LOr .9
4223 .O

5 5 3 . 1
2 6 2 L . 6

6 1 5 , 8
6 1 6 . 8

3 I4 r  . 7
3 7 2 3 . 3
4 6 6 0 . 5
3 s 9 6 . 8
3566 . r
7  260  .2
1 0 9 1 . 6
1526 .5

7 6 7 . 4
o . o

2 4 L . O
L 2  . 6

2 4 3  . 7
L 2 . 6

4 4 4 . 2
1 9 . 8

r23.4
3 . 2

8 0 8 . 0
L 4 6 2 . 2

8 0 8 . 0
1 4 6 2 . 2

8 4 3 . 9
1 4 9 8 , 9

8 0 9 . 3
L464 .5

o . 2
o . 2

L 4 6 2 . 2
2162  .2
1 4 6 2 . 2
2166 .5
1 4 9 8 . 9
2204 .O
L 4 6 4  . 5
2 L 7 7 . 5

0 . 0
o . o

SHEAR-Y

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

0 . 0
0 . 0

4 9 . 2
4 9 . 2
4 9  . 2
4 9 . 2

LO6.7
LO6.7

25 .7
2 5 . 7

202 .3
202 .3

1 4 . 6
L 4 . 5
2 7  . 4
2 7  . 4
7 6 . 6
7 6 . 6
2 3 . 1
23 .L

3 3 4 . 3
3 5 8 . 6
3 3 4 . 3
3 5 8 . 6
3 3 4 . 3
3 5 8 . 6
3 3 4 . 3
3 5 8 . 6

0 . 0
0 . 0

3 5 8 . 5
3A2 .9
3 5 8 . 6
3A2  .9
3 5 8 . 6
3 8 2 . 9
3 5 8 . 6
382.9

0 . 0
0 . 0

SHEAR-Z

9 . 6
9 . 6

1 5 . 1
1 5 . 1

2 . 5
2 . 5

0 . 0
0 . 0

6 A  . 4
6 8 . 4

t 2 2 . 3
I22  .3

6 8 . 5
6 8 . 5
3 1 . 4
3 L . 4

0 . 0
o . 0

4 5 . 6
4 5 . 6
3 3 . 5
? ?  q

4 5 . 7
4 5 . 7

8 . 6
8 . 6

o . o
0 . 0
o . o
0 . 0
0 . 0
0 . 0

1 8 . 8
z u . z
o . o
0 . 0

o . o
0 . o

7 I . 9
7 L . 9
7 I . 9
7 L . 9
9 2 . t
9 3  . 4

0 . 0
0 . o

Rdrision No. 0
Doc. No. V049-t{87
Peee 36 of48



85 I,IODE CLEANER TUBE SUPPORT

MEMBER STRESSES

LL UNITS ARE POUN/SQ INCH

.lE}IB LD SECT AXIAL

-- PAGE NO. 25
TD: Process Systems Internat io

COMBINED SHEAR.Y SHEAR-Z

5 0 0

0 . 0
0 . 0

2 0 . 5
20 .5
2 0  . 5
2 0  . 5
2 9 . 6
26 .6

0 . 0
0 . 0

0 . o
0 . 0
5 . 8
5 . 8
5 . 8
5 . 8
0 . 3
2 . 7
0 . 0
0 . o

5 1

2

J

4

5

L

J

5

1 . 0 0
. 0

1 .  O O

1 . 0 0
. U

1 . 0 0
. 0

L . 0 0

. 0
1 , , 0 0

. 0
1 . 0 0

. 0
1 . 0 0

. 0
L . 0 0

. 0
1  . 0 0

0 . 0  c
0 . 0  c
3 . 5  C
3 . 5  C

1 3 . 1  C
1 1 . 3  C

3 . 6  C
3 . 6  C
3 . 5  C
3 . 5  C

0 . 0  c
0 . 0  c
3 . 6  C
3 . 5  C

9 . 5  C
3 , 6  C
3 . 6  C
3 . 5  C
?  R r .

BEND-Y

o . 0
0 . 0

6 1 . 1
2 2 . 4
5 1 . 1
2 2 . 8

L 7 2 . 5
5 7  . 5

0 . 0
0 . 0

o . 0
0 . 0

2 2  . 8
1 . 1

2 2  . 4
L . l ,

G 7  F

6 2  . 4
0 . 0
0 . 0

BEND-Z

5 6 7 . O
7 2 0 . 9
6 4 1 .  O
7 5 7  . 9
6 2 I . 3
7 4 4 . O
6 4 0  . 9
7 5 7 . 9

7 3 . 9
3 7  . O

7 2 0 . 9
1 0 9 0 . 0

7 5 7 . 9
1 0 9 0 . 0

7 4 8 . O
L 0 9 0 . 0

7 5 7  . 9
L 0 9 0 . 0

3 7 . O
0 . 0

5 6 7 . O
720 .9
6 4 7  . 4
7 6 r . 7
6 3 7 . 3
7 5 9 . 7
6 6 7 . 3
7 6 3 . 6

7 7 . 5
4 0 . 5

7 2 0 . 9
1 0 9 0 .  o

7 5 1 . 8
1 0 9 3 . 5

7 5 9 . 7
1 0 9 9 . 5

7 6 3 . 5
1 0 9 5 . 3

4 0 . 5
3 . 5

1 1  . 3
6 3 . 9

2 . 3
5 4 . 9

4 . 7
5 7  . 3

2 . 3
5 4 . 9

9 . 0
9 . 0

6 3 . 9
1 1 6 . 5

5 4 . 9
1 0 7 . 5

5 7 . 3
1 0 9 . 9

5 4 . 9
L O 7  . 5

9 . 0
9 . O

** * * * * * * * * * * * *  END OF LATEST ANALYSIS  RESULT * * * * * * * * * * * * * *

87. PARAMETER
88. CODE AISC
89 .  FYLD 45999 .969  MEMB L3  TO l s  19  18  17  16  20  22  IO  2?  2 I
90. wsTR 2l_000. ME!, IB 13 TO 15 19 LA L7 16 20 22 IO 27 2L
9L. LY 70. MET,IB 19 l -8 20 22 TO 27 2L
92 .  UNL  70 .  MEMB 13  TO 15  19  18  l _?  L6  20  22  IO  27  2L
93 .  ! !M IN  0 .L88  MEMB 13  TO 1s  19  18  17  !6  20  22  IO  27  2 !
94 .  CB 1 .  MEMB 13  TO L5  19  18  l _7  L6  20  22  TO 27  2L
9s .  cMY r . .  MEMB 13  TO 1s  19  L8  L7  76  20  22  TO 27  2 !
96 .  I . {AIN O. MEMB L3 TO 15 t9 L8 L7 16 20 22 TO 27 2r
97 .  RATIO 1 .  MEUB 13  TO 15  L9  18  17  16  20  22  IO  27  2 I
98. CHECK CODE MEI' IB 1.3 TO 15.19 18 1.7 16 20 22 rO 27 2I
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.JL UNITS ARE - POUN

MEMBER TABLE

INCH (UNLESS OTHERWISE NOTED)

RESULT/ CRITICAL COND/
FX MY

-- PAGE NO. 26
Systens Internatio

LOADING/
I,OCATION

85 MODE CLEANER TUBE SUPPORT
ID: Process

STAAD-IIT CODE CHECKING - (AISC)
* * * * * * * * * * * * * * * * * * * * * * *

RATIO/
t{z

16  ST

20 sT

22  ST

23  ST

4
2 L . I 3

4
2 \ . ! 3

4
0 . 0 0

4
4 8 . 8 8

4
4 8 . 8 8

4
2 . 5 0

4
0 . 0 0

3
9 . 0 0

4
9 .  O 0

4
6 1 .  O 0

4
7 0 . o 0

4
7 0 . 0 0

4
L20 .57

4
L20  .57

4
6 t _ . 0 0

13 ST TUB 30203 PASS
7 7 2 2 . 8 7  C

14 ST TUB 30203 PASS
4 0 0 4 . 1 5  C

15 ST TUB 30203 PASS
8 0 6 . 1 7  C

L9 ST TUB 30203 PASS
6 L 1 9 . 6 9  C

18 ST TUB 30203 PASS
5607  .32  C

!7 ST TUB 30203 PASS
9L4 .55  A

TUB 30203 FAIL
3 1 5 . 9 3  T

TUB 30203 PASS
1 7 8 3 . I 7  T

TUB 30203 PASS
3 8 3 . 2 3  C

TUB 30203  PASS
1 9 6 . 5 1  C

24 ST TUB 30203 PASS
7 3 7 t . 4 7  C

25 ST tUB 30203 PASS
3 0 5 8 . 7 2  C

26 ST TUB 30203 PASS
3 9 5 . 1 8  T

27 ST TUB 30203 PASS
2 9 3 . 9 5  C

2L ST TUB 30203 PASS
1 9 8 8 . 5 8  T

99. SELECT WELD MEMB 13 TO 15

Arsc- H1-2
- 2 3 6 . 1 0

Arsc- H1-3
2 3 6 . 1 0

AISC- H1-3
0 .  0 4

Arsc- H1-1
o . o 0

AISC- H].-2
o . 0 0

Arsc- H2-1
- 2 7  . 8 9

AISC- H2-1
- 1 6 8 . 6 1

AISC- H2-1
- 6 3 ? 9 . 7 3
Arsc- HL-3

2 0 5 6 . 4 3
AISC-  H1-3

0 . 0 0
Arsc- H1-3

2 5 9 4 . 2 4
AISC- H1-3

3 4 1 3 . 6 6
AISC- H2-1

- 9 1 0 . 3 6
Arsc- H1-3
- 1 3 4 8 . 7 3
Arsc- H2-1

o .  o o
1 9  L A  1 7  1 6  2 0

o . 6 6 6
L7028 .20

o , 6 5 7
1 9 3 2 3 . 6 6

0 . 5 0 5
- L 7 0 2 4 . 1 9

o . 7 4 5
2 0 1 6 5 .  0 4

o . 9 4 2
2 8 5 8 5 . 4 8

o . 8 6 0
-29334 .O4

1 . 1 1 3
3 8 4 3 5 . 8 2

0 . 2 8 5
5 1 9 . 5 9

0 .  1 3 7
1 6 6 9 , 3 8

o . 3 3 2
t t349. r7

0 . 2 9 5
5255 .4L

0 . 4 8 9
8775 .44

0 . 1 1 5
-2594  .24

0 . 1 6 2
- 3 4 1 3 . 6 6

0 . 2 5 3
7 6 6 0 . 3 6

22  TO 27  2L

ik RArro = \ .111

Trrr: t5 FoL V&lL4'*4 viqta-r{ lr54\J'De1

6el6FlrL l.c'Ag>roA, T lELfa*E 
'T\\E ALLndAe'E

€.r*-trp r^r-,.e BE rrrt-rgl.+ED 'ID \'i1 > ln\? t'DK

A',- vtcnnrs{-
&-lr \Jr<r+rJ

lagr- L+a-oultfuel'
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85 MODE CLEANER TUBE SUPPORT
ID: Process

--  PAGE NO. 27
systens Internatio

ALL IJNITS ARE - INCH

I{EI,IBER LOCATION/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POUN

WELD TYPE/
HOR STRESS

WELD SrZEl
VERT STRESS

couB sTREss/
DIR STRESS

1 3

1 3

1 4

1 5

1 5

L 9

1 9

1 8

i.8

L 7

L7

1 6

1 6

2 0

STA
4

END
4

STA
1

END

STA

END

STA
4

END

STA

END

STA
4

END
4

STA

END
4

STA
4

END
5

1
5 . 9 6

5 . 9 6

0 . o o

1
5 . 9 6

t_
9 6 . 5 9

l_
9 4 . 3 1

I
7 5 . 6 L

I
7 5 . 6 L

_t

7 5 . 6 L

L
7 5 . 6 L

L
9 6 . 6 2

I

9 6 . 6 2

6 8 . 9 8

1
9 1 . 9 8

1
L67  .68

1
3 7 8 .  0 6

3  /16
429 .90

3  / 1 6
429 .90

3 /L6
1 8 0 . 3 7

3  /L6
4 4 7 . 4 6

3 /L6
4 7 7 9 . 3 0

3  /L6
3926  .12

3  /76
3 6 9 . 6 8

3 / L 6
3 6 9 . 5 8

3  /16
6 4 4  . 7  r

3 /L6
548 .7 r

3 /L6
2L95  .99

3 /L6
2195 .99

4,/L6
8 8 9 . 1 6

3 /16
1 1 8 5 .  5 5

3  /L6
6 6 . 7 7

3 /16
3 0 . 7 9

4 r4L .24
4 1 1 8 . 8 6

t4387 .78
1 4 3 8 1 . 3 6

3 1 5 9 . 0 5
3 1 5 3  . 9 0

L3766 .96
1 3 7 5 8 . 3 1

1 r _ 3 2 0 . 8 9
r o 5 2 0 . 7 7

5903  .97
4404 .34

8 6 7 4 . ? 4
8 5 5 6 . 5 3

1 5 2 1 8 .  1 7
L 5 2 L 3 . 4 9

18557 .74
1 8 5 5 6 . 2 5

19940 .42
1 9 9 3 0 . 1 2

12L39 .49
1 1 9 3 8 . 8 2

!ao25 .70
1 7 8 9 1 . 1 8

L7  323  .90
1 7 3 0 0 . 9 3

1 4 5 4 5 . 9 3
14497  .24

I r 7  4  . O 9
1 1 6 0 . 1 4

s 9 1 0 . 9 2
5 8 9 8 . 7 3

Rwision No. 0
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85 },IODE CLEANER TUBE SUPPORT
ID: Process

--  PAGE NO. 28
Systems Internatio

ALL UNITS ARE - INCH

MEMBER LOCATION,/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POUN

WELD TYPE/
HOR STRESS

WELD SrZEl
VERT STRESS

coMB STRESS/
DIR STRESS

2 2

2 2

2 3

2 3

2 4

2 5

2 5

2 6

1 0

2 7

21-

2 I

STA
t

END
4

STA
3

END

STA
1

END

STA
4

END

STA
3

END

STA

END
4

STA
3

END
4

1
0 . o o

I

! 2 L  .  A 6

t
5 7  . 5 4

l-
7 I . 7 3

t
0 . 0 0

1
2 6 . O L

L
2 6 . 0 1

1
7 3 3  . 2 4

I

2 8 8 . 9 5

I

428 .04

L
4 2 8 . 0 8

t
5 4 , 4 7

1
5 5 . 6 6

TABULATED

3/L6
0 . 0 0

3 /L6
9 8 . 9 3

3 / t6
9 0 , 1 6

3  / 1 6
I A t . 7 0

3 /L6
0 . 0 0

3 / t6
4 0 . 0 4

3 /L6
6 6  . 4 6

3  / t 6
6 6  . 8 6

3  /16
9 0 . 9 0

3  /L6
1 9 9 . 0 1

3 /L6
3 0 6 . 1 3

3  / t 6
3 0 5 . 1 3

3  / L 6
4 4 . 1 0

3  / t 6
9 5 . 5 4

539  .47
539 .47

2 5 9 3 . 8 1
2689 .23

L 2 9 2 . 2 3
1 2 8 7 . 8 0

6832 .  L4
6 8 3 0 . 2 9

1 2 1 6 . 3 9
1 2 1 5 . 3 9

5 7  3 2  . 8 7
5732 .70

1 6 3 2 . 8 9
1 6 3 L . 3 2

9 3 1 4 . 5 1
93L4 .24

2 ! 5 2 . 4 r
2 1 4 6  . 3 6

2435 .57
2 4 ! O . 1 6

L67  4  .62
r . 5 8 9 . 7 8

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

3 5 1 2 . 1 2
3 5 1 1 . 4 2

5 6 0 1 . 2 5
5 6 0 0 . 0 s

WELD DESIGN * * * * * * * * * * * * * * * * * *
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85 MODE CLEANER TUBE SUPPORT -- PAGE NO. 29
fD: Process sYstens fnternatio

1OO. LOAD LIST ALL
101 .  F IN ISH

* * * * * * * * * * * * * * *  E N D  O F  S T A A D - I I I  * * * * * * * * * * * * * * *

****  DATE= ApR 4,1996 TIME= 11:  7,47 t  * tc tc

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* For questions on STAAD-III ,  contact: *
* Research Engineers, Inc at *
*  Ph:  (7L41 974-2soo Fax :  (?L4 l  92L-2543 *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH, MA

ENGINEERING
CALCI.JLATIONS

NO: V049-l-089
PAGE I OF 39

REV. DEO # DATE BY: CHECK TITLE:
Dcsisn of Gcncric Srnmi Schcmc for:
Bcrm Tubc Mrnifold B-9

o a  /3 ' 4 .24 '9L L-bh AGR.

llV \Lr Rilrrch' nFI).f 7dd

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PTIRPOSE:,
The purpose ofthis calculation is to design a generic support scheme for the B-9 Beam Tube Manifold
(BTM). The design ofBTM B-9 is governed by the thermal axial growtb which occurs during "bakeout"

conditions. The support scheme for BTM B-9 is made up of one anchor and one flexible support.

METHOD:
Thermal growth is the governing design factor, supports were located using a maximum displacement of
1/2in. ̂t the flex support. Additionally, the bellows connections at the end ofthe spool piece is limited to
an overall displacement of +l- 2-1/2" .
A STAAD model ofBTM B-9 was generated and used for design. Baseplates, anchor bolts
and thru-bolted connections were designed using AISC standards and STAAD computer output. Load
cases included; DW, Thermal, and Seismic (static g load) DW included the weight of the vessel and its
flanges, Thermal included a temperature load along the lenglh ofthe vessel

ASSUMPTIONS Assume anchor points are fixed but released for Mz ( about the out-of-plane moment)

INPUTS:
Vessel wght = 6437.0lbs, Flangewght:1539.0 lbs
Seismic Acceleration = 0.05625 c.

REFERENCES:
1. STAAD-Iil release 21, Research Engineers
2. ASD - AISC 9th edition
3. Doc. No, V049-l-066 - LIGO Vacuum Equipment Structural Design Criteria
4. COMPRESS - Computer Aided Vessel Design version 5.53

CALCULATIONS:
V049-1- 088 Design of Generic Support Scheme for Beam Tube Manifold BE-5
V049-l- 061 Beam Tube Manifold B9

CONCLUSIONS: The requirements of the AISC Code and the LIGO Vacuum Equipment
Structural Desien Criteria are met.

NOTES: STAAD-III Computer file: B9MANFOLD.I'

Revision No. 0
Doc. No. V049-l-089
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH. MA

ENGINEERING NO: V0.19-l-095
CALCULATIONS PAGE 2 OF 40

PROJECT: LIGO VACUUM EOUIPMENT PROJECT NO: V590{9

TABLE OF CONTENTS

Discussion

Span Length - Anchor to Flcx Support

Thcrmal Displaccmcnts

Load Conditions

STAAD Modcl

STAAD Computcr Gencralcd Plot

STAAD Output Filc

Anchoragc Dcsign

Anchor Bolls
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Bohcd Connections

Manifold B-9

B-9 Support Detail
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH. MA

ENGINEERING NO: V049-1-089
CALCULATIONS PAGE 3 OF 39

PROJECT: LIGO VACUUM EOUIPMENT PROJECT NO: V590t9

DISCUSSION

Beam Tubc Manifold (B-9)

Support Schcmc

Stcp I - B-9 duc to its lcngth s'hich includcs portions ofBE-5 and A-l cxpcrienccs a largc ovcrall
thcrmal grosth. Anchoragc uas prcferred at midspan but duc to the potcntial largc thcrmal
displaccmcnts, an optimum location for anchors and flerible supports sas required.

Step 2 - Flcxible supports \rere located based on max allosable displacement (due to thermal
grosth). A ma'timum allouable displacement of l/2" rvas established, This in tum detcrmined the
maximum spacing bchlcen anchor and flexiblc support.

Stcp 3 - A finitc elcmcnt modcl lhich includcs thc propcrtics ofthc bcam tubs manifold shcll and
dre support framc u'as gencrated using the STAAD structural dcsign computer program.

Step 4 - Applicable loading conditions rvere determined. These included; deadueight for vessel and
flanges, uniform thcrmal load for thc Beam Tube Manifold, and scismic factorc.

Step 5 - Computer output results \\ere evaluated.

Stcp 6 - Using computcr gsneratcd forces and rcactions, anchors, bascplates and bolted
cbnncctions (support legs to rcssel stiffcner rings) rr'ere designed.
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BIock
C: \COMPRESS\MANIFOLD\b-9 . vs1 :Weight surnrnary

weiqht (Ibs)

F F F

c c o

/  o \'€E)

FiIe View TitIe

Conponent
Trays Packed
& sup Beds

contribute
Insu1 LinUetaI

New
l{etaL

Corr

Spool b-9
Reducing f lg
Adapter f1g

6 7 3 7
370
370

6 7  3 7
370
370

0
0
0

0
0
0

0
o
o

7 4 7 7  7  4 7 7

vessel
VesseI
Vesse I
Vessel

operat ing weight,  corroded:
enpty r^reight, corroded :
enpty vreight, new:
test weight , ner,v:

7 , 8 9 5  1 b s
7 , 8 9 5  l b s
7 , 8 9 5  l b s
6 8 , 2 8 9  l b s

! ' i  le view Tit l-e Block

Conponent

c : \COMPRESS\MANI FOLD\b-9 . vs I : we ight summary

- Weight (lbs) Contribut(
Trays Packed rnsul Lir
& sup Beds

Metal
Nerd

Metal
Corr

Spool b-9
Reducing f lg
Adapter flg

6737
1 3  8 1

370

6 ? 3 7
1 3  8 1

370

o
0
0

0
0
o

0
o
0

8 4 8 8  8 4 8 8 o

VesseI
Vessel
Vessel
vessel

operating weight, corroded:
enpty $/eight, corroded:
enpty weight, nehr:
test ereight , neld:

8 ,905  l bs
8 , 9 0 6  l b s
8 , 9 0 6  l b s
5 9 , 3 0 0  r b s
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PAGE NO. . 1
ID: Process systens Internatio

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* *

S T A A D - T I I
Rev is ion  21 .0
Proprietary Progran of
Research Engineers, Inc.
Date= APR 8, L996
T ine= 10 :  6 :58

USER ID; Process Systens International
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*

1. STAAD SPACE B-9 BEAM TUBE },IANIFOLD SUPPORT
2. INPUT W]DTH 72
3. UNIT INCHES POI,'ND
4. JOINT COORDINATES
5 .  1 0 .  0 .  o . ;  2  3 6 .  O .  O . r  3 1 5 0 .  O .  0 . r  4  3 1 8 .  O .
6 .  6  4 7 4 .  0 .  O .
7 . 7  r 5 0 . 0 .  - 3 8 . 6 2 5 ,  8 1 5 0 .  - 7 0 .  - 3 8 . 6 2 5 ;  9  l - 5 0 .  0 .
8 .  1 0  1 5 0 .  - 7 0 . O  3 A . 6 2 5 1  1 1  3 1 8 ,  0 .  - 3 8 . 6 2 5 t  L 2  3 r A .
9 .  1 3  3 1 8 .  - 7 0 .  - 3 8 . 6 2 s r  1 4  3  t -  8  .  0  .  3  I  .  6  2  5  ;  1  5  3 1 8 .

1 0 .  1 5  3 1 8 .  - 7 0 .  3 8 . 6 2 5 ,  f 7  2 4 6 .  - 7 0 .  3 8 . 6 2 5 ,  t B  2 4 6 .
11 . ME}{BER INCIDENCES
1 2 .  1  L  2 ,  2  2  3 , '  3  3  4 i  4  4  5 1  5  5  6 t  6  3  7 i  ?  4  L L t
1 3 .  1 1  L O  9 ;  L 2  L 2  I 7 i  1 3  1 3  t 2 r  1 4  1 5  1 4 r  1 5  1 6  1 5 ,
14. MEI,IBER PROPERTY A},TER
]-5. 10 TO 17 TABLE ST TUB4O2O3
16. 6 TO 9 TABLE ST TUB8O8O5
17 .  ] .  TO 5  TABLE ST  P IPE OD 72 .75  TD 72 .25
]-8. MEMBER RELEASE
19 .  * * *10  11  12  14  END MX My  MZ
20. *** 5 TO 9 END MX MY MZ
21. CONSEANTS
22. E STEEL ALL
23. POISSON STEEL ALL
24. DENSITY STEEL ALL
25. BETA 90. MEMB ].0 TO 15
26 .  ALPHA 0 .00000919  MEM L  TO 5  6  TO 9
27. SUPPORTS
28 .  8  10  13  16  F IXED BUT MZ
29 .  I ?  18  F IXED
30. LOAD 1 DW
31. JOINT LOAD
3 2 .  2  F v  - 7  4 0 .
3 3 .  5  F Y  - 1 7 5 1 - .
34. MEMBER LOAD
3 5 .  l T O 5  t r N I Y - 1 5 . 1 5
36. LOAD 2 DW+TH
37. JOINT LOAD
3 8 .  2  F Y  - 7 4 0 .
39.  5  rY - r75r .
40. IIIEMBER LOAD
4 1 .  I T O 5 U N r Y - 1 6 . L 5

O . t  5  4 4 4 .  O .  O .

3A  .625
- 9 .  - 3 8 . 6 2 5

- 9 . 3 8 . 5 2 5
- 7 0 .  - 3 8 . 6 2 5

8 3 9 1 9
1 5  1 8  1 2 t

4 L 4 ,  I O 8 7
L7  L7  L5

Revision No. 0
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B-9 BEAM TUBE I,IANI FOLD SUPPORT

42. TEMPERATI'RE LOAD
43 .  1  TO 5  TEMP 330 .
44. LOAD 3 DW+TH+SEIS.AXIAL
45. JOINT LOAD
4 6 .  2  F Y  - 7 4 0 .
47 .  5  FY  -L75L .
4 8 .  2  F X  - 4 2 .
4 9 .  5  F X  - 9 8 .
50. UEI1IBER LOAD
5 1  .  l T O 5 U N I Y - 1 6 . 1 5
5 2 .  I T O 5 U N r X - 0 . 9 0 8
53 . TEIT{PERATURE LOAD
54 .  1  TO 5  TEMP 330 .
55. LOAD 4 DW+TH+SEIS-LAT
56. JOINT LOAD
5 7 .  2  F Y  - 7 4 0 .
5 8 .  s  F Y  - I 7 5 L .
5 9 .  2  F Z  4 2 .
6 0 .  5  F Z  9 8 .
61. I.IE!,IBER LOAD
6 2 .  I T O 5 U N r Y - 1 6 . 1 5
6 3 .  l T O 5 U N r  Z  0 . 9 0 8
64. TEMPERATURE LOAD
65. I  TO 5 TEIIP 330.
66. LOAD 5 THERI.{AL DISPL IIBAKEOUTI'
67. TEMPERATURE LOAD
58 .  1  TO 5  TEUP 330 .
69. PERFORM ANALYSIS

-- PAGE NO. 2
ID: Process systens Internatio

Revision No. 0
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P R O B L E M  S T A T I S T I C S

NWBER oF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 18/ 17/ 6
oRIGINAL/FINAL BAND-IVIDTH = 70/ 5
ToTAI PRII'{ARY LOAD CASES = 5, ToTAL DEGREES OF FREEDOM = 76
sIzE oF STIFFNESS MATRIX = 2736 DOUBLE PREC. WORDS
REQRD/AVArL. DrsK SPACE = 12.05/ 492.9 MB, E)$IEM = 1.02 MB

++ PROCESSING ELEI,TENT STTFFNESS I.IATRIX. 10 : 6 : 58
++ PROCESSING GLOBAI, STIFFNESS UATRIX. 10: 6:58
++ PROCESSING TRIANGUI"AR FACTORIZATION. 10: 6:58
++ CALCULATING JOINT DTSPLACEI.{ENTS. 10: 6:58
++ CALCULATING ME!,TBER FORCES. 10: 5:58

70. PRINT MATERIAL PROPERTIES Af.L



B-9 BEAM TUBE MANIFOLD SUPPORT

MATERIAL PROPERTIES.

\LL UNITS ARE - POUN INCH

-- PAGE NO. 3
ID: Process Systens Internatio

UAMBER

I
2
3
4
5
6
7
8
9

1 0
1 1
t 2
1 3
1 4
1 5
L 6
r 7

t

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 .  o
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . o
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0
2 9 0 0 0 0 0 0 . 0

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 .  O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 .  O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . 0
L t - l 5 3 8 4 6 . O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 . O
1 1 " 1 5 3 8 4 6 . 0
1 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 1 1 5 3 8 4 6 . 0

DEN

o.28299999
o.28299999
o.24299999
o .2a299999
o.28299999
o .28299999
0 . 2 8 2 9 9 9 9 9
o.28299999
o .28299999
o .28299999
o.24299999
o.24299999
o.28299999
0 . 2 8 2 9 9 9 9 9
o .24299999
o .24299999
o .28299999

ALPHA

0 . 0 0 0 0 0 9 1 9
0.  ooooo919
o .00000919
0 . 0 0 0 0 0 9 1 9
o . 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
o. oooo0000
0. oooooo00
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0

************ END OF DATA FROM TNTERNAL STORAGE *********+**

71. PRINT MEMBER TNFORMATION ALL

Revision No. 0
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I{EUBER INFORMATION

-- PAGE NO. 4
ID: Process systens fnternatio

r.{El{BER

1
2
3
4
E

6
7
a
9

1 0
1 1
L2
L 3
t 4
1 5
1.6
L 7

START
;TOINT

1

J

4
5

4

I
L 0
L 2
L 3
1 5
I O

1 8
L 7

END
JOTNT

2
J

4
5
6
7

1 1

9
1.4

7
9

1 1
L 2

1 5
L 2
1 5

LENGTH
( rNcH)

3 6 . 0 0 0
1 1 4 . 0 0 0
158 .  OO0
1 2 5 .  O O 0

3 0 . 0 0 0
3 8 . 5 2 5
3 8 . 6 2 5
3 A  . 6 2 5
3 8 . 5 2 5
7 0 . 0 0 0
70 ,  oo0

9 . 0 0 0
6 1 . 0 0 0

9 . O O O
6 1 . 0 0 0
9 4 . 3 6 6
9 4 . 3 6 6

BETA
(DEG)

0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
0 .  o o
0 .  o o
o . 0 0
o . o 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

***********,*  END OF DATA FROM TNTERNAL STORAGE ************

72. PRINT .JOINT COORDINATES ALL
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JOINT COORDINATES

:OORDINATES ARE TNCH UNIT

JOINT X

ID: Process
-- PAGE NO. 5

Systerns Internatio

I
2
3
4
5
6

I
9

1 0
1 1
L 2
1 3
L 4
l - 3

1 6
L7
1 8

0 . 0 0 0
3 6 . 0 0 0

1 5 0 . 0 0 0
3 1 8 , 0 0 0
4 4 4 . 0 0 0
4 7 4 . O O O
1 5 0 . 0 0 0
1 5 0 . 0 0 0
1 5 0 . 0 0 0
1 5 0 .  O O 0
3 1 8 . 0 0 0
3 t _ 8 . 0 0 0
3 1 8 . 0 0 0
3 1 8 . 0 0 0
3 l -8 .  O00
3 1 8 . 0 0 0
2 4 6 . 0 0 0
2 4 6 . 0 0 0

v

0 . 0 0 0
o . o o o
0 . 0 0 0
o .  oo0
0 . 0 0 0
0 . 0 0 0
0 .  o o 0

- 7 0 . 0 0 0
o . 0 0 0

- 7 0 . 0 0 0
0 . 0 0 0

- 9 . 0 0 0
- 7 0 . 0 0 0

0 , 0 0 0
- 9 . 0 0 0

- 7 0 . 0 0 0
- 7 0 . 0 0 0
- 7 0 . 0 0 0

z
0 . o o o
o . 0 0 0
o . o o o
o . 0 0 0
o.  ooo
0 . 0 0 0

- 3 8 . 5 2 5
- 3 8 . 5 2 5

3 8 . 5 2 5
3 8 . 6 2 5

- 3 8 . 6 2 5
- 3 8 . 6 2 5
-34 .625

3 8 .  6 2 5
3 A  . 6 2 5' 3 4 . 6 2 5

3 A  . 6 2 5
- 3 8 . 5 2 5

************ END OF DATA FROM INTERNAL STORAGE ************

73. PRINT SUPPORT INFORMATION ALL

SUPPORT INFoRI,IATIoN (I=FIXED, o=RELEASED)

UNITS FOR SPRING CONSTANTS ARE

JOrNT FORCE-X/ FORCE-Y/
KFX KFY

POUN INCII DEGREES

FORCE-Z/ MOM-X/
KFZ KI,IX

t{oM-Y,/ MOI[-Z/
KMY KMZ

8

1 0

L 3

1 6

I 7

1 8

0

0

0

0

1

I

1

1

1

I

1

I

1

1

I

1

1

L

1

1

1

1

L

1

1

1

1

1

I

!

1

1

1

1

0 . 0

0 . o

o . o

0 . 0

0 . 0

0 . 0

0 , 0

0 . 0

0 . 0

o . 0

o . 0

0 . 0

0 . o

0 . 0

0 . 0

o . o

0 . 0

0 . 0

I
0 . 0

1
o . o

o . o

0 . 0

o . 0

o . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . o

o . o

0 . 0

Revision No. 0
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************ END OF DATA FROI! INTERNAL STORAGE ************

74. PRINT ANALYSIS RESULTS

-- PAGE NO. 6
fD: Process Systens Internatio

Revision No. 0
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JOINT DISPLACEMENT(INCH RADIANS )

--  PAGE NO. 7
ID: Process SysteEs fnternatio

STRUCTURE TYPE = SPACE

-INT

1

LOAD

1
2
3
4
5

1
z
3
4
5
1
2
J

4
5

1
2
J

4
5
1

3
4
5
1
z
J

4

1-
2
3
4
5
,l

2
?

4
5
1
2
3
4
5
1
2
3

1 0

X-TRANS

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

0 . 0 0 3 7 5
- 0 .  8 4 8 7 0
- 0 . 8 5 3 7 8
- 0 . 8 4 8 7 0
- 0 . 8 5 2 4 6

o . 0 0 3 7 5
-o  .50297
- 0 . 5 0 8 0 4
-o .50297
- 0 . 5 0 6 7 3

0 . 0 0 3 7 5
0 . 0 0 5 4 9
0 . 0 0 1 4 5
0 . 0 0 5 4 9
o .oo273
o . 0 0 3 7 5
0 . 3 8 8 6 1
o . 3 8 3 5 5
0 . 3 8 8 6 1
0 . 3 8 4 8 5
0 . 0 0 3 7 5
o  .47959
o . 4 7 4 5 3
o . 4 7 9 5 9
o . 4 7 5 a 3
0 . 0 0 3 7 5

- 0 . 5 0 1 7 1
-o  .5067  6
- 0 . 5 0 0 1 7
- 0 . 5 0 5 4 6

o . 0 0 0 0 0
0 . 0 0 0 0 0
o .  0 0 0 0 0
o .  o o 0 0 0
o . 0 0 0 0 0
o . 0 0 3 7 5

- 0 .  s 0 1 7 1
- o . 5 0 5 7 6
- 0 . 5 0 3 2 5
- 0 . 5 0 5 4 5

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

Y-TRANS

- o .  o 0 9 5 6
- 0 . 0 1 1 1 3
- 0 . 0 1 1 6 3
- 0 . 0 1 1 1 3
- 0 . 0 0 1 5 5
- 0 . 0 1 1 0 8
- 0 . 0 1 2 3 9
- o . oL279
- 0 . 0 1 2 3 9
- 0 . 0 0 1 3 2
- 0 . 0 1 5 7 6
- 0 . 0 1 5 2 9
- 0 . 0 1 6 3 9
- 0 . 0 1 5 2 9
- 0 . 0 0 0 5 3
- 0 . 0 2 8 3 3
-o .o2795
-o .  o27 59
-o .o2795

0 , 0 0 0 3 7
-o .o4422
-o .  04322
-o .o424A
-o .o4322

0 ,  o o 1 0 1
-o .o4799
- o . 0 4 6 8 3
- 0 . 0 4 6 0 0
- 0 . 0 4 6 8 3

o . 0 0 1 1 _ 6
- 0 . 0 0 2 1 6
- 0 . 0 0 2 2 4
- o  .  o o 2 2 5
- 0 , 0 0 2 1 1
- 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 .  o o o 0 0

- 0 . 0 0 2 1 6
-o.oo224
-o .oo225
- 0 . 0 0 2 3 6
- o . 0 0 0 0 7

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

Z-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . o 2 7 0 8
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 2 8 4 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
o . 0 3 2 9 8
0 ,  o o o o 0
o . 0 0 0 0 0
o . 0 o 0 0 0
0 . 0 0 0 0 0
o . 0 3 9 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 4 5 3 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 4 6 6 9
o . 0 0 0 0 0
o .  o o o 0 1
o . 0 0 0 0 1
0 . 0 0 0 0 1
o.03297
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
- 0 . 0 0 0 0 1
- 0 . 0 0 0 0 1

o . 0 3 2 9 5
0 .  ooooo
o . 0 0 0 0 0
o. oooo0
o . 0 0 0 0 0

X-ROTAN

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

-0.  ooool
0.  ooooo
o . 0 0 0 0 0
o .  ooooo
o . 0 0 0 0 0

- 0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  ooo00

-0.  ooool
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0

- 0 . 0 0 0 0 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 1
0 . 0 0 0 0 0
0 . 0 0 0 4 7
0 .  o o o 4 8
0 . 0 0 0 4 9
0 . 0 0 0 5 1
0 . 0 0 0 0 2
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o. oooo0
0 . 0 0 0 0 0

- 0 . 0 0 0 4 7
- 0 . 0 0 0 4 8
- 0 . 0 0 0 4 9
- 0 . 0 0 0 4 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

Y-ROTAN

0. oooo0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

-0 .  ooo04
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  o o 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 4
o. oooo0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0. ooooo

- 0 . 0 0 0 0 4
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 , 0 0 0 0 0

- 0 . 0 0 0 0 4
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  oooo0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 4
o. oooo0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

-0.  oooo4
0 . 0 0 0 0 0
o . 0 0 0 0 0

- 0 .  o 0 0 0 4
- 0 . 0 0 0 0 5
- 0 . 0 0 0 0 8
- 0 . 0 0 0 0 4

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  o 0 0 0 0
0. ooooo
0 . 0 0 0 0 0
0 . 0 0 0 0 4
0 . 0 0 0 0 s
o . 0 0 0 0 1
0 . 0 0 0 0 4
o . 0 0 0 0 0
o .  o o o 0 0
0 . 0 0 0 0 0

Z-ROTAN

- 0 . 0 0 0 0 4
- 0 . 0 0 0 0 4
- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 4

0 . 0 0 0 0 1
- o . 0 0 0 0 4
- o . 0 0 0 0 4
- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 4
0 .  ooo01

- 0 . 0 0 0 0 5
- 0 . 0 0 0 0 5
- o . 0 0 0 0 5
- 0 . 0 0 0 0 5

0 . 0 0 0 0 1
- 0 . 0 0 0 1 0
- 0 . 0 0 0 1 0
- 0 . 0 0 0 0 9
- 0 . 0 0 0 1 0

0 . 0 0 0 0 1
- 0 . 0 0 0 1 2
- 0 . 0 0 0 1 2
- 0 . 0 0 0 1 2
- 0 . 0 0 0 1 2

o . 0 0 0 0 1
- 0 .  ooo12
- o . 0 0 0 1 2
-0 .  ooo12
- 0 . 0 0 0 1 2
o. ooool

- 0 . 0 0 0 0 6
o .  ooo22
o . ooo22
o . 0 0 0 2 2
o .ooo27

- 0 . 0 0 0 0 5
0 . 0 1 0 6 0
0 . 0 1 0 7 0
0 . 0 1 0 5 7
0 . 0 1 0 5 5

- 0 . 0 0 0 0 6
o .ooo22
0 . 0 0 0 2 2
0 . 0 0 0 2 2
o .  o o o 2 7

- 0 . 0 0 0 0 5
0 . 0 1 0 6 0
0 . 0 1 0 7 0

Revision No. 0
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JOINT DISPLACEMENT( INCH RADIANS )

.rlNT LOAD

4
5
1
2
3
4
5
I

3
4

l-

3
4
5
1
2

4
5

5
L
2
3
4
D

1
2
3
4

L

2

4
)

-- PAGE NO. 8
ID: Process Systens Internatio

STRUCTIIRE TYPE = SPACE

1 1

X-TRANS

0 . 0 0 0 0 0
0. ooooo
0 , 0 0 3 6 8
o . 0 0 5 1 6
o . 0 0 2 3 5
0 . 0 0 6 0 5
0 . 0 0 1 4 8
0 . 0 0 2 8 8
0 . 0 0 3 4 1
0 , 0 0 2 3 6
0 . 0 0 3 6 6
o. ooo53
0 . 0 0 0 0 0
0 . 0 0 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 8
0 , 0 0 5 1 6
0 . o 0 2 3 5
o . o o 4 2 7
o . 0 0 1 4 8
0 . 0 0 2 8 8
0 . 0 0 3 4 1
o .  o 0 2 3 6
0 . 0 0 3 1 5
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 0 0
0.  oooo0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

Y-TRANS

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

- 0 . 0 0 3 9 0
- 0 . 0 0 3 9 8
- 0 . 0 0 3 7 0
- 0 . 0 0 3 9 0
- 0 . 0 0 0 0 8
- 0 . 0 0 3 4 0
- o . 0 0 3 4 8
- 0 . 0 0 3 2 1
- 0 . 0 0 3 4 3
- 0 . 0 0 0 0 9

0 . 0 0 0 0 0
0 .  ooo00
0 .  ooo00
0 .  ooo00
o .  ooo00

- o . 0 0 3 9 0
- 0 . 0 0 3 9 8
- 0 . 0 0 3 7 0
- 0 . 0 0 4 0 5
- 0 . 0 0 0 0 8
- 0 .  o 0 3 4 0
- 0 . 0 0 3 4 8
- 0 . 0 0 3 2 r .
- 0 . 0 o 3 5 4
- 0 , 0 0 0 0 9

0 . 0 0 0 0 0
o .  o 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  oooo0
0 . 0 0 0 0 0

Z-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 2
0 .  oooo2
0 . 0 0 0 0 2
o . 0 3 9 8 9
0 .  o o o o 0

- 0 . 0 0 5 5 8
- 0 . 0 0 5 4 8
- 0 . 0 0 5 4 5

o.03227
0 . 0 0 0 1 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0

- o .  o o 0 0 2-o.  ooo02
- 0 . 0 0 0 0 2

o . 0 3 9 8 5
0 . 0 0 0 0 0
0 . 0 0 5 5 8
0 . 0 0 5 4 8
0 . 0 0 5 4 5
o .o4323

- 0 . 0 0 0 1 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o .  oooo0
o .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0. oooo0

X-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 8 4
0 . 0 0 0 8 2
0 . 0 0 0 8 2
o . 0 0 0 8 6

- 0 . 0 0 0 0 2
0 . 0 0 0 4 3
0 . 0 0 0 4 2
o . 0 0 0 4 2
o .  ooo83

- 0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0

-0 .  ooo84
- 0 . 0 0 0 8 2
- 0 .  o o o 8 2
- 0 . 0 0 0 7 9

0 . 0 0 0 0 2
- 0 .  o o o 4 3
- 0 . 0 0 0 4 2
- o . 0 0 0 4 2
- 0 . 0 0 0 0 2

0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 .  o o o o 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooooo
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 5

-0 .  ooo03
0 . 0 0 0 0 3
o .  o 0 0 0 4
0 . 0 0 0 0 6
0 . 0 0 0 0 9
0 . 0 0 0 0 3
0 . 0 0 0 0 0
0 . 0 0 0 0 3
0 . 0 0 0 0 0
o . 0 0 0 0 0
o. oooo0
0 .  0 0 0 0 0
o .  o 0 0 0 0
0 .  0 0 0 0 0

- 0 . 0 0 0 0 5
0 . 0 0 0 0 3

- 0 . 0 0 0 0 7
- 0 . 0 0 0 0 4
- 0 . 0 0 0 0 6
- 0 . 0 0 0 0 9
- 0 . 0 0 0 0 3
- 0 . 0 0 0 1 8
- 0 . 0 0 0 0 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
o. oooo0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o .  ooooo
0 . 0 0 0 0 0

Z-ROTAN

o . 0 1 0 5 3
0 . 0 1 0 5 5

- 0 . 0 0 0 1 0
- 0 . 0 0 0 1 2
- 0 . 0 0 0 0 7
- 0 . 0 0 0 1 3
- 0 . 0 0 0 0 2
- 0 . 0 0 0 0 8
- 0 . 0 0 0 1 5
- 0 .  ooo0 t
- 0 . 0 0 0 2 1
- 0 . 0 0 0 0 8
- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 1
- 0 . 0 0 0 0 5

0 . 0 0 0 0 1
o .  ooo03

- 0 . 0 0 0 1 0
- 0 . 0 0 0 1 2
- o . 0 0 0 0 7
- 0 . 0 0 0 1 0
- 0 . 0 o 0 0 2
- 0 . 0 0 0 0 8
- 0 . 0 0 0 1 5
- 0 . 0 0 0 0 1
- o . 0 0 0 1 1
-0 .  ooooS
- o . 0 0 0 0 3
-0.  ooo01
- 0 . 0 0 0 0 5
-0 .  ooo03

0 . 0 0 0 0 3
o . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0. ooooo
o . 0 0 0 0 0
0 . 0 0 0 0 0
0. oooo0
0 . 0 0 0 0 0
0 .  ooo00
o .  ooo00

I 2

1 3

L 4

1 5

1 6

17

l 6
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SUPPORT REACTIONS -UNIT POUN INCH

-- PAGE NO. 9
ID: Process systens Internatio

STRUCTIJRE TYPE = SPACE

;INT

8

LOAD

1

2
J

4
5
1
2
.>

4
5
1

4
5
1

4
5
l-

3
4
5
1

J

4
5

MOl,t-Y

0 . 0 1
2 7 . L 3
2 7  . 3 9
5 1 . 1 5
2 7 . L 2
- o . 0 1

- 2 7 . r 3
- 2 7  . 3 9

- 3 . 1 1
- 2 7 . L 2
- 3 9 . 0 8
- 6 0 . 6 9
-20 .  a9

1 . 1 9
-2L .59

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

L 2 2 . 5 7
2 ! . 5 9

3 5 5 . 1 9
3 4 0 . 5 8
3 5 3 . 5 0
?.9-4_-61
- 1 4 . 6 0

- 3 5 5 . 1 9
- 3 4 0 . 5 8
- 3 5 3 . 6 0

1 1 3 . 4 6
1 4 . 6 0

1 0

1 3

15

L 7

1 8

FORCE-X

0 . 0 4
r 5 9 . 7 3
1 6 1  . 2 7
L59  .24
1 5 9 . 5 9

o . 0 4
L59 .73
L6r  .27
L60  .22
1 5 9 . 6 9

0 . 9 4
3 . 0 3

- 0 , 8 1
4  . 4 5
2  . O 9
o . 9 4
3 .  O 3

- 0 . 8 1
1 . 5 1
2 . O 9

- 0 . 9 8
- 1 6 2 . 7 5

L 2 4  . 6 3
- 5 6 . 3 8

- r o r . o z
- 0 . 9 8

-L62 .75
I 2 4 . 6 4

--2..6_9-: I3
-767  .62

FORCE-Y

1 8 L 0 . 4 4
L877 .2L
1 8 8 1 . 9 6
t 7  6 7  . 2 6

6 0 . 7 7
1 8 1 0 . 4 4
raTL .2 t
1 8 8 1 . 9 6
L 9 7 5 . 7 6

6 0 . 7 7
326r .  A4
3 3 4 4 . 9 8
3 0 7 8 . 3 4
329 ! .69

8 3 , 0 1
3 2 6 L . 8 4
3-34Er 98
3 0 7 8 . 3 4
3 3 9 8 . 2 8

8 3 . 0 0
o . 7 7

- 1 . 4 3 . 1 4
1 L 2 . 7 5
- 4 4 . 2 2

- r43 .77
o . 7 7

- 1 4 3 . 1 4
]-Lz.76

-2?3-9'/j
- 1 4 3 . 7 8

FORCE-Z

6 3 . 7 9
6 5 . 9 3
6 6 . 3 1

- 5 8 . 7 0
2 . 1 4

- 5 3 . 7 9
- 5 5 . 9 3
- 6 6 . 3 1

- r90  .57
- 2  . 7 4

1 0 9 . 6 5
r o 7 . 8 2
1 0 7 . 0 8
- 4 0 . 8 9

- 1  . 8 3
- 1 0 9 . 5 5
- ro7.82
- 1 0 7 .  0 8
:-?-5--6-,-53

1 . 8 3
- 8 . 9 2
- 8 . 1 5
- 9 . 1 8

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

- 3 . 7 0
- o . 7 6

MOU-X

L 4 7 5 . 7 L
1525 .23
1 5 3 3 . 9 9

- 2 8 8 0 . 4 8
4 9 . 5 5

- L 4 7 5 . 7 7
-L525 .25
- 1 5 3 4 .  0 1
-5930 .97

-49  .53
2 5 4 4 . 3 0
2 5 0 1  . 5 5
2444 .94

-2783 .49
- 4 2 . 7 7

-2544 .30
- 2 5 0 1  . 5 4
-2444 .92
-JJsS-23-

4 2 . 7 4
-85 .73
- 6 4 . 6 7
-98 .94

-597  .06
2 r . 0 4
8 5 . 7 3
6 4  . 6 7
9 8 . 9 5

- 4 6 7 . 7 2
- 2 r . 0 4

Ir{Ol{ Z

0 . o o
0 . 0 0
0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
0 .  o o
0 . 0 0
o . o o
0 . 0 0
o .  o 0
0 . o o
o . 0 0
0 .  o 0
0 . 0 0

1 5 1 .  3 6
- 2 . 0 7

2 7 I  . 8 7
1 0 9 . 5 5

- 1 5 3 . 2 8
1 s 1 . 3 6

- 2 . O ?
2 7 r  . 8 7

- 1 1 3 . 7 1
- L 5 3  . 2 9
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B-9 BEA!,I TUBE !,IANIFOLD SUPPORT .- PAGE NO. 10
ID: Process Systens Internat io

MEI'{BER END FoRcES STRUCTURE TYPE = SPACE

\tL UNITS ARE -- POUN INCH

MEUBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION II{OM-Y l,lOU-Z

1
2
1

1

1

1
2

2
J

2
3

J

J

J

4
J

4

4

5

4
5
4

4
9

4
5

0 . 0 0
0 . 0 0
2 . 9 3

- 2 . 9 3
o . 4 9

3 2 . 2 3
- L  . 4 6

L  . 4 6
o .  o o
o . 0 0

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

- 7  4  . 2 2
1 _ 7 7 . 7 3

0 . 4 9
- 0 . 4 9

0 . 0 0
0 . 0 0

0 ,  o 9
- 0 . 0 9

3 1 9  .  3 4
- 3 L 9 . 3 4

L 4 4 . 0 4
8 . 3 0

3L9 .A2
-3 I9 .82

3 L 9 . 3 4
- 3 1 9 . 3 4

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

239  .25
- 1 2 5 . 0 0

- 0 . 4 9
o  . 4 9
0 . o o
o . o 0

o . 0 3
- 0 . 0 3

- o . o L
5 8 1 . 4 1

0 . 0 0
5 8 1 . 4 0

0 . 0 0
5 8 1 . 4 0

0 . 0 0
5 8 1 . 4 0

0 . 0 0
0 . 0 0

- 1 3 2 1 , 4 0
3 1 6 2 . 5 0

- r32L  .40
3 1 6 2 . 5 0

- 1 3 2 1 . 4 0
3 1 6 2 . 5 0

- 1 3 2 1 . 4 0
3 1 5 2 . 5 0

0 . 0 0
0 , 0 0

4 5 8 . 3 8
2254 .82

5 7 9 . 9 2
2L33  .28

60L .  42
?LLL .7 8

5 7  9  . 9 2
2L33 .2A

1 2 1 . 5 5
- r2r .55

4270 .40
-2235 .50

4 2 7 0 . 4 0
-2235 .50

4270 .40
- 2 2 3 5 . 5 0

4270 .40
-2235 .50

0 . 0 0
o .  o 0

4 8 4 . 5 2
- 0 . 0 2

0 . 0 0
0 . 0 0
0 . 0 0
o .  o o
0 .  o o
o .  o 0

- 0 .  0 1
- 3 2 . 6 8

o . o 0
0 .  0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0

7 4 . 6 9
- L 7 8 . 2 0

0 .  o 0
o .  o 0

o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

-71- .  07
- 8 1 . 4 8

0 . 0 0
0 . 0 0

0 . 0 0
o .  o o
0 . 0 0
o . o 0
o . 0 1

- o . 0 1
- 2 3 9 . 6 6

t 2 5 . 2 6
0 . 0 0
0 . 0 0

0 . 0 0
0 . o o

0 .  o o
0 . 0 0
o . 0 0
0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0

0 . 0 0
0 . 0 0

0 . 0 0
o . o 0

- 0 . 0 2
0 . 0 2

- 0 .  0 2
0 . 0 2

0 . 0 2
- 0 . 0 2

0 . 0 0
0 . 0 0

- 0 . 0 1
0 . 0 1
0 .  o 1

- 0 . 0 1
- 0 . 0 1

o .  0 1
0 . 0 0
0 . 0 0

- o . 0 1
0 . 0 1

o . o 0  0 . o o  - o . 2 4
0 .  o 0  0 . 0 0  - 1 0 4 6 5 . 2 9
o . 0 0  0 . 0 0  0 . 0 9
0 . 0 0  0 . 0 0  - 1 0 4 6 s . 0 2
0 . 0 0  0 .  o o  - o . L z
0 . 0 0  0 . 0 0  - 1 0 4 6 5 . 1 1

- 0 . 0 1  0 . 2 4  - 0 . 0 L
0 .  0 1  - 5 8 8 . 3 3  - 1 0 4 6 5 . 1 3
0 . 0 0  0 . 0 0  - 0 .  0 1
o .  o o  0 .  o o  - o . 0 2

0 . 0 0  7 0 4 6 5 . 2 6
o.oo  -266047.47
0.oo  10465.27
0 . 0 0  - 2 6 6 0 4 7 . 3 8
o . o o  1 0 4 6 5 . 2 4
o .oo  -266047.44

5 8 8 . 3 3  L O 4 6 4 . 9 7
0 . 0 0  - 1 5 0 0 3  . 0 3  - 2 6 6 0 4 7 . 6 3

0 . 0 0
0 . 0 0

o . 0 1
0 . 0 1

5
6

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

-o .27  284625.34
o . 0 2  - 4 1 5 4 9 6 . 0 9

6 0 7  . 3 2  1 5 0 8 9 . 1 0  2 8 8 4 0 9 . 8 4
-607  .32  -15963 .33  -419891 .84

- o . 0 6  2 2 3 5 6 . 3 3
0 . 1 0  - 1 9 3 6 . 4 5

0 .00  4L7L39 .28
- 0 . 0 1  - 7 2 6 7 . 2 5
- o . I 2  4 1 7 1 3 9 . 8 8

0 . 0 0  - 7 2 6 7 . 4 7
- 0 . 8 0  4 1 7 ! 3 9 . 3 4

o . L 2  - 7 2 6 7 . 5 6
2 3 3 9 7  . 3 2  4 1 7 L 3 8 . 8 8

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

- 0 . 0 5  - o . 0 3

0 . 0 1  7 2 6 8 . 3 8
- 0 . 0 1  1 . 1 3
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B-9 BEAM TUBE MANIFOLD SUPPORT

I,TE},IBER END FORCES STRUCTURE TYPE = SPACE

\LL UNITS ARE -- POUN INCH

MEMBER LOAD JT AXIAL

-- PAGE NO. 11
ID: Process Systens fnternatio

4  1 1 8 . 5 5
1 1  - L 1 8 . 5 6

4  LLs .97
lL -r1"5 .97

4  IL6 .26
1 1  - 7 L 6 . 2 6

4  - 4 4 . 5 7
1 1  4 4 . 5 7

4  - 2 . 5 9
1 1  2  . 5 9

3  6 3 . 7 9
9  - 6 3 . 7 9
3  6 5 . 9 3
9  - 6 5 . 9 3
3  6 6 . 3 1
9  - 6 6 . 3 1
3  L 9 0 . 5 3
9  - 1 9 0 . 5 3
3  2 . L 4
9  - 2 . L 4

4  1 1 8 . 5 6
L 4  - 1 1 8 . 5 6

4  1L5 .97
1 4  - 1 1 5 . 9 7

4  1 1 6 . 2 6
L4  - I75 .26

SHEAR-Y

4 8 4 . 5 r _
- 0 .  0 1

4 8 4 . 5 1
- 0 . 0 1

444  .49
0 . 0 1
0 . 0 0
0 . 0 0

- 1 8 1 0 . 4 4
1 8 1 0 . 4 4

-LA7 I  . 2L
L87 I .2 r

- 1 8 8 1  . 9 6
1 8 8 1 . 9 6

- L 7  6 7  . 2 6
1 7 6 7  . 2 6

- 6 0 . 7 7
6 0 . 7 7

-3262  .6L
3262 .6L

- 3 2 0 1 . 8 4
3  2 0 1  . 8 4

- 3 1 9 1 .  0 9
3 1 9 1 . 0 9

- 3 0 5 3 . 6 2
3 0 5 3 . 5 2

6 0 . 7 7
- 6 0 . 7 7

- L 8 1 0 . 4 4
L 8 1 0 . 4 4

- L 8 7  L  . 2 L
L87 I .2 !

- 1 8 8 1 . 9 6
1 8 8 1  . 9 6

- L 9 7 5 . 1 6
1 9 7 5 . 1 5

-60  .77
6 0 . 7 7

-3262 .6L
3262 .6 I

- 3 2 0 1 . 8 4
3 2 0 1  . 8 4

- 3 1 9 1  . 0 9
3 1 9 1  . 0 9

SHEAR-Z

0 . 0 0
0 . 0 0
0 . 0 1

- 0 .  o t
- 2 7  . 2 2

- 0 . 0 2
o .  o o
0 . 0 0

- 0 . 0 4
0  . 0 4

-759 .?4
r59  .7  4

-L6L .27
L6L .27

-L59  .24
L 5 9 . 2 4

- L 5 9  . 6 6
1 5 9 . 6 6

0 . 0 4
- 0  . 0 4

1 5 9 . 7 0
-L59 .70
- 1 2 3 . 8 3

1 2 3 . 8 3
2 6 4 . 6 8

- 2 6 4 . 6 8
1 5 9 . 5 3

- 1 5 9 . 5 3

0 . 0 4
- 0 . 0 4

7 5 9 . 7 5
-L59 .75

t6 I  . 26
- 1 6 1 . 2 6

1 6 0 , 2 1
- 1 6 0 . 2 1

L59 .67
- I59 .67

- 0 . 0 4
0 . 0 4

-159 .7L
L59 .7L
1 2 3 . 8 0

- 1 2 3 . 8 0

TORSION

- 0 .  0 1
0 .  o 1
o . 0 1

- 0 . 0 1
- 0 .  0 2
o . 0 2
0 . 0 0
0 .  o 0

3 . 0 6
- 3  . 0 5

1 1 1 8 1 . 1 8
-1118r . .  r . 8

1 1 2 8 8 . 8 4
- 1 1 2 8 8 . 8 4

1rL47 .  07
- I L L 4 7 . 0 7

1 1 1 7 8 . 1 5
- 1 1 1 7 8 . 1 5

9 2 . 7 8
- 9 2 . 7 a

- 4 7 6 . 3 4
8 7  6  . 3 4
8 2 1 . 5 8

- 8 2 1 . 5 8
- 1 5 0 0 . 2 8

1 5 0 0 . 2 8
- 9 6 8 . 2 3

9 6 8 . 2 3

- 3 .  0 5
3  . 0 6

- 1 1 1 8 1 . 1 8
1 1 1 8 1  . 1 8

- 1 1 2 8 8 . 8 4
1 1 2 8 8 . 8 4

-112 !5 .27
LL2L5.27

-LLL7A.L7
LLL78.L7

- 9 2 . 7 4
9 2 . 7 A

4 7 6 . 3 4
-47  6  .34
-42 ! .52

82L .52

l{oM-y

0 . 0 1
- 0 . 0 4
- o . 1 4
- 0 . 0 1

4 0 9 . 0 1
- 0 . 1 1

0 . 0 5
0 . 0 0

1 . 6 9
0 . 0 1

6L42 .48
2 7 . L 8

5 2 0 1  . 9 0
2 7  . 8 0

6099  .43
5 1 , 1 4

6140  .42
2 6  . 7 9

-249  .40
2 4 7  . 7 L

-6354  .47
1 4 6 . 2 4

4496  .02
2 8 5 . 9 6

-LOO7L .75
- 1 5 1 , 5 2

- 6 0 9 9 . 8 4
- 6 2 . 0 3

- 1  . 6 9
- 0 . 0 1

- 6 L 4 2 . 4 3
- 2 7 . 3 5

-620L .25
- 2 7  . 3 7

- 6 1 8 5 . 2 1
- 2 . 5 6

- 5 1 4 0 . 3 3
- 2 6 . 8 L

249  .40
-247  .7L
6354  .6L
- 1 8 5 . 8 1

-4495 ,26
-246 .34

l,lo}{-z

7  267  .58
0 . 9 0

7 2 6 7 . a I
o . 7 4

7267 .8L
0 . 3 8
0 . 0 1
0 . 0 3

- 6 5 9 3 8 . 7 0
-2989 .63

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

- 5 9 5 8 2 . 8 6
-3ro7 .71

- 5 9 4 8 9 . 1 8
7224 .76

- 2 2 4 7 . 0 3
- 1 0 0 . 3 7

-L20348 .70
-5669 .46

- 1 1 8 1 1 9 . 2 3
-555r .72

- L L 7 7 0 L . 2 8
-5554 .52

- 1 1 7 8 1 5 . 5 3
- 1 3 0 . 3 5
2229 .66

L L 7 . 7 4

-66934 .7L
-2949  .63

- 6 9 1 8 5 . 5 2
- 3 0 8 9 . 9 9

- 5 9 5 8 2 . 8 8
- 3 L O 7  . 7  2

- 6 8 8 8 1 . 8 7
-7  404  .7  5
-2247  .  OL

- 1 0 0 . 3 5

-L20344.70
-5669  .46

- 1 1 8 1 1 9 . 2 3
- 5 5 5 1 . 7 3

-1 r770L .26
- 5 5 5 4 . 5 5

5  - L . 4 6
6  1 . 4 6
s  2 8 . 8 1
6  - 1  . 4 5
5  0 . 9 8
6  - 0 . 9 8
5  2 . 4 4
6  - 2 . 4 4

6 3 . 7 9
- 6 3 . 7 9

5 5 . 9 3
- 6 5 . 9 3

6 6 . 3 1
- 6 6 . 3 1
- 5 8 . 6 9

5 8 . 6 9
2 . 1 4

- 2 . 1 4

3

J

7
3
7
?

7

Rcvision No. 0
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B-9 BEAM TUBE MANIFOLD SUPPORT

I'{EMBER END FORCES STRUCTURE TYPE = SPACE

-- PAGE NO. L2
ID: Procesa Systens Internatio

\LL UNITS ARE --

MEMBER LOAD JT

4 4
1 4

5 4
1 4

1 1

POUN INCH

AXIAL

2 7  6  . 5 0
- 2 7  6  . 5 0

- 2 . 5 9
2 . 5 9

uo!.{-Y

2534  .33
-522 .49
6099.49

6 1 . 9 3

o .  o o
- 3 . 0 5
o .  o 0

- 1 1 1 8 1  . 1 8
o .  o 0

- 1 1 2 8 8 . 8 4
0 . 0 1

- L L r 4 7 . O 7
0 . 0 0

-LII7A.T7

0 . 0 0
- 3 . 0 6

0 . 0 0
- 1 1 1 S 1 . 1 8

0 . 0 0-!L?_g€*-s4
0 . 0 0

- 1 1 2 1 5 . 2 8
0 . 0 1

-1!L7 a .L7

9 3 . L 7
- 9 2 . 7 8
5 6 1 . 1 0
a 7 6 . 2 9

- 2 9 2 . 4 2
-e2 ! .52

8 8 1 . 7 9
1 5 0 0 . 2 8

467 .55
964  .27

0 . 0 0
- 5 7 . 1 5

0 . 0 0
- 1 8 4 . 8 4

o . 0 0
4 9  . 4 8

o . 0 0
- 2 7 t . 4 L

0 . 0 0
- r 27 .58

t{ot{-z
- 1 1 8 4 2 2 . 9 5

- 1 0 9 7 3 . 2 1
2229 .64

L I 7 . 7 0

L 4 7 5 . 7 L
2989 .64
t 5 2 5 . 2 3
3 0 8 9 . 9 8
1 5 3 3 . 9 9
3 IO7 .73

- 2 8 8 0 . 4 8
-t228.77

4 9 . 5 5
1 0 0 . 3 7

- r 4 7  5  . 7  r
-2989 .64
- L 5 2 5 . 2 5
- 3 0 8 9 . 9 9
- 1 5 3 4 . 0 1
-3to7 .7 4
-5930 .97
-7  408  .7  4

- 4 9 . 5 3
- 1 0 0 . 3 5

- 4 5 0 2 . 4 1
5669 .49

- 4 5 0 8 . 0 3
555r .77

- 4 5 0 8 . 2 5
5 5 5 4 . 6 3
- 5 3 1 . 6 5

1 3 0 . 3 4
9 4 . 3 9

- L L ?  . 7  4

2544  .30
4L44 .24
2 5 0 1 . 5 5
4 0 7 5 . 4 2
2484 .94
4 0 4 5 . 9 2

-2743 .89
2A9 .35
- 4 2 , 7 7
- 5 8 . 8 5

. B  1 8 1 0 . 4 4
{ 7 . - 1 8 1 0 . 4 4'6  

187 r . . 21
7  -LA71 .2 I
I  1 8 8 1 . 9 5
7  - 1 8 8 1 . . 9 6
a  L 7 6 7 . 2 6
7  - I 7 6 7 . 2 6
I  6 0 . 7 7
7  - 6 0 . 7 7

1 0  L 8 L 0 . 4 4
9 _  - 1 8 1 0 . 4 4

t  0  I a 7 ! . 2 L
9  - Ia7L .2L

L 0  1 8 8 1 , 9 6
9  - 1 8 8 1 . 9 6

1 0  L 9 7 5 . L 6
9  - L 9 7 5 . 1 6

L 0  6 0 . 7 7
9  - 6 0 . 7 7

L2  3262 .6 r
1 l r  -3262 .5 r
T 2  3 2 0 1 . 8 4
1 L  - 3 2 0 1 . 8 4
L 2  3 1 9 1 . 0 9
1 1  - 3 1 9 1 . 0 9
L 2  3 0 5 3 . 5 2
1 1  - 3 0 5 3 . 6 2
1 2  - 5 0 . 7 7
1 1  6 0 . 7 7

1 3  3 2 6 L . 8 4
1 2  - 3 2 6 I . 8 4
13  3344 .98
! 2  - 3 3 4 4 . 9 8
1 3  3 0 7 8 . 3 4
1 2  - 3 0 7 8 . 3 4
1 3  3 2 9 1  . 6 9
12  -329 I .69
1 3  8 3 . 0 1
L 2  - 8 3 . 0 1

SHEAR-Y

- 3 3 5 0 . 0 6
3 3 5 0 . 0 6

6 0 . 7 7
- 6 0 . 7 7

6 3 . 7 9
-63 .79

6 5 . 9 3
- 6 5 . 9 3

6 5 . 3 L
-66  .  31
- 5 8 . 7 0

5 8 . 7 0
2 . 1 4

- 2 . L 4

- 6 3 . 7 9
6 3 . 7 9

- 6 5 . 9 3
6 5  . 9 3

- 6 6 . 3 1
5 5 .  3 1

-L90 .57
L90  .57

- 2 . L 4
2  . 1 4

1 1 8 . 5 6
- 1 1 8 . 5 6

LL5 .97
- L 1 5 . 9 7

LL6  .26
- r !6  .26

- 4 4  . 5 9
4 4 . 5 9
- 2 . 5 9

2  . 5 9

L o 9 , 6 5
- 1 0 9 . 6 5

! o 7  .  a 2
-LO7 .82

107  .  08
- 1 0 7 . 0 8

- 4 0 . 8 9
4 0 . 8 9
- 1  . 8 3

1 . 8 3

SHEAR-Z

- 5 4  . 7  A
5 4 . 7 4

- L 5 9 . 5 2

1 s 9 . 5 2

0 . 0 4
- 0 . 0 4

L59 .73
- I59 .?3

7 6 1  . 2 7
- I6L  .27

r59  .24
-L59 .24

1 5 9 . 5 9
- 1 5 9 . 6 9

0 .  o 4
- o . 0 4

1 5 9 . 7 3
- r59 .73

16r .27
-767 .27

1 6 0 . 2 2
-L60  .22

r59  .69
- 1 5 9 . 5 9

- 0 . 0 4
0 . 0 4

- r59 .7L
r59 .7L
L23 .  A2

- L 2 3  . 8 2
-264  .67

2 6 4 . 6 7
- L 5 9 . 5 4

1 5 9 . 5 4

o . 9 4
- o  . 9 4

3  . 0 3
- 3 . 0 3
- 0 . 8 1

0 . 8 1
4 . 4 5

- 4  . 4 5
2 . O 9

- 2 .  0 9

TORSIOI{

252 .44
- 2 5 2 . 4 4

9 5 8 . 2 5
-968 .25

o .  0 1
- 0 . 0 1
2 7  . r 3

- 2 ? . t 3
2 7 . 3 9

- 2 7 . 3 9
5 1 . 1 5

- 5 1 .  1 5
2 7 . L 2

- 2 7 . L 2

- 0 . 0 1
o .  0 1

- 2 ?  .  L 3
2 7 . L 3

- 2 7 . 3 9
2 7 . 3 9
- 3 . 1 1

3 . 1 1
- 2 7 . I 2

2 7 . ! 2

2 4 7 . 7 r
-247  .7  L

1 8 5 . 5 9
- 1 8 5 . 5 9

2 8 6 . 8 1
- 2 A 6 . A t
-r5!  .42

1 5 1 . 4 2
-6L .97

6L .97

-39  .  08
3 9 . 0 8

-60  .  69
5 0 . 5 9

-20 .89
2 0 . 8 9

1 . 1 9
- 1  . 1 9

-21  .59
2 L  . 5 9

L 2

1 3
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B-9 BEAM TUBE MANIFOLD SUPPORT

I{EMBER END FORCES

ID: Process
--  PAGE NO. 13

systens Internatio

qLL UNITS ARE --

MEI{BER LOAD JT

STRUCTIJRE TYPE

POI,'N INCH

AXIAL SHEAR.Y

= SPACE

' L 4 1 5  3 2 6 2 . 6 r
r4 -3262.6r
f 5  3 2 0 1 - 8 4
1 4  - 3 2 0 1  . 8 4
1 5  3 L 9 7 . 0 9
L 4  - 3 1 9 1 . 0 9
1 5  3 3 5 0 . 0 5
L4 --L19-S-'-S-€-
1 5  - 6 0 . 7 7
L 4  6 0 . 7 7

L6  326 I  .A4
15 -326L.84
1 6  3 3 4 4 . 9 A
1 5  - 3 3 4 4 . 9 8
L 6  3 0 7 8 . 3 4
1 5  - 3 0 7 8 . 3 4
1 6  3  3 9 8 . 2 8
L 5  - 3 3 9 8 . 2 8
1 6  8 3 . 0 0
1 5  - 8 3 . 0 0

1 8  - 0 . 2 5
L 2  0 . 2 5
1 8  - 2 7 6 . 7 0
L 2  2 1 6 . 7 0
1 8  1 6 7 . 9 9
t z  - L b / . y y

1 8  - 3 5 9 . 2 4
72  359 .24
1 8  - 2 t 6 . 2 6
J .2  2L6  .26

L 7  - O . 2 5
r . 5  0 . 2 5
1 7  - 2 L 6 . 7 0
1.5 2L6 .7 0
! 7  1 6 7 . 9 8
l s  - 1 6 7 . 9 A
1 7  - 7 4 . L 9
1 5  7 4 . L 9
L 7  - 2 1 6 . 2 5
15  2L6 .25

- 1 1 8 . 5 6
1 1 8 . 5 6

-rls .97
I ts .97

-L76 .26
t ! 6 . 2 6

- 2 7 6 . 5 3
226 .53 -

2 . 5 9
- 2 . 5 9

- L 0 9 . 6 5
1 0 9 . 6 5

-LO7 .82
LO7.82

-107  .  08
1 0 7 . 0 8

- 2 5 6 . 5 3
2 5 6 . 5 3

1 . 8 3
- 1  . 8 3

- L . 2 2
- 4 . 0 1

4 . 0 L
5 . 4 6

- 5 . 4 6
- 7  . 6 7

7 . 6 7
- 5  . 2 3

5 . 2 3

L  . 2 2
- L  . 2 2
- 4 . 0 1

4 . 0 1
5 . 4 6

- 5 .  4 5
- 0 . 3 5

o .  3 5
- 5  . 2 3

5  . 2 3

SHEAR-Z

- 0 . 0 4
o .  0 4

- r59 .72
L59 .72
1 2 3 . 8 5

- 1 2 3 . 8 5
-54 .76

5 4 . 7 6
- 1 5 9 . 5 4

1 5 9 . 5 4

o . 9 4
- 0 . 9 4

3 . 0 3
- 3 , 0 3
- 0 . 8 1

0 . 8 1
1 . 6 1

-1, . 61-
2  . O 9

- 2 . 0 9

8 . 9 2
- 8 . 9 2

8 . 1 5
- 8 . 1 5

9 . 1 8
- 9 . 1 8
- 3 . 7 0

3 . 7 0
- o , 7 6

o . 7 6

- 4 . 9 2
8 . 9 2

- 8 . 1 5
8 . 1 5

- 9 . 1 8
9 . 1 8

- 20 .  oo
2 0 . 0 0

o . 7 6
- o . 7 6

TORSION

- 2 4 7 . 7 t
2 4 7 . 7 r

- 1 8 5 . 7 0
1 8 5 . 7 0

- 2 8 6 . 8 1
2 8 6 . 8 1

- 5 2 2 . 7 9
522 .79--T1.E6-
- 6 1  . 9 6

3 9 . 0 8
- 3 9 . 0 8

5 0 . 5 9
- 6 0 . 5 9

2 0 . 4 9
- 2 0 . 8 9
! 2 2 . 5 7

- L 2 2  . 5 7
2 L  . 5 9

- 2 L  . 5 9

- 1 6 4 . 1 9
L 6 4 . 1 9

- 1 7 0 . 8 1
1 7 0 . 8 1

- 1 5 3 . 0 8
1 5 3 . 0 8

- 2 4 3 . 5 2
283 .52

- 6 . 6 L
6 . 5 1

1 6 4 . 1 9
- 1 6 4 . 1 9

1 7 0 , 8 L
- 1 7 0 . 8 1

1 5 3 .  0 8
- 1 5 3 .  0 8

5 8 . 1 0
- 5 8 . 1 0

6 . 6 1
- 6 . 6 1

uo!,t-Y

9 3 . I 7
- 9 2 . 7 A
5 6 1 . 1 2
8 7 6 . 3 3

- 2 9 2 . 9 7
-82L .65

240  .44
252 .39
467 .59
9 6 8 . 2 4

0 . 0 0
-57  .  15

o . 0 0
- 1 8 4 . 8 5

0 . 0 0
4 9 . 4 7

0 . 0 0
- 9 8 .  3 0

0 . 0 0
- r 2 7 . 5 8

-326  .42
- 5 1 4 . 9 8
- 3 0 1  . 6 5
- 4 6 7 . 6 3
-333 .75
- 5 3 2 . 9 9

3 8 8 . 9 1
- 4 0 . 1 9

2 4 . 7 4
4 7 . 3 2

326 .42
5 1 4 . 9 8
3 0 1 . 6 6
467  .63
333 .75
532  .99
992 .23
8 9 5 .  0 5
-24  .7  4
- 4 7  . 3 2

l,lot'{-Z

4602  .4L
- 5 6 6 9 . 4 9

4 5 0 8 .  0 2
-555r.77

4 5 0 8 . 2 4
-5554  .67

8 4 8 4 . 4 1-.1-gZ3-:18
- 9 4 . 3 7
L L 1  . 7 0

-2544 .30
-4L44 .24
- 2 5 0 1 . 5 4
-407  5  .42
-2444 .92
- 4 0 4 6 . 9 1
- 7 7  8 6  . 9 4
- ? 8 6 1  . 4 9

4 2 . 7 4
6 8 . 8 3

1 5 1 . 3 6
- 3 5 . 0 3

- 2 . 0 7
- 3 7 6 . 2 4

2 7 L . 8 7
2 4 3 . 4 t

- 1 1 3 . 7 1
-610  .42
-L53  .29
- 3 3 9 . 9 5

1 s l . 3 5
- 3 6 .  0 3

- 2 . 0 7
- 3 7 6 . 2 9

2 ? L . A 7
2 4 3 . 3 9
1 0 9 . 5 6

- 1 4 2 . 1 8
- 1 5 3 . 2 8
- 3 3 9 . 9 3

I

1 5

5

16

\ 7

I
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I B-9 BEAM TUBE MANIFOLD SUPPORT

************** END OF LATEST ANALYSIS
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-- PAGE NO. 14
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B-9 BEAI'{ TUBE },TANITOLD SUPPORT

MEMBER STRESSES

.,L UNITS ARE POI'N,/SQ INCH

,  --  PAGE NO.I.s
ID: Process Systens Internatio

COMBINED SHEAR-YI.TEMB LD SECT

. 0
1 . O O

. 0
T n n

. 0
1 , O O

. 0
1 .  O O

. 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

. o
r . . 0 0

. 0
1 . 0 0

. U

1  . 0 0

1 . O 0

. 0
r - . 0 0

. 0
1 . 0 0

r . . 0 0

1 . 0 0
. 0

1  . 0 0

. 0
1 . 0 0

. 0
L . 0 0

AX]AL

0 . 0  c
0 . 0  c
0 . 1  c
0 . 1  c
0 . 0  c
0 . 6  c
0 . 0  T
0 . 0  T
0 . 0
0 . 0

0 . 0  c
0 . 0  c
0 . 0
0 . 0
t - . 3  T
3 . 1  T
0 . 0  c
0 . 0  c
0 . 0
0 . 0

0 . 0  c
o . 0  c
5 . 6  C
5 . 6  C
2 . 5  C
0 . 1 -  c
5 . 5  C
5 . 6  C
5 . 6  C
5 . 6  C

0 . 0  T
0 . 0  T
0 . 0
0 . 0
4 . 2  C
2 . 2  C
o . 0  T
0 . 0  T
0 . 0
0 . 0

0 . 0  c
0 . 0  c
o . o  T
o . o  T

BEND-Y

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 6
0 . 0
0 . 0

o . 0
0 . 0
o , o
0 . 0
0 . 0
o . 0
o . 6

1 4  . 6
0 . 0
0 . 0

0 . 0
0 . o
0 . 0
0 . 0
0 . 0
0 . 0

1 4  . 7
1 F  F

0 . 0
0 , 0

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

2 2 . 7
o . 4
o . o
o . o

0 . 0
0 . 0
0 . o
0 . 0

BEND-Z

0 . 0
LO.2

0 . 0
L O  . 2

0 . 0
L O . 2

0 . 0
L O  . 2

0 . 0
0 . 0

L O  . 2
25A.7

I O  . 2
254 .7

1 0 . 2
254 .7

1 0 . 2
254 .7

0 . 0
0 . 0

258 .7
4 0 5 . 4
280  .4
4 0 7 . 3
280 .6
4 0 4 . 0
2 A O  . 4
407  .3

2 L . 7
1 . 9

405  .6
7 . t

4 0 5 . 6
7 . L

4 0 5 . 6
7 . L

4 0 5 . 6
7 . L
o , o
0 . 0

7 . r
o . 0
7 . L
0 . 0

SHEAR-Z

0 . 0
0 . 0
0 . 0
0 . 0
0 . o
0 . 0
o . o
J . . 0
0 . 0
0 . o

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

5 . 2
o . o
0 . 0

o . o
0 . 0
o . o
0 . 0
o . o
0 . 0
2 . r
2 . 4
o . o
o . o

o . o
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
7 . O
3 . 7
o . o
o . 0

0 . o
o . o
0 . 0
o . o

0 . 0
ro .2

0 . 1
L O . 2

0 . 0
L O . 7

0 . 0
1 0 .  2

0 . 0
0 . 0

1 0 . 2
254 .7

L O . 2
258 .7

1 1 . 5
2 6 1 . 8

1 0 . 2
259 . r

o . 0
o . 0

25A.7
405  .4
2 A 6 . O
4 L 2 . 9
243 .L
4 0 4 . 1
246 .4
4L3 .2

2 7 . 3
7 . 5

4 0 5 . 6
7 . L

4 0 5 . 6
7 . L

4 0 9 . 8
9 . 3

4 0 6 . 2
7 . t
o . 0
0 . 0

7 . 7
0 . 0
7 . r
0 . 0

0 . 0
! 7 . O

0 . 0
r ? . o
o . o

! 7 . O
0 . 0

1 7 . 0
0 . 0
0 . 0

3 8  . 7
9 2  . 6
3 A  . 7
9 2 . 6
3 8 . 7
9 2 . 6
3 a . 7
9 2 . 6

0 . 0
0 . o

1 3 . 4
6 6 .  O
L 7 . O
6 2  . 4
L 7  . 6
5 1 . 8
! 7 . O
6 2  . 4

3 . 6
3 . 6

1 2 5 . 0
6 5 . 4

1 2 5 . 0
6 5 .  4

1 2 5 .  O
6 5 . 4

1 2 5 .  O
6 5  . 4
o . o
0 . 0

L4.2
0 . 0

t4 .2
0 . 0
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IJIEMBER STRESSES

",L UNITS ARE POUN/SQ INCH

!'IEMB LD SECT AXIAL

-- PAGE NO. 16
ID: Process Systens Internatio

. 0
1 . 0 0

. o
l - . 0 0

. 0
L . 0 0

1 . 0 0
. 0

L .  o o
. 0

l - . 0 0

1 . 0 0
. 0

L . 0 0

. 0
1 . 0 0

. 0
1 . O O

. 0
L . 0 0

. o
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 . o 0

. 0
1 . O 0

. o
1 . O 0

1 . 0 0
. 0

1 . 0 0

0 . 5  c
0 . 0  c
0 . 0  c
0 . o  c
0 . o  c
0 . 0  c

6 . 8  C
6 . 8  C
7 . O  C
7 . O  C
7 . L  C
7 . I  C
6 . 3  T
6 . 3  T
0 . 2  c
0 . 2  c

L 2 . 7  C
J . 2 . 7  C
1 2 . 4  C
7 2 . 4  C
7 2 . 4  C
I 2 . 4  C

4 . 8  T
4 . 8  T
0 . 3  T
0 . 3  T

6 . 8  C
6 . 8  C
7 . O  C
7 . O  C
7 . I  C
7 . 7  C

2 0 . 4  C
2 0  . 4  C
o . 2  c
o . 2  c

1 2 . 7  C
L 2 . 7  C
1 2 . 4  C
L 2 . 4  C
L 2 , 4  C
L2 .4  C
29 .5  C
2 9 . 5  C

0 . 3  T
o . 3  T

BEND-Y

0 . 0
0 . 0
o . 4
0 . o
0 . 0
o . o

0 . 1
0 . 0

2 7 0 . 3
r . 2

2 7 2 . 9
L . 2

2 5 a . 4
2 . 3

2 7 0 . 2
L . 2

1 1 .  O
1 0 . 9

2 7 9 . 6
6 - Z

1 9 7 . 8
L 2  . 6

4 4 3  . 2
6 . 7

2 6 4 . 4
2 . 7

0 , o
2 7 0 . 3

I . 2
2 7 2 . 9

I . 2
2 7 2 . 2

0 . L
270 .2

I . 2

1 1 . 0
1 0 . 9

2 7 9 . 6
4 . 2

L97  .4
L 2 . 6

1 1 6 . 1
2 3 .  O

264 .4
2 . 7

BEIID-Z

7 . L
0 . 0
7 . 1
0 . 0
0 . 0
0 . 0

2945  .6
1 3 1 . 6

3 0 4 4 . 5
1 3 6 . O

3 0 5 2 .  O
t - 3 6 . 8

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

4 . 4

5 2 9 5 . 9
2 4 9 . 5

5 ! 9 7 . 8
2 4 4  . 3

5 L 7 9 . 4
2 4 4  . 4

5 1 8 4 . 4
5 . 7

9 8 . 1
2 . 2

2945  .6
1 3 1 . 6

3 0 4 4 . 5
1 3 6 . 0

3 0 6 2 . 0
1 3 6 . 8

3 0 3 1 . . 1
3 2 6 . O

9 8 . 9
4 . 4

5295.9
249 .5

5 1 9 7 . 8
2 4 4 . 3

5179 .4
2 4 4  . 4

5 2 I ! . L
442  .9

9 8 . 1
5 . 2

COMBINED

7 . 6
o . 0
7 . L
o . 0
o . o
0 . 0

2 9 5 2 . 5
1 3 8 . 4

3 3 2 1  .  B
L 4 4 . 2

3 3 4 1 . 9
1 4 5 .  L

3332 .5
5 2  . 6

3 6 9 . 3
5 . 8

5 3 1 9 . 5
2 7 3 . O

5 4 8 9 . 8
2 6 4 . 9

5 3 8 9 . 6
269  .5

s 6 3 2 . 4
L 7 . 2

3 6 6 . 8
4 . 2

2952 .5
1 3 8 . 4

3 3 2 1 . 8
r 44 .2

3 3 4 r . 9
1 4 5 . 0

3323 .6
3 4 6 . 5
3 6 9 . 3

5 . 8

5 3 1 9 . 5
273 .O

5 4 8 9 . 8
264 .9

5 3 8 9 . 6
269 .4

5 3 5 5 . 8
5 3 5 . 4
3 5 5 . 8

4 . 2

SHEAR-Y

1 4 . 2
o . o

t 4  . 2
o . 0
o . o
0 . 0

362.L
3 6 2 . L
3 7 4 . 2
3 7 4 . 2
3 7 6  . 4
3 7 6 . 4
3 5 3 .  s
3 5 3 . 5

L 2 . 2
L 2  . 2

652  .5
652 .5
640 .4
6 4 0 . 4
638 .2
6 3 4  . 2
610 .7
6 1 0 . 7

L 2 . 2
L 2 . 2

362 .L
362 .L
3 7 4 . 2
3 7 4 . 2
3 7 6  . 4
3 7 6  . 4
3 9 5 .  O
3 9 5 . 0

L 2 . 2
1 2 . 2

652 .5
652  .5
6 4 0 . 4
5 4 0 . 4
638 .2
63A.2
670 .O
670 .O

12 .2
L 2 . 2

SHEAR-Z

0 . 0
0 . 0
0 . 8
o . 0
0 . 0
0 . 0

0 . 0
0 . 0

3 1 . 9
3 1 . 9
3 2 . 3
J Z .  J

3 1 . 8
3 1 . 8
3 1 . 9
3 1 . 9

o . o
0 . 0

? 1  0

3 1 . 9
2 4 . 4
2 4 . 8
5 2 . 9
5 2 . 9
3 1 . 9
3 1 . 9

0 . 0
0 . 0

3 2 . O
3 2 . 0
3 2  . 3
3 2 . 3
3 2  . 0
3 2 . O
3 1 . 9
3 1 . 9

o . o
0 . 0

3 1 . 9
3 1 . 9
2 4 . 4
2 4 . 8
1 1 . 0
1 1 . 0
3 1 , 9
3 1 . 9
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ME}IBER STRESSES

T.L UNITS ARE POUN/SQ INCH

I'1EUB LD SECT AXIAL BEND-Y

-- PAGE NO. L7
ID: Process Systens Internatio

COMBINED SHEAR-Y SHEAR-Z

10 . 0  8 9 6 . 3  C
1 , O 0  8 9 6 . 3  C

, o  9 2 6 . 3  C
1 . 0 0  9 2 6 . 3  C

. 0  9 3 L . 7  C
1 . 0 0  9 3 L . 7  C

. 0  8 7 4 . 9  C
1 . 0 0  4 7 4 . 9  C

. 0  3 0 . 1  c
1 . 0 0  3 0 . 1  c

. 0  8 9 6 . 3  C
1 .  O 0  8 9 6 . 3  C

. o  9 2 6 . 3  C
l - . 0 0  9 2 6 . 3  C

. 0  9 3 L . 7  C
L . 0 0  9 3 L . 7  C

. 0  9 7 7 . A  C
L . 0 0  9 7 7  . 8  C

. 0  3 0 . 1  c
1 . O 0  3 0 . 1  C

. 0  1 6 1 5 . 2  C
1 . 0 0  J . 6 1 5 , 2  C

, 0  1 5 8 5 . 1  C
1 , ,  O 0  1 5 8 5 . 1  C

. 0  7 5 7 9 . 7  C
L . 0 0  1 5 7 9 . 7  C

. o  1 5 L L . 7  C
1 . 0 0  1 5 1 1 . 7  C

. o  3 0 . 1  T
1 . 0 0  3 0 . 1  T

. 0  1 6 1 4 . 8  C
1 . 0 0  1 6 1 4 . 8  C

. 0  1 6 5 5 . 9  C
1 . . 0 0  1 6 5 5 . 9  C

. 0  1 5 2 3 . 9  C
1 . 0 0  l - 5 2 3 . 9  C

. 0  L 6 2 9 . 5  C
1 .  O 0  1 6 2 9 . 5  C

. 0  4 1 . 1  C
1 . O O  4 1 . 1  C

.o  t6L5 .2  C
1 . 0 0  L 6 1 5 . 2  C

. o  1 5 8 5 . 1  C
1 . 0 0  1 5 8 5 . 1  C

0 . 0
2 . 4
0 . 0

8 6 0 0 . 9
o . o

8 6 8 3 . 7
o . o

8574 .7
0 . 0

8 5 9 8 . 6

0 . 0
2 . 4
0 . 0

8 6 0 0 . 9
0 . 0

8 6 8 3 . 7
o , o

8627  .7
o . 0

8 5 9 8 . 5

7 L . 7
7 L . 4

4 3 1 - . 6
6 ? 4 . r
2 2 5  . 2
6 3 1 . 9
6 7 4  . 3

1 1 5 4 . 1
3 5 9 . 7
7 4 4 . 8

0 . 0
4 4 . O
o . o

I 4 2  . 2
o . 0

3 8 . 1
0 . 0

2 0 8 . 8
0 . 0

9 8 . 1

7 L . 7
7 L . 4

4 3 1 . 6
6 7 4 . r

BEND-Z

7 5 6  . 4
1 5 3 3  . 1

7 8 2 . 2
1 5 8 4 . 6

7 4 6 . 7
L593 .7
L 4 7 7  . 2

5 3 0 .  L
2 5  . 4
5 1  . 5

7 5 6 . 8
1 5 3 3 . 1

7 8 2 . 2
r - 5 8 4 . 6

7 8 6 . 7
L593 .7
3 0 4 r . . 5
3 7  9 9  . 4

2 5  . 4
3 r . 5

2360 .2
2907 .4
2 3 L L . A
2 4 4 7 . r
2 3 7 r . 9
2 8 4 8 . 5

2 7 2 . 6
6 6 . 8
4 8 . 4
6 0 . 4

1 3 0 4 . 8
2L25  .3
1 2 8 2 . 8
2 0 9 0 . 0
r 2 7  4  . 3
2075 .3
L 4 2 7 . 6

L44 .4
2 1 . 9
3 5 . 3

2360 .2
2907 . 4
2 3 L L . A
2 8 4 7 . L

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

1 1 1 1 1  .  9
1 7 1 8 . 3

1 1 2 0 9 . 1
2352 . r

LOO79.7
5 5 . 5

8 6 8 0 .  L

1 6 5 3 .  O
2 4 3 r . 4
L 7 0 8 . 5

1 1 1 1 1 . 9
L 7 r 8 . 3

71209 , L
4 0 r . 9 . 3

1 3 4 0 4 . 3
5 5 . 5

8 6 8 0 . 1

4047  .O
4594 .O
4324 .5
5106 .2
4L r6 .9
5 0 6 0 . 2
2462 .6
2732 .6

4 3 8 .  L
8 3 5 .  3

2919 .5
3744 .O
2 9 3 8 . 8
3 8 8 8 . 1
2 7 9 8 . 3
3 6 3 7 . 3
3057  .2
L986 .7

6 3 .  O
L 7 4 . 5

4047 .O
4593 .9
432A.5
5 1 0 6 . 2

4 2 . 5
4 2 . 5
4 4 . O
4 4 . O
4 4 . 2
4 4  . 2
3 9 . 1
3 9 . 1

I . 4
L . 4

4 2  . 5
4 2 . 5
4 4 . 0
4 4 . O
4 4  . 2
4 4 . 2

L 2 7 . O
r 2 7 . O

1 . 4

7 9 . O
7 9 . O
7 7  . 3
7 7  . 3
7 7  . 5
7 7  . 5
2 9 . 7
2 9 . 7

L . 7
7 . 7

7 3 . L
7 3 . L
7 I . 9
7 L . 9
7 r . 4
7 L . 4
2 7 . 3
2 7 . 3

L . 2
I . 2

7 9 . O
7 9 . O
' I ? . 3
7 ? . 3

0 . 1
0 . 1

3 1 9 . 5
3 1 9 . 5
322 .5
322 .5
3 1 8 . 5
3 1 8 . 5
3 1 9 . 4
3L9  .4

0 . L
0 . 1

1 1 0  q

3 1 9 . 5
322 .5
322 .5
320  .4
320 .4
3 i . 9 . 4
3 r9  .4

0 . 1
0 . 1

3L9 .4
3 1 9 . 4
2 4 7  . 6
2 4 7  . 6
5 2 9 . 3
5 2 9 . 3
3 1 9 . 1
3 1 9 . 1

1 . 9
! . 9
6 . 1
6 . 1
t . 6
1 . 5
8 . 9
8 . 9
4 . 2
4 . 2

o . 1
0 . 1

3 1 9 . 4
3 1 9 . 4

1 1

I 2

1 a

L4
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B-9 BEAM TUBE MANIFOLD SUPPORT

I.{EMBER STRESSES

LL TJNITS ARE POUN/SQ INCH

--  PAGE NO. 18
ID: Process Systens Internatio

-.8},TB LD SECT

3  . 0
1  . 0 0

4  . 0
1 . 0 0

5  . 0
1 . 0 0

1 5  I  . 0
1 . 0 0

2  . 0
1  , 0 0

3  . 0
1 . 0 0

4  . 0
I .  U U

5  . 0
1 . 0 0

L 6  L  . 0
1 . 0 0

2 . O
L , 0 0

? n

1 . 0 0
4 . O

L . 0 0
5  . 0

L . 0 0

AXIAL

L 5 7 9 . 8  C
L 5 7 9 . 4  C
1 6 5 8 . 4  C
1 6 5 8 . 4  C

3 0 . 1  T
3 0 . 1  T

1 5 1 4 . 8  C
1 6 1 4 . 8  C
l - 6 5 5 . 9  C
1 6 5 5 . 9  C
1 5 2 3 . 9  C
1 5 2 3 . 9  C
1 6 8 2 . 3  C
1 6 8 2 . 3  C

4 1 . 1  C
4 L . 1  C

0 . 1  T
0 . 1  T

1 0 7 . 3  T
L O 7  . 3  T

4 3 . 2  C
8 3 . 2  C

I 7 7  . 8  I
L 7 7 . 8  T
l_07 .  L  T
L o 7 . t -  T

o . 1  T
o . 1  T

l - 0 7 . 3  T
1 0 7 . 3  T

8 3 . 2  C
8 3 . 2  C
3 6 . 7  T
3 6 . 7  T

107 .  r ,  T
1 0 7 . 1  T

BEND-Y

2 2 5  . 4
632 .O
1 8 5 .  O
1 9 4  . 1
359 .7
7 4 4 . 4

o . o
4 4 . O
o . o

t 4 2 . 2
o . o

3 8 . 1
o . o

7 5 . 6
o . o

9 8 . 1

2 5 r - . 1
3 9 6 . 1
232 .O
359 .7
256 .7
4 1 0 . 0
299 .2

3 0 . 9
1 9 .  O
3 6  . 4

2 5 1 . 1
3 9 6 . 1
232 .O
359 .7
255 .7
4 1 0 .  O
7 6 3 , 3
6 8 8 . 5

1 9 . 0
3 6 . 4

BEND-Z

2 3 L r . 9
2 8 4 8 . 5
4 3 5 1  . 0
5627 .3

4 A  . 4
6 0  . 4

1 3 0 4 . 8
2125 .3
I 2 A 2  .  a
2 0 9 0  .  o
L 2 7  4  . 3
2075 .3
3 9 9 3 . 3
4 0 3 1 . 5

2 L  . 9
3 5 .  3

7 7 . 6
1 8 . 5

1 . 1
1 9 3 . 0
1 3 9 . 4
t 2 4  . 4

5 8 . 3
3 1 3 . 0

7 4 . 6
r ? 4 . 3

7 7  . 6
1 8 . 5

1 . 1
1 9 3 . 0
1 3 9 . 4
1 2 4 . 8

5 6  . 2
7 2 . 9
7 8 . 6

1 7 4 . 3

CO}{BINED

4 t r7  .  o
5 0 6 0 . 3
6194  .4
7  4 7 9  . 9

438 .2
8 3 5 .  3

2 9 L 9 . 5
3744 .O
2 9 3 8 . 8
3 8 8 8 . 1
2798 .2
3 6 3 7 .  3
5675  .6
5 7 8 9 . 5

6 3  .  O
1 7 4 . 5

328 .4
4 1 4 . 7
3 4 0 . 4
6 6 0 . 0
4 7 9 . 3
6 1 8 . 0
5 3 5 . 3
5 2 1 . 8
2 0 4 . 7
377 .4

3 2 8 . 8
4 r 4 . 7
3 4 0 . 4
6 6 0 . 0
4 7 9 . 3
6 1 8 . 0
8 5 6 . 2
7 9 4 . 2
204  .7
3 t 7 . 5

SHEAR-Y

7 7  . 5
7 7 . 5

1 8 4 . 4
1 8 4 . 4

t . 7
L . 7

7 3 . t
7 3 , I
7 L . 9
7 1 . 9
7 L . 4
7 7 . 4

L 7 L . O
1 7 1 . 0

L . 2
r . 2

0 . 8
0 . 8
2 . 7
2 . 7
3 . 6
3 . 6
5 . 1
5 . L
. ' - f
2 t

0 . 8
0 . 8
2 . 7

'  2 . 7
3 . 6
3 . 6
o . 2
o . 2
3 . 5
3 . 5

SHEAR-Z

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

1 . 9
1 . 9
6 . 1
6 . r
1 . 6
1 . 5
3 . 2
3 . 2
4 . 2
4 . 2

1 7 . A
L 7  . A
1 6 . 3
L 6 . 3
1 8 . 4
1 8 . 4

7 . 4
7 . 4
1 . 5
1 . 5

t 7 . a
L 7  . 8
1 6 . 3
1 6 .  3
1 8  . 4
1 8 . 4
4 0 . 0
4 0 . 0

1 . 5
1 . 5

L 7 n

. 0
1 . 0 0

. 0
1 . 0 0

. 0
r . . 0 0

. o
1 . 0 0

************** END OF LATEST ANALYSIS RESULT **************

76. PARAI.IETER
77. CODE ArSC
78. FYLD 45999.969 MEMB 10 TO 17
79 . I{STR 2100 0 . }!EMB 10 TO 17
80 . vill4lN o . 188 MEMB 10 TO 17

fJ:ililT*"-'""
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B-9 BEAI.{ TUBE MANIFOLD SUPPORT

81 .  CB 1 ,  MEMB 10  TO 17
82. CMY 1. MEI.{B 10 TO 17
83. MAIN O. MEMB 10 TO 17
84. RATIO 1. uEl, t8 10 TO L7
85. CHECK CODE ME},IB 10 TO 17

-- PAGE NO. 19
fD: Process Systens Internatio
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B-9 BEA}I TUBE MANIFOLD SUPPORT -- PAGE NO. 20
Systems Internatio

LOADTNG/
LOCATION

ALL UNITS ARE - POUN

I.IEMBER TABLE

fD: Process

STAAD-ITT CODE CHECKING - (AISC)
* * * * * * * * * * * * * * * * * * * * * * *

INCH (['NLESS OTHERWISE NOTED)

RESULT/ CRITICAL COND/ RATIO/
FX !{Y mz

10 ST TUB 40203 PASS
1 8 8 1 . 9 6  C

11 ST TUB 40203 PASS
l - 9 7 5 . 1 6  C

L2 ST TUB 40203 PASS
3 2 0 1 . 8 4  C

13 ST TUB 40203 PASS
3 3 4 4 . 9 8  C

14 ST TUB 40203 PASS
3 3 5 0 .  0 6  C

15 ST TUB 40203 PASS
3 3 9 8 . 2 8  C

16 ST TUB 40203 PASS
1 6 7  . 9 9  C

77 ST TUB 40203 PASS
7 4 . L 9  T

86, SELECT WELD MEMB 10 TO 17

AISC- H1-3
- 1 1 2 8 8 . 8 4
Arsc- H1-3

- r ! 2 L 5 . 2 A
Arsc- H1-3

a 7  6  . 2 9
AISC- H1-3

- 1 8 4 . 8 4
AISC- H1-3

252 .39
AISC- H1-3

- 9 8 . 3 0
AISC- H1-3

- 5 3 2 . 9 9
AISC- H2-L

9 9 2  . 2 3

o . 4 2 4
3 r o 7 . 7 3

0 . 5 0 8
-7  404  .?  4

0 .  1 8 7
555L.77

0 . 1 6 9
4075  .42

o . 2 7 3
- 1 0 9 7 3 . 1 8

o . 2 3 9
-746r .49

o . o 2 7
243 .4 I

o .  o 3 1
1 0 9 . 5 6

3
7 0 . 0 0

4
70 .  oo

2
9 . O 0

2
5 1  . 0 0

4
9 . 0 0

4
6 1 . 0 0

J

9 4 . 3 7
4

0 . 0 0

Revision No. 0
Doc. No. V049-t$89
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B-9 BEAI,I TUBE I.{ANIFOLD SUPPORT
ID: Process

--  PAGE NO. 2I
Systens Internatio

coMB STRESS/
DlR STRESS

ALL UilITS ARE - INCH

UEUBER LOCATION/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POUN

WELD TYPE/
HOR STRESS

WELD SIZE/
VERT STRESS

1 0

10

1 1

t 2

-LJ

L 4

L 4

1 5

1 5

T 6

16

I 7

STA
4

END
3

STA

END
4

STA
2

END

STA

END

STA

END
4

STA

END
4

STA
4

END
2

STA
4

END
4

1
8 5 . 9 3

I

7 9 . 7 9

L
7 2 . L 3

1
7 2 . r 3

I

1 2 6 . 0 0

1
1 2 6 , 0 0

2  . 3 3

1 9 . 3 3

1
r 7 9 . 2 4

I
L 7 9 . 2 4

1
37  -03

3 7 . 0 3

1
8 5 . 6 5

1
5 4  . 2 3

I
2 6 . 1 0

1
2 6 . 7 0

3/L6
3 3 . 6 7

3 /L6
3 3 . 5 3

3 /L6
8 5 . 1 6

3  / 1 6
8 5 . 1 6

3 /L6
7 9 . O 5

3 /L6
7 9 . 0 5

3  /L6
1 8 . 3 5

3 /L6
5 6 . 9 1

3  /L6
2 0 0 . 3 5

3  /16
2 0 0 . 3 5

3 /16
t32 .17

3 /L6
7 3 2 . 7 7

3 /L6
4 5  . 4 r

3 /16
2 7 . 0 9

3 / t5
a . 7 6

3  /16
4 . 7 6

1 9 3 9 . 8 4
t 9 3 7 . 6 5

8 5 3 0 .  ? 2
8 5 3 0 . 2 8

3252 . !5
3250  .24

1 - 0 2 5 0 . 6 8
1 0 2 5 0 . 0 7

3 5 5 0 .  O 0
3 5 4 6 . 8 8

4L47 .  L5
4 r 4 4 . 4 9

2 5 7  6  . 6 0
2 5 7  6  . 5 3

3223 .OL
3 2 2 2  .  4 5

5 0 2 7  . 2 7
5020 . 07

6024 .  4L
6022 .4 r

4 5 2 7  . I A
4625 .  L4

4 7 1 3 . ! r
4 7 ! L . L L

4 3 4  . 2 4
4 2 7  . 3 4

5 1 7 . 5 0
5 1 4 . 0 4

6 4 4 . 3 7
5 4 3 . 7 4

6 0 1 . 9 4
6 0 1  . 3 1

Revision No- 0
Doc- No. V049-l'{89
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B-9 BEAI.I TUBE MANIFOLD SUPPORT
ID: Process

- .  PAGE NO. 22
Systens Internatio

ALL UNTTS ARE - INCH

MEI{BER LOCATION/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POUN

WELD TYPE/
HOR STRESS

rvELD SrZEl
VERT STRESS

COI,IB STRESS/
DIR STRESS

****************** END OF TABULATED WELD DESIGN ******************

87. LOAD LIST ALL
88 .  T IN ISH

** * * * * * * * * * * * * *  END OF STAAD- I I I  * * * * * * * * * * * * * * *

* * * *  DATE= APR I ,L996  T IME= 10 :  6 :58  * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* For quest ions on STAAD-II I ,  contact:  *
*  Research Engineers,  Inc at  *
*  Ph :  (774 )  974 -25OO Fax :  (7L41  927 -2543  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-095
PAGE I OF 40

REV. DEO # DATE BY: CHECK TITLE:
Desien ofGcneric SuDrnd Schcmc for:
Bcam Trrhc Manifold B{, & B-7

o /J? n /211b l-dbb ACA-

llY W Bil',nsL-v DI.:m' . ?44

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:,
The purpose of this calculation is to design a generic support for 8-6/8-7 Beam Tube Manifolds
(BTM). The design of BTM B-6tB-7 is govemed by the gate valve's vacuum load which occurs during
system regeneration.

METHOD:
A STAAD model of BTM B-6/B-7 was generated and used for design. Baseplates, anchor bolts
and thru-bolted connections were designed using AISC standards and STAAD computer output. Load
cases included; DW Thermal, Vacuum and Seismic (static g load). DW included the weight ofthe vessel
and its flanges. Thermal included a temperature load along the length ofthe vessel. Vacuum loads occur
from the gate valves opening/closing. An additional unbalanced vacuum load occurs at the turbo pump
nozzle opening.

ASSUMPTIONS See Caiculation

INPUTS:
Vessel weight = 1083.0 lbs, Flange weight = 253,0 lbs
Seismic Acceleration = 0.05625 g.
Vacuum Load @ Gate Valve = 29500.0 lbs
Vacuum Load @ Turbo Pump = t 155.0 lbs

REFERENCES:
| . STAAD-U release 21, Research Engineers
2. ASD - AISC 9th edition
3. Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:
v049-1- 058
v049_1_ 059

Design of Spool I}-6
Design of Spool B-7

CONCLUSIONS: The requirements of the AJSC Code and the LIGO Vacuum Equipment
Structural Design Criteria are met.

NOTES: STAAD-III Computer file. B6TMNFOLD.*

Revision No. 0
Doc. No. V0.19-l -095
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH. MA

ENGINEERINC NO: V0{9-l-{195
CALCULATIONS PAGE 2 OF 40

PROJECT: LIGO VACUUM EOUIPMENT PROJECT NO: V59049

TABLE OF CONTENTS

Load Conditions

Dcad\r'cight

Thcrmal

Vacuum

Seismic

N{anifold B-6

Manifold B-7

STAAD Modcl

STAAD Compu(er Gcnerated Plol

STAAD Output Filc

Anchoragc Design

Anchor Bolls

Baseplate

Boltcd Connections

B{/B-7 Suppon Detail

)

6

7

E
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l PAGE NO. 1
ID: Process Systems fnternatio

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
*
*
*
*
*
*
*
*

*
S  T  A  A  D  -  I I I
Rev i s ion  21 .0
Proprietary Progran of
Research Engineers,  Inc.
Date= APR 17, 1996
T i n e =  1 0 : 4 : 4 8

*
*
*
*
*
*
*

* USER ID: Process Systens International *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1. STAAD SPACE 86 & 87 }.IANI FOLD SUPPORT
2. INPUT WIDTH 72
3. UNIT INCHES POUND
4. JOINT COORDINATES
5 .  1  0 .  0 .  0 . r  2  2 0 . o  0 .  0 . r  3  5 2 . 7 5  0 .  0 . , '  4  6 3 . 3 7 5  0 .  0 . r  5  8 3 . 3 7 5  0 .  0 .
6 . 6  2 0 . 0  o .  - 2 6 . 6 2 5 t  7  2 0 . 0  - 9 .  ' 2 6 . 6 2 5 1  8  2 0 . o  - 7 O .  - 2 6 . 6 2 5
7 . 9  2 0 . O  O .  2 6 . 6 2 5 t  1 0  2 0 . 0  - 9 .  2 6 . 6 2 5 1  1 1 "  2 0 . 0  - 7 0 .  2 6 . 6 2 5
8 .  1 2  6 3 . 3 7 5  0 .  - 2 6 . 6 2 5 ,  1 3  6 3 . 3 7 5  - 7 o .  - 2 6 . 6 2 5 ,  L 4  6 3 . 3 7 5  O .  2 6 . 6 2 5
9 .  1 5  6 3 . 3 7 5  - 7 0 .  2 6 . 6 2 5 1 3 0 0  5 2 . 7 5  0 .  - 3 0 . 3 7 5

10. MEMBER INCIDENCES
1 1 .  1 1 2 i  2 2  3 1  3  3  4 1  4 4 5 1  5 2 6 i  6 2 9 1  7  4  r 2 i  8 4 r { i  9 7  6 r L O 8 7
1 2 .  L L  L O  9 i  1 2  L L  1 0 r  1 " 3  1 3  1 2 r  1 4  1 5  1 4 ,  L 5  7 1 3 r  1 6  1 0  1 5 1 3 0 0  3  3 0 0
13 . ME!,IBER PROPERTY AI.IER
14. 9 TO 12 L5 r .5 TABLE ST TU840408
15. 13 14 TABLE ST TUB4O2O3
16. 5 TO 8 TABLE ST TUB8O8O5
17 .  I  TO 4  TABLE ST  P IPE OD 48 .75  ID  48 .25
18 .  3OO TABLE ST  P IPE OD 10 .  ID  9 .50
19. MEMBER RELEASE
20. 9 l -  l -  13 14 END UX MY MZ
21. CONSTANTS
22. E STEEL ALL
23. POISSON STEEL ALL
24. DENSITY STEEL ALL
2 5 . BETA 90 . l,tEMB 13 14
26 .  ALPHA 0 .00000919  MEMB 1  TO 8
27. SUPPORTS
2 8 .  I  1 1  1 3  1 5  F r X E D
29. LOAD 1 DEADWEIGHT
30. JOINT LOAD
3 1 .  1 5 F Y - 5 0 6 .
32. r t  FLANGE WEIGHT = 2 e 253 LBS.
3 3 .  3 0 0  F Y  - 1 5 0 .
34. * VALVE WEIGHT
35. MEIIIBER LOAD
3 6 .  l T O 4 U N I Y - 1 3 . 0 0
3 7 .  *  U N I F O R M  1 0 8 3 . # , / 8 3 . 3 7 5  

 

=  1 3 . 0
38. LOAD 2 DW+TH
39. JOINT LOAD
4 0 .  1 5 F Y - 5 0 6 .
4 1 .  3 0 0  F Y  - 1 s 0 .

Rerision No. 0
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85 & 87 MANIFOLD SUPPORT

4 2 .  3 0 0  F Z  1 l - 5 5 .
43. * UNBALANCED VACTJIJI{ LOAD E TURBO
44. !,TEMBER LOAD
4 5 .  I T O 4 U N r Y - 1 3 . 0
46. TEMPERATURE LOAD
47 .  1  TO 8  300  TEUP 330 .
48. LOAD 3 DW+VACUIJI,T
49. JOINT LOAD
5 0 .  1  F X  2 9 5 0 0 .
51 . * FULL VACUI'M LOAD E GATE VALVE
5 2 .  1 5 F Y - 5 0 6 .
5 3 .  3 0 0  F y  - 1 5 0 .
5 4 .  3 0 0  F Z  1 1 5 5 .
55. * UNBALANCED VACUUM LOAD E TURBO
56. I,IEMBER LOAD
57 .  1  TO 4  r rN r  Y  -13 .0
58. LOAD 4 DW+TH+SEIS-AXIAL
59. JOINT LOAD
6 0 .  1 5 F Y  - 5 0 6 .
6 1 .  3 0 0  F Y  - L 5 0 .
6 2 . L 5 F X 1 4 . 2 3
63 .  *  FLANGE WEIGHT X  0 .05625
6 4 .  3 0 0  F X  8 . 5
65. *  VALVE WEIGHT X 0.05625
6 5 .  3 0 0  F Z  l t 5 5 .
67. tr UNBALANCED VACUuttt LOAD 0 TURBO
68. Ii{EMBER LOAD
6 9 ,  1 T O 4 U N I y - 1 3 . O
7 0 .  1 T O 4 U N I X 0 , 7 3
71 .  *  UNIFORM WEIGHT X  0 .05625
72. TEMPERATI'RE LOAD
73 .  1  TO I  300  TEMP 330 .
74. LOAD 5 DII+VACUI]I,I+SEI S-AXIAL
75. JOINT LOAD
75 .  1  FX  29500 .
7 7 . L 5 F Y - 5 0 6 .
78 .  300  FY  - l -50 .
7 9 . L 5 F X L 4 . 2 3
8 0 .  3 0 0  F x  8 . 5
8 L .  3 0 0  F z  1 L 5 s .
12. rt UNBALANCED VACInIM LOAD 0 TURBO
83. MEI.'BER LoAD
84 .  1  TO 4  UNr  Y  - l _3  .0
8 5 . L T O 4 U N I X 0 . 7 3
86. LOAD 6 DW+TH+SEIS-LAT
87 . .fOrNT LOAD
8 8 .  1 s  F Y - 5 0 2 .
8 9 .  3 0 0  F Y  - 1 5 0 .
9 0 .  1  5  F Z  1 4 . 2 3
9 1  .  3 0 0  F Z  8 . 5
9 2 .  3 0 0  F Z  1 1 5 5 .
93. :t UNBALANCED VACUutr LOAD € TURBO
94 . }{EMBER LOAD
9 5 .  l T O 4 U N r y - 1 3 . 0
9 5 .  l T O 4 U N r  2 0 . 7 3
97. TEUPERATURE LOAD

I D :
-- PAGE NO. 2

Process Systens Internatio
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86 & 87 I,TANI FOLD SUPPORT

98 .  I  TO I  300  TEMP 330 ,
99, LOAD 7 DW+VACT'I'},I+SEIS-LAT

100. irorN? LoAD
1 0 1  .  1 F X  2 9 5 0 0 .' . 0 2 .  1  s  F y  - 5 0 2 .
1 0 3  .  3 0 0  F Y  - 1 5 0 .
1 0 4 .  1 5 F Z  4 7 . 9 2 5
1 0 5 .  3 0 0  F Z  8 . 5
1 0 6 .  3 0 0  F Z  1 1 5 5 .
107. MEUBER LOAD
1 0 8 .  I T O 4 U N r Y - 1 3 . 0
1 0 9 .  ] . T O 4 U N r  2 O . 7 3
110. LOAD 8 THERMAL I'BAKEOUTII
111. TEUPERATT]RE LOAD
LLz. t  TO 8 300 TEMP 330.
113. PERFORM ANALYSIS

P R O B L E M  S T A T I S T I C S

NUMBER OF JOINTS/MEMBER+ELEMENTS,/SUppORTS =
oRIGINAL/FINAL BAND-WIDTH = L3/ 4
TOTAL PRIMARY LOAD CASES
SIZE OF STIFFNESS MATRIX =

L5 /  L7 /

8, TOTAL DEGREES OF FRESDOM
2160 DOUBLE PREC. WORDS

ID: Process
--  PAGE NO. 3

Systens Internatio

7 2

REQRD/AVAIL, DISK SPACE = L2.O5/ 485.6 UB, EXIIEM : !tB

1 0 :
1 0 :
1 0 :
1 0 :
1 0 :

L . 0 2

4 : 4 8
4  . 4 8
4 r 4 8
4 , 4 8
4 . 4 8

++
++

PROCESSING ELEMENT STIFFNESS I.IATRTX.
PROCESSING GLOBAL STIFFNESS I{ATRIX.
PROCESSING TRIANGULAR FACTORIZATION.
CALCULATING iIOINT DISPLACEI.IENTS.
CALCULATING MEMBER FORCES.

].14. PRTNT MATERIAL PROPERTIES ALL
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I{ATERIAL PROPERTIES.

\LL UNITS ARE - POUN

MEI.{BER E

-- PAGE NO. 4
ID: Process Systems Internat io

ALPHA

0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
0 . 0 0 0 0 0 9 1 9
o . 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
o . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
0 . 0 0 0 0 0 0 0 0
o . 0 0 0 0 0 0 0 0
o . 0 0 0 0 0 0 0 0
o . 0 0 0 0 0 0 0 0

1
2
3
4
5
6
7
I
9

1 0
1 1

1 3
L4
1 5

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

INCH

G

1 1 1 5 3 8 4 6 . 0
1 L 1 5 3 8 4 5 .  O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 .  O
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 9 4 6 . 0
1 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 .  O
1 1 1 5 3 8 4 6 . 0
r . r . 153846 .  O
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 1 1 5 3 8 4 6 . 0
1 1 1 5 3 8 4 6 , 0
1 1 L 5 3 8 4 6 . 0
1 1 , L 5 3 8 4 6 . 0

DEN

o .2a299999
o.2a299999
o .24299999
o.24299999
o.28299999
o .24299999
o.2a299999
o .28299999
o .24299999
o .28299999
o.28299999
o.2a299999
o .28299999
o .28299999
o .28299999
o .24299999
o .24299999

1 6
3 0 0

************ END OF DATA FROU INTERNAL STORAGE ************

115, PRTNT MEMBER INFORMATTON ALL
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MEMBER INFORMATION

-- PAGE NO. 5
fD: Process systens Internat io

T.IEMBER

1
2
3
4
5

6
7
o
9

t_o
1 1
I 2
1 3
1 4
1 5
1 6

3 0 0

START
.IOINT

END
JOINT

3
4
5

6
9

1-2
r 4

5
7
9

1 0
L 2
L 4
1 3
l 5

3 0 0

LENGTH
( rNcH )

2 0 . 0 0 0
3 2 . 7 5 0
l o  . 6 2 5
2 0 . 0 0 0
2 6  . 6 2 5
2 6  . 6 2 5
26 .625
26 .625

9 .  O O O
6 1 . 0 0 0

9 .  O 0 0
6t-  ,  o00
7 0 . 0 0 0
7 0 . 0 0 0
7  4  . 8 4 9
7  4  . 8 4 9
3 0  . 3 7  5

BETA
(DEG)

0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
o . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

9 0 . 0 0
9 0 . 0 0

0 . 0 0
0 . 0 0
0 , 0 0

.t

4

8
1 0
1 1
1 3
L 5

t 0
J

RELEASES

0000000  00111

0 0 0 0 0 0  0 0 0 1 1 1

0000000001_ l . t
00000000011 ,L

************ END OF DATA FROM INTERNAL STORAGE ************

116. PRINT JOINT COORDINATES ALL

Revision No. 0
Doc. No, V049-l{95
PaBe l2 of40



& 87 I{ANIFOLD SUPPORT

JOINT COORDINATES

ID: Process
-- PAGE NO. 6

Systens Internatio

:OORDINATES

JOINT

I
2
3
4
5
5
7
I
9

1 0
1 1
L 2
1 3
L4
l-5

300

ARE INCH UNIT

x
0 . 0 0 0

2 0 . 0 0 0
52 .750
63 .375
8 3 . 3 7 5
2 0 . 0 0 0
2 0 . 0 0 0
2 0 . 0 0 0
2 0 . 0 0 0
2 0 . 0 0 0
2 0 . 0 0 0
6 3 . 3 7 5
6 3  . 3 7  5
6 3 . 3 7 5
6 3 . 3 7 5
5 2  . 7  5 0

Y

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . o o o

- 9 . 0 0 0
-70 . ooo

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

z
0 . 0 0 0
0 .  ooo
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- 2 6 . 6 2 5
-26  .625
-26  .625

26 .625
26 .625
26 .625

-26 .625
- 2 6 . 6 2 5

2 6  . 6 2 5
26 .625

- 3 0 . 3 7 5

************ END OF DATA FROM INTERNAL STORAGE ************

117. PRINT SUPPORT INFORMATION ALL

SUPPoRT INFoRMATION (I=FIXED, o=RELEASED)

UNITS FOR SPRING CONSTANTS ARE

JOINT FORCE-Xi/ FORCE-Y/
i(FX KFY

POUN INCH DEGREES

FORCE-Z/ Uol.{-xl l.roM-Y/ MOM-Z/
KFz KMx KUY KI,!Z

I

1 1

1 3

l -5

1

1

1

1

1

1

1

1

t-

t

1

1

I

1

1

1

1

1

-l

I

1

.L

1

L

0 . 0

0 . 0

0 . o

o . o

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

o . o

0 . 0

o . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . o

Revision No. 0
Doc. No. V0{9-l-095
Paee l3 of ,t0



86 & 87 MANIFOLD SUPPORT -- PAGE NO. 7
fD: Process Systens lnternatio

Revision No. 0
Doc. No. V049-l-095
Pase l.l of 4()

************  END OF DATA FROM TNTERNAL STORAGE ************

.T18. PRINT ANALYSIS RESULTS
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ID: Process systens Internat io

JOINT DISPLACEMENT( INCH RADIANS ) STRUCTURE TYPE = SPACE

.INT

1

LOAD

1
2
3
4
5
6

X-TRANS

- 0 .  0 0 0 3 0
- 0 .  0 6 1 3  2

o . L 2 2 7 0
- o .  0 6 0 9 1

o . 1 2 3 1 1
- 0 . 0 6 1 3 1

o . 1 2 2 7 L
- 0 . 0 6 1 0 1
- 0 . 0 0 0 3 0
- 0 . 0 0 0 6 6
o  .  r 22L7

- 0 , 0 0 0 2 5
0 . 1 2 2 5 8

- 0 . 0 0 0 6 6
o . L 2 2 L 7

- 0 , 0 0 0 3 6
- 0 . 0 0 0 3 0

0 . 0 9 8 6 6
o  .  L22 )_7
0 . 0 9 9 0 7
0 . 1 2 2 5 8
0 . 0 9 8 5 6
o .12277
0 . 0 9 8 9 6

- 0 . 0 0 0 3 0
0 . 1 3 0 8 8
o  .  L 2 2 r 7
0 . 1 3 1 2 9
o .12258
0 . 1 3 0 8 8
o . I 2 2 I 7
o  .  1 3 1 1 8

- o . 0 0 0 3 0
0 . 1 9 L 5 3
o .722 !7
0 .  L 9 L 9 4
o .7225A
0 . 1 9 1 5 3
o  .  r 2 2 L 7
0 . 1 9 1 8 4

- 0 . 0 0 0 3 3
0 . 0 0 2 4 1
0 . 0 8 2 9 9
0 . 0 0 2 7 0
0 . 0 8 3 2 8
0 . 0 0 2 5 6
o .  08324

- 0 , 0 0 0 2 4

Y-TRANS

- 0 . 0 0 1 5 5
- 0 .  o o 1 5 9

0.  or .o4B
-0 .001s5

o .  0 1 0 5 2
- 0 . 0 0 1 5 8

0 . 0 1 0 4 8
- 0 . 0 0 0 0 4
- 0 . 0 0 1 7 6
- 0 . 0 0 1 7 8

0 . 0 0 6 4 7
- 0 . 0 0 1 7 5

0 . 0 0 5 5 0
- 0 . 0 0 1 7 8

0 .  0 0 5 4 8
- 0 . 0 0 0 0 2
-o  .  oo222
-o .  oo222
- 0 . 0 0 0 2 0
-o  .  oo222
- 0 . 0 0 0 2 0
-o .oo222
- 0 . 0 0 0 1 9
- 0 . 0 0 0 0 1
- 0 .  o 0 2 3 6
- 0 . 0 0 2 3 6
- 0 . 0 0 2 3 5
- o . 0 0 2 3 6
- 0 . 0 0 2 3 5
- 0 . 0 0 2 3 5
- 0 . 0 0 2 3 5

0 . 0 0 0 0 0
- 0 . 0 0 2 7 0
- o . 0 0 2 6 9
- o . 0 0 6 5 0
- 0 . 0 0 2 ? 0
- o . 0 0 6 5 1
- 0 . 0 0 2 5 8
- 0 . 0 0 6 4 9

0 . 0 0 0 0 1
- 0 . 0 0 0 2 2

0 . 0 0 0 0 5
0 . 0 0 8 3 0
0 . 0 0 0 0 7
0 . 0 0 8 3 3
0 . 0 0 0 0 6
0 . 0 0 8 3 3

- 0 .  ooo02

Z-TRANS

0 . 0 0 0 0 3
o . 0 8 8 9 7
0 , 0 8 8 9 7
o . 0 8 8 9 3
o .  o 8 8 9 3
0 . 0 9 6 5 6
0 . 1 0 1 9 7
0 . 0 0 0 0 0
o . 0 0 0 0 1
o .09237
o .09237
0 . 0 9 2 3 5
0 . 0 9 2 3 5
0 . 1 0 0 2 2
0 . 1 0 5 5 5
o . 0 0 0 0 0

- 0 . 0 0 0 0 2
o .  09808
0 . 0 9 8 0 8
0  .  09812
0  . 0 9 8 1 2
0 . 1 0 6 2 3
0 . 1 1 L 8 5
0 . 0 0 0 0 0

- 0 . 0 0 0 0 4
0 .  0 9 9 8 9
0 . 0 9 9 8 9
o . 0 9 9 9 4
0 , 0 9 9 9 4
0 . 1 0 8 1 4
0 .  t _ l3  81
o .  0 0 0 0 0

- 0 . 0 0 0 0 5
0 . 1 0 3 3 1
0 . 1 0 3 3 1
0 . 1 0 3 3 9
0 . 1 0 3 3 9
0 . 1 1 1 7 4
0 . 1 1 7 5 3
0 . 0 0 0 0 0
o . 0 0 0 0 1
0 . 0 1 1 6 1
o .09232
0 . 0 1 1 6 0
0 . 0 9 2 3 1
0 . 0 1 9 4 7
0 . 1 0 5 5 9

- 0 . 0 8 0 7 0

X.ROTAN

- 0 .  o 0 0 0 1
0 .  o o o 0 0
0. ooooo
o .  oo000
0. oooo0
o . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 .  0 0 0 0 1
o. ooooo
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 L
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  ooo00

-0.  ooool
0 .  oo000
0.  ooooo
0 . 0 0 0 0 0
0 .  o o o 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 .  o 0 0 0 7
0 . 0 0 0 0 9
0 . 0 0 0 0 9
0 . 0 0 0 0 9
0 . 0 0 0 0 9
0 . 0 0 0 0 9
0 . 0 0 0 0 9
0 . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 0 0
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- o . 0 0 0 1 8
- 0 .  ooo18
o .00000
o .  ooo00

- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 8

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

-o.oooL7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 9

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

- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 9

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

- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 .  o 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 8
- 0 . 0 0 0 1 9
0 ,  oooo0
0 . 0 0 0 0 0

-o  .  oool0
0 . 0 0 1 8 8

- 0 . 0 0 0 1 0
o . 0 0 1 8 9

- 0 . 0 0 0 1 t
0 . 0 0 1 8 7

-0 .  00001

Z.ROTAN

- 0 . 0 0 0 0 L
- 0 .  o 0 0 0 1
- o . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0

0 . 0 0 0 0 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 .  o o 0 0 1
- 0 . 0 0 0 2 0

0 . 0 0 0 0 0
- 0 . 0 0 0 0 1
- 0 .  0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0

0 , 0 0 0 0 0
- 0 . 0 0 0 0 1
- 0 .  o o 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 ,  ooo20

0 . 0 0 0 0 0
- 0 . 0 0 0 0 1
- 0 .  o 0 0 0 1
-o  .  ooo20
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 1
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0

0 . 0 0 0 0 0
- 0 .  o 0 0 0 1
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
0 .  ooooo

7
I
1
2
3

5

7
8
1

J

4
5
6

6

L

2

5
o
7
I
1

5
6
7
I
.t-

2
3
4
5

6
7
I
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iIOINT DISPLACEI,IENT ( INCH RADTANS )

-- PAGE NO. 9
fD: Process Systens Internatio

STRUCTURE TYPE = SPACE

,INT

7

LOAD

L
2
3
4
5

6
7
I
1
2
J

4
5

6
7
I
1
2
J

4
5
6
7
I
1
2
J

4
5
6

I
1
2
3

5
6
7
I
1

2
3

5
6
7
8

L O

X-TRANS

- o  .  o o o 2 7
0 .  o 0 0 8 2
0 . 0 3 3 3 r .
o . 0 0 0 9 4
0 . 0 3 3 4 3
0 . 0 0 0 8 9
0 . 0 3 3 4 2

- 0 . 0 0 0 0 9
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o o o 0 0
0 ,  o o o o 0
o . 0 0 0 0 0

- o . 0 0 0 2 8
- 0 . 0 0 3 4 9

o . o 7 7 0 9
- 0 . 0 0 3 2 4

o , 0 7 7 3 3
- 0 . 0 0 3 6 4

o . 0 7 6 a 4
- 0 . 0 0 0 2 4
- 0 . 0 0 0 2 3
- 0 . 0 0 1 5 1

0 . 0 3 0 9 8
- o , 0 0 L 4 1

0 . 0 3 L o 7
- 0 . 0 0 1 5 7

o .  0 3 0 8 8
- 0 . 0 0 0 0 9

o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 3
0 . 1 3 5 3 0
0 . 1 2 6 6 0
0 . 1 3 5 7 5
o . L 2 7 0 5
0  .  13554
0 . 1 2 7 0 0
0 . 1 3 1 0 6

Y-TRANS

- 0 .  o o 0 1 9
0 . 0 0 0 0 8
0 . 0 0 8 3 3
0 . 0 0 0 1 1
0 . 0 0 8 3 6
o . 0 0 0 0 9
0 . 0 0 8 3 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 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 1 9
- 0 . 0 0 0 5 0
o . o o 7 7 5

- 0 . 0 0 0 4 8
o . o o 7 7 8

- 0 . 0 0 0 5 2
o .oo??3

- 0 . 0 0 0 0 2
- 0 . 0 0 0 1 6
- 0 . 0 0 0 4 8
o . o o 7 7 a

- 0 . 0 0 0 4 6
0 . 0 0 7 8 0

- 0 . 0 0 0 5 0
o . o o 7 7 5

- 0 . 0 0 0 0 2
0 ,  ooo00
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 7 4
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- 0 . 0 0 0 6 9
- o . 0 0 0 6 9
- 0 . 0 0 0 6 9

0 . 0 0 0 0 0

Z-TRANS

0 . 0 0 0 0 1
o . 0 0 9 4 6
0 . 0 7 5 1 8
o .  o 0 9 4 5
o .o75 r7
o . 0 1 5 8 5
o . 0 8 5 9 9

-o .06572
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  oooo0
0 . 0 0 0 0 t
o . L 7 3 0 2
o.09232
0 . 1 7 3 0 1
o . 0 9 2 3 1
0 . 1 8 0 8 8
o.  r .0559
0 . 0 8 0 7 0
0 . 0 0 0 0 1
0 . 1 4 0 9 0
0 . 0 7 5 1 8
o .  1  4 0 8 9
o . 0 7 5 L 7
o . 1 4 7 2 9
0 . 0 8 5 9 9
0 . 0 5 5 7 2
0 . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
o .  ooo00
0 . 0 0 0 0 0
o .  ooo00
0 . 0 0 0 0 0
o .  oo000

-o .  oo004
0 . 0 1 9 1 4
o .  0 9 9 8 8
0 . 0 1 9 1 9
0 . 0 9 9 9 3
o.o2739
0 . 1 1 3 8 0

- 0 . 0 8 0 7 4

X-ROTAN

0 . 0 0 0 0 0
0 .  ooo23
0 . 0 0 1 8 5
0 .  ooo23
0 . 0 0 1 8 6
o . 0 0 0 3 9
o .oo2r2

- 0 . 0 0 1 6 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 7
-0 ,  ooo05
-0.  ooooS
-0 .  o0006
- 0 . 0 0 0 0 6
- 0 . 0 0 0 0 5
- 0 . 0 0 0 0 6

0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 3 4 8
0 . 0 0 1 8 6
0 . 0 0 3 4 8
0 . 0 0 L 8 6
0 . 0 0 3 6 4
0 . 0 0 2 1 2
0 . 0 0 L 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 .  ooooo
0 . 0 0 0 0 8
0 . 0 0 0 0 8
0 .  ooooS
0 . 0 0 0 0 8
o. ooooS
0 . 0 0 0 0 8
0 . 0 0 0 0 8
0 . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 3
0 . 0 0 0 2 2
0 . 0 0 0 0 3
0 . 0 0 0 2 2
0 .  o o o 0 5
0 . 0 0 0 2 5

- 0 . 0 0 0 1 9
o. oooo0
o . 0 0 0 0 0
o .  ooo00
o . 0 0 0 0 0
o .  0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 9
- 0 . 0 0 2 0 7
- 0 . 0 0 0 1 0
- 0 . 0 0 2 0 8
- 0 . 0 0 0 1 0
- 0 . 0 0 2 0 8

0 . 0 0 0 0 1
o . 0 0 0 0 0
0 . 0 0 0 4 1
o . 0 0 0 2 2
0 . 0 0 0 4 1
0 . 0 0 0 2 2
0 . 0 0 0 4 2
0 . 0 0 0 2 5
0 . 0 0 0 1 9
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 1 7
- 0 .  o 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 t  8

o . 0 0 0 0 1

Z-ROTAN

0.  ooool
- 0 . 0 0 0 1 3
- 0 . 0 0 4 0 2
- 0 . 0 0 0 1 4
- 0 . 0 0 4 0 4
- 0 .  o o 0 1 3
- o . 0 0 4 0 3

0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 1
-0.  ooool
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
-0 .  ooool
- 0 . 0 0 0 2 0

0 . 0 0 0 0 0
0 .  oooo l
0 . 0 0 0 1 6

- 0 .  o o 3  7 3
0 . 0 0 0 1 5

- o .  o 0 3 7 5
0 . 0 0 0 L 7

- 0 . 0 0 3 7 2
0 . 0 0 0 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 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 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
-0 .  ooool
- 0 . 0 0 0 2 0

0 . 0 0 0 0 0

1 1
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Rer ision No. 0
Doc. No, V049-l -095
Paee 16 of4o



86 & 87 MANIFOLD SUPPORT

JOINT DISPLACEMENT(INCH RADIANS )

--  PAGE NO. 10
ID: Process systens Internat io

STRUCTURE TYPE = SPACE

rINT

1 3

,o0

LOAD

3
4
5

6
7
8
1

3
4
5
6
7

L

3
4
5

6
7
o
1

2
3
4
5
6
7
I

X-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 0 0 0
0 .  ooo00
0 . 0 0 0 0 0
o .  o o 0 0 0

-0 .  ooo28
o . 1 2 6 2 r
o . 1 1 7 5 0
o . 12557
o . L t 7 8 7
o .72597
0  .  t -  1711
0 . 1 3 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 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 3 3
0 . 1 0 3 8 5
o . L 2 7 3 6
0 . l - 0 4 3 4
o . r 2 7 a 5
o  .  L 0 4 L 2
o . r 2 7 a L
0 , 0 9 8 9 6

Y-TRANS

0 . 0 0 0 0 0
0 , 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 ,  o o 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 6 5
- 0 . 0 0 0 7 0
- 0 . 0 0 0 7 0
- 0 . 0 0 0 7 0
- 0 . 0 0 0 7 0
- 0 . 0 0 0 7 0
- o . 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 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 3 0 2
- 0 . 0 0 2 8 4
- 0 . 0 0 0 8 L
- 0 . 0 0 2 8 3
- 0 . 0 0 0 8 0
- 0 . 0 0 2 8 2
- 0 . 0 0 0 7 9
- 0 . 0 0 0 0 1

Z-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o , 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 4
0 . 1 8 0 6 1
0 . 0 9 9 8 8
o . 1 8 0 6 7
o . 0 9 9 9 3
0 . 1 8 8 8 6
0 . 1 1 3 8 0
0 . 0 8 0 7 4
o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o .  0 0 0 0 0
0 . 0 0 0 0 0
o .  0 0 0 0 0
0 . 0 0 0 0 0

- o . 0 0 0 0 2
0 . 0 9 8 2 4
0 . 0 9 8 2 4
o . o 9 a 2 7
o . 09427
0 . 1 0 6 3 9
0 . 1 L 2 0 1 -
0 . 0 0 0 0 0

X-ROTAN

o . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 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 0 8
-0.  ooooE
- 0 . 0 0 0 0 8
- 0 .  o 0 0 0 8
- 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 .  o o 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 3
- o . 0 0 0 0 3
- o . 0 0 0 0 3
- 0 . 0 0 0 0 3
- 0 . 0 0 0 0 3

0 . 0 0 0 0 0

Y-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
o . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
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 1 8
- 0 . 0 0 0 1 8
- 0 , 0 0 0 1 9
- 0 . 0 0 0 1 9
- 0 . 0 0 0 0 1

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 o 0 0 0

- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- 0 . 0 0 0 1 7
- o . 0 0 0 1 7
- 0 . 0 0 0 1 8
- o . 0 0 0 1 9

0 . 0 0 0 0 0

Z-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 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 2 0
- 0 .  o 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
0 .  ooo00
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 0 r .
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 . 0 0 0 2 0
- 0 . 0 0 0 0 1
- 0 .  o o 0 2 0

0 . 0 0 0 0 0
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86 & B7 IIIANI FOLD SUPPORT

SUPPORT REACTIONS -UNIT POUN INCH STRUCTURE TYPE = SPACE

LOAD FORCE-X FORCE.Y FORCE-Z l,roM-x MOI{-v !{oM z

-- PAGE NO. 11
ID: Process systens Internatio

,INT

8

1 1

1  1 . 2 7  5 8 5 . 5 3  - O . O 2  - 1 - 5 3  - 0 . 0 6  - 7 7 . 3 0

2  5 5 . ? 3  - 2 2 9 . L 3  - 4 2 . A 2  - 2 6 7 2 . 7 3  - 1 0 8 . 5 9  ' 9 5 0 . 4 9

3  L642 .93  -25Ls2 .56  -340 .41  -21245 .50  -A63 .22  -26588 .51

4  5 1  . s L  - 3 r 9 . 6 4  - 4 2 . 7 A  - 2 6 7 0 . L 9  - 1 0 8 . 4 9  - 1 0 5 3 . 8 2

5 1648.69 *ZL2LZ'J:9.  -340.37 -21243.L2 -863.12 --2668J'--5j .  <- : i t !7 '
6  5 A . 7 7  - 2 1 6 . 8 5  - 7 L . ? 9  - 4 4 A 0 . 4 6  - 1 8 2 . 0 4  - 1 0 0 9 . 5 0

.?- .  - .  L-647.s4 -25299.92 -382.?9 -?*1Q-9--2e -e87.34 -2666e'-9L' '  tL l . ldo
8  - 4 . 6  3  7 2 . e  : ' 8 6
1  1 . 0 6  4 9 2 . A 5  - O . O 2  - 1  . 5 3  - 0 . 0 6  - 6 4 . 8 6

2  - 6 2 . 6 8  1 4 5 3 . 5 4  - 6 3 8 .  O O  - 3 9 8 1 8 . 1 2  - L 6 L 7  . 8 4  9 6 4 . 2 5
3  !524 .52  -23509 .sL  -340 .4L  -2L245 .5L  -A63 .22  -24659 .79

4  - 5 7 . 9 3  1 3 7 8 . 4 4  - 6 3 7 . 9 5  - 3 9 8 1 5 . 5 8  ' L 6 L 7  - 7 3  8 9 1  . 5 5
5  1 5 2 9 . 2 5  - 2 3 5 A 4 . 7 6  - 3 4 0 . 3 ?  - 2 L 2 4 3 . 7 3  - 8 6 3 . 1 2  ' 2 4 7 3 6 . 2 2

6  -65 .73  r4s7  .34  -Se5- -96  -41€ -2 -5 .8 -5  -1691 .28  1017 .94
7  r s l s .50  -23436 .52  -389 .36  -243OO.28  ' 987 .34  -24578 .16+  l \ 5q3 ' i
8  - 4 . 6 4  ? 2 . 9 2  - 2 s 7 . 5 9  - L A 5 7 2 . 7 7  - 7 5 4 - 6 2  7 4 . 8 7
1  - 1 . 3 3  5 2 2 . s 7  0 .  0 2  1 . 5 3  - O . 3 7  - 7 L . 2 0

'  2  - 6 0 5 . 5 8  1 4 3 7  . 6 3  - 3 6 . 3 0  - 2 A 6 6 . L 9  - 6 4 8 . 2 2  2 2 0 4  . 5 0
3  -L6g42 .ga  26401  .06  -237 .O9  - r9L79 .50  -5752 .73  -22448 .73

4  -665 .3L  1528 .14  -36 .34  -286A.44  -647  -6L  2125 .74
5  =L -2 -os2 - . -4? -  2649L .2a  -237  .L3  -19L81 .88  -5152  '  15  -22527  ' 20
6  4 - 7  . 0 6  1 4 8 1 . 3 5  - 5 6 . 2 3  - 4 4 8 0 . 9 8  - 1 0 8 6 . 6 6  2 1 6 3 , L 4
7  - L 6 9 9 4 . 7 7  2 6 4 7 4 . 4 3  - 2 ? O . 7 5  - 2 1 9 0 ? . 2 0  - 5 8 9 3 . 6 1  ' 2 2 5 7 7  - O 2

1 3

1 5
I
1
2
.'
4
f,

6

IJ

4 . 6 5  - 7 2 . 8 6  2 0 0 . 7 A  1 6 3 1 3 . 1 5  4 5 0 4  .  4 6  3 0 8 3  . 9 4
-o .37  -59 .760 . 0 2  1 . 5 3- 1 . 0 1  5 4 4 . 5 2

6 L 2 . 8 6  - 4 1 5 . 1 6  - 4 3 7 . 8 7  - 3 5 4 9 2 . 6 A  ' 9 6 5 7  - L 9  3 8 3 2 . 6 8
- I 5 7 2 4 . 4 6  2 4 5 4 7  . 2 A  - 2 3 ?  . 0 9  - 1 9 1 7 9 . 5 0  - 5 L 5 2 . 7 3  - 2 0 a 2 0 . 5 7

5 6 3 . 8 1  - 3 4 1 .  0 6  - 4 3 7  . s L  - 3 5 4 9 4  . 9 3  - 9 6 5 6 . 5 8  3 7 6 7  - 9 7
- 1 5 ? 7 3 . 3 5  2 4 6 2 2 . L 4  - 2 3 7 . r 3  - 1 9 1 8 1 . 8 8  - 5 1 5 2 . 1 5  - 2 0 8 8 5 . 0 6

644.2a -463.96 -457.ao '37LO7.4a : .1-0995:-6,3.  3874'58
-15672 .73  2446s .A9  -270 .75  -2 !907 .20  -5893 .61  -20751-79

4 . 7 0  - 7 2 . 9 2  - 2 0 0 . 7 9  - 1 6 3 1 3 . 3 3  - 4 5 0 4 . 5 0  3 0 8 4 . 0 0
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86 & 87 MANIFOLD SUPPORT

I,IEMBER END FORCES STRUCTURE TYPE = sPAcE

lLL UNITS ARE -- POUN INCH

ID: Process
-- PAGE NO. L2

systerns Internatio

MEMBER

I

TORSION

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 0
0 . 0 0
0 . 0 1

- 0 . 0 1
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

24A7  . ! a
- 2 4 A 7 . ! 8

4 6 5 3 . 0 6
- 4 6 5 3 . 0 6

4 5 5 3 . 0 4
-4553  .  04

4 6 7 r . 4 5
-4671 .45

4 6 7 r . 7 8
-4677 .74

4764 .70
-4764 .70

4A36 .97
-4836 .97

0 , 0 8
- 0 . 0 8

-2069.O7
2069 .07

9 6 . 8 1
- 9 5 . 8 1

9 6 . 7 8
-96 .74
1 1 5 . 5 2

- 1 1 5 . 5 2
1 1 5 . 5 4

- 1 1 5 . 5 4

l,loM-Y

0 . 0 0
0 .  o o
2 . 2 4

-o .L?
- 0 . 9 9
- o . 7 4

1 . 3 0
- o . 22
- 0 . 3 8

0 . 5 8
2 . 4 7

- 4 2 9 . 3 0
- 1  . 0 5

- 1 r . 0 4 . 6 1
- o . ! 7
- 0 . 0 5

3  . 4 4
- 1  . 1 8

2 9 2 L O  . 4 4
2 L 7 0 . O O

2 9 2 L O . 9 0
2L69 .66

29464  .64
1 9 L 3 . 4 3

29463 .92
1 9 1 3 . 4 9

3 1 1 4 7 . 0 1
1 5 5 9 . 0 9

32795 .  07
659 .26

o . 7 3
0 . 0 7

1 . 1 8
- o  . 4 4

-2L68.35
8 1 . 8 4

-2L6A.57
7 9 . 7 4

-2L69.55
7 4 . 9 5

- 2 r 7  0  . 6 L
7 5 . 4 2

l,lolr{- Z

- 0 . 0 1
- L 2 7 2 0 . O O

0 . 0 3
- L 2 7 2 0 . O 2

- o . 25
-12779 .67

o . 0 2
-12720.OL

0 . 1 9
- 1 2 7 t 9 . 9 L

- o . 02
-12639.99

o . 0 9
- !2639 .99

- 0 . 0 1
o . 0 0

72720 .03
-9254 .86
127L9 .98
-9254 .45
1 2 ? 2 0 . 2 5
-9255 .O4
!2720 .OO
-9254 .84
727]-9.96
-9254 .80
72640 .02
- 9 L 7  4  . 8 5
1 2 6 3 9 . 8 5
- 9 1 7 4 . 8 5

o . 0 0
0 . 0 1

9254 .93
- r 2 7  L 9  . 9 9

9254 .94
- L 2 7  L 9  . 9 4

9254 .42
- t 2 7 L 9 . 9 2

9254 .86
-12720.OO

9254 .44
- r 2 7  2 0  . 2 2

LOAD JT AXIAL SHEAR-Y SHEAR-Z

5

L  0 . 0 0
2  0 . 0 0
L  - 0 . 4 9
2  0 . 4 9
r  29499 .69
2  -29499 .69
1  1 3 . 6 7
2  - 2 4 . 3 2
1  2 9 5 1 4 . 3 6
2 -29528 .96
1  - 0 . 7 3
2  0 . 7 3
r  29499 .56
2 -29499 .56
L  O . 2 4
2  - O . 2 4

2  - O . 2 0
3  0 . 2 0
2  8 5 . 4 5
3  - 8 5 . 4 5
2  8 0 . 0 6
3  - 8 0 . 0 6
2  L 6 . 6 0
3  - 4 0 . 5 3
2  1 1 . r . 8
3  - 3 5 . 0 9
2  4 5 . 6 9
3  - 8 5 . 6 9
2  8 0 . 1 9
3  - 8 0 . 1 9
2  8 6 . 4 3
3  - 8 6 . 4 3

3  - 0 . 2 0
4  0 . 2 0
3  8 5 . 9 4
4  -45 .94
3  4 0 . 7 6
4  -40 .76
3  5 0 .  0 5
4  - 5 7 . A 6
3  4 3 . 7 5
4  - 5 1 . 5 0

- 5 0 6 .  O O
7  6 6  . O O

- 5 0 6 .  O O
7 5 5 . 0 0

- 5 0 5 . 9 9
7 6 5 . 9 9

- 5 0 6 .  O O
7 5 6 . 0 0

- 5 0 6 .  O O
7 6 6 . 0 0

- 5 0 2 .  O O
7 6 2 . O O

- 5 0 2 .  O O
7 6 2 . O O

0 .  o o
0 . 0 0

3 1 8 . 6 8
L O 7 . O 7
3 1 8  ,  6 8
L O 7 . O 7
3 1 8 . 6 8
L O 7  . 0 7
3 1 8 . 5 8
L O 7 . 0 7
3 1 , 8  ,  6 8
L O 7 . O 7
3 1 8 . 6 8
LO7 . 07
3 1 8 . 5 8
L O 7 . 0 7

0 . o o
0 .  o o

- 2 5 7  . 0 6
3 9 5 . 1 9

- 2 5 7  .  0 6
3 9 5 . 1 9

- 2 5 7 . O 7
3 9 5 . L 9

- 2 5 7 . 0 7
3 9 5 . 2 0

-257 .O7
3 9 5 . 1 9

0 . 0 0
0 . 0 0

- o . 1 2
o . L 2
0 . 0 9

- 0 . 0 9
- 0 . 0 5

0 . 0 5
0 . 0 0
0 . 0 0

1 4 . 0 6
-24  .66

4 8 . 0 1 .
- 6 2  , 6 L

- 0 . 0 i -

- 0 . 0 7
0  . 0 7

-954 .26
9 5 4  . 2 5

- 9 5 8 . 1 8
9 5 8 . 1 8

- 9 5 8 . 1 6
9 5 8 . 1 6

- 9 s 8 . 1 3
9 s 8 . 1 3

- 1 0 1 0 . 9 5
9 8 7 , 0 4

- 1 0 3 3 . 4 7
1 0 0 9 . 5 7

- 0 . 0 2
o . o 2

- 0 .  0 7
o . 0 7

196 .52
- 1 9 6 . 5 2

196 .52
-796 .52

1 9 5 . 5 4
- 1 9 5 . 5 4

1 9 7 . 0 5
-197  .  05
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86 & 87 !,IANIFOLD SUPPORT

MEMBER END FORCES STRUCTURE TYPE = SPACE

\LL UNITS ARE

MEMBER I,OAD

-- POUN INCH

ID: Process

AXIAL SHEAR-Y SHEAR-Z TORSION

-- PAGE NO. 13
systems fnternatio

Ir{Ol,l-Y uo!,t-z

2 0 a . 4 5  - L 5 6 7 . 4 5  9 L 7 4 . a 6
-20a.45 -346.29 -L2639.94

280 .72  -659 .24  9 I74 .43
-2ao .72  -1017 .70  -L2639 .70

o .  0 8  - 0 . 4 4  - 0 . 0 2
- 0 . 0 8  0 . 6 1  0 . o 2

8 5 , 9 4  - 2 5 7 . O 7  L 7 6 . 3 2
- 8 5 . 9 4  3 9 5 . 1 9  - r A 4 . O 7

a r . 7 5  - 2 5 7 . 0 7  1 5 3 . 9 3
- 8 1 . 7 5  3 9 5 . 1 9  - 1 6 1 . 6 9

a 7  . 4 0  0 . 0 0  - 0 . 0 2
- 8 7 . 4 0  0 .  O O  0 . 0 2

JT

J

4
3
4
3
4

4
5

f,

5
4
5
4
f,

4
5
4
5

5

2
6
2
6

6

6

6
2
o

2
6

2
9

9
2
9

0 .  o o
0 . 0 0
o .  o o
o . 0 0
o . 3 4

- 0 . 3 4
- 2 9 . 3 0

1 4 . 6 5
- 2 8 . 1 3

1 3  . 5 3
- o . 7 3

o . 7 3
r  . 4 5

- L . 4 5
0 . 9 8

- 0 . 9 8

7 5 5 . 0 0  0 . 0 0
- 5 0 5 .  O O  0 .  O 0

7 6 6 . O L  - 0 . 0 4
- 5 0 6 .  0 1  0 . 0 4

7 6 6 . 0 1  0 . 0 7
- 5 0 6 .  0 1  - 0  . 0 7

7 6 5 . 9 9  - 0 . 1 9
- 5 0 5 . 9 9  0 . 1 9

7 6 6 . O O  - 0 . 0 2
- 5 0 6 .  O 0  0 . 0 2

7 6 2 . O O  - 2 A . 9 3
- 5 0 2 . 0 0  1 4 . 3 3

7 6 2 . O O  - 6 2 . 4 2
- 5 0 2 . 0 0  4 7  . 4 2

o .  o o  - 0 . 0 2
0 .  o 0  0 . 0 2

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

- 6 0 . 2 4  - 6 2 9 . 7 2  5 0 5 . 5 2
6 0 . 2 4  6 2 9 . 7 2  - 5 0 5 . 5 2

- 4 7 9 . ! 5  - 6 2 9 . 7 2  1 5 2 5 8 . 5 0
4 7 9 . r 5  6 2 9 . 7 2 - L 5 2 5 a . 5 0
- 6 0 . 2 4  - 6 3 0 . 0 7  5 5 9 . 2 2

6 0 . 2 4  6 3 0 . 0 7  - 5 5 9 . 2 2
- 4 7 9 . O 5  - 6 3 0 . 0 7  1 5 3 1 2 . 0 1

4 7 9  . 0 5  6 3 0 . 0 7 - 1 5 3 1 2 .  0 1
- L 0 1 . 0 7  - 6 2 9 . A 2  5 3 3 . 7 A

1 0 1 . 0 7  6 2 9 . A 2  - 5 3 3 . 7 A
- 5 4 7  . 9 6  - 6 3 1 . 1 7  1 5 3 0 5 . 0 7

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

- 4 L 8 . 8 2  0 . 0 0  4 3 .  0 6

0 . 0 3  - 4 9 5 . 6 3  - 0 .  0 3
- 0 . 0 3  4 9 5 . 6 3  0 .  0 3

897  .A9  -454  .96  59L .62
- 8 9 7 . 8 9  4 5 4 . 9 6  - 5 9 L . 6 2

4 7 9 . 0 7  - 4 5 4 . 9 6 - 1 4 1 5 1 . 3 6
- 4 7 9 . O 7  4 5 4 . 9 6  1 4 1 5 1  . 3 5

o.oo-406257 .4L
0 .  o o  - 0 .  0 8
0 . 0 0  - 1 4 8 8 9 . 2 5
0 .  o 0  0 . 0 0
0 . 0 0 - 4 0 7 6 8 2 . 3 1
0 .  o o  - 0 .  0 4
0 . 0 0  - 1 4 2 1 1 . 9 0
0 .  o 0  0 . 0 0
0 .  0 0 - 4 0 7 4 9 7  . 5 0
0 .  o o  - 0 . 0 5
0 . 0 0  1 1 4 6 . 4 1
0 .  o o  0 . 0 0

0 . 0 0  0 . 9 2
o .  o o  0 .  o o
0 , o o  - 1 5 7 5 1 . 9 2
o .  o o  - 0 .  0 7
0 . o o  3 7 7 0 4 6 . 1 9
0 .  o o  0 . 0 2

- 0 . 0 1  0 .  o o
o . 0 1  0 . 0 0
o . 0 1  - 0 . 4 5

- 0 . 0 1  0 . 4 5
0 . 0 1  - 2 . 7 3

- 0 . 0 1  0 . 3 7
0 . 0 1  - 0 . 0 9

- 0 . 0 1  2 . 9 9
0 . 0 0  1 . 4 9
0 . 0 0  0 . 3 1

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

- 0 . 0 L  - L . 2 0
0 , 0 0  - 0 . 0 3
0 . 0 0  0 . 3 3

0 . 0 0  : 4 . 3 6
0 .  o o  0 . 0 0
0 . 0 0  - 1 3 4 5 9 . 4 6

12720 .OL
0 . 0 1

L2720.04
0 . 0 6

L2720 .L t
0 . 0 3

L 2 7 r 9 . 9 2
- 0 .  0 4

L 2 7 L 9 . 8 9
0 . 0 6

L2639 .96
0 . 0 6

t2640 .13
- 0 .  1 0
o . o 2

- 0 . 0 1

- 1 5 6 8 3 . 4 0
0 .  0 0

- 1 6 7 6 6 . 3 4
o . 0 0

- L 6 7 6 6 . 3 3
0 . 0 0

- 1 6 7 7 5 . 7 4
0 . 0 0

- 1 6 7 7 5 . 6 8
0 . 0 1

- L 6 7 6 8 . 9 r
0 . 0 0

- 1 6 8 0 5 . 0 3
0 . 0 1

- 0 . 0 5
o .  o o

- r3 t96.22
o . o o

-L2rr3.28
o . o 0

- 1 2 1 1 3 . 3 0
- 0 . 0 1

0 . o o 0 . 0 0
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86 & 87 }.{AN I FOLD SUPPORT

UEMBER END FORCES STRUCTURE TYPE = SPACE

lLL UNITS ARE -- POIJN INCH

MEMBER I.OAD

-- PAGE NO. T4
ID: Process Systens Internatio

JT

2
9

9
2
9
2
9
z
9

AXIAL

897 .  A9
-497 .89

479  .  L3
- 4 7 9 . L 3

938  .7  2
-938 .72

5 4 8 .  0 4
- 5 4 8 . 0 4

4 1 8 . 8 2
- 4 1 8 . 8 2

0 . 0 3
- 0 . 0 3

- 1 8 . 8 5
1 8 . 8 6

- 9 8 . 3 4
9 8 . 3 4

- L 8 . 9 2
! 8  . 9 2

- 9 8 . 4 3
9 8  . 4 3

- 2 7 . O 4
2 7 . O 4

- 1 L 2 . 1 0
1 1 2 . r - O

7 9  . 4 7
- 7 9 . 4 7

- 0 .  0 3
o . 0 3

L 7 7 . 9 A
- L 7 7 . 9 8

9 8 . 4 9
- 9 8 . 4 9
L 7 7 . 9 A

- L 7 7 . 9 8
9 8 . 5 0

- 9 8 . 5 0
1 8 6 . 0 4

- 1 8 6 . 0 4
1 1 2 . 1 0

- 1 1 2 .  L 0
7 9 . 5 3

- 7 9 . 5 3

5 8 9 . 0 5
- 5 8 9 . 0 5

TORSION

0 . o o
o . 0 0
0 .  o o
0 . 0 0
0 . 0 0
0 . o o
0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 .  o 0
0 . 0 0
0 . o o
0 . 0 0
0 .  o o
0 . o o
0 .  o 0
0 . 0 0
0 . 0 0
0 .  o 0
o . 0 0
o . 0 0
0 . 0 0

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
o . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . o o
0 . 0 0
0 . o o

0 .  o o
o .  o o

!.{oM-v

-14575.96
- 0 . 1 6

3742L8.4r
0 . 0 2

- 1 6 5 0 5 . 4 8
- o . 24

3 7 5 8 0 6 . 1 3
0 . 1 1

- 1 1 4 7 . 1 0
0 . 0 4

2 . 8 7
0 . 0 0

- 1 1 8 2 . 9 1
0 . 0 6

- 1 1 0 5 . 9 3
.  0 . 0 1

- 1 1 8 6 . 8 0
0 . 1 1

- 1 1 1 0 . 7 8
o . o 7

- 1 1 8 5 . 0 6
o . 0 t -

- 1 1 1 0 . 1 9
0 . 1 4

- 1 1 4 5 . 7 8
0 . 0 4

- 2  . 4 2
0 . 0 0

1 1 0 3 . 7 0
o . 2 6

L O 2 7 . 3 6
0 . 0 8

1 1 0 5 . 6 8
0 . 0 5

1 0 3 0 . 6 0
0 . 0 5

1 1 0 1  . 2 8
- 0 .  0 8

1 0 2 4 . 0 7
0 . 1 4

TT46 .L2
o . 2 5

0 . 3 1
o . o 0

uol!-z

- 1 2 1 0 3 . 8 9
0 . 0 0

- 1 2 1 0 3 . 9 1
0 . 0 1

- 1 2 0 0 4 . 2 1
0 . 0 0

- 1 1 9 6 8 .  0 8
0 . 0 1
0 . 0 3
0 . o o

- 1 5 4 9 2 . 9 3
0 . 0 0

- 1 5 4 0 9 . 9 9
0 . 0 0

- 1 5 4 1 0 . 0 0
0 . 0 0

- 1 5 4 0 0 . 5 9
0 . o o

- 1 5 4 0 0 . 6 2
o .  o 0

- 1 5 3 0 0 . 9 1
0 . 0 0

-15254.79
0 . 0 0
0 . 0 3
0 . 0 0

- 1 4 4 2 3  . 8 5
o . o 0

- 1 5 5 0 6 . 7 9
o .  0 1

-L5506.77
o . 0 1

-I55L6.2!
0 . 0 0

- 1 5 5 1 6 . 1 6
0 . 0 0

- 1 5 5 0 9 . 3 7
0 . 0 1

- 1 5 5 4 5 . 4 9
0 . 0 1

' 0 . 0 4
0 .  o 0

1 . 4 8
0 . 0 0

SHEAR-Y SHEAR-Z

- 4 5 4 . 6 1  5 4 7  . 4 6
4 5 4 . 6 L  - 5 4 7  . 4 6

-454  .6L -L4205  .39
4 5 4 . 6 1  L 4 2 0 5 . 3 9

- 4 5 0 . 8 6  6 1 9 . 9 3
4 5 0 . 8 6  - 6 1 9 .  9 3

-449  .50 -L4 t t4  .79
449 .50  L4 t r4 .79

0 . o 0  4 3 . 0 8
o .  o 0  - 4 3 . 0 8

- 5 1 9 . 4 5  - 0  .  1 1
6 L 9 . 4 5  0 . 1 1

- 5 7 8 . 7 8  4 4 . 4 3
5 7 4 . 7 8  - 4 4  . 4 3

- 5 7 4 . 7 8  4 r . 5 7
5 7 4 . 7 8  - 4 L . 5 7

- 5 7 8 . 4 3  4 4 . 5 7
5 7 4 . 4 3  - 4 4 . 5 7

- 5 7 8 . 4 3  4 L . 7 2
5 7 8 . 4 3  - 4 L . 7 2

- 5 7 4 . 6 A  4 4 . 5 0
5 7 4 . 6 8  - 4 4 . 5 0

- 5 7 3 . 3 3  4 L . 7  0
5 7 3 . 3 3  - 4 r . 7 0

0 . 0 0  4 3 . o 2
0 . 0 0  - 4 3 . o 2

- 5 4 L . 7  4  0 . 0 9
5 4 L . 7 4  - 0 . 0 9

- 5 8 2 . 4 1  - 4 L . 4 6
5 8 2 . 4 1  4 1  . 4 6

- 5 8 2 . 4 L  - 3 8 . 5 9
5 4 2 . 4 I  3 8 . 5 9

-582 .77  -41  .57
582 .77  4L .57

- 5 8 2 . 7 7  - 3 8 . 7 1
5 8 2 . 7 7  3 4 . 7 L

- 5 8 2 . 5 1  - 4 r . 3 6
5 8 2 . 5 1  4 1 .  3 6

- 5 8 3 . 8 7  - 3 4 . 4 7
5 8 3 . 8 7  3 8  . 4 7

0 . 0 0  - 4 3 . 0 5
0 . 0 0  4 3 . 0 5

0 . 1 6  - 0 .  0 3
- 0 . 1 6  0 .  0 3

8

4

4
L 2

L 2

L 2

L 2
4

I 2
4

3.2

r 2

4
1 4

4
L 4

4

4
L 4

4

4
1 4

4
L 4

4
L 4

7
6
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86 & 87 MANIFOLD SUPPORT

UEI,IBER END FORCES STRUCTI'RE TYPE = SPACE

\LL UNITS ARE

I,TEMBER LOAD

-- POUN INCH

--  PAGE NO. 15
fD: Process Systens fnternat io

1 0

JT AXIAL

7  629 .72
6  - 6 2 9 . 7 2
7  629 .72
6  - 6 2 9 . 7 2
7  630 .07
6  - 6 3 0 . 0 7
7  6 3 0 . 0 8
6  - 5 3 0 . 0 8
7  629 .82
6  - 6 2 9 . 8 2
7  63 r .17
6 =6_-1L-..L7-
7  0 . 0 0
6  0 . 0 0

8  5 8 5 . 5 3
7  -545 .53
I  - 2 2 9 . L 3
7  229 .L3
I  - 2 5 1 9 2 . 5 6
7 25L92.56
I  - 3 1 9 . 6 4
7  3 L 9 . 6 4
8 -252A2 .78
7  25282 .78
8  - 2 7 6 . 8 5
7  2 7 6 . A 5
a -25269 .92
7  25269 .92
I  7 2 . 8 6
7  - 7 2 . 8 6

4 9 5  . 6 3
- 4 9 5 . 6 3

4 5 4  . 9 6
-45!.%-

4 5 4  . 9 5
- 4 5 4  . 9 6

4 5 4  . 6 L
- 4 5 4  . 6 I

4 5 4  . 6 L
- 4 5 4 . 5 1

4 5 0 . 8 6
- 4 5 0 . 8 6

449 .52
-449 .52

o .  o 0
0 . 0 0

SHEAR-Y

5 0 5 .  5 2
- 5 0 5 . 5 2

1 5 2 5 8 . 4 9
-L525a .49

559  .22
-559 .22

1 5 3 1 2 .  0 1
-153!2"_S!

533 .7A
- 5 3 3 . 7 8

1 5 3 0 5 . 0 7
- 1 5 3 0 5 . 0 7

-43  .  06
4 3 . 0 5

- r . 27
L  . 2 7

- 5 5 . 7 3
5 5 . 7 3

-1642  .93
1 6 4 2  . 9 3

- 6 1 . 5 1
6 1  . 5 L

-1644 .69
L64A.69

- 5 4 . 7 7
5 8 . 7 7

- L 6 4 7 . 9 4
L 6 4 7 . 9 4

4  . 6 3
- 4 . 6 3

o .  0 3
- 0 . 0 3

- 5 9 1  . 5 3
5 9 1  . 6 3

1 4 1 6 1 . 3 6
- l - 4 1 6 1 . 3 6

- 5 4 7 . 4 5
5 4 7  . 4 5

14205 .39
-..J.42S5.,_3_e_

- 6 1 9 . 9 3
619 .93

L4 t r4 .74
-L4LL4.7A

- 4 3 . 0 9
4 3 .  0 9

SHEAR-Z

- 6 0  . 2 7
6 0 . 2 7

- 4 7 9 . t O
4 7 9 . L O
- 6 0 . 2 2

6 0  . 2 2
- 4 7 9 . 0 5

4 7 9 . 0 6
- 1 0 1 . 0 4

1 0 L . 0 4
- 5 4 7 . 9 9

5 4 7 . 9 9
4 1 8 . 8 3

- 4 1 8 . 8 3

- 0 .  0 2
o . 0 2

-  4 2  . 4 2
4 2  . 8 2

- 3 4 0 . 4 1
3 4 0 . 4 1
- 4 2 . 7 4

4 2 . 7 8
-340 .37

3 4 0  . 3 7
- 7 I  . 7 9

7 ! . 7 9
- 3 8 9 . 3 6

3 8 9 . 3 6
2 9 ?  . 5 8

- 2 9 7  . 5 8

- 0 . 0 3
0 . o 3

- 4 9 7 . 9 3
8 9 7 . 9 3

- 4 7 9 . L L
4 7 9 . L L

-897  .46
897 .46

- 4 7 9 . 0 7
479 .O7

- 9 3 8 . 6 8
9 3 8 . 6 8

- 5 4 8 . 0 0
5 4 8 . 0 0

- 4 1 8 . 8 4
4 1 8 . 8 4

TORSION

0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
o . o o
0 .  o 0
0 . 0 0
0 . o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . o o
0 . 0 0
o . o o

- 0 . 0 5
o . 0 6

- 1 0 8 . 5 9
1 0 8 . 5 9

-463 .22
4 6 3 . 2 2

- 1 0 8 . 4 9
1 0 8 . 4 9

-863 . t2
8 6 3 . 1 2

- 1 8 2 . 0 4
1 8 2 , 0 4

-987  .34
9 4 7  . 3 4
7 5 4 . 6 2

- 7 5 4 . 6 2

0 . 0 0
0 .  o o
0 . 0 0
0 .  o o
0 . 0 0
0 .  o o
0 . 0 0
o .  o o
0 . o o
o . o o
0 . o o
0 . 0 0
o .  o o
0 . 0 0
0 . 0 0
0 . 0 0

MOI,I-Y

5 4 2  . 4 5
0 . 0 0

43Lr .97
o .  o 0

54 I .94
0 . 0 0

4 3 1 1 . 5 4
0 . 0 0

9 0 9 . 3 6
0 . 0 0

493 ! .96
0 . 0 0

-37  69  .  48
0 . 0 0

1 . 5 3
- 0 .  0 3

2 6 7 2  . 7  3
-60  .44

21245.50
-480 .42
2670 .L9

- 6 0 . 3 8
2L243 .12

- 4 8 0 . 3 7
44AO.46
- 1 0 1  . 3 1

24300 .29
- 5 4 9  . 4 9

-1457  2 .6L
4L9 .97

0 . 3 1
0 . 0 0

8 0 8 1 . 4 7
0 , 0 0

4 3 1 1 . 9 9
0 . o o

8 0 8 0 . 7 4
0 . o o

4 3 1 1 . 5 9
0 .  o o

a44a.22
0 . 0 0

4932.Or
0 . 0 0

3769 .54
0 . 0 0

!!tol,t-z

4549  .68
0 . 0 0

L37326 .4 !
0 . 0 0

5 0 3 2 . 9 8
0 . 0 0

1 3 7 8 0 8 . 1 3
0 . 0 0

4 8 0 4 . 0 2
0 .  o 0

L377  45  .6L
0 .  o 0

- 3 4 7 . 5 2
0 . 0 0

- 7 7  . 3 0
- 0 . 4 4

-960  .49
-2439 .03

- 2 5 5 8 8 . 5 1
-73629 .99

- 1 0 5 3 . 8 2
-2694 .17

-2664r.54
- 7 3 8 8 8 . 2 9

- 1 0 0 9 . 6 0
-2575  .40

-26669.6r
-73854 .75

7 4 . 8 0
207  .74

o . 3 1
0 . 0 0

-5324 .67
0 .  o 0

L27  452  .24
0 .  o o

-4927 .OL
o .  o o

L27844  .49
o .  o 0

- 5 5 ? 9 . 4 r
o .  o 0

L27033.06
0 . 0 0

-387  .77
o . 0 0

1 1 1 0
9

t-0
9

1 0
9

1,0
9

1 0
9

10
9

1 0
9

l-0
9
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B6 & 87 I,IANI FOLD SUPPORT

I,TEMBER END FORCES

ID: Process
-- PAGE }{O. 16

systens Internatio

\LL UN]TS ARE --

MEMBER LOAD JT

STRUCTURE TYPE

POUN INCH

AXIAL SHEAR-Y

= SPACE

I 2 1 1  4 9 2 . 4 5
1 0  - 4 9 2 . 4 5
1 1  1 4 5 3 . 5 4
1 0  - 1 4 5 3 . 5 4
LL  -23509 .9L
1 0  2 3 5 0 9 . 9 1
11  137  A  .44
1 0  - t 3 7 I  . 4 4
r r  -23544 .76
10  23584 .76
1 1  L 4 9 7 . 3 4
1 . 0  - L 4 9 7 . 3 4
L r  -23436 .52
L0  23436 .52
L t  7 2 . 9 2
1 . 0  - 7 2 . 9 2

L 3  6 1 9 . 4 5
12 --€f_9._-{_5
1 3  5 7 8 . 7 A
L 2  - 5 7 8 . 7 a
1 3  5 7 4 . 7 4
L 2  - 5 7 4 . 7 8
1 3  5 7 4 . 4 3
1 2  - 5 7 4 . 4 3
1 3  5 7 4 . 4 3
1 2  - 5 7 8 . 4 3
l _ 3  5 7 4 . 6 A
L 2  - 5 7  4  . 6 A
l _ 3  5 7 3 . 3 3
L 2  - 5 7 3 . 3 3
1 3  0 . 0 0
L 2  0 . 0 0

1 5  5 4 L  . 7  4
14  -54L .7  4
l-5 582 . 4L
L 4  - 5 8 2 . 4 1
15  5A2 .4 I
1 4  - 5 8 2 . 4 L
15 542.77
14  -582 .77
15  5a2 .?7
14  -582 .77
1 5  5 8 2 . 5 1
1 4  - 5 8 2 . 5 1

- 1  . 0 6
1 . 0 6

6 2 . 6 a
- 5 2 . 5 8

-L524 .52
L524  .52

5 7  . 9 3 '
- 5 7 . 9 3

-1529 .25
1529 .25

6 5 . 7 3
-65 .73

- 1 5 1 9 . 5 0
1 5 1 9 . 5 0

4  . 6 4
- 4  . 6 4

o .  0 3
- 0 . 0 3

- L 8 . 8 5
1 8 . 8 5

- o q  ? o

9 8 . 3 9
- 1 8 . 9 1

1 8 . 9 1
- 9 8 . 4 5

9 8 . 4 5
- 2 6 . 9 4

2 6 . 9 4
- ) " t / , .  L L

_u2=L1
7 9 . 5 4

- 7 9 . 5 4

0 . 0 3
- 0 . 0 3

- 1 7 7 . 9 3
L 7 7 . 9 3
- 9 8 . 3 9

9 8 . 3 9
- L 7 7  . 9 A

L 7 7  . 9 8
- 9 8 . 4 5

9 8 . 4 5
- 1 8 6 .  0 6

1 8 6 . 0 6

SHEAR-Z

- o . 0 2
o . 0 2

- 6 3 8 .  O O
6 3 8 .  O 0

- 3 4 0 . 4 1
3 4 0  . 4 L

-637  .95
6 3 7 . 9 5

- 3 4 0 . 3 7
3 4 0 . 3 7

- 6 6 6 . 9 6
6 6 6  . 9 6

- 3 8 9 . 3 6
3 8 9 . 3 6

- 2 9 7  . 5 9
2 9 7  . 5 9

0 .  1 1
-0 .  r , 1

- 4 4  . 4 3
4 4  . 4 3

- 4 L . 5 7
4 L  . 5 7

- 4 4 . 5 8
44-.5e__

- 4 L . 7 2
4L .72

- 4 4  . 5 L
4 4 . 5 I

-4L .70
4 r . 7 0

- 4 3 . 0 4
4 3 . 0 4

o . 0 9
- 0 . 0 9

-4L .44
4 r  . 4 4

- 3 8 . 5 9
3 8 . 5 9

- 4 7 . 5 6
4 1 . 5 6

- 3 8 . 7 1
3 4 . 7 L

- 4 L . 3 7
4 L . 3 7

TORSION

- 0 . 0 6
o .  0 6

-L6L7  .  a4
L6L7.a4
-863 .22

863 .22
- t 6 L 7 . 7 3

L 6 L 7 . 7 3
- 8 6 3 . 1 2

8 6 3 . 1 2
-L69 t .28

169r .28
- 9 4 7 . 3 4

9 8 7  . 3 4
- 7 5 4 . 6 2

7 5 4 . 6 2

0 . 0 0
0 .  o o
0 . 0 0
0 . o o
0 . 0 0
0 .  o o
0 . o o
0 . 0 0
o .  o o
o . o 0
0 .  o o
o . 0 0
0 . o o
0 . 0 0
o .  o o
0 . 0 0

o .  o o
0 . 0 0
o . 0 0
0 . 0 0
0 . 0 0
0 .  o 0
0 . 0 0
0 . 0 0
0 .  o o
0 . 0 0
0 . o o
0 .  o 0

uol.l-v

1 . 5 3
- 0 . 0 3

3 9 8 1 8 . 1 2
- 9 0 0 . 3 8

2 r245  .5L
- 4 8 0 . 4 0

3 9 8 1 5 . 5 8
- 9 0 0 . 3 3

2 ! 2 4 3 . L 3
- 4 8 0 . 3 5

41625.45
-94L .26

24300 .28
- 5 4 9 . 5 0

L A 5 7 2  . 7 7
- 4 1 9 . 9 8

- 7  . 5 4
0 . 0 0

3 1 1 0  .  1 8
0 . 0 0

2 9 1 0 . 1 3
0 . o o

3 1 2 0 . 5 0
0 . o 0

2920  .42
0 . 0 0

3 1 1 5 . 6 6
0 .  o 0

2 9 1 9 . L 9
o . o o

3012  .57
o . o o

- 6 . 3 6
o . o 0

2 9 0 1 .  0 2
o . 0 0

2700 .98
0 . 0 0

2 9 0 9 . 5 1
0 . 0 0

2709 .43
0 . 0 0

2 8 9 5 . 5 8
0 . 0 0

MOt4-Z

-64  .86'  
0 . 1 3

9 6 8 . 2 5
2 8 5 5 . 1 6

-24659.79
- 6 8 3 3 5 . 8 5

8 9 1 . 5 5
2 6 4 L . 9 A

-24736 .22
- 5 8 5 4 8 . 3 1

ror7.94
2 9 9 L . 6 9

-24574 .L6
- 6 8 1 1 1 .  0 9

7 4 . 8 7
207  .96

2 . 4 2
o . o o

- 1 3 1 9 . 8 2
0 . 0 0

-6847 .44
0 . 0 0

- 1 3 2 3 . 5 4
0 . 0 0

-689L .24
.  o . 0 0
-L8A8."12

o . o 0
-7  447  .77

o . 0 0
5 5 6 7 . 6 0

0 . 0 0

2  . 4 2
0 . 0 0

- 1 2 4 5 5 . 1 1
0 . 0 0

- 6 8 8 7 . 4 8
0 . 0 0

-L2454 .82
0 . 0 0

- 6 8 9 1 . 2 4
0 . o 0

-13  024  .  O0
0 . 0 0

L 3
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86 & B7 MANIFOLD SUPPORT

I.IEI.IBER END FORCES STRUCTURE TYPE = SPACE

--  PAGE NO. 77
ID: Process Systems Internatio

\LL UNITS ARE -- POUN INCH

}iIEMBER LOAD JT AXIAL

7  1 5  5 8 3 . 8 7
14 :!-9-9--9.7

8  1 5  0 .  O 0
1 4  0 . 0 0

I

300  1

7  3 . 7 0
1 3  - 3 . 7 0

7  1 0 2 5 . 1 8
1 3  - 1 0 2 5 . 1 8

7  3 0 8 3 8 . 8 1
1 3  - 3 0 8 3 8 . 8 1

7  L 1 3 3 . 7 1
L 3  - 1 1 3 3 . 7 1

7  30946 .98
L 3  - 3 0 9 4 6 . 9 8

7  LO82 .29
r .3  -7082 .29

7  30932 .95
1 3  - 3 0 9 3 2 . 9 5

7  - A 7 . O L
1 3  8 7 . O r

1 " 0  2 . 9 0
1 5  - 2 . 9 0
1 0  - L L 9 2 . 9 8
15  LL92 .98
10  28620 .67
L5  -28620 .67
1 0  - 1 1 0 3 . 7 1
1 5  1 1 0 3 . 7 1
10  24709 .64
75  -24709 .64
1 0  - 1 2 5 0 . 1 8
15  1250 .  r -8
10  28526 .5 r
1 5  - 2 8 5 2 6 .  s 1
1 0  - 8 7 . 0 9
L 5  8 7 . 0 9

3  0 . 0 0
3 0 0  0 . 0 0

3  1 1 5 5  .  1 2
3 0 0  - 1 1 5 5 . 1 2

3  1 1 5 4 . 8 9
3 0 0  - 1 1 5 4 . 8 9

3  1 1 5 5 . 1 1
3 0 0  - 1 1 5 5 .  1 L

SHEAR-Y

- 1 1 2 . 1 1
1 1 2  .  1 1
- 7 9 . 5 4

7 9 . 5 4

- 0 . 8 6
0 . 8 6

- 4 0 . 3 0
4 0 . 3 0

- 1 1 8 9 . 8 0
r . 1 8 9 . 8 0

- 4 4 . 4 8
4 4  . 4 a

-L!93.97
LL93 .97

- 4 2 . 5 0
4 2  . 5 0

- 1 1 9 3 . 4 3
1 1 9 3 . 4 3

3 . 3 5
- 3 .  3 5

- o . 7 2
o . 7 2

4 5  . 4 4
- 4 5 . 4 4

- 1 1 0 4 . 0 6
L 1 0 4 . 0 6

4 2 . O O
- 4 2 . 0 0

-7 IO7  .49
I T Q T  . 4 9

4 7 . 6 5
- 4 7  . 6 5

- 1 1 0 0 . 4 2
1 1 0 0 . 4 2

3 . 3 6
- 3 . 3 6

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
-150  .  OO

1 5 0 .  O O
- 1 5 0 .  O O

SHEAR-Z

- 3 8 . 4 6
3 8 . 4 6

- 4 3 . 0 4
4 3 . 0 4

0 .  o 1
- o . 0 1
L 7  . 4 5

- r 7 . 4 5
1 3 8 . 7 0

- 1 3 8 . 7 0
! 7  . 4 3

- r 7  .  4 3
1 3 8 . 6 8

- 1 3 8 . 6 8
2 9  . 2 5

- 2 9 . 2 5
1 5 8 . 6 4

- 1 5 8 . 6 4
-LzL  .25
r2r  .25

0 . 0 1
- 0 . 0 1

259 .94
- 2 5 9 . 9 4

1 3 8 . 7 0
- 1 3 8 . 7 0

259 .93
- 2 5 9 . 9 3

1 3 8 . 6 8
- 1  3 8 . 6 8

2 7 L . 7 4
-27 ) -  . 7  4

1 5 8 . 6 4
- L 5 8 . 6 4

7 2 r . 2 5
-tzL.25

0 .  o 0
o . o 0
o . 0 1

- o . 0 1
o . 0 0
o .  o 0

- 8 . 4 8
8 . 4 8

TORSION

0 . 0 0
0 . 0 0
0 .  o 0
0 . 0 0

0 .  2 1
- o  . 2 r

3 6 7 . 4 3
- 3 6 7 . 8 3
2923.44

- 2 9 2 3 . 8 8
367  .44

-367  .44
2923 .55

-2923.55
6 1 6 . 6 2

-6L6 .62
3 3 4 4 . 2 9

-3344 .29
- 2 5 5 6 . 0 3

2 5 5 6 .  O 3

o . 2 r
-o .2L

5 4 7 9 . 9 !
-5479 .9L

2923 .44
-2923 .85

5 4 7 9 . 5 6
-5479 .56

2923 .55
-2923.55

5 7  2 A  . 6 9
-57  2a  .69

3344 .29
-3344  .29

2 5 5 5 . 0 5
- 2 5 5 6 . 0 5

0 .  o o
0 . 0 0
0 . 0 0
o .  o o
o .  o o
0 . 0 0
0 . 0 0
0 .  o o

MOM-Y

259L.96
0 . o o

3 0 1 2 . 5 6
0 . 0 0

0 . 1 9
- 0 . 9 4

329  .90
- 1 6 3 5 . 8 9

2622 .38
- 1 3 0 0 3 . 5 6

329  .59
-L634 .34

2 6 2 2  . O 9
-L3002.2L

5 5 3  . 0 3
-2742 .34

2999 .44
- 1 4 8 7 3 .  3 9

- 2 2 9 2  . 4 6
! ! 3 6 7  . 6 7

0 .  1 9
- 0 . 9 4

4 9 1 4 . 8 3
- 2 4 3 7 r . 3 4

2 6 2 2 . 3 7
-1,3003.67

4 9 1 4 . 5 2
-24369 ,78

2 6 2 2 . 0 8
-13002 .2L

5 L 3 7 . 9 6
- 2 5 4 7 7 . 7 9

2999  .44
- I 4 A 7 3 . 3 9

2292.44
-LL367.77

0 . 0 0
0 . 0 0

- 0 . 0 2
- 0 . 0 5
- 0 .  0 3
- 0 .  0 3

2 5 8 .  0 1
- o . 23

I'tOtI-Z

- 7 8 4 7 . 7 7
0 . 0 0

- 5 5 6 7 . 6 8
0 . 0 0

- 1  . 0 3
-63 ,67

- 2 1 1 0 . 6 5
- 9 0 5 . 6 8

- 6 3 5 9 6 . 3 8
-25358  .85

-2334 .  A2
-994 .72

- 6 3 9 1 9 . 8 3
-25447  .62

-2224 .62
- 9 5 2 . 5 3

- 6 3 8 9 0 . 8 2
-25436  .22

r 7 9  . 7  4
? L  . 3 7

- o  . 4 4
- 5 3 . 4 0

2469  .44
93r  .66

- 5 9 1 - 1 6 . 3 5
- 2 3 5 2 I . 5 4

2245 .O2
8 5 8  . 4 7

- 5 9 3 0 0 . 1 . 5
-23594 .48

2547 .55
9 7 I  . 9 9

-5492L.9L
-23443 .75

L 7 9 . 9 0
7 r . 4 3

4556.26
0 . 0 1

4556 .26
0 .  0 1

4556  .26
0 . 0 1

4556 .24
- 0 . 0 1

1 5

1 6

Ref ision No. 0
Doc. No. V0.19-l{95
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lLL UNITS ARE -- POUN INCH

I,IEII{BER LOAD JT AXIAL

5  3  1 1 5 4 . 9 3
3 0 0  - 1 1 5 4 . 9 3

6  3  1 1 6 3 . 5 5
3 0 0  - 1 1 6 3 . 5 5

7  3  1 1 6 3 . 4 4
3 0 0  - 1 1 6 3 . 4 4

8  3  0 . 0 3
3 0 0  - 0 . 0 3

SHEAR-Y

1 5 0 . 0 0
- 1 5 0 . 0 0

1 5 0 . 0 0
- L 5 0 .  O O

1 5 0 .  O O
-1 .50 .  o0

o .  o 0
0 . 0 0

SHEAR-Z

- 8 . 5 1
8 .  s 1

- 0 . 0 1
0 .  0 1
0 .  o 2

- o . 0 2
0 . 0 2

- o . 02

TORSION

0 .  o 0
0 . 0 0
o . o o
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

MOU-Y

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

- o . 3 1
- 0 . 3 1
- o . 26
- 0 .  3 0

ReYisionNo. o .-
Doc. No V0l9-l-09)
Pase 25 of 40

uo!l- z

4556 .25
0 . 0 0

4556  .26
0 . 0 1

4556  .25
0 . 0 0
0 . 0 0
0 .  o 0

************** END OF LATEST ANALYSIS

119. PRINT UEMBER STRESSES ALL

RESULT * *  ************
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COUBINED SHEAR-Y SHEAR-Z

. o
r . . 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

1 . 0 0

r - , 0 0

1 . 0 0
. 0

1 . 0 0

1 . 0 0

L . 0 0

. 0
1 . 0 0

. 0
1  . 0 0

1  . 0 0

1  . 0 0
. 0

1  . 0 0

1 . 0 0

1 . 0 0

22.r
3 3 .  s
2 2 . r
3 3 . 5
2 2 . r
3 3 . 5
2 2  . L
3 3 . 5
2 2 . r
3 3 . 5
2 2 . O
3 3 . 3
2 2 . O
3 3 . 3

0 . 0
0 . 0

1 3  . 9
4 . 7

1 3 . 9
4 . 7

1 3 . 9
4 . 7

1 3 . 9
4 . 7

1 3 . 9
4 . 7

1 3 . 9
4 . 7

1 3  . 9
4 . 7
o . o
0 . 0

L I  . 2
1 7  . 3
T I . 2
r 7  , 3
1 1 . 2
7 7  . 3
L \ . 2
t 7 . 3
1 1  . 2
1 7  . 3
r t . 2
! 7 . 3
1 1 . 2
1 7  . 3

0 . 0
0 . 0
o . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 6
1 . 3
2 . 1
2 . 7
0 . 0
0 . 0

o . 0
0 . 0

4 r .9
4 1  . 9
4 L . 9
4 1 . 9
4 r - . 9
4 1 . 9
4 L . 9
4 L . 9
4 4 . 2
4 3  . 2
4 5 . 2
4 4 . 2

0 . 0
o . 0

0 . 0
0 . 0
8 . 6
8 . 6
8 . 6
8 . 6
8 . 6
8 . 5
8 . 6
8 . 6
7 . 7
8 . 1
6 . 7
7 . !

0 . 0  c
0 . 0  c
0 . 0  T
0 . o  T

7 7 4 . 4  C
7 7 4 . 4  C

0 . 4  c
o . 7  c

7 7 4 . 8  C
7 7 5 . 2  C

0 . o  T
o . o  T

7 7 4 . 4  C
7 7 4 . 4  C

o . o  c
0 . 0  c

0 . 0  T
0 . 0  T
2 . 2  C
2 . 2  C
2 . r  c
2 . 1  C
0 . 4  c
L . L  c
o . 3  c
0 . 9  c
2 . 2  C
2 . 2  C
2 . r  c
2 . 7  C
2 . 3  C
2 . 3  C

o . 0  T
0 . 0  T
2 . 3  C
2 . 3  C
2 . I  C
2 . L  C
1 . 3  C
r . . 5  c
1 . 1 -  c
1 . 4  C
2 . 3  C
2 . 3  C
2 . I  C
2 . I  C

BEND-Y

0 . 0
0 . 0
0 . 0
o . o
0 . 0
o . o
0 . 0
0 . 0
0 . 0
o . o
0 . o
n o
0 . 0
2 . 4
0 . 0
0 . 0

o . o
o . 0

6 3 . 6
4 . 7

6 3 . 6
4 . 7

6 4  . I
4 . 2

6 4 . I
4 . 2

6 7 . 8
3 . 4

7 L . 4
1 . 4
o . o
0 . 0

0 . o
0 . 0
4 . 7
o . 2
4 . 7
o . 2
4 . 7
o . 2
4 . 7
o . 2
3 . 4
0 . 8
I . 4
2 . 2

BEND-Z

0 . 0
2 7 . 7

0 . 0
2 ? . 7

0 . 0
2 7 . 7

0 . 0
2 7  . 7

0 . 0
2 7 . 7

0 . 0
2 7  . 5

0 . 0
2 7  . 5

0 . 0
0 . 0

2 7 . 7
2 0 .  L
2 7  . 7
20 . r
2 7 . 7
20 . r
2 7 . 7
2 0 .  L
2 7  . 7
2 0  . r
2 7  . 5
2 0 .  o
2 7  . 5
2 0 .  o
0 . 0
0 . 0

2 0 . L
2 7  . 7
2 0 . 1
2 7 . 7
2 0 . L
2 7  . 7
2 0 .  1
2 7  . 7
20 . r
2 7  . 7
2 0 .  o
2 7 . 5
2 0 .  o
2 7 . 5

0 . 0
2 7  . 7

0 . 0
2 7 . 7

7 7 4 . 4
8 0 2 . 1

0 . 4
2 A  . 4

7 7 4 . 8
8 0 2 . 9

0 . o
2 7 . 5

7 7 4 . 4
8 0 2 . 0

0 . 0
0 . 0

2 7 . 7
2 0 . L
7 L  . 6
2 2  . 9
7 L  . 4
2 2  . 8
7 0 . 3
2 r . 6
7 0 . L
2L .5
7 5  . 4
2 2  . 5
? a . 6
2 2 . L

2 . 3
2 . 3

2 0 . 1
2 7 . 7
2 2 . 9
2 9 . 9
2 2 . 4
2 9  . 8
2 2 . O
2 9 . 2
2 1 . 8
29 .O
2 2 , 5
29 .4
2 2 . 2
29 .7

H'llilT;.o,-'",'
Pasc 2(r of 40
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-- PAGE NO. 20
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. 0
1 . 0 0

1 . 0 0
. 0

L . 0 0
. o

1 . 0 0
. 0

1 . 0 0

l - . o 0
. 0

l - . 0 0
, 0

1 , 0 0

1 . 0 0

2 . 3  C
2 . 3  C

0 . 0  c
0 . 0  c
0 . 0
0 . 0
0 . 0  c
o . o  c
0 . 8  T
0 . 4  T
0 . 7  T
0 . 4  T
0 . 0  T
0 . 0  T
0 . 0  c
0 . 0  c
0 , 0  c
0 . 0  c

. 0  0 . 0  T
1 . 0 0  0 . 0  T

. 0  6 . 4  T
t . 0 0  6 . 4  T

. 0  5 1 . 2  T
r - . 0 0  5 1  . 2  T

. 0  6 . 4  T
1 . O O  6 . 4  T

. 0  5 1 . 2  T
r . . 0 0  s 1 . 2  T

. 0  L 0 . 8  T
t . 0 0  L 0 . 8  T

. 0  5 8 . 5  T
l - . 0 0  5 8 . 5  T

. 0  4 4 . 7  C
1  . 0 0  4 4 . 7  C

. 0  0 . 0  c
r - . 0 0  0 . 0  c

. o  9 5 . 9  C
1 . 0 0  9 5 . 9  C

. 0  5 1 . 2  C
r . , 0 0  5 1 . 2  c

. 0  9 5 . 9  C
1 .  O O  9 5 . 9  C

. o  5 L . 2  c
1 . 0 0  5 1 . 2  C

. 0  1 0 0 . 3  c
1 . 0 0  1 0 0 . 3  c

BEND-Y

0 . 0
o . o

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

o . 2
0 . 0

5 9 2  . 3
0 . 0

t7877 .L
0 . 0

6 5 5  . 2
0 . 0

L7939 .8
0 . 0

625 .4
0 . 0

! 7 9 3 L . 7
0 . 0

5 0  . 4
0 . 0

0 . 0
0 . 0

693  .2
o . o

1 6 5 9 L . 7
0 . 0

6 4 L  . 4
0 . 0

1 5 6 4 3 . 3
0 . 0

7 2 6 . 3
o . o

BEND-Z

0 . 0
0 . 0

2 7  . 7
0 . 0

2 7  . 7
0 . 0

2 7  . 7
0 . 0

2 7 . 7
0 . 0

2 7 . 7
0 . 0

2 7  . 5
0 . 0

2 7  . 5
0 . 0
0 . 0
0 . 0

6 9 0 . 1
0 . 0

7 3 7 . 8
0 . 0

7 3 7 . 8
0 . 0

7 3 4 . 2
0 . 0

7 3 8 . 2
0 . 0

7 3 7  . 9
0 . 0

7 3 9 . 5
0 . 0
0 . 0
0 . 0

5 8 0 . 7
0 . 0

5 3 3 . 0
0 . 0

5 3 3 . 0
o . o

532 .6
0 . 0

532 .6
0 . 0

524 .2
o . o

COMBINED

2 . 3
2 . 3

2 7  . 7
o . o

2 7 . 7
0 . 0

2 7  . 7
0 . 0

2 8 . 5
0 . 4

2 8 . 4
0 . 4

2 7 . 5
0 . 0

2 7  . 7
0 . 0
0 . 0
o . o

6 9 0 . 3
0 . 0

1 3 3 6 . 5
6 . 4

1 8 5 6 6 . 1
5 L . 2

1 3 9 9 . 8
6 . 4

r87  29  .2
5 7 . 2

L37  4  .L
L 0 . 8

t8729 .7
5 8 . 5
9 5 . 2
4 4 . 7

5 8 0 . 7
0 . 0

1 3 2 2 . t
9 5 . 9

L7175 ,9
5 1 . 2

L 2 7 0 . O
9 5 . 9

L 7 2 2 7 . r
5r .2

1 3 5 4 . 8
1 0 0 . 3

SHEAR-Y

0 . 0
0 . 0

3 3 . 5
2 2 . L
3 3 . 5
2 2  . L
3 3 . 5
2 2 , L
3 3 . 5
2 2 . L
5 J . 3

2 2 . L
3 3 . 3
2 2 . O
3 3 . 3
2 2 . O

0 . 0
0 . 0

t r 7 . a
1 1 7 . 8
I25  .9
L25 .9
L 2 5 . 9
L25  .9
1 2 6 . O
L26  .O
126  .O
L 2 6 . O
L26  .O
1 2 6 . 0
L26 .2
7 2 6 . 2

0 . 0
0 , 0

9 9 . 1
9 9 . 1
9 1 .  O
9 1 . 0
9 1  . 0
9 1 . 0
9 0 . 9
9 0 . 9
9 0 . 9
9 0 . 9
90 .2
9 0 . 2

SHEAR-Z

0 . 0
0 . 0

o . 0
0 . 0
0 . 0
0 . 0
0 , 0
0 . o
0 . 0
0 . 0
0 . 0
0 . 0
1 . 3
0 . 6
2 . 7
z . L
0 . 0
0 . 0

0 . 0
0 . 0

101 .  r -
1 0 1  . 1

3 0 5 r . . 7
3 0 5 1  . 7

1 1 1 . 8
1 1 1 . 8

3 0 6 2 . 4
3062 .4

1 0 6 . 8
L 0 6 . 8

3 0 6 1 .  O
3 0 6 1 . 0

8 . 6
8 . 6

0 . 0
0 . 0

1 1 8 . 3
1 1 8 . 3

2432 .3
2432.3

1 0 9 . 5
1 0 9 . 5

2A4L . L
2 8 4 1 . 1

L24 .O
1 2 4 . 0

Revision No. 0
Doc. No. V049-l-095
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r4EI{B LD SECT

7  . O

AXIAL BEND-Y

5 8 . 6  C  1 6 5 3 7 .  L
5 8 . 6  C  0 . 0
4 4 . ?  C  5 0 . 5
4 4 . 7  C  0 . 0

COMBINED

17  L22  .3
5 8 . 6
9 5 . 2
4 4 . 7

'  7 2 5 . 9
0 . o

7 3 2 . 2
2 . O

7 3 7  . 3
1 0 . 5

7 3 r . 9
2 . O

7 3 7 . L
1 0 . 5

7 2 4 . 3
2 . 9

7 3 2 . 5
L 2 . O
5 8 . 9

8 . 5

6 3 4 . 8
0 . 0

7  4 9  . 9
1 9 .  O

7 3 8 .  L
L o . 5

7 5 0 . 5
1 9 . 0

7 3 4 . 7
L 0 . 5  .

7 5 0 . 8
L 9 . 9

7 4 r . L
L 2 . O
5 8 . 9

8 . 5

9 2 . 9
9 2  . 6

9 2 7 . O
9 9 .  O

23129 .6
9 9 . 0

1 0 0 5 . 6
9 9 . 1

2 3 2 0 8 . 0
9 9 . 1

7  L  . 0
1  . 0 0

2 . O
L . 0 0

3  . O
l - . 0 0

4  . 0
1 - . 0 0

5  . 0
1 . 0 0

6  . 0
1 . 0 0

I  . V

1 . 0 0
I  . 0

I .  U U

I  1  . 0
I .  U U

2  . 0
1 , .  o0

3  . 0
1 . 0 0

4  . O
L . 0 0

5  . 0
L . 0 0

6  . 0
L . 0 0

1 n

L . 0 0
I  . 0

l - . oo

9  1  . O
1 . 0 0

2  . O
I .  U U

3  . 0
1  . 0 0

4  . 0
1 . O O

5  . O
1 . 0 0

0 . 0  c
o . 0  c
2 . 0  T
2 . 0  T

1 0 . 5  T
L 0 . 5  T

2 . 0  T
2 . O  r

1 0 . 5  T
1 0 . 5  T

2 . 9  T
2 . 9  T

L 2 . 0  T
L 2 . 0  T

8 . 5  C
8 . 5  C

o . 0  T
0 . 0  T

L 9 . 0  c
1 9 . 0  C
1 0 . 5  C

1 9 . 0  C
1 9 . 0  C
1 0 . 5  c
1 0 . 5  C
1 9 . 9  C
L 9 . 9  C
1 2 . 0  C
1 2 . O  C

8 . 5  C
8 . 5  C

9 2 . 6  C
9 2 . 6  C
9 9 . O  C
9 9 .  O  C
9 9 .  O  C
9 9 . 0  c
9 9 . L  c
9 9 . 1  C
9 9 . 1  C
9 9 . 1  C

1 . O O
. o

1 . 0 0

BEND-Z

526 .6
0 . 0
0 . 0
0 . 0

7 2 5  . 4
o . o

6 7 8 . L
o . 0

674 . I
0 . 0

6 7 7  . 7
0 . 0

6 7 7  . 7
0 . o

6 7 3 . 3 '
o . 0

6 7 r . 7
0 . 0
0 . 0
0 . 0

6 3 4 . 7
0 . 0

642 .4
0 . 0

642  .4
0 . 0

642 .8
0 . 0

6 8 2 . 8
0 . 0

642 .5
0 . 0

5 8 4 . 1
o . o
0 . o
o . 0

o . 2
0 . 0

7 3 9 . 8
0 . 0

22329.5
0 . 0

8 1 8 . 4
o . o

22407 . A
0 . 0

SHEAR-Y

8 9 . 9
8 9 . 9

0 . 0
0 . 0

L23 .9
723 .9
1 1 5 . 8
1 1 5 . 8
1 1 5 . 8
1 1 5 . 8
r ts .7
1 1 5 . 7
LLs  .7
1 1 5 . 7
1 1 4  . 9
1 1 4 . 9
t ! 4 , 7
LL4 .7

o . 0
o . 0

1 0 8 .  3
1 0 8 .  3
1 1 6 . 5
1 1 6 . 5
1 1 6 . 5
1 1 6 . 5
1 1 6 . 6
1 1 6 . 6
1 1 6 . 5
1 1 6 . 6
1 1 5 . 5
1 1 6 . 5
11.6 .  8
1 1 6 . 8

0 . 0
0 . 0

o . o
o . o

1 2 6 . 4
L26  .4

3 8 1 4 . 6
3 8 1 4  . 6

1 3 9 . 8
1 3 9 . 8

3 8 2 8 . 0
3 8 2 8 .  O

SHEAR-Z

2823 .O
2423.O

8 . 6
8 . 6

0 . 0
0 . 0
8 . 9
8 . 9
8 . 3
8 . 3
8 . 9
8 . 9
8 . 3
8 . 3
8 . 9
8 . 9
6 . J

8 . 3
8 . 5
8 . 6

0 . 0
o . 0
8 . 3
8 . 3
7 . 7
7  . 7
8 . 3
8 . 3
7 . 7
7 . 7
8 . 3
8 . 3
7 . 7
7  . 7
8 . 5
8 . 5

0 . 0
o . o

1 5 . 1
1 5 . 1

1 1 9 . 8
1 1 9 . 8

1 5 . 1
1 5 .  1

1 1 9 . 8
1 1 9 . 8

o . 1
0 . 0

5 2 . 1
0 , o

4 4 . 7
0 . 0

5 2 . 2
0 . 0

4 8 . 9
0 . 0

5 2 . L
0 . 0

4 8 . 9
0 . 0

5 0 . 4
0 . 0

0 . 1
o . 0

4 8 . 6
0 . 0

4 5  . 2
0 . 0

4 A  . 7
0 . 0

4 5 . 4
0 . o

4 8 . 5
o . o

4 5 . 1 -
0 . 0

5 0 . 4
0 . 0

0 . 1
o . o

8 8 . 2
0 . 0

7 0 1  . 1
o . 0

8 8 . 1
0 . 0

7 O I  . T
0 . o

Revision No. 0
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. 0
1 . 0 0

n

t  .  o 0
. 0

1 ,  O O

9 9 ,  O  C
9 9 . 0  C
9 9 . 2  C
9 9  . 2  C

0 . 0  c
0 . 0  c

BEND-Y

L47  .9
0 . 0

8 0 1  . 9
0 . o

6 1 2  . 9
0 , 0

o . 2
o . o

4 3 4 . 6
9 . 8

3 4 5 4 . 6
7 8 . I

4 3 4 . 2
9 . 8

3 4 5 4 . 2
7 8 .  L

7 2 8  . 5
1  6 . 5

3 9 5 1 - . 3
8 9 . 3

3 0 1 9 . 9
6 8 . 3

0 . L
0 . 0

1 3 1 4  ,  1
0 . 0

7 0 1 . 1
o . o

1 3 1 3  .  9
0 . 0

7 O L  . I
0 . 0

L37  3  .7
0 . 0

8 0 2 . 0
0 . 0

6L2 .9
o . o

o . 2
0 . 0

647  4  .5
1 4 6  . 4

3454  .6
7 4 . 7

6 4 7 4 . L
1 4 6  . 4

BEND-Z

7 8 1 . 1
o . o

2 2 3 9 7  . 7
0 . 0

6 3 . 0
0 . 0

t 2 , 6
0 . 1

L 5 6 . 2
3 9 6 . 6

4323  .3
L r 9 7 2 . 4

L 7 L . 4
4 3 8 . 7

4 3 3 8 . 5
12014 . 4

1 6 4 . 2
4 1 8 , 8

4336  .5
1 2 0 0 8 . 9

L 2 . 2
3 3 . 8

o . 1
0 . 0

8 6 5 . 8
0 . 0

20723 .9
0 . 0

8 0 1 . 1
o . o

2 0 7  A A  . 4
o . 0

9 0 7 . 2
0 . 0

2 0 6 5 5 . 8
0 . 0

6 3  . 1
0 . 0

1 0 . 5
0 . 0

L57 .4
454 .3

4009 .7
1 1 1 1 1 . 5

1 4 5 . 0
4 2 9 . 6

COUBINED

1 0 2 8 .  O
9 9 .  O

23298.8
9 9 . 2

6 7 5 . 9
0 . o

1 0 4 . 9
9 2 . L

626.4
4 4 2  . 4

1 1 7 3 9 . 0
1 6 0 1 1 . 6

6 5 5 . 8
4 9 8 . 8

L L 7  6 7  . 9
L6067 .7

9 3 6 . 2
4 7 8  . 4

12261 .O
1 6 0 7 r . 5

3 0 4 3  . 6
1 1 3 . 5

7 A . O
7 7  . 9

2 2 5 I  . 4
7 1 . 5

2L496 .6
7 r . 5

2146 .6
7 r . 5

21560.9
7 1  . 5

2 3 5 1 . 8
7 0 . 9

21528.4
7 0 . 7

676 .O
o . 0

8 8 . 3
7 7 . 5

6 8 6 0 . 5
439  .2

1 1 1 6 0 . 8
L48A6.2

6 8 3 5 . 8
7 9 2 . 7

SHEAR-Y

1 3 3 . 4
1 3 3 . 4

3 8 2 6 . 3
3426.3

1 0 . 8
1 0 . 8

0 . 3
0 . 3

1 3 . 9
1 3 . 9

4LO.7
4ro.?
1 5 . 4
L 5  . 4

4 r2  .2
4 L 2 . 2

1 4 . 7
1 4 . 7

4 L 2 . O
4 t 2 . O

7 . 2
L . 2

0 . 0
o . o

L 4 7 . 9
L 4 7 . 9

3 5 4 0 . 3
3 5 4 0 .  3

1 3 5 . 9
1 3 6 . 9

3 5 5 1  . 3
3 5 5 1 . 3

1 5 5 .  O
1 5 5 .  O

3528 .7
3528.7

1 0 . 8
1 0 . 8

o . 3
0 . 3

15 .7
t5 .7

3 8 1  . 1
3 8 1 . 1

1 4 . 5
1 4 . 5

SHEAR-Z

2 5 . 3
2 5 . 3

r 3 7 . O
1 3 7 . 0
LOA .7
LO4.7

o . o
0 . o

L O . 7
1 0 . 7
8 5 . 1
8 5 . 1
LO.7
L O . 7
8 5 . 1
8 5 . 1
1 7 . 9
L 7  . 9
9 7  . 3
o? ' l

7 4 . 4
7 4 . 4

0 . o
0 . 0

2 2 4 . 5
2 2 4 . 5
1 1 9 . 8
1 1 9 . 8
2 2 4 . 5
2 2 4  . 5
1 1 9 . 8
1 1 9 . 8
2 3 4  . 7
234  .7
L 3 7 . O
1 3 7 .  O
to4.7
IO4 .7

0 . 0
o . 0

1 5 9 . 5
1 5 9 . 5

8 5 . 1
8 5 .  1

1 5 9 . 5
1 5 9 . 5

10 . o  9 2 . t  c
1 . 0 0  9 2 . L  C

. 0  3 6 . 0  T
L . 0 0  3 6 . 0  T

. 0  3  9 6 1  . 1  T
l - . 0 0  3 9 6 L .  L  T

. 0  5 0 . 3  T
1 .  O 0  5 0 . 3  T

. o  3 9 ? 5 . 3  T
1 . 0 0  3 9 7 5 . 3  T

. 0  4 3 . 5  T
1 . 0 0  4 3 . 5  T

. 0  3 9 7 3 . 3  T
L . 0 0  3 9 7 3 . 3  T

. 0  l - 1  . 5  c
L . 0 0  1 1 . 5  C

. o  7 ? . 9  C
1 . 0 0  7 7 . 9  C

. 0  7 1  . 5  C
L . 0 0  7 I . 5  c

. 0  7 I . 5  e
1 . 0 0  7 L . 5  C

. 0  7 I . 5  C
1 . 0 0  7 1 . 5  C

. 0  7 L . 5  C
1 . 0 0  7 I . 5  C

. 0  7 0 . 9  C
l - . o o  7 0 . 9  c

. 0  7 0 . 7  c
1 . 0 0  7 0 . 7  C

. o  0 . 0  T
L . 0 0  0 .  o  T

. 0  7 7 . 5  C
1 . 0 0  7 7  . 5  C

. 0  2 2 A . 5  C
1 . 0 0  2 2 8 . 5  C

. 0  3 6 9 6 . 5  T
1 .  O O  3 5 9 5 . 5  T

. o  2 L 6 . 7  C
1  .  O0  216 .7  C

1 1

7 2
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86 & B7 MANIFOLD SUPPORT

I,IEI,IBER STRESSES

..L UNITS ARE POUN,/SQ INCH

-- PAGE NO. 23
ID: Process systens Internatio

LD!rElqlB SECT AXTAL

5  . 0  3 7 0 8 . 3  T
1 . 0 0  3 7 0 8 . 3  T

6  . 0  2 3 5 . 4  C
1 . O O  2 3 5 . 4  C

7  . O  3 6 8 5 . 0  T
1 . O O  3 6 8 5 . 0  T

I  . 0  1 1 . 5  C
1 . 0 0  1 1 . 5  C

1  . 0  3 0 6 . 7  C
1 - . 0 0  3 0 6 . 7  C

2  . O  2 8 5 . 5  C
1 . 0 0  2 8 5 . 5  C

3  . O  2 8 6 . 5  C
t . o 0  2 8 6 . 5  C

4  . O  2 8 6 . 3  C
1 . 0 0  2 8 6 . 3  C

5  . O  2 4 6 . 4  C
1 . 0 0  2 4 6 . 4  C

6  . O  2 8 4 . 5  C
1 . 0 0  2 8 4 . 5  C

7  . O  2 8 3 . 8  C
1 , 0 0  2 8 3 , 8  C

I  . O  0 . 0  T
r , ,  o o  0 . 0  T

1  . 0  2 6 8 . 2  C
L . 0 0  2 6 8 . 2  C

2  . O  2 8 8 . 3  C
1 , 0 0  2 8 8 . 3  C

3  . 0  2 8 8 . 3  C
1 . 0 0  2 8 8 . 3  C

4  . 0  2 8 8 . 5  C
1 . 0 0  2 8 8 . 5  C

5  . 0  2 8 8 . 5  C
1 . 0 0  2 8 8 . 5  C

6  . 0  2 8 8 . 4  C
r . . 0 0  2 8 8 . 4  C

7  . O  2 8 9 . 0  C
L , 0 0  2 8 9 . 0  c

I  . 0  0 . 0  c
L . 0 0  0 . 0  c

1  . 0  0 . 6  c
1 . 0 0  0 . 6  c

2  . O  1 6 1 . 2  C
1 . 0 0  1 6 L . 2  C

3  . 0  4 8 4 8 . 9  C
L . 0 0  4 8 4 8 . 9  C

BEND-Y

3 4 5 4  . 2
7 8 . r

6764 .4
1 5 3 . 1

3 9 5 1  . 3
8 9 . 3

3 0 2 0 .  0
5 8 . 3

5 . 8
0 . 0

2392  .4
0 . 0

2234 .6
0 , 0

2400  .4
0 . 0

2246 .5
0 . 0

2396 .7
0 . 0

2245 .5
0 . 0

2317 .4
0 . 0

4 . 9
0 . 0

2237 .6
0 . 0

2 0 7 7 . 7
0 . 0

2234 .  r
0 . 0

2084 .2
0 . 0

2 2 2 7  . 4
o . 0

2070.7
0 . 0

23L7 .4
0 . 0

o . o
o . 2

5 3 . 6
2 6 6 . O
4 2 6  . 4

2 r I 4  . 4

BEND-Z

4022 .2
1 1 1 4 5 . 1

1 5 5 . 5
4A6 .5

3996  .4
1 1 0 7 5 . 0

L 2  . 2
3 3 . 8

r . 2
0 . 0

6 7 6 . 8
0 . 0

3532 .O
0 . 0

674 .7
0 . 0

3 5 3 4 .  O
0 . 0

9 6 8 . 6
o . 0

4024 .5
0 . 0

2855  .2
0 . 0

L . 2
0 . 0

6 3 4 7 . 2
0 . 0

3 5 3 2 . O
o . 0

6 3 8 9 . 1
o . o

3 5 3 4 . 0
0 . 0

5 5 7 9 . 0
0 . 0

4024  .5
0 . 0

2455  .2
o . o

o . 2
1 0 . 4

3 4 3 . 2
L 4 7 . 3

1 0 3 5 7 . 1
4L23  .4

COMBINED

1 1 1 8 4 . 5
L4932  .5

7L69  .4
8 7 4 . 9

LL532.7
1 4 8 4 9 . 3

3 0 4 3 . 6
1 1 3 . 6

3L3 .7
3 0 5 . 7

3 3 5 5 . 8
2 A 6 . 5

6057 .L
2 A 6 . 5

3 3 6 5 . 5
2 A 6 . 3

6 0 5 5 . 8
286 .4

3 6 4 9 . 7
2 a 4 . 5

6 5 5 3 . 9
2 8 3 , 8

5172  .5
0 . 0

2 7 4 . 3
264  .2

8 9 0 7 .  1
2 8 8 . 3

5 8 9 8 . 0
2 8 8 .  3

8 9 1 5 . 7
2 8 8 . 5

5 9 0 6 . 5
2 8 8 . 5

9 r94 .?
2AA .4

6 3 8 4 . 3
2 8 9 . 0

5 1 7 2 . 6
0 . 0

0 . 8
1 1 . 1

5 5 8 . O
5 7 4 . 5

15632.4
1 1 0 8 6 .  ?

SHEAR-Y

3 8 2 . 3
3 A 2 . 3

1 6 . 4
1 5 . 4

3 7 9 . 9
3 7 9 . 9

r . 2
L . 2

0 . 0
0 . 0

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

o . o
0 . 0

1 1 8 . 6
1 1 8 . 6

6 5 . 6
6 5 . 6

LLB.7
1 1 8  .  ?

5 5 . 6
6 5 . 6

L 2 4 . O
L 2 4 . O

7 4 . 7
7 4 . 7
5 3  . 0
5 3 . 0

o . 2
o . 2

1 0 . 1
1 0 . 1

297 .4
2 9 7  . 4

SHEAR-Z

8 5 . 1
8 5 . 1

166 .7
! 6 6 . 7

9 7  . 3
9 7  . 3
7 4 . 4
7 4 . 4

o . 2
o . 2

8 8 . 9
8 8 . 9
8 3 . 1
8 3 . 1
a9 .2
4 9 . 2
8 3 . 4
8 3 . 4
8 9 . 0
8 9 .  0
8 3  . 4
8 3  . 4
8 6 . 1
8 6 . 1

o . 2
o . 2

8 2 . 9
42 .9
7 7 . 2
7 7 . 2
8 3 . 1
8 3 . 1
7 7 . 4
7 7 . 4
8 2  . 7
a 2 . 7
7 6 . 9
7 6 . 9
8 6 . 1
8 5 . 1

o . o
0 . 0
4 . 4
4 . 4

3 4 . 7
3 4 . 7

1 3

t 4

1 5

llolHVS-'"*
Paee 30 of 40



86 & 87 MANIFOLD SUPPORT

MEI,TBER STRESSES

"L UNITS ARE POUN/SQ INCH

r*EMB LD SECT AXIAL

--  PAGE NO. 24
ID: Process Systens Internatio

L6

. 0  1 7 8 . 3  C
1 .  O O  1 7 8 . 3  C

. 0  4 8 6 5 . 9  C
1 .  O 0  4 8 6 5 . 9  C

. 0  L 7 0 . 2  C
1 .  O O  ! 7 0 . 2  C

. 0  4 8 6 3 . 7  C
1 .  OO 4463 .7  C

. 0  L 3 . ?  T
1 . 0 0  1 3 . 7  T

, 0  0 . 5  c
1 . 0 0  0 . 5  c

. o  1 4 7 . 6  T
r - . 0 0  1 8 7 . 6  T

. 0  4 5 0 0 . 1  c
1 . 0 0  4 5 0 0 . 1  c

. 0  1 7 3 . 5  T
1 . 0 0  L 7 3 . 5  I

. 0  4 5 1 4 . 1  C
L . 0 0  4 5 1 _ 4 . 1  C

. 0  1 9 6 , 6  T
1 . 0 0  L 9 6 . 6  T

. 0  4 4 8 5 . 3  C
1 . 0 0  4 4 8 5 . 3  C

. 0  L 3 . 7  T
1 . 0 0  L 3 . 7  I

, 0  0 . 0  T
L . 0 0  0 . 0  T

. 0  1 5 0 . 8  C
1 . 0 0  1 5 0 . 8  C

. o  1 5 0 . 8  C
r - . 0 0  1 5 0 . 8  c

. 0  L 5 0 . 8  c
1 . 0 0  L 5 0 . 8  C

. o  L 5 0 . 8  c
1 . 0 0  1 5 0 , 8  C

. o  1 5 1 . 9  C
t . o 0  1 5 1 . 9  C

. o  1 5 1 . 9  C
1 .  O 0  1 5 1 . 9  C

. o  0 . 0  c
1 . 0 0  0 .  o  c

BEND-Y

5 3 . 6
265 .7
425  .4

2tr4.2
8 9 . 9

4 4 5 . 9
447  .7

24 rB  .4
3 7 2 . 4

1 8 4 8 . 4

o . 2
7 9 9 . 2

3 9 6 2 . 8
426 .4

2LL4  .4
7 9 9 . L

3962 .6
426  .4

2 L L 4  . 2
8 3 5 . 4

4 L 4 2 . 7
447  .7

24rA .  4
3 7 2 . 8

1 8 4 8 . 4

0 . 0
0 , 0
0 . 0
0 . 0
0 . 0

L 4 . 2
0 . 0

1 4  . 2
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

BEND-Z

379 .6
1 6 1  . 7

1 0 3 9 3 . 5
4 1 3 7 . 4

362 .4
1 5 4 . 9

1 0 3 8 8 . 8
4 1 3 5 . 0

2 9 . 2
1 1  . 6

0 . 1
a . 7

4 0 1  . 5
1 5 1  . 5

96L2  .4
3424  .6

3 7 7 . 5
1 3 9 . 6

9 6 4 2 . 3
3 8 3 5 . 5

420 .7
L59  .2

9 5 8 0 . 8
3 8 1 2 . 0

2 9 . 3
1 1 . 6

250 .2
0 . 0

2 5 0 . 2
0 . 0

250  .2
0 . 0

250 .2
0 . 0

250 .2
0 . 0

250 .2
0 . o

250.2
0 . 0
0 . 0
0 . 0

COMBINED

6 1 1 . 5
605  .7

1 5 6 8 5 . 7
LLLL7.9

622 .5
7 7 L . O

1 5 7 4 0 .  r
1 1 4 1 8 . 1

4L5 .7
L873 .7

0 . 5
9 . 3

1 3 8 8 . 3
4 3 0 1  . 9

1 4 5 3 8 . 9
LO439 .2

L344 .2
4275 .7

1 4 5 8 2 . 8
1 0 4 5 4 . 8

1-452 .7
4498 .5

1 4 5 5 3 . 8
ro7L5 .7

4 r5  .7
ra73 .7

250 .2
0 . 0

4 0 1  . O
1 5 0 . 8
4 0 1 .  O
1 5 0 . 8
4 0 1 - . 4
1 5 0 . 9
4 0 1 . 4
1 5 0 . 8
402 .L
1 5 2 .  O
402 .L
1 5 1 . 9

o . o
o . o

SHEAR-Y

1 1 . 1
1 1 . 1

294 .5
2 9 8 . 5

1 0 . 6
1 0 . 6

298 .4
298 .4

0 . 8
0 . 8

o . 2
o . 2

L L  . 4
1 1 . 4

2 7 6 . O
2 7 6 . O

1 0 . 5
1 0 . 5

276 .9
276 .9

1 1 . 9
1 1 . 9

2 7 5 . L
2 7 5 . L

0 . 8
o . 8

3 2 . 6
3 2 . 6
3 2 . 6
3 2 . 6
3 2  , 6
3 2 . 6
3 2 . 6
3 2 . 6
3 2 . 6
3 2 . 6
3 2 . 6
3 2 . 6
3 2  . 6
32 .6

0 . 0
0 . 0

SHEAR-Z

4 . 4
4 . 4

3 4 . 7
3 4 . 7

7 . 3
7 . 3

3 9 . 7
3 9  . 7
3 0 . 3
3 0 . 3

0 . 0
0 . 0

6 5 .  O
5 5 . 0
3 4 . 7
3 4 . 7
6 5 .  O
6 5 . 0
3 4 . 7
3 4 . 7
6 7  . 9
6 7 . 9
3 9  . 7
3 9 . 7
3 0 .  3
3 0 . 3

0 . 0
o . 0
0 . 0
0 . 0
0 . 0
0 . 0
1 . 8
1 . 8
1 . 9
1 . 9
0 . 0
0 . o
0 . 0
0 . 0
0 . 0
o . o

3 0 0

************** END OF LATEST ANALYSIS RESULT **************
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86 & B7 I.TANI FOLD SUPPORT

120. PARAMETER
121 .  CODE A ISC
122. FYLD 45999.959 UBI ' IB 9 TO 16
123. l i lSTR 21000. MEMB 9 TO 16
' .24. wIr l IN 0.188 l lEl{B 9 TO 16
125. CB 1. MEI, IB 9 TO 16
126. CMY 1. MEl, lB 9 TO 16
127. !.{AIN 0. MEl,rB 9 TO 16
128. RATIO ] . .  MEMB 9 TO 16
129. CHECX CODE UEMB 9 TO 15

-- PAGE NO. 25
ID: Process systerns Internatio
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86 & 87 }{ANI FOLD SUPPORT
ID: Process

?T*?;III-9??T-:*:fiIG 
- (AISC)

--  PAGE NO. 26
Systens fnternatio

I,OADING/
LOCATION

ALL UNITS ARE - POUN

II{EI.{BER TABLE

INCH (UNLESS OTHERWISE NOTED)

RESULT/ CRITICAL COND/ RATIO/
FX I,IY ilZ

9 ST TUB 40408 PASS
. 5 3 1 . 1 7  C

10 sT TUB 40408 PASS
25269.92 A

11 ST TUB 40408 PASS
4 5 4 . 6 1  C

12 ST TUB 40408 PASS
2 3 5 8 4 . 7 6  T

13 ST TUB 40203 PASS
5 7 3 . 3 3  C

14 ST TUB 40203 PASS
5 8 2 . 5 r .  C

r.5 sT TUB 40408 PASS
30932 .95  C

16 ST TUB 40408 PASS
28709 .64  C

].3 O . SELECT WELD }.TEMB 9 TO ].5

AISC- H1-3
4937 .95

AISC- H2-L
- 5 4 9  . 4 9

AISC- H1-3
4 3 1 1 . 5 9

AISC- H2-1
- 4 8 0 . 3 6

AISC- H1-3
2 9 1 9 . 1 9

AISC. H1-3
2 8 9 5 . 5 8

Arsc- H1-1
2999  .44

AISC- H1-1
2622 .  08

0 . 8 4 4
L377  45  .6L

o . 5 8 2
-73854 .76

0 . 7 8 1
L 2 7 A 4 8 . 4 9

0 . 5 4 1
- 6 8 5 4 8 . 3 1

o  . 2 4 4
- 7 8 4 7  . 7 7

0 . 3 4 0
- 1 3 0 2 4 . 0 0

o .592
- 5 3 8 9 0 . 8 2

0 . 5 4 6
- 5 9 3 0 0 . 1 5

7
0 .  o 0

7
6 1 .  O O

I

0 . 0 0
5

6 1 . 0 0
7

0 . 0 0
6

0 . 0 0
7

0 . 0 0
5

0 . 0 0
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86 & 87 MANIFOLD SUPPORT
ID: Process

-- PAGE NO. 27
Systens Internatio

ALL UNITS ARE - INCH

ME!'iBER LOCATTON/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POTJN

WELD TYPE,/
HOR STRESS

WELD SIZEI
VERT STRESS

coMB STRESS,/
DIR STRESS

1 0

t 0

1 1

1 1

T 2

L2

1 3

1 3

1 4

I 4

15

1 5

1 6

STA

END
5

STA
7

END
7

STA
5

END
5

STA

END
5

STA
7

END
L

STA
6

END
6

STA
7

END
1

STA
5

END
7

I
9 1 . 3 3

I
1 5 9 . 6 9

1
1 8 9 . 9 0

1
1 8 9 . 9 0

1
9 5 . 8 1

.L

1 5 9 , 6 9

1
2 5 3  . 2 0

l - 6 6 . 0 L

L
1 8 . 5 3

I
0 . 0 5

1
1 8 . 3 8

L
1 8 , 3 8

1
3 5 3 . 1 9

1
4 ? O . 9 2

1
3 0 8 . 7 5

1
4 7 0 . 9 2

6 /L6
2 5 5 0 . 8 4

3  / t 6
5 1 0 4 . 0 0

4 /76
5 0 4 . 5 5

4 /L6
5 0 4 . 5 5

5 /16
2 A 4 L . O 8

3 /L6
4 7 3 5 . L 3

3 /16
629 .92

4/L6
4 6 3  . 2 3

3 /L6
4 9 . 8 3

3  /16
0 .  0 2

3  /16
4 2 . 6 9

3  /76
a 2  . 6 9

4 /16
5 1 1 . 8 8

3 / L 6
8 1 5 . 8 5

4 /16
5 5 0 . 9 5

3/L6
7 8 4 . 4 4

1 8 1 2 0 . 5 6
17939 .89

5 1 1 0 . 8 2
2 1 0 .  0 3

1 5 8 8 3 . 4 9
L5874 .34

2 0 2 7  5  . 4 5
20264 .24

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

4 7  4 0  . 2 4
r . 5 1 . 5 4

2 0 0 4 3 . 2 8
2003L .78

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

5062 .3L
5 0 6 2 . 0 3

2 7 5 . 3 r
2 7 5 . 3 !

7 1 2 3 . 6 2
7 L 2 3 . L L

2 7 2  . 4 0
254  .89

20287 .46
20275 . t6

2 0 4 1 0 . 1 3
2 0 3 8 8 . 3 9

L8794  .44
1 8 7 8 7 . 8 3

1 9 1 1 0 . 0 5
1 9 0 8 8 . 1 2
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86 & 87 MANIFOLD SUPPORT

**:**************** END OF TABULATED WELD DESTGN ** ********** ******

131 .  F IN ISH

** * * * * * * * * * * * * *  END OF STAAD- r r I  * * * * * * * * * * * * * * *

* * * *  DATE= APR 17 .1995  T I I iE=  10 :  4 i48  * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* For quest ions on STAAD-II I .  contact3 *
* Research Engineers,  Inc at  *
*  Ph :  (7L4 \  974 -25oo  Fax :  (7141  92L -2543  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * t * *

-- PAGE NO. 2A
JD: Process systens Internatio

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

ALL UNITS ARE - INCH POUN

l,rEl.rBER LOCATTON/ WELD TYPE/ WELD SrZEl COI{B STRESS/
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-063
PAGE I OF 6

REV. DEO # DATE BY: CHECK TITLE:
Flange Bolting
Analysis of flangc bolting for Gale Vah'cs
l 1 2 c M & l 2 2 c M

0 O t 3  L 3// .4t l^Jb h tt OC-

BY: W.Bilinsky DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PLIRPOSE:. Evaluate the gate valves threaded fastening details. Bolts and their mating thneaded
(tapped) flange section are potential areas offailure due to thread stripping between
differine materials.

METHOD:
Hand calculations utilizing standard formulas for Stress Areas and Length of
Engagement of Screw Threads as specified in MACHINERY's HANDBOOK

ASSUMPTIONS,

INPUTS: l . PSI Calc No. V049-1-O42
GNB Drawinss 1030982.

REFERENCES: l. Machinery's Handbook. Oberg & Jones 19th Ed. 1973.
2. Standard Handbook for Mechanical Engineers. Baumeister & Marks 7th Ed.
3. Specification for l12 and 122 CM Gate Valves

PSI - V049-2-005 rev. 3
4. Doc. No. V049-1-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:
( See Attached )

CONCLUSIONS: The requirements for proper and adequate bolting as specified in
the Machinery's Handbook are satisfactorily met.

NOTES:
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-068
PAGE 1 OF 5

REV. DEO # DATE BY: CHECK TITLE:

Study of Required Bellows Deflections for
Installation Filup

0 // /r,/9 c ,/? a L-- uJu rt

BY: R. D- Ciano DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: Determine the maximum deformations required of the bellows to facilitate
installation of equipment considering component construction tolerances.

METHOD: Hand calculation methods are used to determine the geometric configurations
that bellows must assume to coffiect adjacent components.

ASSUMPTIONS: See calculations attached.

INPUTS: LIGO project drawings and sketches.

REFERENCES: Specification V019-2-017, Bellows Expansion Joints for LIGO Vacuum Equipment

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS:The required bellows axial and bending deflections have been determined.
Axial defl ection.....................+/- 2 in.
Bendine rotation....................+/- . 5o.

NOTES: The above deformations will be included in Specification V049-2-017. Shear deformation of
bellows is not reouired.

FTLED \f \LTSERS\ACIAf]O\OUT\V0.|9l063 CAt
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUCH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-079
PAGE I OF 7

REV. DEO # DATE BY: CHECK TITLE:

Analysis ofesC Support Leg to Cross Beam
Connection

o o  l \ , / I/// t /9 I /24 <-. N9h

BY: R D- Ciatto DEPT. :744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: Analyze welded tube steel eonnection at junction of support leg and cross member lo
confirm structural integrity ofthe side ofthe support leg which is required to resist a high bending
moment at the end of the cross member.

METHOD: A local finite element model of the connection was created to analyze the suppon leg
stresses. The IMAGES program was used.

ASSUMPTIONS: See calculations attached.

INPUTS: Forces and moments at end of cross member from Doc. No. V049-1-024

REFERENCES: 1. LIGO project drawings V049-4-001 andY049-4-023
2. Calculation V049-l-024, Design of Support Legs and Base Plates
3. IMAGES-3D. Version 3.0. R. L. Cloud and Associates
l .  V  o v 7 - /  -  ? / (  / - / 6 D  t , / A . . . , / a  { , i . t . . ^ .  l r o  r n . -  O ; : . , t  ( . 1 , = . - / t , +

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: The cross member was changed from a 7x4 tube steel member to an 8x4 in tube
steel member to reduce the bending stress applied to the support leg. Stresses in the 8x8 tube steel
leg member are within AISC code limits.

NOTES: Load case I includes the 3 forces, load case 2 includes the 3 moments and load case 3 is the
combined forces and moments. The IMAGES file is SUPPCONN.*
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH. MA

ENGINEERING
CALCULATIONS

NO: V049-l-080
PAGE I OF I()

REV, DEO # D4TE BY: CHECK TITLE: Analysis of Bolted Flange for Initial
Out ofFlatness0 e !!J r/! ),t],t lt /J c-- ACrR.

BY: R. D. Ciatto DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. To determine if Viton O-rings in the bolted flanges will seal if flange flatness is at
maximum tolerance considering the stiffening effects ofthe aftached shell.

METHOD: A 3D IMAGES finite element model of a segment of the bolted flange was created. The
flange out offlatness was analyzed using gap elements, with the gap equial to the flatness tolerance
at the flange mating surface. A nonlinear analysis of this model was performed. Loads included
the bolt preload, which is l0 kips, and the maximum tensile load in the shell.

ASSUMPTIONS: The maximum gap occurs at the bolt centerline. The amplitude of the gap is the same
as the flatness tolerance for the 60 in flanse.

INPUTS: Drau,ing V049-4-019 for the flatness tolerance
Calculation V049-1-016 for the initial 3D finite element model
Calculations V049-l-018 and -042 for Viton properties and shell forces, respectively.

MFERENCES: See Inputs

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Even though the bolt clamping force lnust resist the shell stiffness, the bolt will
bring the flanges together and the seal will be maintained. When lhe maximum gap occurs between
bolts, the clamping force connot close the gap but the seal is maintained even with the maximum
tolerance.

NOTES: The computer file is FLANGED.*
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sPoot B-9

ASMB Sectsion VrrI Division 1. 1992 Edition. A94 Addenda

Component: Cylinder
Malerial specif icat ion: SA 240 304L HIGH

Corrosion al, lowance: InnerC = 0 Outer= 0 in

* PWHT is performed

Radiography ! Category A joints - Spot ltw-11 (b) Eype 1
Category B joints - SpoE. ItW-11 (b) Cype 1

Est imated we igh t :  new =  1040,3  cor f , '=  1040.3  Ib
capac i ty :  new -  1118.134 cor r  =  1118.134 us  9a

ID =  72 .25  length  Lc= 63  E =  0 .25  in  (new)

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

P = 5 * g * 3 7 ( R + 0 . 6 * t s )  - P s
=  1 6 7 0 0 * 0  . 8 5 * 0  . 2 5 /  ( 3 5  , 1 2 5  +  0 . 6 * 0  . 2 5 )  -  0
=  9 7 . 8 2 9 0 9  p s i

tltAYfP: (Corroded & at 1OO deg F) ItG-27 (c) {1)

P = 5 * g * 9 7 ( R + 0 . 6 * E )  - P s
=  1 6 ? 0 0 * 0  . 8 5 * 0  . 2 5 /  ( 3 5 . L 2 5  +  0 . 6 * 0  . 2 5 )  -  0
=  9 7 . 8 2 9 0 9  D s i

REv <>
Doc.  Na.  Vo41- l -681
Page 5l oF 3?3  . 1 2  . 1 9 9 5



Lug maEerial specif icatsion
Lug al lowabfe sEress
Top plaEe widch
Base plate vridth
Top pLaEe thickness
Base plate thickness
Lug length circ. direct ion
Gussel heighE
Gusset thickness
Nurnber of lugs
An$.rlar position, firsts lug
FiLlets weld size
Force bearing width
Distance to foad

Radial load
Circumf erentsial moment
Circumferential shear

3 . 1 2 . 1 9 9 5

8X6 I,UG - WIrH NO PAD

= A 240 30a
=  1 8 8 0 0  p s i

w P = 2 i n
w b  =  4 . 7 5  i n

t  =  0 . 5  i n
t b  =  0 . 8 7 5  i n

L = 6 i n
h = Z i n

t g  =  o ' 5  i n
= 4
= 0 degrees

t l r  =  0 . 1 8 ? 5  i n
F b = 2 i n

d  =  3 . 3 7 5  i n

P r =  0 1 b f
Mc  =  0  l b f - fE
v c =  0  r b f

Lug top plate reanrired thickness. Bednar Dgr 153

ta = 0. ?5* (VLid*Ir) 7 196*e7p^2*h)
=  o . 7 5 *  ( 7 s 6 6 * 3  . 3 7 5 * 5 1  /  ( 1 8 8 0 0 * 2 ^ 2 * 7 )
=  0 . 2 5  i _ n

Lug gusset required tshickness

s c  =  l - 8 0 0 0 /  ( 1  +  ( 1 / 1 8 O O O )  *  ( h /  1 9 . 2 9 9 * g g )  ) ^ 2  )
=  1 8 0 0 0 / ( 1  +  ( 1 / 1 8 0 0 0 ) * ( 7 /  ( 0 . 2 8 9 * 0 . s ) ) ^ 2  )
=  L5923.95  ps i

tg = vr.r* (3*d - wb) /  (sc*wb^2*slN(Alpha) ^2)

=  7 5 6 6 *  ( 3 r 3 . 3 ? 5  -  4 . 7 5 )  /  1 t r 5 9 2 3 . 9 5 * + . 7 5 ^ 2 * S r N ( 6 8 . 5 5 2 ) ' 2 )
=  0 . 1 3 0 7  i n

Luq base plate required tshickneEa

From Escoe Eab1e 4-8

1s  =  VL/  (Fb* r , )  =  630 .5  ps i

Mx = ex* fc*Gs ̂ 2
=  0 . 0 9 2 3 r 6 3 0 . 5 * 5 ^ 2  =  L 4 5 4 . 8 7 9

My = cy* fc*wb^2
=  - . 1 2 5 * 6 3 0  . 5 * 4 . 7 5 ^ 2  = - L 7 9 2 . 4 3 3

t b = S q r ( 6 * M m a x / S a )
=  S q r ( 6 * 1 ? 9 2 . 4 3 3  /  1 8  8 0 0  )
=  0 . 7 5 6 3  i n

eheck Iuq atstsachment atsresses

RE\/ o
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8X6 LUG - WTTII NO PAI)

Longiludinal moment
Longitudinal shear
Internal Dressure

M L =

P =

2128 l'bf-fL
7565 ],bf
0 ps i

Mean radius Rm = 35.25 in
Rm/t = 14S

C 1  =  3 .  C 2  =  4 . 1 8 7 5  i n

Stress concentrat ion facEor Kn (tension) = 1
SEress concentrat.ion factor Kb (bending) = r

Local- circ. pressure stress = p*Rm/t = 0 psi

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

Maximum combined stress =-29944 psi
Al lowable combined stress = +-3*S = +- 50100 psi

The maximum combined sE.ress is within all-owable Limits.

Maximum primary membrane sLress =-9554 psi
A1lowab1e primary membrane stress = +-1.5*S = +- 25050 psi

The maximum Drimarv membrane stress is wit.hin allowable linits -

REV o
Doc. No.Vo49 -t-og4
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8X5 LI}G - WITIT NO PAD

From
F ig .

Value
read

beta
BU

3 C *  1 1 2 . 2 r 4  | 0 . n 6
4 C *  1 2 0 . 2 4 6  1 0 . 1 0 5
l C  t 0 . 0 8 3 0  t 0 . 0 9 3
2 C - 1 1 0 . 0 4 9 5  1 0 . 0 9 3
3 A *  1 5 . 5 0 3 6  1 0 . 0 9 2
1 A  t 0 . 0 7 9 9  t 0 . 0 9 5
3 8 *  1 1 4 . 8 3 2  1 0 . 1 0 3
1 8 - 1 1 0 . 0 2 8 9  1 0 . 0 9 5
pressure sE,ress*

-9554 -9554
- 2 0 3 9 0  2 0 3 9 0

9554  9554
2 0 3 9 0  - 2 0 3 9 0

Tot,al circ stress
Primary menlcrane
circ scress*

-29944  10835

- > a ) +  - > 2 1 +

29944  - !0836

9554 9554

3 C *  1  1 3  . 3 4 7 0 . 1 0 5
0 . 1 1 6
0  .  1 0 7
0 . 1 0 7
0 . 0 9 2
0 . 1 0 8
0 . 1 0 3
0 . 1 0 ?

- 4 5 3 0  - 4 5 3 0
- 2 z 6 L a  z z o L a

4 5 3 0  4 5 3 0
t z o L a  - z z o L )

pressure sEress *

4e* 1]-9.491
1 C - 1 1 0 . 0 7 3 3
2 C  1 0 . 0 4 4 0
4A*  |  l _0 . l -10
2 A  |  0 . 0 3 7 9
4 8 *  1 5 . 6 7 L 7
2 8 - 1 t 0 . 0 3 5 ?

Total long stress
Primary membrane
long sEress*

-21L45  18085

- 4 s 3 0  - 4 5 3 0

2 7 1 4 5  -  1 8 0 8 s

4 5 3 0  4 5 3 0

torsion moment M!
Circ shear from vc
Long shear from Vt - 1 8 0 7 - 1 8 0 ?  1 8 0 7 1 E

Tota1 Shear sEress - 1 8 0 7  - 1 8 0 7  1 8 0 7 1 E

Combined stress -29944  18085 2 9 9 4 4  - 1 8 0 8 5 3614 3 6 1 4  3 5 1 4 3f,

Rev o
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SPOOL BB-3

ASI'B Sect.ion VIII Division 1. 1992 Bdition, A94 Addenda

ComponenE.: Cylinder
Mater ial  speci f icat ion: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 Outer= 0 in

* PWI{T is performed

Radiography: CaEegory A joints - Spot Uw-11 (b) tl4)e 1
Category B joints - Spot ttw-11 (b) t.)4)e 1

EsE.imated weight:  new = 478,4 cott  = 478,4 Ib
capac i t . y :  new =  285 .231  coEr  =  286 .23L  US ga

ID  =  56 .5  l eng th  Lc=  23  E  =  0 .375  i n  (new)

UAP: {New & at O deg F) I rc-27{c} (1}

p = S * E * E / ( R + 0 . 6 * E )  - p s
=  1 6 7 0 0 * 0  . 8 5 * 0  . 3 7 5 /  ( 3 0 . 2 5  +  0 . 6 * 0 . 3 7 5 )  -  0
=  I 7 4 . 5 7 1 9  p s i

MAVIP: (Corroded & at 100 deq F) Uc-27 (c) (1)

P = S * E * I / ( R + 0 . 6 * t )  - P s
=  1 5 7 0 0 * 0  . 8 5 * O , 3 ? 5 /  ( 3 0 . 2 5  +  0 . 5 * 0 . 3 7 5 )  -  0
=  r 7 4 . 5 7 L 9  p s i

Revo
De, No, Vo4?-t-oS4
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8X6 LUG - WITII NO PAD

Lug mat,erial specif ication
Lug allowable st.ress
Top plate width
Base plat.e r^ridEh
Top pLaEe thickness
Base plate thickness
Lug LengEh circ. direcLion
Gusset height.
Gusset thickness
Number of lugs
Angular position, firs! lug
Fi11et wel-d size
Force bearing widEh
Distance to load

=  A  2 4 0  3 0 4
= 18900 ps i

w P = 2 i n
w b  =  4 . 7 5  i n

t  =  0 . 5  i n
E b  =  0 , 7 5  i n

L = 5 i n
h  =  3 . 2 5  i n

tsg  =  0 .5  in
= 4
= 0 degrees

t w  =  0 . 1 8 7 5  i n
F b = 2 i n

d  =  3 . 3 7 5  i n

o 1bf
0 l b f - f E .
0 lbf

tug top plate reouired thickness. Bednar pg 153

ta  =  0 ,75*  (VL*d*L)  7  15a*sp^2*h)
=  0 . 7 5 *  ( 6 4 0 0 * 3 . 3 7 5 * 6 )  /  ( r 8 8 O O * 2 ^ 2 * 3  . 2 5 )
=  0 . 3 9 7 7  i n

Lug gfusset reouired thickness

s c  =  1 8 0 0 0 /  ( 1  +  ( 1 , / 1 8 0 0 0 )  *  ( h /  ( 0 . 2 8 9 * r g )  )  
^ 2  )

=  1 8 0 0 0 /  ( 1  +  ( 1 / 1 8 0 0 0 )  *  ( 3 . 2 5 /  ( O . Z e g * 0 . 5 )  )  
^ 2  

)
=  17501 .9?  ps i

tg  =  y1 , *  (3*d  -  wb) /  (Sc* r^ rb^2*SIN(A lpha)  ^2)
=  6 4 0 0 *  ( 3 * 3 , 3 ? 5  -  4 . 1 5 )  /  ( 1 7 5 0 7 . 9 7 * 4 . 7 8 ^ 2 * S I N ( 4 9 . 7 5 4 )  ^ 2 )

=  0 . 1 4 9 4  i n

From Escoe tsable 4-8

fc  =  , ,n  /  (Fb*L)  =  533 .3333 ps i

Mr< = gx* 69 *6t ^ 2
=  0 . 0 9 2 3 * 5 3 3 . 3 3 3 3 * 5 ^ 2  =  t 2 3 0 . 6 6 7

My = Cy*fc*wb^2
=  - . 1 2 6 * 5 3 3 . 3 3 3 3 * 4  . 7 5 ^ 2  = - L 5 L 6 . 2

tb = Sqr ($*t"tmax / Sa)
=  Sqr (5*1s16.2  /  L8800 ' t
=  0 . 5 9 5 6  i n

eheck lug at.taclrment stresses

Radial load Pr =
Circumferent. ial momerrE Mc =
Circumferential shear Vc =

3  .12  .  1996

REv O
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8X6 ITIG - WITII NO PAI)

Longicudinal moment
I/ongitudinal shear
Internal pressure

ML =  1800  1b f - f t
vL  =  6400  lb f

P =  0 p s i

St-resses at t-he lus edoe Der yfRe bulletin 1O7 { Dsi)

Mean radius Rm = 30.4375 in
R m / t  =  8 1 . 1 6 6 5 6

C 1  =  3 ,  C 2  =  2 . 2 5  i n

Stress concentrat. ion factor Xn (Eension) = 1
Stress concentration factor Kb (bending) = f

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

Loca1 long. pressure streEs = P*Rm/2t = 0 psi

Maximum combined stress =-2462\ psj-
Al1owab1e combined st.ress = +-3*S = +- 50100 psi

The maximum codbined sEress is wiEhin allowable limits.

Maximum primary membrane stress =-6062 psi
Al lowable primary membrane stsress = +-1.5*S = +- 25050 psi

The maximum primary mefi crane stress is within allor,,rabIe limits.

Rev o
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From
f 'ag -

val-ue
read

3 C *  1 L 1 . 5 2 0  1 0 . 0 8 5
4 C *  1 1 3  . 2 4 4  l O  . 0 9 2
1 C  1 0 . 1 0 4 0  1 0 . 0 9 3
2 C - 1 1 0 . 0 5 9 5  1 0 . 0 9 3
3 A *  1 2 . 8 5 3 8  1 0 . 0 9
1 A  i 0 . 0 8 7 9  1 0 . 0 9 9
3 8 *  I 8 . 6 0 0 1  |  0 . 0 8 1
1 8 - l _  1 0 . 0 4 2 1  |  0 . 0 8 3
Dressure st.ress*

-6062 -6062
-15275 !5215

6062 6062
15275 -15275

Tota1 circ sE.ress
Primary memlcrane
circ stsress*

-21337 9213 2L337 -92t3

-6062 -6062 6062. 6062

3C i
4C*

2 C
4A*

4B*
28-  I

L0 .947
1 3  . 4 8 4
0  .  1104
0 . 0 7 4 0
4  . 4 6 0 0
o . o 4 7 5
2 . 5 5 4 3
o . 0 6 4 2

0  . 0 9 2
0 . 0 8 5
0 . 0 8 7
0 . 0 8 7
0 . 0 9
0 . 0 9 5
0 . 0 8 1
0 . 0 8 5

- r b t ) 5  - J - o o J

-22958 22958
1 6 5 3  1 6 5 3

22958 -22958
Dressure stress*

Totsa1 fong scress
Primary mefiibrane
long stress*

-  24621 21,295

-1553  -1 -653

t + 6 z L  - z L z > a

1563  1663

Eorsion momenC Mt
Circ shear from Vc
Lonq shear from Vt - 1 8 9 5  - 1 8 9 6  1 8 9 6 I g

Total Shear stress - 1 8 9 5  - 1 8 9 6  1 8 9 5 1 E

Combined sEress -24627 2t295 24621 -27295 3792 3792 3792 3 9

Rc-v o
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sPool, A-13

ASlitB Section VrrI Division 1. 1992 Edition. A94 Addenda

ComDonent.: Cyl inder
Material specif icat ion: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 Outer= O

Radiography :

* PwIIf is performed

Category A joints - SpoE ItW-11 (b) eype
Calegory B joints - Spot lIw-ll (b) type

l-n

.L

1

Estimated weight :
capacity:

new =  238.4  cor t  =  238.4
new =  285.231 co f f  =  286.23L US ga

r u  =  o u . l LengEh Lc= 23 t  =  0 . 1 8 ? 5  i n  ( n e w )

l :AP: (New & at o deg F) Uc-27(c) (1)

p = S * E * I / ( R + 0 , 5 * g )  - p s
=  1 6 ? 0 0 * 0 . 8 5 r 0 . 1 8 7 5 /  ( 3 0 . 2 5  +  0 , 6 * 0 . 1 8 7 5 )  -  0
=  8 7 . 5 5 9 5 3  p s i

MAtilP: (Corroded & at 100 deg F) uc-27(c) (1)

P = 5 * g * 9 7 ( R + 0 . 5 * t )  - P s
=  1 5 7 0 0 * 0  . 8 5 * O . r 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

Rev o
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Lug material specif icat ion
Lug al lowable stress
Top plate widrh
Base plate width
Top plaEe thickness
Base plate thickness
Lug length circ. direct ion
GusseE height
Gusset t.hickness
Nunber of lugs
Angular position, first lug
FiffeE weld size
Force bearing widEh
Distance to load

Radial load
Circumf erential moment.
CircumferenEial shear

3  . 1 2  . 1 9 9 6

8X6 LI]GI - YIIllI NO PAI)

A  2 4 0  3 0 4
1 8 8 0 0  p s i
2 i � n
4 . 7 5  l l
0 . 5  i n
0 . 7 5  i n
5 i n
7 i n
0 . 5  i n

= 0 degrees
t w  =  0 . 1 8 7 5  i n
F b = 2 i n

. l  -  2  2 " E  i l r

wb
l-

rb
L
h

Eg

Lug top plate required thickness. Bednar pq 153

Ea =  0 .75*  (VL*d*L)  7  1ga*wp^2*h)
=  0 . 7 5 *  ( 5 4 0 0 * 3 . 3 7 5 * 5 )  /  ( r 8 8 O O * 2 ^ 2 * 7 )
=  U .  2 5  a n

I-,ug gnrsset required thickness

S c  =  1 8 0 0 0 /  ( 1  +  ( 1 / 1 8 0 0 0 ) *  ( h /  ( 0 . 2 8 9 * t g )  )  
^ 2  

)
=  1 8 0 0 0 / ( 1  +  ( 1 / 1 8 0 0 O ) * ( 7 /  ( 0 . 2 8 9 * 0 . s ) ) ^ 2  )
=  L5923.95  ps i

r g  =  v L * ( 3 * d  -  w b ) / ( s c * w b ^ 2 * s I N ( A l p h a ) ^ 2 )
=  6 4 0 0 *  ( 3 * 3  . 3 7 5  -  4 . " t 5 '  /  ( 1 5 9 2 3 . 9 5 * 4 . 7 5 ^ 2 * S r N ( 6 8 . 5 5 2 )  ^ 2 )
=  0 . 1 1 0 5  i n

Luo base plate recuired thickness

From Escoe table 4-8

1 s  =  v L /  ( F b * L )  =  5 3 3 . 3 3 3 3  p s i

Mx = Cxr( f c*Gs ̂ 2
=  0 . 0 9 2 3 * 5 3 3 . 3 3 3 3 * 5 ^ 2  =  1 2 3 0 . 6 6 7

MY = CY* gs*t5^2
=  -  . 1 2 6 * 5 3 3 . 3 3 3 3 * 4  . 7 5 ^ 2  = - 1 5 1 - 6  - 2

t s b = S q r ( 6 * M m a x / S a )
=  S q r ( 6 i 1 5 1 6 . 2  /  1 8 8 0 0 )
=  0 . 6 9 s 6  i n

Check lug attactutent stressea

Pr
MC
vc

=  0 1 b f
=  0  l b f - fE
=  0 l b f REV O
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8X6 LUG - IIIT]I NO PAI)

Stresses at. the lug edge per WRC bulletin 107 ( psil

Mean radius Rm = 30.34375 in
Rm/ t  =  151.8333

C 1  =  3 ,  C 2  =  4 . 1 2 5  i n

Stress concentrat ion facEor Kn (Eension) = 1
Stress concentration factor Kb (bending) = f

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

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

Maximum combined stress =-37235 psi
Al lowabLe combined stress = +-3*-S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane sEress =-L2905 psi
Al lowable primary membrane stress = +-1,5*S = +- 25050 psi

Ttle maximum primary membrane st.ress is within alLowable 1imit.s.

Longitudinal moment'
tongitudinal shear
InEernal pressure

ML =  1800 lb f - f t .
vL = 5400 lbf

P =  0 P s i

Rev c>
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8X6 LUG - WITII NO PAD

From
Fig .

value
read

beEa

3 C *  |  1 0  .  3 5 4  1 0 . 1 3 5
4 C *  1 2 0  . 5 8 9  t 0 . L 2 4
1 C  t 0 . 0 7 0 7  t 0 . 1 1 1
2 C - 1 1 0 . 0 3 6 6  1 0 . 1 1 1
3 A *  1 5 . 3 0 2 8  |  0 . 1 1
1 A  1 0 . 0 7 2 9  t 0 . 1 1 4
3 8 *  f  1 4  . 1 0 ] - �  I O . L 2 2
1 8 - 1 1 0 . 0 2 2 6  1 0 . 1 1 3
pressure sEress*

-12905  -L2905
-24330 24330

L2905 12905
24330 -24330

Total circ stress
Frimary meTnbrane
c i rc  s t ress*

-3723s tL425

-  l z > v 5  -  L . d , > v 2

37235 - rL425

12905 t2905

3C*
4C*
1 C - 1
2 C
4A*

4Bt
28-L

7r .749
L 9  . 6 2 9
0 . 0 5 1 3
0 . 0 3 9 1
L 2  . 6 5 3
0 . 0 3 2 8
) . > z ) t

o . 0 2 7 3

0 . L 2 4
0 . 1 3 6
0  . 1 2 6
0 . L 2 6
0 . 1 1
0 . L 2 7
0 . ] . 22
0 . r 2 5

- 6 3 2 U  - b 5 l U

- z b f u b  z b f , u b
6a20 6520

26506 -26506
Dressure stsress*

Total long st,ress
Primary membrane
Iong slress*

-33026  19986

-6520 -6520

3 3 0 2 6  - 1 9 9 8 6

6520 6s20

tsorsion moments Mt
Circ shear from Vc
Long shear from VL, -2059 -2069 2069 2 g

Total Shear streEs -2059 -2069 2069 2 g

Combined sEress -37235 19986 37235 -L9985 4 1 3 8 4 1 3 8  4 1 3 8 4 8

Rr:., o
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sFoot A-2

AS!!E Section VIIf Division 1. 1992 Bdition. Ag4 Addenda

Component: Cylinder
MaEeria1 specif icat. ion: SA 240 304L HIGH

Corrosion allowance: Inner C = 0 Outer= 0 in

* PWIIT is performed

Radiography: Category A joints - SpoE ttw-ll(b) E)T)e 1
Category B joints - Spot IIw-11 (b) E)4)e 1

Est. imat.ed weighE: new = 224.5 corr = 224.5 lb
capac i ty :  new =  2 !4 .744 cor r  =  2 !4 -744 US ga

ID =  49 .25  length  Lc= 27 .13  E =  0 .1975 in  (new)

MAP: (New & at O deg P) Ire-27{c} (1}

P = S * E * t s / ( R + 0 . 6 * t )  - p s
=  1 5 7 0 0 * 0  . 8 5 * O . 1 8 7 5 /  1 2 4 . 7 2 5  +  0 . 5 * 0 . 1 8 7 5 )  -  0
=  1 0 9 . 8 1 1 8  p s i

MAWP: (Corroded & at 100 deg F) UCt-22 (c) (1)

P = S * E * E / ( R + 0 . 6 * E )  - P s
=  1 6 7 0 0 * 0  . 8 5 * O  . 1 8 7 5 /  ( 2 4  . t 2 5  +  0  . 6 * 0 . 1 8 7 5 )  -  O
=  1 0 9 . 8 1 1 8  p s i

Rs' o
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Lug material specif icat ion
tug aLlowabLe stsress
Top plate rridEh
Base plate widEh
Top pLate thickness
Base plaEe thickness
L,ug length circ, direct.ion
Gusset height
Gusset thickness
Number of lugs
Angnrl ar position, first lug
Fil let weld size
Force bearing width
Distance to load

Radial load
Circumferential moment
CircumferenEial shear

3  .12  .  1995

=  A  2 4 0  3 0 4
=  1 8 8 0 0  p s i
= 2 i n
=  4 . 7 5  i n
=  0 . 5  i n
=  0 . 5 2 5  i n
= 5 i n
= 7 i n
=  0 . 5  i n
= 4
= 0 degrees
=  0 . 1 8 7 5  i n
= 2 i n
=  3 . 3 7 5  i n

P r =  0 1 b f
Mc =  0  lb f - f r
v c =  0 l b f

vrp
ttb

?

tsb
L
n

Eg

Ew
Fb

Luo top plate required thickness. Bednar pgr 153

ta  =  0 .75*  (vL*d*L)  7  196*sp^2*h)
=  0 . 7 5 *  ( 5 0 5 3 * 3 . 3 7 5 * 6 )  /  ( t 8 8 O O * 2 ^ 2 * 7 )
=  0 . 2 5  i n

Lug gusset required thickness

s c  =  1 8 0 0 0 , /  ( 1  +  ( 1 / 1 8 0 0 0 )  *  ( h /  1 6 . 2 9 9 * s g )  )  
^ 2  )

=  1 8 0 0 0 / ( 1  +  ( 1 / 1 8 0 0 O ) * ( 7 /  ( 0 . 2 8 9 * 0 . s ) ) ^ 2  )
= L5923.95 psi

tg  =  y1 , * (3*d  -  wb) / (Sc*wb^2*SIN(A lpha)  ̂2 )
=  5 0 5 3 *  ( 3 * 3 . 3 7 5  -  4 . 7 5 ' )  /  ( L 5 9 2 3 , 9 5 * 4 . ? 5 ^ 2 * S r N ( 6 8 . 5 5 2 )  ^ 2 )
=  0 . 0 8 7 3  i n

Lug base plate required thickness

From Escoe table 4-8

1g =  vL /  (Fb*L)  =  421.0833 ps i

l4l< = Cx*fc*Gs^2
=  O . 0 9 2 3 * 4 2 1  . 0 8 3 3 * 5 ^ 2  =  9 7 1 . 5 4 9 8

l'/ty = Cy* fc*wb^2
=  - . 1 2 6 * 4 2 L . 0 8 3 3 * 4  . 7 5 ^ 2  = - a a g ? . O 8 7

t b = S q r ( 6 * M m a x / S a )
=  S q r ( 6 * 1 1 9 7 . O 8 7  /  1 8 8 0 0  )
=  0 . 6 1 8 1  i n

Check lug at tacbment atrersea

Qev o
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8X6 LI]G - WITIT NO PAI)

Longitsudinal moment ML = 1421 lbf-ft
Longitudinal shear VL = 5053 lbf
In te rna l  p ressure  P= 0  ps i

Stresses aE the lug edqe per wRC bullet,in 107 ( psi)

Mean radius Rm = 24.21875 in
Rm/E, = !29.765?

C 1  =  3 ,  C 2  =  4 . 0 5 2 5  i n

St.ress concent,fation factor Kn (tension) = 1
Stress concentrat.ion factor Kb (bending) = f

Local circ. pressure st,ress = P*Rm/t = 0 psi

L.,ocal long. pressure stsress = p*Rm/2E = 0 psi

Maximum combined sEress =-26071 psi
Al lowable combined sEress = +-3*S = +- 501-00 psi

The maximum combined sE.ress is wit.hin a11owable limits.

Maximum primary membrane stress =-9583 psi
Al lowabl-e primary memlf,rane stress = +-L.5*S = +- 25050 psi

The maximum primary membrane stress is within al1owabIe limiEs.

Lev o
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8X6 I,UG - WITTI NO PAI)

From
Fig .

value
read

3 C *  l 7 . r - 5 5 5  1 0 . 1 5 8
4 C *  1 1 5 . 3 7 3  I 0 . 1 5 4
1 C  l 0 . 0 6 4 8  |  0 . 1 3 8
2 C - 1 1 0 . 0 3 0 8  1 0 . 1 3 8
3 A *  1 4 . 9 4 1 5  1 0 . 1 3 7
1 A  t O . 0 6 7 2  t 0 . 1 4 3
3 8 *  1 1 0 , 8 8 9  1 0 . 1 5 2
1 8 - 1 1 0 . 0 1 9 5  l 0 .  L 4 2
pressure st.ress*

- 9 5 8 3  - 9 s 8 3
- 1 6 4 8 8  1 6 4 8 8

9s83 9583
1 6 4 8 8  - 1 5 4 8 8

Total circ stress
Primary membrane
c i rc  s t ress*

-26071  6905  2607r  -6905

- 9 s 8 3  - 9 s 8 3  9 s 8 3  9 5 8 3

3C*
4C*

2 C
4A*

4B*
z E -  I

7  . 9 4 5 5  |  0 . 1 5 4

- 4 8 6 3  - 4 8 6 3
-75744 L67 44

4 8 5 3  4 8 6 3
75744  -L67  44

pressure scress*

1 4  . 6 3 0  |  0 . 1 6 8
0 . 0 5 2 0  t 0 . 1 5 7
0 . 0 3 5 7  1 0 . 1 5 ?
1 0  . 5 0 5  l 0 . 1 3 7
0  . 0 2 8 9  1 0 . 1 5
4 . 5 0 2 3  I 0 . 1 5 2
0  . 0 2 2 0  1 0 . 1 s 8

Total- l-ong stress
Primary membrane
long stresst

- z L 0 v ,  J . I o o J _

-4863  -4863

2 1 6 0 7  - 1 1 8 8 1

4 8 6 3  4 8 5 3

torsion momenE. Mt
Circ shear from Vc
Lons shear from vL - 1 6 5 8  - 1 6 5 8  1 6 s 8 1 8

Total Shear st,ress - 1 6 5 8  - 1 6 5 8  1 6 5 8 1 B

Combined stress -26071 ,  11881  26071  -11881 3  3 1 6 3 3 1 6  3 3 1 5 3 6

REt' o
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sPool, A-1

ComponenE.: Cylinder
MateriaL specif icat ion: SA 240 304L HIGH

Corrosion alLowance: Inner C = O Outer= 0

Radiography :

* PWHT is performed

Category A joints - SpoE ItW-1]- (b)
Category B joinrs - SpoE ltw-1l (b)

EstinaE.ed weight: new = 229 ,7
capac iEy :  new =  203 .121

ID =  44 .525 length  Lc= 30  t  =

1n

COrr =

0 . 1 8 7 5

El4)e 1
t)pe 1

2 2 9 . 7
203. t2 r

in (new)

US ga

P = g * B * 9 7 ( R + 0 . 6 * t )  - p s
=  1 6 7 0 0 * 0  . 8 5 * O . L 8 7 S /  ( 2 2 . 3 L 2 8  +  0 . 6 * 0 . l - g 7 5 )  -  0
=  1 1 8 . 6 8 7 3  p s i

MAWP: (Corroded & at 1OO deg p) tc-27(c) (1)

P = S * E * L / ( R + 0 , 6 * t )  - p s
=  1 6 7 0 0 * 0 . 8 5 * 0 . J - 8 2 5 l  ( 2 2 . 3 t 2 5  +  0 . 6 * 0 . 1 8 2 5 )  -  O
=  1 1 8  . 5 8 7 3  D s i

REvo
Doc. No. Voq?-r-o8q
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L,ug material specif icat ion
Lug al lowable stress
Top plate width
Base p1aE.e hridth
Top p1aEe thickness
Base plate thickness
Lug length circ. direct ion
Gusset height
Gusset thickness
Number of lugs
Angular position, first, 1ug
F i l le t  we ld  s ize
Force bearing width
Distance to load

Radial load
Circumferential moment
eircumferenEial shear

3 . L 2 . t 9 9 6

8X6 I.,UG - I{IT'II NO PAD

= A 240 304
= 18800 ps i

v P = 2 i n
w b  =  4 . 7 5  i n

t  =  0 . 5  i n
t b  =  0 . 6 2 5  i n

L = 6 i n
h = ? i n

t g  =  o . s  i n
= 4
= 0 degrees

t w  =  0 . 1 8 7 5  i n
F b = 2 i n
d  =  3 . 3 7 5  i n

Lug top plate reguired thickness. Bednar tEf 153

t .a  =  0 .75*  (vL*d*L)  7  196* I^ 'p^2*h)
=  o . 7 5 *  ( 4 6 7 3 * 3 . 3 7 5 * 5 1  /  ( L e 8 O 0 * 2 ^ 2 * 7 )
=  U .  2 5  l - n

Lug gnrsset required thiclcness

S c  =  1 8 0 0 0 , / ( 1  +  ( 1 / 1 8 0 0 0 ) * ( h / ( 0 . 2 9 9 * r g ) ) ^ 2  )
=  1 8 0 0 0 , /  ( 1  +  ( 1 / 1 8 0 0 0 ) * ( 7 /  ( 0 . 2 8 9 * 0 . s ) ) ^ 2  )
= L5923.95 psi

t g  =  v 1 * ( 3 * d  -  w b ) / ( S c * w b ^ 2 * S I N ( A l p h a ) ^ 2 )
=  4 6 7 3 *  ( 3 * 3 . 3 7 5  -  4 . 7 5 )  /  ( A 5 9 2 3 . 9 5 * 4 . 7 5 ^ 2 * S r N ( 6 8 . 5 5 2 )  ̂2 )
=  0 . 0 8 0 7  i n

Lug base plate reguired thickness

From E6eoe Eable 4-8

1s  =  vL /  (Fb* l , )  =  389 .4167  ps i

Mx = Cx*fc*Gs^2
=  0 . 0 9 2 3 * 3 8 9 . 4 1 5 7 * 5 ^ 2  =  8 9 8 . 5 7 8 9

My = CY*1g*w5^2
=  -  .  L 2 6 * 3 8 9  . 4 1 5 1 * 4 . 7 5 ^ 2  = - 1 1 0 ?  , 0 5 3

t b = S q r ( 6 * M m a x / S a )
=  S g r ( 5 * 1 1 0 7 . 0 6 3  /  1 8 g 0 o )
=  0 . 5 9 4 4  i n

check lug attachnent atresses

PT
MC
vc

=  0 l b f
=  0  l b f - f t .
=  0 ] b f Rev o

Doc, M. V04?-,-o34
P a g e  3 o  o F  J J



8X5 LUG - WITII NO PAT)

St.resses at tshe lug edge per wRC bulletin 107 ( gti)

Mean radius Rm = 22.40625 in
Rm, / t  =  119.5

C 1  =  3 ,  C Z  =  4 . 0 G 2 5  i n

Stress concentraEion facEor Kn (cension) = 1
St.ress concenEration factor Kb (bending) = r

Local circ. pressure sEress = P*nm/t = 0 psi

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

Maximum combined stress =-226]-4 psj-
A1lowable conbined stress = +-3*S = +- 50L00 psi

The maximum codbined sEress is within allowab1e limits,

Maximum primary merdbrane sE.ress =-8672 psi
A1]o!rab1e primary nembrane sLress = +-1.5*S = +- 25050 psi

The maximum primary membrane st.ress is within allor,rable limits

LongiEudinal moment
Longitudinal shear
Internal Dressure

ML =  1314 lb f - f t
w = 4673 tbf

P =  0 p s i

R.ev o
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8X5 LUG - T{IIII NO PAD

From
F ig .

value
read

beta

3 C *  l 5  . 2 9 6 8  l O . L 8 2
4 9 *  f  1 3  . 9 2 5  l O . L 5 7
1 C  1 0 . 0 6 0 3  1 0 . 1 4 9
2 C - 1 1 0 . 0 2 7 1  1 0 . t 4 9
3 A *  I 4  . 6 2 9 2  l O , t 4 8
1 A  1 0 . 0 6 s 1  1 0 . 1 5 s
3 8 *  1 9 . 8 5 4 8  1 0 . 1 6 4
1 8 - 1 1 0 . 0 1 7 9  1 0 . 1 5 4
pressure sfresst

-8672 -8672
-t3942 L3942

8672 8672
13942 -13942

Total circ stress
Primary membrane
circ stress*

-22614 5270

-8672  -8572

22674 -5270

8672 8572

3C*
4C*

2 C
4A*

4B*
28-L

7  . I I 98
r l  -  l - t l b

0 . 0 4 9 1
0  . 0 3 5 2
1 0 . 0 3 1
0 . 0 2 7 7
+  .  z J b r

0  . 0 2 0 9

0 . 1 6 7

0 .  r . 59
0 ,  r _59
0 . 1 4 8
o . ! 7 4
o . L 5 4
0 . 1 7 2

-4428 -4428
-74636 74635

4428 4428
1 4 6 3 6  - 1 4 6 3 5

Dressure sEress*

Total long stress
Primary membrane
long stress*

- 1 9 0 5 4  1 0 2 0 8

-4428 -4428

1 9 0 5 4  - 1 0 2 0 8

4428 4428

torsi.on moment. Mt
Circ shear from vc
Long shear from vL, - 1 5 3 4  - 1 5 3 4  1 5 3 4 1g

Total Shear stress -  1534 - 1 5 3 4  1 5 3 4 1g

Combined sLress -225L4 10208 226L4  -LO208 3 0 5 8 3 0 6 8  3 0 6 8 3 S

trJorE: Lrsr Couunr-r fs 
"Dj 

\rjr*r Vaurr-g lE.r.t ,ot- 
-L, 'C,...
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sPoot B-2

Component: Cylinder
Mat.erial specif icat ion: SA 240 3O4L HIGH

Corrosion allowance: Inner C = 0 Outer= 0 in

* PWHT is performed

Radiography: Category A joints - SpoE ItW-11 (b) type 1
Caregory B joinrs - Spot IJW-11(b) t l4)e 1

Estimated weight :
r..tr'\:.. i l- r' .
! q a / e v +  e i f  .

n e w  =  5 4 6 . 3  c o r r  =  5 4 6 . 3
new =  246.702 co fE =  246.702

length Lc= '7I E  =  0 . 2 5 in (new)

MAP: (New & at,  O deg F) I rc-27(c) (11

P = g * g * 9 7 ( R + 0 . 6 * t )  - p s
=  1 5 7 0 0 * 0  . 8 s * 0 . 2 5 /  ( 1 5 . 2 5  +  0 . 5 * 0 . 2 5 )  -  O
=  2 3 0 . 4 3 8 3  D s i

P  =  S * E * ! / ( R  +  0 . 6 * t . )  _  P s
=  1 5 7 0 0 * 0  . 8 s * 0 . 2 5 /  ( 1 5 . 2 5  +  0 . 5 * 0 . 2 5 )  _
=  2 3 0 . 4 3 8 3  p s i

US ga

R.ev o
Doc,  Nn.Voq9- , -45{
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8X6 LUG - }IITII NO PAD

Lug material specif icat ion
Lug aLlowable stress
Top plate width
Base plaEe width
Top plate t.hickness
Base p1aE.e tshickness
Lug lengE,h circ. direct.ion
Gusset he ight.
GusseE thickness
Number of lugs
Angrular posit ion, f i rsE lug
Fil let weld size
Force bearing width
Distance to load

Radial load
Circumferent.iaL moment
Circumferential shear

3 . L 2 . L 9 9 6

wb
r

f h

L
h

tg

Cw
Fb

d

=  A  2 4 0  3 0 4
=  1 8 8 0 0  p s i
= 2 i n
=  4 . 7 5  i n
=  0 . 5  i n
=  0 . 6 2 5  i n
= 6 i n
= 7 i n
=  0 . 5  i n
= 4
= 0 deg:rees
=  0 , 1 8 7 5  i n
= 2 i n
=  3 . 3 7 5  i n

=  0 1 b f
=  0  l b f - f r
=  0 1 b f

Lug top plate reguired thickness. Bednar pgf 153

t ,a  =  0 .75*  ( v l J *d t I J )  7  193*v rp^2*h )
=  o . 7 5 *  ( 3 2 0 0 * 3  . 3 7 5 * 6 )  /  ( 7 8 8 O O * 2 ^ 2 * 7 1
=  U - 2 5  1 n

Luq gusset required thickness

s c  =  1 8 0 0 0 /  ( 1  +  1 1 7 1 9 9 9 0 )  r  ( h /  ( 0  . 2 8 9 * r g )  )  
^ 2  

)
=  1 8 0 0 0 / ( 1  +  ( 1 / 1 8 0 0 O 1  * ( 7 /  ( 0 . 2 8 9 * 0 . 5 ) ) ^ 2  )
=  t5923 .95  ps i

tg = y1,* (3*d -  rdb )  /  (sc*r^rb^2*slN(Afpha) ^2)
=  3 2 0 0 *  ( 3 * 3 . 3 7 5  -  4 . 7 5 )  /  ( 1 5 9 2 3 . 9 5 * 4 . 7 5 ^ 2 * S I N ( 6 8 . 5 5 2 )  ^ 2 )
=  0 . 0 5 5 3  i n

Lug base glate required thickness

From Escoe table 4-8

tc = vr. /  (Fb*L) = 266.666' t  Dsj-

Mx = Cx*fc*Gs^2
=  Q  . 0 9 2 3 * 2 5 5  . 6 6 6 7 * 5 ^ 2  =  6 1 5  . 3 3 3 3

My = Cy*fc*wb^2
=  -  - 1 2 6 * 2 6 5 . 6 6 6 7 * 4  - 7 5 ^ 2  = - 7 5 8 , L

t b = S q r ( 5 * M m a x / S a )
=  S q r ( 6 * 7 s 8 . 1  /  1 8 8 0 0 )
=  0 . 4 9 1 9  i n

eheck lug attachment stsressea

Pr
Mc
vc
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Longitudinal moment ML, = 900 lbf-ft.
Longiludinal shear Vt = 3200 1bf
Int.ernal pressure P= 0 psi

Stresses at. the lug edae per IifRC brulletin 107 ( psi)

Mean radius Rm = 15.375 in
R m / t  =  g r . S

C 1  =  3 .  C 2  =  4 . 0 5 2 5  i n

Stress concenEration facEor Kn (tension) = 1
St.ress concentration fact.or Kb (bending) = f

tocaL circ, pressure stress = P*Rm/t = 0 psi

Local 1ong. pressure stress = p*Am/Zt = 0 psi

Maximum combined stress =-8055 psi
Al lowabl-e combined st.ress = +-3-*S = +- 5O1OO psi

The maximum combined stress is wiE.hin allowable limits.

Maximum primary membrane sEress =-3214 psi
Al lowable primary membrane sEress = +-1.5*S = +- 25050 psi

The maximum primary menbrane stress is within alloroable limits.

Rgv o
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From
Fig .

Value
read

beta

3 C r  1 2 . 9 9 8 2  |  0  . 2 6 5
4 C *  l 5  . 9 6 1 8  |  O  . 2 4 3
1 C  1 0 . 0 6 4 8  1 0 . 2 1 8
2 C - 1 1 0 . 0 2 3 1  1 0 . 2 1 8
3 A *  1 2 . 3 0 6 3  1 0 . 2 1 6
1 A  1 0 . 0 6 3 3  1 0 . 2 3 5
3 8 *  1 4 . 8 2 8 6  1 0 , 2 3 9
1 8 - 1 1 0 . 0 1 5 4  1 0 . 2 3 1
preE sure sEress*

- 3 2 L 4  - 3 2 L 4
-4792  4792

32L4 3274
4192 -4792

Total circ stress
Primary meftbrane
circ stress*

- 8 0 0 6  1 5 7 8

-32L4 -321-4

8 0 0 5  - L 5 1 8

3 Z L 1  s z t +

3C*
4C*
r-c- 1

4A*

4B*
28-t

3  . 3 9 7 5
6 . 5 4 7 7
0 . 0 4 0 3
0 . 0 3 2 1
5  . 4 4 0 8
0  . 0 2 5 4
z  ,  z > 5 5

0 . 0 2 3 7

o . 2 4 3
o  . 265
0 . 2 4 7
o . 2 4 7
U .  Z I O

v .  z o J

0  . 2 3 9
o . 2 5 7

- 1 8 3 1  - 1 8 3 1
.6224  6224

1"831  1831
6224 -6224

pressure stress*

Tot.al long stress
Primary menbrane
long stress*

- 8 0 5 5  4 3 9 3

- 1 8 3 1  - 1 8 3 1

8 0 5 5  - 4 3 9 3

1 8 3 1  1 8 3 1

tsorsion moment Mt
Circ shear f rom vc
Long shear from VL -  | .J .J - 7 8 8 788

TotaL shear st.ress - 7 8 8 -  t  6 6 7 8 8

Combined stress - U U 5 5 4 3  9 3 805s -4393 )_57 6 L575 L576 1 A

Nore I LAsr Cor-urqu ts 'DL' 
VrrH Va,-uel lorurrcs-To "Dc"
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