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PROJECT: LIGO VACIJIJM EQIIIPMENT PROJECT NO: V59049
CALCULATION TITLE: 80K Crvopump 1-U2" @ GNr Reqeneration Piping

PREFACE

The 1-llz" o GN, regeneration piping for the 80k cryopumpe has been analfzed for the design conditions
specified in LIGO Project Memorandum Doc. No. V049-I-056 atrd the Sp€cification for Piping Design
and Material V049 -2437 rcv . 3 . Additional disclssions were conducted to veriry desig! conditiotrs. The
piping was analyzed using the ALGORo PipePlus nlnrpr,rlet program for Pipe stress analysis.

The l-I12" @ GN2 vent piping is identical for both the 80k l,ong and 80k Shon cryopumps. The vent
piping is designed for two conditions;

o Normal Operating Condition
. Regeneration/Recasification

During normal operating conditions the temperanfe ofthe 80k pump reservoir is consislently at -3200 F
and 40 psi. The vent pipe is at -320.b Aom lhe r€servoir to where it leal€s tlie building at which point it
is heat traced. The vent pipe is at 40 psi ftom the pump resewoir to the bellows and at 25 psi from the
bellows to the second support ftom th; rcservoir (the analytical model's termination point). At -3200 F
the rcservoir contracts in the axial aad radial directiotrs. Additionaly at this te|np€rahlte' the pury
reservoir is filled with GNz 0iquid) which prcduc€s a downward displacem€nt. The vent pipe's noule
(anchor), which is located on the top ofthe resewoir, will be displaced relative to the pump reservoir. An
unbalanced vacuum load acts at ttre bellows to v€nt pips futerhce.

During the RegenerationlReGasification process, nitroge,r. is pump€d itrto the pump reservoir ar 3020 F
(1500 C) and 25 psi. The vent pip€ is at 302.h atrd at 40 psi aom the pump r€servoir to the bellows and
at 25 psi from the bellows to s€cond support ftom the reservoir (the analytical model's termination point)'
At 302.h the reservoir expandr in the axial and radial dircctions. The pump reservoir is fiIled with GN:
(gas) which redrces the weigbt ofthe reservoir rEsulting in tolr€r displacenents frorn the reservoir's
weight. The vent pip€ is analyzed at 302.h and displaoed relative to the pnmp r€servoir. The unbaland
vacuum force is prcsent at the bellows to I€nt pipe interface.

It is assumed that the bellonr imposes negligible reactions on the piping.

o
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PROJECT: LIGO vACUtiM EQIIIPMENT PROJECTNO: V59049

CALCULATION TITLE: L-112" g GN: Vent Piping

Pipe Prooerties

Aluminum

rr/2" aGN"
B24l AL 6061-T6. Seamless. SCH40S

OD = 1.90 i:r ID = 1.610 in
Tbks = 0. r45 in
Contents (Nitrogen)- S.G' = 0.9714
Density:0.?84 #/ff

Tensile Strenglh = 38000. psi (min.)
Yield Strength = 35000. Psi
Modulus of Elasticity E = 10,500,000' psi @-100.5

E= 9,200,000. psi @ 300.F

Allowable Stress Range
@ 420.T o"l"* = 6000. P6i
@ 7o'h o'n* = 6999' Pt1
@ 3O2.oF o"rr"- = 5500. Psi
@ 400.b oaro" = 3500. Psi

Austentic Stairless Steel

tu2'aGNz
SA-312 TP304L CMTR Seanles, SCH r0S

OD = 1.90 ia ID = 1.682 in
Ttiks = 0.I09 in
Contex s (Nitrog€n)- S.G. = 0.9714
DeositY = 0.784 #1ft'

Tensile Strengtn = 70000. psi (min-)
Yield Strength = 25000. Psi
Modrlus of Elasticity E = 29,100,000. psi @ -100.h

E = 27,000,000. psi @ 300.b

Allowable Stress Rangp
@ 42O'oF ouo* = 15700' Psi
@ 70.h o"l* = 15700. Psi
@ 3O2.oF oaro* = 15300. Psi
@ 400.h o"l* = I470O Psi



PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCT,]LATIONS

NO: V049-1-123
WESTBOROUGH,MA Rev, No. 0

Pase E of 118
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CALCIJLATION TITLE: L-L12" Q GNr Vent Pipine

Design Ooemtine Conditions

Normal Operation Pump resenoir operates at -320.0 F.
Vexrt piping lemp€rature is at -320.'F.
Pump reservoir is at it's hesviest (fiUd with GNe liquid")
R€serrcir is contracting radially and longitutlinally (-320.0 F.)

Regeneration Proces s Purgtng ofpump reservoir with nitrogen gas at 302.0 F.
Vent piping temperatue is at 302."F.
Punp reservoir's u/|eight is decreasing 0iquid is being displaoed by^gas)
Resenoir is expanding xadially and longituditsly (as it goes !o 302."F.)

ReGasification Pump resenoir is at 302.0 F
Ve piping lemperahrc is at 302.0F
Pump reservoir is at il's lig:htest u€i8!t 0iquid has changed to a gns).
Reservoir has epanded radially and loagih.rdinally (302 .0 F.).

Thermal Disrlacem€nts at Nozde (Node ft. 110)

6 r--, = cr' AT L
where:

fl : 0.0000099 in/i!/t @ 4z5.oF
a = 0.00001328 in/in/F @ 300.h
aT + 0F=( 150.0C. x 9/5) + 32 = 302.b-70.5= 232.F

= op = 1-210.0c. xg!s)+32= -320.h - 70.oF= -390.F

L = Len*h in inches

lrngitudinal Direcrion
Normal Operation @ -320.I

6 r*'"r = 
?oo.Jolbnn -* ) (-320.b - ?0.b (E.5 i!)

= -0.0328 in ( conliastinC towanls tcewoirs axial resEaints)

Regeneration/RecasificationProcecs @ 302.b
6,r.-a = o AT L

= ( 0.00001328 in/infF ) (302.h - 70.5) (8.5 itr)
= 0.026 in ( expanding a*ay from reservoirs axial restrainas)

Radial Direction
Normal Operation @ -3?O.oF

6 ,r-o'ur = a AT L
= ( 0.00000e9 in/inPF ) (-320.h - ?0.F) (29.75 in)
= -{.1149 in. ( down - oontracting toward reservoir's centerline)

Regeneration/ReGasi;EcationProcess @ 302.3
0 rren",r = cr, AT L

= ( 0.00001328 in/inf! ) (302.h - 70.t) (29.75 in)
= 0.0911 in. ( up ' e4a:rding away from reservoir's centerline)
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o

Unbalanced Vacuum Force At B€llows (Node n. 95)

F w = P A

where:
P = Vacuum Pressure
P = 14.7 #til.2
A : Net Area
A = ttl4l@uio.)' - @Iil.f I

D M in. = Inside Diamcter of Bellows = 350 in.
D r in. = Or.rtside Diaoeter of l'112"@ Pige = I .90 ia.

A = r/4 [ (3.50 in.l' - <t.minl'�l

Fw = ( 14.7 #linl-L ) (n/4 t (3.50 in.)'� - (1.90 h.)' I )
Fw = 99.?5 lbs. :v 100.01tx.
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I

Load Codbinations

Normal Operatine Condition (pump resemoir's weight is at it's Wdtefi)

. Deadrvcight + Prcssure

Prcssure = 25 0 psia (piping beyond the bellom oonnection)

Pressure = 25.0 psia + l4i-;;; t 40'0 psia @iping from the reservoir to the bellows)

o Thermal

-320.r'�F. vent piping fiom pump resenoir' (vent line reoains at-320'0F up to the

$ rll peneradon, beyotrd which it is hei urrce(L'

o Thermal + Displacement

AT = -320.0 F.

6 rr."' = -0.0328 in' (reservoir's longiMinal ilirection)

6 rr'- = -0'1149 in' (reservoir's radial inwanUcontraction direction)

Displacement (6) upon loadi4 ofGNz = -{'078il t

r Deadreight + Pressure + Thermal + DisplaceBent

. Deadweight + Prcssure + Seismic

3 ""'-.i" = 0-05625 g (horizontal directions)

* Reference: Memorandum Doc' No' V049-I-104

Meas'-rred Weight of Short Cryopump Reservoir

Displlcement (E) is relevafi to spdng stiftiess ofthe Eok long and short

cryopumPs

t
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Iaad Combinations

Reqeneration/Recasification Process (Purging ofpunp resewoir with nitogen gas at 302.0 F.)
@ump resenoir's *tight is decr€asing)

o Deadwei€Ft + Pressure

hessure = 25.0 psia (piping bEtnd the bello$t conn€ction)
Pressure = 25.0 psia + 14.7 psia :v 40.0 psia @iping iom the reseroir to the betlows)

e Thermal

302.0F (Vent piping ftom the pump rcservoL to the second &pport - model's boudary)

o Thermal + Displacement

aT = 302.0F.
6 u,. = 0.026 in. (reservoir's longinrdinal direction)
6 rr,,o = 0.091I in. (reservoir's radial innard/cottrastion direction)
Pump reservoir's displacement 16) eue o purging ofGN, liquid with gas ar 0.00 in.

r Deadweight + Press[e + Th€rmal + Displaoemeot

. Deadweight + Pressure + Seismic

6 *i'r" = 0.05625 g (horizontal directioos)
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Lll2' A GN2 Vent Piping

Normal Operating Conditionc

I
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pipeplus vers ion 5.06 Process Systems Internat 'n l  \ ! /08/96 13:15 Page 001-

LrGo File r GN2VENTO

File Name . GN2VENTo
P r o j e c t  . . .  L I G O
D e p a r t m e n t  . . . . . . . 7 4 4
Contract Number .
Descr ip t ion . . . . . .  80K CRYoPIIMP 1-L l2rr  GN2 VENT

NORMAL OPERATING CONDITION
Prepared by . . .  '  ' .  l { .  BI IYNSKY
C h e c k e d  b y  . . . .

ANSI code ANSI 831'1
Input unit English
o u t p u t  u n i t  . . .  . .  .  E n g l i s h
o u t p u t  c o l u n n s  . . . . . . . . . .  8 0
B a s e  t € m p e r a t u r e  . . . . . . . .  7 0
F  f a c t o r  . .  ' .  .  ' .  .  .  1 . 0
E  f a c t o r  .  , . . . . , . .  1 - . 2

Nunber of dynamic modes.' 12
c u t - o f f  f x e q u e n c y  . . . . . . .  3 3  H z
Max no.  of  i terat ions . . .  L2
convergence to lerance .  ' .  3
F o l c e  t o l e r a n c e  . .  . . . . .  . .  5  l b

Redsion No. 0
Doc. No. V049-l '123

Page 22 of i 18



PipePlus vers ion 5 , 0 6 P r o c e s s  s y s t e m s  I n t e l n a t ' n L  L ! / 0 8 / 9 6  1 3 : 1 6  P a g e  0 0 2
F il-e : GN2vEMto

Fxm Point
,/To name

DY
( feet)

DZ
( feet)

Radius
(inch)

1

(  feet )

F O
T 5
T  1 0
T 1 5
t 2 0
1 2 5
T  3 0
T  3 5
T  4 0

T  5 0
T 5 5
T  6 0
T 6 5
I  7 0
T  7 5
T  8 0

T 9 0
1 9 5
T  1 0 0
T  1 0 5
T l- 10

- - - : - - - -

0 . 1 8 7 5

0 .

0 . 1 8 ? 5
2 . 8 0 2 !
n  ? 1 t q

0 . 1 8 7 5

0 . 0 0 0
5 . 0 0 0
5 . 1 8 8
<  l a a

5 . 1 8 8
5 . 1 8 8
5 . 1 8 8
s . 1 8 8
5 , 1 8 8
5 . 1 8 8
5 . L 8 8
f , . 1 - d 6

f , - l d d

'1 -701
?  . 8 3 4

7 . 8 3 4
7 . 8 3 4
7 . 8 3 4
7 . 8 3 4
7 . 8 3 4

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 1 8 8
0 -625

2  - 2 r 4
2 . 0 2 6
1 . 3 4 9

0 . 6 3 0
o  . 4 6 4

- 0 . 0 7 8

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . L 8 8
2 . 9 9 0
3  . 3 0 2
3  , 4 9 0
3  . 4 9 0
3  . 4 9 0
3 . 4 9 0
3  . 4 9 0
J . O /  /

5 . 8 0 2

I  . 4 4 8
I  .  4 4 8
8 . 4 4 8
8 . 4 4 8
8 . 4 4 8
8 . 4 4 8
8 " 4 4 8

Long

l,ong

Long

Long

Long

0 .

0 . 1 3 2 6
2 . 3 8 1
U . I J Z O

0 . 1 8 7 5
0  . 4 3 7 5
r .  .  4010
0 . 1 8 7 5

- U . I d  / J

- 0 . 1 3 5 4
- U . J t s J J
- 0 . ! 6 6 7
- 0 . 5 4 1 6 7

0 , 1 8 ? 5
1  0 ? ? q

0 , 1 8 7 5
0 .L326
2 . 3 8 1

H:glY;3-'""
Page 23 of 118



PipeP1us version
Tf,GO

Process Svstems5 . 0 6 r n t e r n a t t n l  1 L / 0 e / 9 6  1 3 : 1 6  P a g e  0 0 3
File r GN2VENTo

Poin t  Data Descr ip t ion

Pipe Pipe data identifier = 1
Nominal Diameter = I"1-/2
Pipe Schedule = 10S
A c t u a l  P i p e  O .  D .  =  1 . 9 0 0
wal l  Thickness = .109

inch
inch

Corrosion AlLowance = 0. inch
lnsulat ion Thickness = 1.5 inch
lnsuLat ion Densi ty  = 7.0 lb lcu. f t
Content  s .  G.  = -9714
Wind area O.D.  = Insulat ion O.D.

Materia.I Data Identifier = 1
Austeni t ic  s ta in less (301-309,  316'  32f '  23 ' l \
Densi ty  = 0.2899 lb lcu.  j -nch
l l ah6ara  M^.hr ' l  11< I l ' . r r rnq  i  on

( d e g . F )  ( p " i )  ( inch/ inch)
- 3 2 5 .
- 1 5 0 .
- 5 0 .
7 0 .
200 .
3 0 0 .
4 0 0 .
5 0 0 .
6 0 0 .
? 0 0 .
8 0 0 .
9 0 0 .
1 0 0 0 .
1r.0 0 .
1 2 0 0 .
1 3 0 0 .
1 4 0 0 .

3 0 4 0 0 0 0 0  - 0 . 0 0 3 2 1
2 9 9 0 0 0 0 0  - 0 . 0 0 1 8 9
2 9 4 0 0 0 0 0  - 0 . 0 0 1 0 3
2 8 3 0 0 0 0 0  0 . 0 0 0 0 0
27700000  0 .00122
2 7 1 0 0 0 0 0  0 . 0 0 2 1 8
2 5 6 0 0 0 0 0  0  . 0 0 3 1 7
2 6 1 0 0 0 0 0  0 . 0 0 4 1 7
2 5 4 0 0 0 0 0  0 . 0 0 5 2 0
2 4 8 0 0 0 0 0  0 . 0 0 6 2 5
2 4 1 0 0 0 0 0  0 . 0 0 7 3 3
2 3 4 0 0 0 0 0  0 . 0 0 8 4 3
22700000  0 .00957
2 2 0 0 0 0 0 0  0 . 0 1 0 7 0
2 r . 3 0 0 0 0 0  0 . 0 L 1 8 3
20700000  0 .01297
1 9 3 0 0 0 0 0  0 . 0 1 4 1 0

Temperature AIIowabIe stresses
(deg .  F)
-320 .
? 0 .
3 0 2 .
4 0 0 .  1 4 7 0 0 .

Load data identi.fier = l
Case Temperature Pressure ExPansion

N o .  ( d e g . F )  ( p s i S  )  ( i n c h / i n c h )
1  - 3 2 0 .  2 5 . 0  - 0 . 0 0 3 1 ? 2

trimit stop
spring constant - Rigid lb,/inch
eap in  posi t ive d i rect ion = 0.0625 inch
Gap in  negat ive d i rect ion = 0.0 inch
Fr ic t ion coef f ic ient  = 0.30
Y directional limit stop

(ps i )
1 5 7 0 0 .
1 5 ? 0 0 .
1 5 3  0 0  .

Load

Guide
support
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p i p e p l u s  v e r s i o n  5 . 0 6  P r o c e s s  s y s t e m s  f n t e r n a t ' n I  r L / O 8 / 9 6  1 3 : 1 , 6  P a g e  0 0 4

IIGO File : GN2VEMO

Point Data DescriPtion

1 0
.1tr

20 Guide
c r r ^ h ^ Y +  T i 6 i t  q l--...- - - cop

Spling constant = Rigid lb/j-nch
Gap in  posi t ive d i rect ion = 0.0625 inch
Gap in  negat ive d i rect ion = 0.0 inch
Fr ic t ion coef f ic ient  = 0 '30
Y directj-onal limit stoP

2 5
3 0
3 5
40 F. l -ange Weld neck f lange (s IF=1.0)

C l a s s  =  1 5 0
Weight  = 12.  Ib
Gasket diameter = N/A inch

5 0
5 5
6 0
65
? 0

8 0
8 5
90 Flange l ie ld  neck f lange (SIF=1.0)

c l a s s  =  1 5 0
weight  = 12.  lb
Gasket diameter = N/A inch

95 load load data identifier = 2
case Temperature Pressure ExPansl-on

No.  (deg.F)  (PsiS )  ( inch/ inch)
1  - 3 2 0 .  4 0 . 0  - 0 . 0 0 3 1 7 2

Weiqrht Concentrated weight = -100. lb
1OO Pipe Pj .Pe data ident i f ier  = 2

Nominal Diameter = Ltt L/2
Pipe Schedule = 40s
Actual  P iPe O'  D-  = 1.900 inch
Wal l  Thickness = .145 inch
corrosion Allowance = 0. inch
Insulat ion Thickness = 1.5 inch
r n s u l a t i o n  D e n s i t y  =  ? ' o  L b l c u ' f t
C o n t e n t  s .  G .  =  . 9 7 1 4
wi-nd area o.D.  = lnsulat lon O.D.

Mater ia ]  Data Ident i f ier  -  2
Aluminum, aluminum aLIoYS
Densi tY = 0.0978 lb /cu.  inch
TemPera. Modulus ExPansion
(deg'F)  (Psi  )  ( inch/ inch)
- 3 2 5 .  1 1 3 0 0 0 0 0  - 0 . 0 0 3 9 0

Revisicn No. o
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P i p e P 1 u s  v e r s i o n  5 . 0 6
I lGO

Point Data

Process Systems

Descr ip t ion

I n t e r n a t r n l  f f / 0 8 / 9 6  1 3 : 1 6  P a q e  0 0 5
File : GN2VEMIo

- 1 5 0 .
- 5 0 .
? 0 .
200 .
3 0 0 .
4 0 0 .
5 0 0 .

1 1 1 0 0 0 0 0  - 0 . 0 0 2 4 0
1 0 9 0 0 0 0 0  - 0 . 0 0 1 - 3 9
1"0500000  0  .00000
r . 0 4 0 0 0 0 0  0 . 0 0 1 6 7
1 0 2 0 0 0 0 0  0 . 0 0 3 0 6
9 5 0 0 0 0 0  0 . 0 0 4 4 9
8 5 0 0 0 0 0  0 . 0 0 5 9 8

1 0 5
1 1 0 Anchor

Temperature AIlowabLe stresses
( d e s . F )  ( P s i )
4 0 0  3 5 0 0 .
3 0 2 .  5 5 0 0 .
7 0 .  6 0 0 0 .
- 3 2 0  .  6 0 0 0 .

Rig id in  a l l  d i rect ions
In i t ia t  d i -sp lacement  ( inch,degree)  :
Case 1r  t ranslat ional  X = -0-0328 inch
Case 1,  t ranslat ional  Y = -0.1149 inch
case 2,  t ranslat ional  X = -0.0328 inch
Case 2, translational y = -Q -2279 inch

Bili?lY;$-'-",
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Process systems Internat 'n l -  tL /  08 /96 t 3 : 1 6  P a g e  0 0 5
File : GN2vENto

number conbination

1
2
J

5

D . W .  +
D . W .  +
D , W .  +
D . W .  +
D . w .  +

Presl
Pres l
Pres l ,
Pxesl
PresL

+
+
+

Ther l
Therl + Displ
Therl + Disp2
quakel + Quakez

Rwision No. 0
Doc. No. V049-1-123
Page ?7 of 118



PipePLus vers ion
IIGO

Process Systems Internatrn l

Earthquake load Factors

x factor Y factor Z factor

! L / 0 8 / 9 6  1 3 : 1 5  P a g e  0 0 ?
File : cN2\rENTo

5 . 0 6

Case
nun Jer

1
2 0 . 0 5 5 2 5
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PipePIus
tfGo

v e r s i o n  5 . 0  6 Process Systems Internat  I  n I L I / 0 8 / 9 5  1 3 : 1 6  P a g e  0 0 8
Pile : GN2VEMIO

Point
Name

* * *

Forces/ lb

Direction Sustain

Support sunmary ***

or Moments,/inch-lb
Expansion occasional

Max l4in Max Min
TotaI

Max Min

2 0

?0

110

Fy
Ez
Fx

!'x
Fy
Er i t

Fz
Fx
Fy

Mx
My
Mz

- 5

0
- 5

t
- 2 9
- 2 9

A

- 1
7 2

- 9 L
- 5 3

1 5

0
0
0
0
0

- J

- J

0
- 1 1

0
0

- 0
- 1

0
- 0
- 4
- 0
- 0

0
- 4
-l-
- I

- 2 2
-24
-4 l "

0
2

1 1
0
0
4
0
3
0

9 1
2 0  8

0
1
0
0

0
0
0

1
1

2 2
2 4
4 7

- 3  - 5
6 - 1
n n

- ?  -  q

u { l
3  - l -6

- 3  - 1 5
- - t f ,  - J z t

o z
264 -27

Revision No. 0
Doo. No. V049-l-123
Page 29 of i 18



P i p e P l u s  v e r s i o n  5 . 0 6
],IGO

Process Systems Internat 'n l  f f /08/96 13:15 Page 009
Fi.Ie : GN2VEMO

Point
Name

* * *

a lnar . l -  i  h^

Flange Pressure
C]ass (ps ig )

Flange l,oading RePort **"

Temp. Force Moment
(deg.F)  ( rb )  ( inch- fb)

casket Equivalent
Diameter Pressu!e
( inch)  (ps ig)

4 0
9 0

2 5
z5

l-8L 5 0
t - f u -320

3 t  3
8 5

N/A
N/A

N/A
N/A

RevisionNo.0
Doc. No. v049-l-123
Page 30 of 118



PipePlus vers ion 5.06 Process systems Internat 'n l  1 ,L/O8/96 L3:16 Page 010
IIGO File r GNzVENTO
l,oad : Dead weight + Pressure 1

***  svstem Def lect i -ons ***

Poi-nt
Name

Displacements /inch
x Y z

Rotations,/degxee
Y

0
5
1 0 . N e a r
- L U . ! a r
1 5
2 0
2 5
3 0 . N e a r
J U .  n  a r
J 9

4 0
4 5

5 0 . N e a r
J U .  t  a r
5 5
5 0
55 . Near
65 . Far
1 0
't5

8 0 . N e a r
8 0 . F a r
8 5
9 0
Y J

1 0 0
1 0 5
1 1 0

0 . 0 0 4
0 . 0 0 4
0 . 0 0 4
0 . 0 0 4
0 . 0 0 4
0 . 0 0 0

- 0 . 0 0 1
- 0 . 0 0 1

0 . 0 0 1
0 . 0 0 1
0 . 0 0 7
0 . o 2 2
0  . 0 2 2

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

- 0 . 0 0 0
- 0 . 0 0 0
- 0 . 0 0 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
- U . . L I /

-0 .  1 l-7

- 0 . t L z
- 0 . 0 0 0

0 . 0 0 9
0 . 0 0 9
0 . 0 1 3
0 . 0 1 - 3
0 . 0 r 3
0 . 0 1 3
0 . 0 1 3
0 . 0 1 3
0 . 0 1 3
0 , 0 0 7
0 . 0 0 6
0 . 0 0 6
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 . 0 0 0

- 0 . 0 0 0
0 . 0 0 2
0 . 0 0 2
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3

- 0 . 0 0 1
- 0 . 0 0 1
- 0 . 0 0 ?
- 0 . 0 2 0
- 0 . 0 2 0
-0 .02 r

-0 .02 r
- 0 . 0 2 1
- 0 . 0 2 1
- 0 . 0 2 0
- 0 . 0 0 6
- 0 . 0 0 6
- 0 . 0 0 5
- 0 . 0 0 5
- 0 . 0 0 3
- 0 . 0 0 2
-0  .  001
-0  .  001
- 0 . 0 0 0

-0 . r44
- 0 . 1 3 0
- 0 . 1 3 0
- 0 . 0 7  6

- 0 . 0 6 3

- 0 . 0 2 6
0 . 0 0 ?
0 . 0 0 7
0 . 0 1 8
0 . 0 ! . 7
0 . 0 1 2
0 . o I 2

- 0  .  0 1 4
- 0  .  0 1 4
- 0  .  0 1 5
- 0  .  0 1 5
- 0 . 0 1 4
- 0 . 0 1 4
- 0  .  0 1 1
- 0 . 0 0 9
- 0 . 0 0 0

- 0 . 0 0 2
- 0 . 0 0 4
- 0 . 0 0 4
- 0 . 0 0 5
- 0 . 0 0 5
- 0 . 0 0 8
- 0 . 0 0 8
- 0 . 0 0 8
- 0 . 0 1 1
- 0 . 0 1 1
-0 .01"2
- 0 . 0 1 4
- 0 . 0 1 4
- 0 . 0 1 8
- 0 . 0 1 8
- 0 . 0 2 3
- 0 . 0 2 3
- 0 . 0 2 6

- 0 . 0 2 4
- 0 . 0 2 4
- 0 . 0 2 0
- 0 . 0 2 0
- 0  .  0 1 5
- 0 . 0 1 4
- 0 . 0 1 0
- 0 . 0 0 8
- 0 . 0 0 0

- 0 . 1 4 0
- 0 . 0 7 9
- 0 . 0 7 9
- 0 . 0 7 5
- 0 . 0 7 5
- U .  U b J

-o  "o52
- 0 . 0 5 8
- 0 . 0 5 8
-0  .057
- 0 . 0 5 0
-0  .050
-o .044
- 0 . 0 4 4
- 0 . 0 3 0
- 0 . 0 3 0
-0 .027
-0 .026
- 0 . 0 0 2
- 0 . 0 0 2

0 . 0 0 2
0 . o 0 2
0 . 0 0 2
0 . o 0 2
0 . 0 0 2
0 . 0 0 1
0 . 0 0 0
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P i p e P l u s  v e r s i o n  5 . 0 6
I IGO
load :  Dead weight  +

Process Systems Internatrn l

Pressure 1

L 1 . / 0 8 / 9 6  1 3 : 1 6  P a g e  0 L l
File : GN2VENTo

Point
Name

*** Forces and Moments acting on

Forces/ lb
X Y Z

Restrai-nts

X
Moments /inch-lb

Y

0
0
2 0
? 0
1 1 0

0
0
1
0

- 1

- 5
- 5

-29
-29
'tz

0
4

0
0
0
0

_Lt

0
0
0
0

- 5 3

0
0
0
0

- 9 1
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PipePlus v€rs ion 5.06 Process systems
TI GO
load : Dead weight + Pressure 1

I n t e r n a t ' n L  f I / 0 8 / 9 6  1 3 : 1 6  P a g e  O l 2
FifE : GNzVENTO

in Element Coordinate system ***

Moments,/inch- 1b
Y Z

Point
Name

* * *  Forces and Moments

Fo!ces  /1b
YX

0
5
5
1 0 . N e a r
10 .  Far
10 .  Far
I J

2 0
2 0
2 5
2 5
3 0 . N e a r
l u . t a r
30 .  Far
3 5
4 0
4 0

5 0 . N e a r
5 0 . F a r
f , u .  t  a r

5 5
6 0
6 0
65 .  Near
55 .  Neax
b ) . t a r

65 . Far'70
' t0
'75
'75

8 0 . N e a r
6 U .  !  a r
80 ,  Far
8 5
9 0
9 0
9 5
9 5
1 0 0
1-00
1 0 5
1 0 5
1 1 0

- 0
0

- 0
- 0
- 0

0
0

- 0
- 4

- 4
- 4

-34
'> tl

1 A

- 5 2

2 0
- 1 5

1 5
1 5

A

- 4
- 4

4
- 4

- 4

J

-3
3

- 3
3

- J

- 3

-  l z

'14

7 3

"12

1 1

0
0

- 1 0
2 T
3 6

- 3 5
3 5
3 5
- 4
- 4
- 4

- 4

- 4
- 4
t 4

1 A

- 6

- 6
- 1

5
- 5

5
8

- 4
- 4

- 4
4

A

- 4
4

- 4

0
- 0

- 1 0
0
0

1
- 1

1
1

- 1
- 1
- 1

1
- L

t
- 1
- 1

1
1
1

1

- 5
- 2

2
-2

t

2
2

-2
1
1

- 1
1

- 1
1

- 1
1

- 1
1

- 1

- 0
0
0
0

- 3 3
- 3 3

3 3
- 3 3

J 5

- 5 J

- 3 3
-  I f ,

1 5
1 5

-  1 5
1 5

- 1 5

l 3

- J b

- 5 6
5 5

- 5 5
5 5

- 5 6
- 2

?
- 2

- 2
2
2

- 5 3
5 3
53

- 5 3
5 3

- 5 3
5 3

-53
c 5

-53
53

- 5 J

0
- 9

- 5 4
- 5 4
- 2 L

1 0
1 0

- 1 0
1 0

-  I J

1 3
l-3

- 3 5
- 3 5
- 3 5

4 0
- 4 0

- 5 4
- J 1

I'7
1 7
L 7

- 5 1

3 7
- J U

5 4
- E I

J q

4 8
4 8
4 8

- 7
- 7
- 0

0
- 1

1

'1
- 9

9
- 1 5

0

- 9
- 9
L u
2 L

- 5 3  4
534

- 4 0 0
4 0 0
4 0 0

-J  l . J

293
-  z t 5

- z 5 t
- 2 3 L

1 9 0
1 9 0
1 9 0

-46

3 8
- 5  |

- 9 3

- 4
-4

- 5 5

J J
- 5 9

q o

-65

- 9 1
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PipePlus vers ion 5.0 6
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Load : Dead Weight +

Process

Pressure 1

systems Intelnat I nI Lr /o8 /96  13 t1 ,6
E.ile

Page 013
: GN2VENTO

Point
Name

Forces and Moments

Forces,/Ib
Y

in Globa} Coordinate System ***

Monents,/inch-lb
y z

0

10 . Near
10 . Far
J-u . !  ar

1 5
2 0
2 0
2 5
l a

30 . Near
30 . far
30 , Fax

4 0
4 0

50 . Near
50 . Far
5 0 .  F a r
5 5

60
65 . Near
65 . Near
b ) .  t  a r

7 0
7 0
? 5'15

8 0 . N e a r
8 0 . F a r
8 0 . F a r
8 5
9 0
9 0
9 5
9 5
1 0  0
1 0  0
1 0 5
1 0 5
1 1 0

- 0
0
0
0

2 I
-2r
- 2 L
5 3 4

- 5 3 4
4 0 0

- 4 0 0
- 4 0 0

31-3
-3 l -3
- J  I J

-293
231

- z J !

- t J t

1 9 0

- 4 5
4 6

-54

- b l

bJ

-68

-25
2 5

- 4

2'7

J J

- 3  3
5 9

- 5 9

-66
9 1

- 0
0

- 0

0
-0

0
- 1

1
- L
- t

1
- 1
-l-

1
- 1

1
- 1
- 1

1
- L
- 1

1
- 1

1
- 1

1

1

1

- 1
1

- 1
- 1

1
- 1

1
- 1

1
- 1

1
- l

I

1 1
9

- 9
- 9
1 0

- 1 0
- 1 0

2 t
3 5

- 3 5
J J

3 5
-34
3 4
1 4

- 3 2
? 0

-  1 5
1.5
L 5

-r4
1 4
7 4
- 6

- 6
5

- 5
5

- 5
5

- 8

t2
- 2 4

a t l

7 6
-74
7 4

-73
'13

0
- 0

0
0

0

- 0
- 4

- 4
- 4

- 4
4

- 4

- 4

- 4
4

- 4
4

- 4
4

- 4
4

- 4
- 4

4

- 4

- 4
A

- 4

4

1 0
L 0

- 1 0
L 0

- 1 3

L 3
- 1 5

.i, f

- 1 q

-L t

-L !

, t )

1 1

1 1

- 3 8
3 8

- 5 4

J 4

4 8
- 4 8
- 4 8

5 3
- 5 3
- 5 3

f , J

-53

-53

-53
53

-54
-54

- J  J

- 3 3

- J J

5 f ,

- J f ,

- J J

4 0
- 4 0

- 5 4
-54

5 b
- t b

- 5 6
5 6

- J b

5 6
- 5 6

60

b 4
-64

-22
1

- 7

- U

- L
1

1

- I f ,
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PipePlus vers ion 5,06 Process Systens InternatrnL LI /08/96 13:16 Page 014
II GO
Load : Dead weight + Pressuxe 1

Fil-e : GN2VEMo

Point
Name

***  System Stresses (ANSI 831.1)

In- out
Plane Plane sect ion Stresses/ps i

sIF sIF Modulus Hoop longitu. Principal Al low.

0
5
5
1 0 . N e a r
1 0 , f a r
1 0 . l . a r
t 5

2 0
2 0
2 5

3 0 , N e a r
5U . . !_at !

3 0 . F a r
3 5
4 0
4 0
T q

4 5
5 0 . N e a r
5 0 . F a r
J U .  ! ' A I

55
6 0
6 0
65 . Near
55 . Near
65 . Far
65 . Far'70
'10
'75
'75

8 0 . N e a r
8 0 . F a r
U U .  ! ' A I

6 f ,

9 0
9 0
9 5
9 5
1 0  0
1 0 0
1 0 5
1 0 5

0 . ? 6
0 . ? 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
o  . 2 6

o . 2 6
0 . ? 6
o . ? 6
0 . 2 5
0 . 2 6

0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
o . 2 5
0 . 2 6
o . 2 6
0 . 2 6
o . 2 6
o . 2 6
o  - 2 6

0 . 2 6
0 . 2 6

0 . 2 6

o . 2 6
o . 2 6

0 . 3 3
U . J J

0 . 3 3

9l -
3 0 0
5 0 6
5 0  6
268
1 8 0
1 8  0

2L46
2L53
1 6 3 6
3l-49
3 1 4  9
2439
1 2 4 e
!248
t  t  7 I
1 1 9  7

978
1,87 4
L 8 ? 4
T S J J

8 31-
6 J l _

3 2 2

3 5 0
598
8 1 4
458
479
479
3 2 ?
544
544
I J  J

1 0 6
1 0 6
t't 4
1 5 5
! 7 7
3 9 5
4 9 3
3 7 6
3 9 9
3 9 9

208
3 0 0
5 0 6
5 0 6
3 0 8
259
2 5 9

I b J Y

3 1 5  0
3 1 5  0
2440
L248
L248
t-178
1 1 9  8

979
1 8 7 4
L8'7 4
I J  b Z

8 4 9
849
3 8 7
387
4 0 8
6 2 6
8 1 4
4 5 8
479
479
3 2 2
544
544
2 8 0
2 7 t
2 7 1
294
286
295
470
542
4 1 5
434
434

1 0  9

A a l

3 4 1

265
2L69
2r69
I654
2406
? 4 0 6
19L4
1-323
1 3 2 3
1 2 5 0
7250
7023
r467
1467
r247

8'7 4
8'7 4
420
420
44r

492
492
5 J f

446
446
414

3 1 4
337
3 3 ?
3 4 8
A 1 ' )

4 8 0
3 7 5
5 J J

l -5700
1 5 7 0  0
1 5 7 0  0
1 5 7 0 0
1 5 7 0  0
1 5 7 0 0
1,570 0
1 5 7 0 0
l-5700
1 5 7 0 0
L 5 7 0 0
1 5 7 0 0
r.570 0
1 5 7 0  0
1 5 7 0 0
1 5 7 0 0
1 5 7 0  0
1 5 7 0  0
1 5 7 0  0
r.570 0
1 5 7 0  0
1 5 7 0  0
1 5 7 0 0
l_5700
1 5 7 0 0
1 5 7 0  0
!5700
1 5 7 0 0
1 5 ? 0 0
1 5 7 0 0
1 5 7 0 0
1 5 ? 0 0
1 5 7 0 0
1 5 7  0 0
1 5 7  0 0
1 5 7 0 0
L 5 7 0 0
1 5 7 0 0
1 5 7 0 0
L 5 7 0 0
1 5 7 0 0
1 5 7 0 0

6 0 0 0
6 0 0 0
6 0 0 0

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 , 9 8  1 . 9 8
r . t o  f  . v d

r - . 9 8  1 . 9 8
1 . 0 0  1 - 0 0
1 . 0 0  1 . 0 0
L . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
L . 0 0  1 . 0 0
1  , 9 8  1 . 9 8
1  . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  t _ . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . , 0 0
1 . 0 0  1 . 0 0
L . 0 0  1 . 0 0
1 . 9 8  l _ . 9 8
1 - . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  l - . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8

1 . 0 0  1 . . 0 0
l - . 0 0  1 . 0 0
l _ . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
l - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

2 0 8
208
208
208
208
208
208
208
208
208
208
208
2 0 8
2 0 8
2 0 8
2 0 8
208
208
2 0 8
208
208
208
t n a

208
208
208
208
208
208
2 0 8
2 0 8
208
208
208
208
208
208
208
2 0 8
208
3 3  3

2 4 6
2 4 6

RevisionNo.0
Doc. No. V049-l-123
Page 35 of I 18



PipePlus vers i .on 5,06
I IGO
toad : Dead Weight +

D i ^ - a c .

Pressure 1

S y s t e m s  I n t e . r n a t r n l  f I / 0 8 / 9 6  1 3 : 1 6  P a g e  0 1 5
FiLe : GN2VENTO

Al low.

456 6 0 0 0

R€visionNo.0
Doc. No. V049-l-123
Page 36 of l lE

Point
Name

***  system st resses (ANSI 831.1-)  ***

In- Out
PLane Plane Sect ion Stresses /ps i

SfF srF Modulus Hoop Longitu. Principal

0 . 3 3 2 4 6 4991 1 0 1 . 0 0  1 . 0 0



P i p e P l u s  v e r s i o n  5 . 0 6  P r o c e s s
I IGO
Load : Dead Weight + Pressure 1

Maximum
Maximrm
Maximun

Maximum
Maximum
Maximum

Maximum
Maximum
Maximum

Maximun
Maximum
Maximum

Maximum
Maximum
Maxinum
Maxirnum
Maximurn

systems Internatrn l ! ! / u E / v o  L J ' .  L 0
F i l e

Page 016
: GNzVENTO

x
Y

x

X
Y

***  Svstem Maxima ***

d ispLacement  = 0.024 inch at  point  50.Far
d isp lacement  = -0.11? inch at  point  5
d j -sptacement  = -o-O2I  inch at  point  50.Far

X rotat ion = -0,2!2 degree at  point  10.Far
Y . rotat ion = -A.027 degree at  point  70
z xotat ion = -0.140 degree at  point  0

force = -1 lb  at  po int  20
force - ?6 Ib at point 95
force = -4 lb at point 20

moment  = 534 inch- ]b at  po int  15
moment  = 53 inch-1b at  point  8o.Near
moment = 64 inch-Ib at point 70

hoop st ress = 333 ps i  a t  po int  95
longi tudinal  s t ress = 3149 ps i  a t  po int  25
p r i n c i p a l  s t r e s s  =  3 1 5 0  p s i  a t  p o i n t  2 5
code st ress = 2406 ps i  a t  po int  25
stress rat io  (code/a l  lowable )  = 9.15 at  point z a

Rcpision No. 0
Doo. No. V049-l-123
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PipePlus vers ion 5.06 Process Systems Internatrn l  L ! /08/96
I I @
Load : Dead 9leight + Pressure 1 + ThermaL 1

1 3 : 1 6  P a g e  0 1 7
FiLe i GN2VENTo

Name

***  systen Def lect ions

Displacements,/inch
X Y Z

Rotations /degree
X Y

0
5
1 0 . N e a r
10 .  Far
1 5
? 0
? 5
3 0 . N e a r
3 0 .  F a r
3 5
4 0
4 5
5 0 . N e a r
5 0 .  F a r
5 5
6 0
6 5 . N e a r
65 . Far
7 0

8 0 . N e a x
8 0 . F a r
8 5
9 0
9 5
1 0 0
1 0 5
1 1 0

0 . 2 8 6
0 . 0 9 6
0 . 0 9 6
0 . 0 8 1
0 . 0 8 1
0 . 0 0 0

- 0 . 0 0 6
- 0 . 0 0 6
- 0 . 0 0 3
- 0 . 0 0 3

0 . 0 1 0
0 . 0 5 2
0 . 0 5 2
0 . 0 5 8
0 . 0 5 8
0 . 0 7 3
0 . 0 7  4
0 . 0 7 3
0 . 0 7 t

- 0 . 0 0 7
- 0 , 0 0 7
- 0 . 0 1 r -
- 0 . 0 1 1
- 0 . 0 0 6
- 0 . 0 0 6
- 0 . 0 0 2
- 0 . 0 0 1
- 0 . 0 0 0

- 0 . 0 0 0
- 0 . 0 9 2
- 0 . 0 9 2
- 0 . 0 8 8
- 0 . 0 8 8
- 0 . 0 0 0

0 . 0 0 6
0 . 0 0 6
0 . 0 0 1
0 . 0 0 1

- 0 . 0 5 9

- 0 . 0 7 8
- 0 . 0 7 8
- 0 . 0 9 3
-0 .  093
- 0 . 0 9 4
- 0 . 0 9 5
- 0 . 0 9 5
- 0 . 0 9 5

- u . u o o
- 0 . 0 6 0
- U .  U f , ]
- 0 . 0 3 3
- 0  -  0 2 5

0 . 0 0 0

0 . 0 0 0
0 . 3 0 4
0 . 3 0 4
0 ,  3 0 5
0 , 3 0 5
0 . 1 9 9
0 . 1 8 ?
0 . 1 8 7
0 , 1 " 7 I
0  . 1 7 8
0 . 1 7 8
U  . . L E J

0 . 1 8 3
0 . r 1 7
i  1 1 1

0 . 1 0 4
n  n q q

0 . 0 9 4
0 . 0 9 0

- 0  .  0 1 3
- n  n 1 ?

- 0 . 0 1 6
- 0  . 0 1 0
- 0 . 0 0 8
- 0 . 0 0 3
- 0 . 0 0 2
- 0 . 0 0 0

- 0  .  1 8 1
- 0 . 1 8 1
- 0  .  1 8 1

- 0 . 1 7 6
- 0 . 0 9 7
- 0 . 0 8 0
- 0 . 0 8 0
- 0 . 0 1 3
- 0 . 0 1 3

0 . 0 0 2
0 . 0 3 0
0 . 0 3 0
0 . 0 4 0
0 . 0 4 0
0 . 0 2 6
0 . 0 2 4
0 . 0 0 9
0 . 0 0 8

- U . U J Y

- 0 . 0 3 9
- 0 . 0 4 9
- 0 . 0 4 9
-0.047
- 0 . 0 4 6
- 0 . 0 3 7
- 0 . 0 3 0
- 0 . 0 0 0

- u . J l - /
- u . 2 5 0
- u . t 5 0
- u . - L d 4 l
- 0 . 1 8 4
- 0 . 0 9 1
- 0 . 0 8 2
- 0 . 0 8 2
- 0 . 0 5 2
-0 .052
- 0 . 0 3 8

0 . 0 0 9
0 . 0 0 9
0 . o 2 5
0 . 0 2 5
o -042
0 . 0 4 2
0 . 0 3 6
0 . 0 3 5
0 . 0 1 7
0 . 0 1 7
0 . 0 1 - 4
0 . 0 1 4
0 . 0 1 1
0 . 0 r 0
0 . 0 0 7
0 . 0 0 6
0 . 0 0 0

- 0 . 1 0 5
- o . 0 1 7
-o  .o '17
- 0 . 0 8 6
- 0 . 0 8 6

- U . I Z O

- 0 . 1 4 5
- 0 . 1 4 5
- 0 . 1 4 6

- 0 . ! 2 4
- 0 . ! ? 4
- 0 . 0 7 0
- 0 . 0 6 7
- 0 . 0 5 8

0 . 0 1 5
0 . 0 1 5
0 . 0 2 8
0 . 0 2 8
0 . 0 3 0
0 . 0 3 0
0 . 0 2 5
0 . 0 2 1
0 . 0 0 0

8""'li?l\l;3-'"'"
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PipePlus vers ion 5,06
TIGO
load : Dead weight +

p y ^ ^ 6 c s  s l ' c r - c m q  r n t e r n a t ' n l  l I / 0 8 / 9 6

P r e s s u r e L + T h e r m a l - 1

13: .16 Page 01-g
FiLe : GN2VEMo

Point
Name

*** Forces and Moments

Forces/ Ib
X Y

actino on Restraints

Moments,/inch-lb
Y

0
0
2 0
2 0
1 1 0

0
0

7 2
0

- 4
- 4

-29
1 0

0
0
0
U

- 3 0 7

0
0
0
0

2 2 3

0
0
0
0

5
0
0
o

- 1 3
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O li33 , o".o weisht + Pressure I + rhermar l-

+*+ Forces  and Moments in Element cooxdinate

Forces/ lb
X Y

PipePlus vers ion 5.0 6 Process Systems I n t e r n a t t n M / 0 8  / 9 6  L 3 : 1 6  P a g e  0 1 9
File : GNZVENTo

System ***

Moments /inch-lb
v z

Point
Name

0
5
5
1 0 . N e a r
10 . Far
r u . ! a r
1 5
2 0
2 0
2 5
2 5
3 0 . N e a r
JU . ! 'AI
5 U .  ! a r

4 0
4 0

50 . Near
JU . T'AT
50 .  Far
5 5
6 0
6 0
6 5 . N e a r
65 . Near
65 . Fa!
65 .  Far
7 0
7 0
7 5
7 5
8 0 .Neax
8 0 . F a r
8 0 , F a r
8 5
9 0
9 0
vf ,

1 0 0
l-00
1 0 5
1 0 5
1 1 0

0
- 1 n 1

l-0l-
1 n l

- l - 0 1
r 0 1

1 0 1
1 0 1
z a 6

- z 5 t
- 2 5 8

-258

-258
-258

Z I O

2 ! 6
-21_6
2r6

- 2 r 6
? a

- 5 d

3 8
- 3 8

5 6
- 3 8
- 5 d

' t o

- J v
- 3 9

- ? o

- 5 9

5 Y
- 3 9

- 3 9
3 9

5  Z d

- 3 4  0
- 3 4 0

3 3 0
- 3 3 0

28s
-285
-285

7 4
7 4
7 4

1 1
1 9 0

-1-90
- 1 9 0
- Z J L

-23L

47

I J Y

- z 7 I
1 3

- 7 2

-40
-40
- 4 0
-40

-79

1 8
- 3 7

3 7
-L21,

7 ? 7
-L45

0
- 7 6
328
J Z d

-3  40
2 6
t 6

-6Ll -

- 4 8 5
4 8 5
4 8 5

- 3 8 1
- 5 6  r
- 5 U l

-J I .J

- 3  5
- 9 3

3 6
3 6

-153
L C >

62
-73

2 7 5
-2't 5

I J f

- 2 3
-23
- 8 3

8 3
- r n 4

L 0 5
- 1 9 6

? 2 2
-307

- 0
0

- 0
- 0

5
- 5
- 5

5

1 3
- L 3

-32
3 2
3 2

- 3 0
1 8

- l - l

1 3
1 3
_t- J

- l - J

1 3
- 1 3

. L J

- 1 3
1 8

- 1 8
1 8

- 1 8
1 8

- 1 8
- l o

- 1 1
1 1
1 1

-t4
z b

- z b

7 2

'7!
-7 r
7 0

1 1

- 5
- 0

-12

1 ^

- 3 3
3 3
J J

- t  J

-  L J

-  - tJ

J .J
-  t -5

L J

-13

72
12

- 4

- 4

- 1

- 3

1 0
1 0
1 0

- 1 8
- 1 3
- l - J

- - L J

_t- J

L J

- l _ J

I J

- 5
5

1 1
1 1

- L 2
0
0

- 0
1 2

- 1 2
L 2
L 2

-L?.
-L2

1 2
- L 2

t 2
- L 2

L 2
t 2
r2

-12
L2

4

- 1
1

- 1
1
1
1

- 1

T 2

! 2
- ! 2

! 2
- 1 2

t 2
- 1 2

t 2
-12
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PipePLus  ve rs ion  5 .06 P.rocess Systems
I IGO
load : Dead weight + Pressure 1 + Thermal 1

I n t e r n a t t n J .  ! ! / 0 8 / 9 5  1 3 : 1 6  P a g e  O 2 O
FilE ; GN2VEMTO

in Global coordinate system t**

Moments,/inch-lb
v 7 .

Point
Name

* * *  Fo I ceS and l{oments

Forces/lb
Y

0
5
5
1 0 .  N e a r
10 .  Far
10 .  Far
I J

2 Q
2 0

30 . Near
30 . Far
30 . Fax

4 0
4 0

4 5
50 , Near
50 . Far
50 . Far
) 5

6 0
60
65 , Nea.r
65 .  Near
65 .  Far
65 .  Far
7 0
7 0
7 5
'15

8 0 . N e a r
8 0 . F a r
8 0 . F a r
8 5
9 0
q n

9 5
9 5
L 0  0
1 0  0
1 0  5
1 0 5
1 1 0

0
- 0

- 2 6
- 2 6
5 1 1

-61-1
4 8 5

- 4 8 5
- 4 8 5

3 8 1
- J . ' I

- J O I

J  I J

- 5 I J

> 5
- 9 3

3 6
- 3 6

- 1 5 3
.L f ,J

-  ! a >

- 1 6 5
_t of,

- 1 5 8
- L O O

-69

- ? 3

- 6 1

1 0 5
- L u 3

l v b
- 1 9 6

2 2 2

3 0 ?

J  2 6

-328
- 3 2 8

3 4 0
-340
- 3 4 0

J l u
- 3 3 0

285
-283
- 2 8 5

?  q R

-258
-258

-258
258

-  z ? v
- 2 5 8

- 2 3 L
- 2 3 L

-47
4 7

-73
' t1

7 2
-40

4 0
4 0

- 5 J

J '

3 9
- 3 9

-  J : '

J '

- 3 9

0
- 7 6

7 6
7 6

1 0  L
1 0 1

- 1 0 1
1 0 1

-  1 0 1
1 0 1
1 0 1
- 7 4

1 1

1 9 0
- L 9 0
- 1 9 0

- z r o
- z L o

- z t o

2L6
- z L o

2L9
-2L9

222
- t z z

r z 5
- ! z J
-  t z J

- 7 9
- 7 9
-  l o

1 d

- rZL
L 2 T

-  l 4 l

-223

0

- 0
0

- 0
0

t 2
- r2
- 1 2

7 2

' 1 4

t 2
-12

I2

- t2

1 . )

1 a

L 2

L 2

1,2

1 1

-12

-72
7 2

I 2

7 2

o

1 1
- 1 1
- 1 1

L 2

z 5

3 4
- J J

3 3

32
32

-30

-13
13
-LJ

1 2
t2
- 4

- 4
A

- 3
5

3
1 0

- 1 0
1 1

- 1 1
-  t 1

1 4
-26

7 4

7 2
- 7 L

7 L
- 7 0

- 5
5

- 5
- 5

5
- 5
- 5

5
- 1 3

1 3
- 1 3
- 1 3

L 3
- 1 3
- 1 3

1 3
- 1 3

1 3

- 1 3
13

- 1 3
- , L  J

- 1 3
1 3

-  I J

1 3
- 1.3

1 3
- l  J

-  1 3
-  -LJ

1 3
- 1 3
- _ L l

13
-13

13
-13

13
-13

13
- t  3

I J
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P i p e P l u s  v e r s i o n  5 . 0 6 P r o c e s s  S y s t e m s  I n t e r n a t ' n l  l ! / 0 8 / 9 6  1 3 ; 1 5  P a g e  0 2 1

I.IGO
Load : Dead V{ej.ght + Pressure 1 + Therrnal I

* * *  < t r a r - a n  q i r ^ < < a <  a A N S T  R 1 1  1 lr y r  L s r r  J  u r E J s

Principal Code

FiIe : GN2VEIflTO

A1low.
Point
Name

' rh -  r | r1+

Plane Plane Sect ion Stresses /ps i
s IF SIF Modulus Hoop longi tu .

0
5
5
10 .  Near
l " 0 . F a r
L 0 . F a r
L 5
2 0
2 0
z 3
2 5
3 0 . N e a r
3 0 .  F a r
J U .  ! a r

3 5
4 0
4 0

50.Near
50 .  Far
5 0 , F a r
5 5
6 0

65 .  Near
65 .  Near
65 ,  Far
65 . Far
7 0
? 0
7 5
7 5
8 0 . N e a r
8 0 . F a r
8 0 . F a r
8 5
9 0
9 0
9 5
9 5
1 0 0
1 0 0
r05
1 0 5

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1  . 9 8  1 - . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 - . 9 8
1  0 a  1  q q

1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 0 0  1 - . 0 0
1 . 0 0  1 . 0 0
1  0 a  1  0 e

L . 9 8  1 . 9 8

L . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
l - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1  . 9 8
1 . 9 8  1 . 9 8
1  q q  1  q R

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
l - . 0 0  l - . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

0 . 2 6

0 . 2 6
0 . 2 6

0 . 2 6
0 . 2 6
o . 2 6
0 . 2 6

0 . 2 6

0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6

0 -26
o  . 2 6
0 . 2 6

0 . 2 6
0 . 2 6

o . 2 6

0 . 2 6
0 . 2 6
0 . 2 6

0 . 3 3
0 , 3 3

2Q8
208
208
2 0 8
2 0 8
2 0 8
208
208
2 0 8
208
2 0 8
2 0 8
208
208
2 0 8
208
? 0 8
2 0 8
2 0 8
208
2 0 8
? 4 8
208
208
2 0 8
208
208
208
2 0 8
208
208
204
208
2 0 8
208
208
208
208
208
2 0 8
3 3 3
3 3 3
2 4 6
2 4 6
246

9 1
L J d o

2659
2659
2698
1 4 1 0
1 4 1 0
2'71 4
z t a 0
2 2 7  6
4 4 0 3
4403
3 0 0 4
1 5 3 4

7246

8 8 3
t682
1 A e )

1 8 9 9
10  13
10  13'7 28't 28'1 68

1 2 0 0
L Z  L )

L2 t5
b o J

lr97
L L Y  I
'102

3 9 0
3 9 0
397
37'7
q  t J

1 1 4 I
897

1 0 0 4
1 0 0 4

2 0 8

t A q q

2 6 5 9
2 7 ! 4
1 4 4 1

2'7 88
2 8 0 1
2294
4412
44I2
3 0 8 9
t- 699

1,446

1 1 4  6
l -834
l -834
! 9 9 6
t-190
1 1 9  0

9 5 9
959
q q n

J . 9 4 J

z / b 3

1 2 0 6
L220
1220

674
t202
1,202

. - L J

4t7
4L7
4 ? t

4 0 5
4  9 5
7 0 8

1 1 5  5
9 0 3

1 0 0 8
1 0 0 8

1 0 9
1708
3 1 7  6
3 1 7  6
J . L Y f ,

1104
L"lo4

J b U O

2953
4 9 8 3
4 9 8 3
42I8
2485
2485
? 3 2 2
2 3 2 2
2 3 0 9
4  0 1 9
4  0 1 9
3 7 8 9
2r57
2 \ 5 7
. L I O f ,

t r b f ,

l - l u c

2 0 7 I
I L L A

L272
L 2 2 4
1 ? 2  4

877
L520
r520
1 3  1 7

7 6 9

t 3  |

7 5 7
8 1 ?
l l . l 2

L250
9 8 I

1 0 8 5
l - 0 8 5

39250
39230
1 q ? q n

3 9 2 5 0
3 9 2 5 0
39250
3 9 2 5 0
39250
39250
39250
39250
39250
39?50
39250
3 9 2 5 0
3 9 2 5 0
3 9 ? 5 0
39250
39250
39250
3  9 2 5 0
3 9 2 5 0
39250
3 9 2 5 0
a o t q n

3 9 2 5 0
39250
3 9 2 5 0
39250
39250
3  9 2 5 0
39250
3 9 2 5 0
3 9 2 5  0
39250

3 9 2 5 0
39250
39250
3 9 2 5 0
39250
3 9 2 5 0
1 5 0 0 0
1 5 0 0 0
1 5 0 0 0
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P i p e P 1 u s  v e r s i o n  5 . 0 6  P r o c e s s  S y s t e m s  I n t e r n a t t n l  1 1 ' / 0 8 / 9 6  1 3 ; 1 6  P a g e  O 2 2
lIGo File : GNZVENTo
load : Dead weight + Pressure 1 + Thelmal 1

*  System Stresses (ANSI 831.1-)  ***

In- Out
Point  P l -ane Plane sect ion st resses/ps i
Name sIF sIF Modulus Hoop longitu' Principal code Allow.

110  r .00  1 .00  0 .33  246  L352  1355  ' J -4 ! ' 7  15000
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P i p e P l u s  v e r s i o n  5 . 0  6
l,IGO
Load : Dead weight +

Pr . j . c ss  Svc fems  T  n te rna t  I  nL

P r e s s u r e  1 +  T h e r m a l  1

1 1 , / 0 8 / 9 6  1 3 : 1 6  P a g e  0 2 3
File : GN2VENIO

***  system Maxima ***

0 . 2 8 6  i n c h  a t  p o i n t  0
- 0 , 0 9 5  i n c h  a t  p o i n t  7 0
0 . 3 0 5  i n c h  a t  p o i n t  1 0 . F a r

Maximum
Maximum
Maximum

Maxj.mun
Maximum
Maximum

Maximum
Maximun
Maximum

Maraimum
Maxrmum
Maximum

Max1mun
Maxi-rnurn
Maximrim
Maximum
Maximum

r o c a t i o n  =  - 0 . 1 8 1  d e g r e e  a t  p o i n t
rotat ion = -0.31? degree at  point
rotat i -on = -0.146 degree at  point

x  force = -12 lb  at  po int  20
Y force = 74 J-b at point 95
7  F ^ r . e  =  - 1 1  l h  e f  n . t i n t  2 0

Y
z

0
0
4 0

Y

x
I

dj-splacernent =
displacement =
displacement =

monent = 611 inch-Ib at
moment = 340 inch-Ib at
moment  = -223 inch- l "b at

point  10 .  Near

hoop st ress = 333 ps i  a t  po int  95
Iongi tudinal -  s t ress = 4403 ps i .  a t  po int
pr inc ipal  s t ress = 4412 ps i  a t  po int  25
code st ress = 4983 ps i  a t  po int  25
stress rat io  (code /a l lowable )  = 9.13 ut

z5

point 25
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P i p e P l u s  v e r s i o n  5 . 0 6
],IGO
load : Dead Weight +

Pxocess systems ln ternatrn l  l I /  08 /  96

P r e s s u r e  1 +  T h e r m a l -  1 +  D i s p . I a c e m e n t  1

1 3 : 1 6  P a g e  O Z 4
FiIE : GNzVENTO

Point
Name x

***  System Def lect ions

Di splacements,/ inch
X Y

Rotations,/degree
Y

0
5
l-0 . Near
10 . Far
! f ,

2 0
2 5
30 . Near
J U .  !  a r
3 5
4 0
4 5
5 0 . N e a r
5 0 .  F a r
5 5
6 0
65 .  Near
65 . Far
7 0
7 5
8 0 . N e a r
8 0 . F a r
8 5
9 0
9 5
1 0 0
1 0 5
1 1 0

0 . 3 3 2
0 . 1 0 5
u .  - L  u 5
0 . 0 8 8
0 . 0 8 8
0 . 0 0 0

- 0 . 0 0 6
- 0 . 0 0 6
- 0 . 0 0 5
- 0 . 0 0 5

0 . 0 0 7
0 . 0 4 5
0 . 0 4 5
0 . 0 5 0
0 . 0 5 0
0 . 0 6 4
0 . 0 6 5
0  . 0 6 3
0 . 0 6 0

- 0 . 0 3 6
- U . U J b

-0 .042
-0 .042
- 0 . 0 3 8
- n  n ? a
- 0 . 0 3 5
- 0 . 0 3 4

- 0 . 0 0 0
- o . o 2 9
-0 .029
- 0 . o ? 7
- 0  . 0 ? 7
- 0 . 0 0 0
- 0 . 0 0 1
- 0 . 0 0 1
- 0 . 0 1 2

- 0 . 0 3 2
- 0 . 0 9 5
- 0 . 0 9 5
- 0 . 1 1 0
- 0 . 1 1 0
-0  .  169

- 0 . 1 7 5

- 0 . ? ? 5
- 0 . 2 1 8
- 0 . 2 1 8

- 0 . 1 8 1
- 0 . 1 5 5
- u  .  1 { t )
- u . l l - J

0 . 0 0 0
0 . 3 2 3
0 . 3 2 3
0 , 3 2 4
0 . 3 2 4
0 , 1 9 7
0 . 1 8 3
0 . 1 8 3
0 . ! ' 1 1
0  . 1 7 ' I
0 . 1 8 7
0  . ? 2 5
0 . 2 2 5
0 . 2 2 2
0 . 2 2 2
0 . l - 3 4
0 . 1 3 0
0 . 1 2 3
0 . 1 1 9
0 . 0 0 0
0 . 0 0 0

- 0 . 0 0 6
- 0 . 0 0 5
- 0 . 0 0 4
- 0 . 0 0 4
- 0 . 0 0 2
- 0 . 0 0 1
- 0 . 0 0 0

- 0 . 0 8 1
- 0 . 0 8 1
- 0 . 0 8 1
- u . u / q
- 0 - 0 ? 4

0 . 0 1 0
0 . 0 2 8
0 . 0 2 8
0 . 0 9 ?
0  . 0 9 7
0 . 1 1 3
0 . r 4 2

0 . I 5 2
0 . 1 5 2
0 . 1 3 2

0 . 1 1 1
0 . 1 0 8
0 , 0 2 0
0 . 0 2 0

- 0 . 0 1 0
- 0 . 0 1 0
- n  n 1 7
- 0 . 0 1 8
- 0  .  0 1 7
- U .  U . L 3
- 0 . 0 0 0

- 0 . 2 5 3
- u  .  z a 5
- 0 .  t - 9 9
- 0 . 1 9 9
- 0 . 1 0 3
- 0 . 0 9 4
- 0 . 0 9 4
- 0 . 0 6 1
- o . 0 6 r

0 . 0 0 2
0 - 0 0 2
0 . 0 2 0
0 . 0 2 0
0 . 0 3 9
0 . 0 3 8
0 . 0 3 3
0  . 0 3 2'  0 . 0 1 5
0 . 0 1 5
0 . 0 1 1
0 . 0 1 1
0 . 0 0 8
0 . 0 0 8
0 . 0 0 6
0 . 0 0 4
0 . 0 0 0

- 0 . 0 4 1 -
- 0 . 0 2 5
-o .025
- 0 . 0 3 9
- 0 . 0 3 9
- 0 . 0 9 5

- 0 . 1 2 s
- 0 . l - 2 5
- 0 . 1 3 0
- 0  - t 2 4

- 0 . 1 1 9

-0 .077
- 0 . 0 7 5
- 0 . 0 5 5
- n  n 4 ?
- 0 . 0 0 2
- 0 . 0 0 2

0 . 0 2 0
0 . 0 2 0
0 . 0 2 4
0 . 0 2 4
0 . 0 2 2
0 . 0 1 8
0 . 0 0 0
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P i p e P l u s  v e r s i o n  5 ' 0 6
I IGO
Load : Dead weight +

Process Systems

P l e s s u r e  1 +  T h e r m a L

I n t e r n a t ' n l  7 l /  o g  / 9 6

1  J  n i . ^ l  - ^ 6 h a h i  1

1 3 :  t 6  P a g e  0 2 5
Fil-e : GN2VENTo

Forces and Moments act ing  on  Rest ra in ts  * * *

Moments,/ inch-lb
x Y z

Point
Name

Forces,/ lb
X Y

0
0
2 0
2 0
1 1 0

0
0

I 2
0

- 1 2

- s
- J U

- 3 0
7 ?

0
0
0
0

- t7  4

0
0
0
0

L9'l

0
0
0
0

0
0

-t4
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P i D e P l u s  v e r s i o n  5 . 0 6 Process systems Internatrn l  7L/OB /96 1 3 : 1 6  P a q e  0 2 6
File ; GN2VENToI,IGO

l,oad : Dead weight + Pressure L + Thermal 1 + Displacement 1

* * *  F o r c e s and Moments

Y

in Element coordinate System *+*

Moments,/ inch-Ib
v z

Point
Name

0
5
5
10 .  Near
1 U . ! a r
1 0 .  F a r
l 5
2 0
2 0
2 5
2 5
3 0 . N e a r
3 0 .  F a x
3 0 . F a r
J J

4 0
4 0

50 . Near
50 .  Par
50 .  Far
5 5
b U

6 0
65 . Near
65 . Near

65 .  Far
7 0
't0

I J
' t5

8 0 . N e a r
8 0 . F a r
8 0 . F a r

9 0
9 0
9 5
9 5
1 0 0
1 0 0
1 0 5
1 0 5
1 1 0

- 0
0

- 0
- 0

6
- 6
- 6

6
- 1 4

1 / l

- ! 4
-14
- 3 5

3 5
3 5

- 3 3
2 t

- l o

t 6
l 4

-L4
L 4

- 1 4
! 4

- 1 4
1 8

- t  8
1 8

- l -8
1 8

- l -8
- 1 8

- 9
9
9

- 1 1

- 7 6
1 A

- 7 4
' 7 4

- 7 4
7 2

7
t 2
- 5
- 6
- 0

-  1 3

2 4

- 3  6
3 6
3 5

-14
-t4

l-4
- 1 4
r4

-r4
t 4
1 4
r4
- 7

'7
- 7

- 1
b

- 6

'7
'l

7
- 1 8
- 1 4
- 1 4

! 4

7 4

7 4

t 4
- 1 4

L 4

- 6
b

T 2
T 2

0
0

- 0
r2

T ?
L 2

- L 2
- L 2

L 2
-12

7 2

- t 2
t 2
t ?
I 2

L 2
-  L Z

'l
- 6
- 1

1
- l

1
1
1

- 1
L 2
L 2

! 2
-1,2

I 2
- t ?

I 2

L 2

0

- U

- 0
- t t r o

I f , O

l f , b

- 1 5 6
1 5 6

- r 3 b

1 5 6
t 3 0

266
-266

z o o

266

-256
t  6 9

- 1 6 9

l- 69
- r o v

-44
44

-44
4 4

-44
44
44
2 9

-29

- z Y

- 0

1 2 8
1 2 8

- 3  5 1
- 3 5 1

3 4 0
- 3 4 0

294
-294
-294

L28
128
r28

l -  41

-  1,41

-239
-239

-45

- 6 1
) a q

12
-71,

1 T
-J  . l
- 3 1

4 L

-  1 1 1
7 ?

- 8

- 9 3
9 3

- ! L 6

1 1 8
-  ) .Y I

0
-  L Z A

J J : '

- J 5 l -

2 8
2 8

643
-  5 0 ?

5 0 7
5 0 7

- J v o
- J v o
- 3 9  6

" t q

-32s

-96

3 2
3 2

- z L 0

6 1

-  z 6 d

296

z 3  l

z 3  l
-t99
- 1 ? 0

5 9
- 5 9

5 I

- 5 8
5 8

- 8 5
8 5

-L ' t  4
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P i p e P l u s  v e r s i o n  5 . 0 6
I IGO
Load : Dead Weight +

p r r r - F c c  s w c t a m s  T n t e r n a t ' n I  I ' J - / 0 8  / 9 6

P r e s s u r e  1 +  T h e r m a l  1 +  D i s p l a c e m e n t  1

1 3 : 1 6  P a g e  0 ? 7
Fi]E : GN2VENTO

Poi.nt
Name

***  Foxces and Mornents

t  orces / _Lp
Y

in c lobal  coord inate System ***

Moments,/inch- lb
Y Z

0
5
5
L 0 . N e a r
10 .  Fax
10 . Far
-Lt

2 0
2 0
z a
2 5
3 0 . N e a r
3 0 .  F a r
3 0 .  F a r
3 5
4 0
4 0

f , U . N E A I

50 . Far
50 .  Fax
5 5
6 0
6 0
65 . Near
65 .  Near
65 . Far
65 . far
7 0
? 0
7 5
7 5
8 0 . N e a r
8 0 . F a r

8 5
9 0
9 0
9 5
9 5
1 0 0
1 0 0
1 0 5
1 0 5
1 1 0

- 0
0

- 0
- 0

0
- 0
- 0

0

T 2
- t 2
-1,2

l 2
- L 2
- r?

I 2
- L 2

L 2
- 1 2
- L 2

L 2

- 1 2
7 2

-12
t 2

- I 2
t 2

t 2
-12

L2
- L 2
- L 2

t 2
- 1 2

L 2

t 2
- ! 2

I 2
- I 2

L 2
- L 2

T 2

7
r?

- t 2
- 1 2

1 3
- 1 3
- L 3

? 4
3'?

- 3 6
J b

J b

- 3 5
3 5
3 5

- 3  3

- r t )

-to
l-6

-74
I 4

- 7
'1

-'7
'7

- 6

- 6

7

-'1

- 9
- 9
1 1

-'7 4
' t4

-'1 4
'74

-'7 2

- 6

- 6
- 6

6
- 6
- 6

6
-r4

1,4

1 4
-t4
- 1 4

L 4
- ! 4

1-4

-L4
L 4

-].4
-  1 4

1 4
- ! 4

! 4
-r4

7 4
- ! 4

I 4
- 1 4

1 4

-  1 4
L 4

-  1 4

I 4
- t4

I 4

I 4
- ! 4

! 4
- r 4

L 4

0
- 0
- 0

643
-643
5 0 7

- ) u  /
- 5 0 7

-396

3 2 5
- 3 ? 5

-96
-96

-32
- 5 2

- 2 L 6

-?25
225

234

240
- z ) - J

213
213

- 1 7 0
1-7 0
t-7 0
- 5 9

5 9
-3'7

3'7
5 8

- 5 8
8 5

- 8 5
t'7 4

J J Y

- 5 J : '

- 3  5 1
- J ) I

3 4 0
- 3 4 0

294
- 2 9 4
-294

-266

239
-239

-45

6 !
- 7 2

7 2

-3 i .
3 1
3 1

t o
- 2 9

2 9
- t o

0
-  L Z a

L28
- r.56

.I.J O

.LJb

-  1 5 6

- t ) b

1 5 6
- ! 2 8

r z v
t28
-64

6 4
1 4 1

-  1 4 1
-  1 4 1

L69

-L bv
- 1 6 9

1 1 'a

-173
r'7I

- 1 7 8

-15r.
-  1 5 1

l- 11
- 1 1 1
-  1 1 1

- 8

-  1 1 8
tL  L6
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P i p e P ] u s  v e r s i o n  5 . 0 6 Process systems Internat 'n I  1 ,L/08/96 13:16 Page 028
],I GO
Load :  Dead we igh t  +  Pxessure  1+ Thermal  1  +  D isp lacement  L

* * *  s v s t e m  S t r e s s e s  ( A N S I  8 3 1 . L )  * * *

Pr inc ipal code

File r GNzVENTO

AIIow.
Poi.nt
Name

T h -  n r r +

Plane P1ane Sect ion Stres ses /ps i
SIF sIF Modulus Hoop Longi tu.

0

5
1 U  .  N E A I

t u . t a r
, L U . t a r
Lf ,

2 0
2 0
2 5

3 0 . N e a r
30 .  Far
30 .  Far
3 5
4 0
4 0

5 0 . N e a !
5 0 .  F a r
5 0 .  F a r
5 5
6 0
6 0
65 . Near
65 , Near
65 . Par
65 , Far
7 0
? 0
? 5
'15

8 0 . N e a r
t s u .  ! a r
8 0 . F a r
u f ,
9 0
9 0
9 5
9 5
1.0 0
1 0 0
1 0 5
1 0 5

9 I
1 4 8 5
2 8 5 5
2 8 5 5
2785
L454
l  AC.A

2898
2 9 1 1

2366
4 5 8 1
4 5 8 1
J Z L J

l- 638
I O J O

7312
1 3 3 1

7 2 4
1 3 7 1
!3 '1L
t952
1 0 4 0
1 0 4 0

96t
96t

1 0 0 9
1 8 8 9
2386

r290
7290
1  1 1 8
2098
2098
1625

8 5 8
8 5 8
3  0 5
285
l_98

689
J J Z ,

6 4 0
5 4 0

208
1 4 8 5
2 8  5 5
2 8  5 5
2819
7522
\ 5 2 2

2944
2407
460r
4 6 0 1
3298
7802
L802

1 5 3 0
1 0 4 0
1 5 5 5
1 5 5 5
29L0
L ! ) Z
1 1 q t

t 0 B 2
]-082
r724
1 9 5 0
2389
L 2 7  0
1297
1-297
M 0

2702
2 ! 0 2

6  0 z

86?
? 1 n

J _ t 4

258
443
69"1
5 3 8
b 4 5

1 0 9
1 8 3 0
3  4 1 6
3 4r.6
3444
1 8 3 0
1 8 3 0

J  / f , J

3 0 9 9
a z  t z

527 2
447 4
) 6 .1 / I

2409
2409
J ' 6 R

J b: ,  o

2 L O 9
2L09
L207
I207
I234

2?40
!z '14

L Z 0 f ,

2 2 8 4
2 2 8 4
2035
1 1 3  2
!132

7 9 4
7 9 4

8 2 7
v J o
7 3'l
8 1 3
8 1 3

? q ? q n

3 9 2 5 0
39250
3 9 2 s 0
39250
3 9 2 5 0
39250
3 9 2 5 0
39250
3  9 2 5 0
39250
39250
? q ? q n

39250
39250
3  9 2 5 0
3 9 2 5 0
3 9 2 5 0
39250
3 9 2 5 0
3 9 2 5 0
3 9 2 5 0
3 9 2 5 0
3 9 2 5 0
3  9 2 5 0
3 9 2 5 0
3  9 2 5 0
3 9 2 5 0
39250
39250
39250
39250
3 9 2 5 0
3 9 2 5 0
3  9 2 5 0
3 9 2 5 0
39250
3 9 2 5 0
3 9 2 5 0
39250
39250
39250
1 5 0 0 0
1 5 0 0 0
1 5 0 0 0

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
l - . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1  . 9 8
l - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  l - . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 0  1 . o o
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
r - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
r _ . 0 0  l - . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 , 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  L . 9 E
1 . 9 8  1 . 9 8
1  q Q  1  0 e

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

o . 2 6
0 . 2 6
0  . 2 5
0 . ? 6
0 . ? 6
0 . 2 6
0 . 2 6

0 . 2 6
o -26

o  -26
0 . 2 6
0 . 2 6
Q . 2 6

0 . ? 6
n  ? G

0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6

0 . 2 6
o -26
0 . 2 6
0 . 2 6
n  ? R

0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6

0 . 2 6
o . 2 6
o . 2 6
0  . 2 6
0  . ? 6
0 . 2 6
0 . ? 6

0 . 3 3
0 . 3 3

2 0 8
208
2 0 8
2 0 8
208
208
208
2 0 8
208
208
2  0 8
208
208
208
208
2 0 8
2 0  8
2 0 8
2A8
z u d

2 0 8
2  0 8
208
208
2 0 8
2 0 8
208
2 0 8
208
2 0 8
208
2 0 8
2 0 8
208
208
2 0 8
208
208
208
2 0 8
3 3 3
3 3 3
2 4 6
2 4 6
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PipePlus vers ion 5.06
I IGO
l,oad : Dead Weight +

D r ^ ^ a < .  q \ r e  i  a h <

Pressuxe 1 + Thermal

I n t e r n a t ' n l .  I 1 / 0 8  / 9 6

1 +  D i s p l a c e m e n t  1

13:  L6 Page 029
Pile : GN2VENTO

Point
Name

*  * *  S v s t e m  s t r e s s e s  ( A N S I  8 3 1 . 1 )  * * *

In- Out
Plane Plane sect ion st resses /ps i

SIF SIF Modulus Hoop I 'ongi tu . P! inc ipal code Allor.r.

1 1 0 1 . 0 0  1 . 0 0 0 . 3 3 9 9 8 1 0 0 0 I I I Y 1 5 0 0 0
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PipePlus vers ion 5.06 Process Systems
tlGo
Load : Dead wej-ght + Pressure 1 + Thermal

f n t e x n a t r n l  L f / 0 e / 9 6

1 +  D i s p l a c e m e n t  1

1 3 : 1 6  P a g e  0 3 0
File : GN2VENTo

X
Y
z

* + *  e u c r - 6 h  M a w i s r  * * *

displacement  = 0.332 inch at  point  0
d isp lacement  = -O.226 inch at  point  75
disp lacement  = 0.324 inch at  point  10 'Far

Maximum
Maximum
Maxi.mum

Maximun
Maxamrm
Maximum

Maximum
Maximum
Maximum

Maxi-mum
Maxrmum
Maximum

Maximum
Max1mum
Maximum
Maximu$
Maximrm

X rotation =
Y rotataon =
Z rotatr-on =

Y
z

7 6
-L4

0 . 1 5 2  d e g r e e  a t  P o l n t  5 0 - F a r
- 0 , 3 3 6  d e g r e e  a t  P o i n t  0
- 0 . 1 3 0  d e g x e e  a t  P o i n t  4 0

l-b at po j-nt 20
Ib at  point  95

1b at point 20

Y
z

moment
moment
moment

= 643 inch- lb  at  po int  15
= 351 inch- lb  at  po int  10.Near
= -19? inch- lb  at  Point  L10

hoop st ress = 333 ps i  a t  Point  95
longi tudinal  s t ress = 4581 ps i  a t  po int  25
pr inc ipal  s t ress = 4601 ps i  a t  Point  25
code st ress = 52 '12 ps i  a t  Point  25
stress rat io  (code/a l lowable)  = 0.13 at  point 2 5
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P i p e P l u s  v e r s i o n  5 . 0 6

Load : Dead weight +

P r o c e s s  s y s t e m s  I n t e r n a t t n l  L L / 0 8 / 9 6  1 3 : 1 5  P a g e  0 3 1
File r GN2VENTo

P r e s s u r e  1 +  T h e r m a l  1 +  D i s p l a c e m e n t  2

***  system Def lect i -ons

Name
Di splacements,/ inctr

X Y Z
Rotations /degree

Y

0
5
1 0 . N e a r
1 0 .  F a r
. tJ

2 0
2 5
3 0 . N e a r
30 .  Ear
J J

4 0
d \

5 0 . N e a x
5 0 . F a r
5 5

65 .  Near
65 . Far"10
'75

8 0 . N e a r
8 0 . F a r
8 5
9 0
9 5
1 0  0
1 0 5
1 1 0

0 . 3 2 0
0 . 0 9 4
0 . 0 9 4
0 . 0 ? 8
0 . 0 7 8
0 . 0 0 0

- 0 . 0 0 5
- 0 . 0 0 5
- 0 . 0 0 4
- 0 . 0 0 4

0 . 0 0 6
0 . 0 3 9
0 . 0 3 9
0 . 0 4 5
0 . 0 4 5
0 , 0 6 3
0 . 0 6 4
0 . 0 6 2
0 . 0 6 0

- 0 . 0 3 4
- 0 . 0 3 4
- 0 , 0 3 9
- 0  -  0 3 9
- 0 . 0 3 7
- 0 . 0 3 6
- 0  , 0 3 4
- 0 . 0 3 4

- 0 . 0 0 0
0 . 0 2 6

o . 0 2 6
o . 0 2 6

- 0 . 0 0 0
- 0 . 0 0 7
- 0 . 0 0 7
- Q  . O 2 2
- o . 0 2 2
- 0 . 0 4 2
- 0 . 1 0 5
- 0 . 1 0 5

- 0 . 1 2 3

- 0 . 2 2 8
- u  .  z J J

- 0 . 3 3 1
- 0 . 3 3 1
- v  . 5 2 ?
- 0 . 3 2 5
-0 .294
- 0 . 2 8 8

- 0 . 2 5 2
-o ,2?2

0 . 0 0 0

0 . 2 9 5
0 . 2 9 4
0 . 2 9 4
0 . 1 6 7
U . l - ] J

0 . 1 5 3
0 . 1 5 1
0 .  151-
0 . 1 7 0
0  . 2 3 7
0 . 2 3 7
0 . 2 3 8
0 . 2 3 8
0 . 1 5 0
0 , 1 4 5
n  1 ? q

0 . 1 3 4
0  .012
0 . a 1 2
0 . 0 0 4
0 . 0 0 4
0 . 0 0 1
0 . 0 0 t

- 0 . 0 0 0
- 0 . 0 0 0
- 0 . 0 0 0

0 . 0 0 7
0 . 0 0 7
0 . 0 0 7
0 . 0 1 5
0 . 0 1 5
0 . 1 0 3
0 . L 2 2
0  . 1 2 2
0 . 1 9 3
n  1 q ?

0 . 2 0 9
0 . 2 4 0
0 . ? 4 0
0  . 2 5 2
i  2 . \ ' )

0 . ? 2 8
0 . 2 2 5
o . 2 0 4
0 . 2 0 0
0 . 0 ? 6
0 . 0 ? 6
0 . 0 2 9
0 . 0 2 9
0 . 0 1 3
0 . 0 1 0
0 . 0 0 3
0 . 0 0 1

- 0 . 0 0 0

- 0 , 3 0 7
- 0 , 2 2 9

-o . L"l' l
- 0 . 1 7 7 .
- 0 . 0 8 7
- 0 . 0 ? 8

- 0 . 0 4 6
- 0 . 0 4 5
- 0  . 0 3 2

0 . 0 1 3
0 . 0 1 3
0 . o 3 2
o . 0 3 2
0 . 0 4 8
o .0 4'7
0 . 0 4 1
0 . 0 4 0
0 . 0 2 1
0 . 0 2 r .
0 . 0 1 3
0 . 0 1 3
0 . 0 1 0
0 . 0 0 9
0 . 0 0 7
0 . 0 0 5
0 . 0 0 0

0 . 0 1 5
0 . 0 2 r -
0 . 0 2 1
0  . 0 0 2
o  - o o 2

- u .  u b v
-o .077
- 0 . o 7 7
- U .  - L U 5
- 0 . 1 0 5
- 0 . 1 1 1
- 0 . 1 1 2
- n  1 1 )

- 0 . 1 1 1

- 0 . 0 8 2
- 0 . 0 8 0
- 0 . o ' 7 2
- 0 . 0 7 0
- 0 . 0 1 8
-0 ,0 r -8

0 . 0 1 1
0 . 0 1 1
0  . 0 1 7
0 . 0 1 8
0 . 0 1 7
0 . 0 1 4
0 .  0 0 0
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P i p e P l u s  v e r s i o n  5 . 0 6
Tl GO
Load : Dead weight +

Poi-nt
Name

p r 6 l F c c  q r r q r c m q  T n t e r n a t ' n f  I I / 0 8  / 9 6

P x e s s u r e  1 +  T h e r m a l  1 +  D i s p t a c e m e n t  2

L 3 : 1 6  P a g e  0 3 2
Fi]e : GN2\TENTO

* * *  Forces  and Moments  ac t ing  on  Rest ra in ts  r r * *

Forces / ]b
Y

Moments,/inch-Lb
Y

0
0
2 0
2 0
1 1 0

0
0

r 2
0

- L 2

- J

- J

- 3 2
-32
7 5

0
0
0
0

-37

0
0
0
0

J J

0
0
0

t o z

5
0
0
I

-13
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P j -pePlus vers ion 5.06
I IGO
load : Dead weight +

D r ^ - a e <  q r r q i ' a Y n e

Pressure L + Thermal

*** Forces and Moments in Element Coordinate

I n t e l n a t ' n L  f I / 0 8 / 9 6  l ' 3 : 1 - 5  P a q e  0 3 3
FifE : GNzVENTO

l- + Displ-acement 2

System **+

Moments /inch-lb
v 7

Point
Name

Forces / Ib
X Y

0
5
5
10 .  Near
r u . t a r
1 0 .  F a r
1 5
2 0
2 0
2 5
2 5
30 .Near
30 .  Far
3 0 . F a r
3 5
4 0
4 0

qf ,

5 0 . N e a r
50 .  Far
50 .  Far
5 5
6 0
6 0
bJ  .  Nea r
65 . Near
65 . Far
65 .  Far
7 0
'70
'75
'75

8 0 . N e a r
u u . r ' a r
8 0 . F a r
8 5
9 0
9 A
9 5
9 5
r-00
1.0 0
1 0 5
1 0 5
1 1 0

- 0
0

- 0
- 0

5
- 5
- 5

5
- l-3

1 3

-_ l -J

-3 '7

J 1

-35

- - L O

1 8
1 8
. L J

- 1 3
- 1 3

1 3
- , L J

1 3
- 1 3

1 8
- 1 8

l-8
-  1 8

1 8
- 1 8

- 6
6
b

- 9
2 I

- "19
'7'�1

7 6
- 7 6

7 5

't
' 1 '

- 5
- 5

-r4
2 4
3 J

- 3 8
3 8
3 8

- l J

- 1 3
- 1 4

I J

- _ t J

1 1

1 1

l 7
- 9

- 9
- L 2

- 1
q

- 8
I

- 1 8
- 1 3
- , L J

-  l J

L J

- 1 3
l-3

l - J

- 1 3

- 5
5

T 2
T 2

- 1 4
0
0

- 0
T 2

-12
1,2
r2

- t 2
- 1 2

7 2

- ! 2
L2
L 2
t 2

- L 2
1 2

I
- 8
- 1

1
- 1

1
1
1

- 1

T 2
- ! 2

I 2

L 2
- t 2

t 2

1"2

- 0
0
0
0

- 1 9 9
1 9 9

- 1 9 9
L99

- 1 9 9
1 9 9
1 9 9
249

-249
- 2 4 9

249
-249

249
- ? 4 9
- 2 4 9

1 1 8
-  1 1 8
-  1 1 8

t- 18
-  1 1 8

1l- I
- 1 1 8
-  1 1 8

1 1 8
-  1 1 8

1l_ 8
-.1 .L{'

l - 1 8
1 1 8

' ' f,

-35
-35

J 5
- 5 f ,

-35
3 5

-3  5
5 J

- J f

3 5

320
1 ?  0
1 7 0
- 3 0

-332
- 3 3 ?

327
- J Z L

- 2 1  6

r-73
\ 't 3
1.73

-  1 1 0
1 1 0

9 1
- 9 1
- 9 1

- 2 2 2

- 5 5
5 5

- 7 I

-293
8 1

- 8  0
8 0

- J  I

- 3 7
t- 1f,

- 1 3 9
- I J Y

4 2

? 3

- 6 1
6 1

- 8 5
8 5

0
- 1 7 0

320
320

-332
3 0
3 0

- b b u

6 6 8
-523

523

-407
-407

J J  /

- J J  /

1 1 0
-  1 1 0
- 1 1 0

4 1
4 t

7 !
-5 _t

-293
J U J

J b J

3 6 5
q  ( q

- 3 t z
-302

L:,5
- 1 9 s

1 7 1
- 171'

7 1
- 7 7

5 0
- 5 0
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P i p e P l u s  v e r s i o n  5 . 0  6
IIGO

Process Systems Internat  t  n I  ] - ] . /08/96

Load :  Dead weight  + Pressure 1 + Thermaf 1 + DisPlacement 2

***  Forces and Moments

Forces /1b
X Y

i n  G lobaf  Coord ina te  Sys tem ** *

1 3 : 1 6  P a g e  0 3 4
File : GNZVENTo

Poin t
Name

Moments/inch-Ib
I r )

0
5
5
1 0 . N e a r
1U .  r 'ar
1 0 .  F a r
I f ,

2 0
2 0
2 5
Z J

3 0 . N e a r
30 . Far
30 .  Far
J f ,

4 0
4 0

50 .  Near
50 .  Far
50 .  Far
:)f,

6 0
5 0
65 . Near
65 . Near

65 .  Far
7o
70
J A
'15

8 0 . N e a r
8 0 . F a r

d t r

9 0

9 5
9 5
1 0 0
1 0 0
l-05
1 0  5
1 1 0

- 0
0

- 0
- 0

0
- 0

0
- L 2

!2

-72
r 2

-12
-1,2
r2

- L 2
t2

-L2
r2

-72
1 Z

- !2
12

- t2
7 2

- L 2
L2

-  l z

! 2
-  L Z

L 2
-12

7 2

t 2

! 2
- 1 2

! 2

'l

1,2
-].2

1 4
-  1 4
-74

2 4
3 9

- J  d

3 8
3 8

-3 '7
3 l

- 3 5
2 3

1 8
1 8

- 1 1
L7
r'7
- 9

- 9
9

- 8
8

- 8
I
5

- 5
- 5

6

- 6

- ? I
2 I
7 9

-'7"1
'17

-'1 6

-'t 5

- 5
5

5
- 1 3

- 1 3

-  I J

- . 1 J

I J

-13

-  l_J

I J

- 1 3
- 1  ?

-  1 3

- l - J

- 1 3
1 3

-  L J

1 J
- 1 3

I J

- _t-J
-l ,l

- 1 3
L J

- t_J

,LJ

- 0
0
0
0

3 0

- 3 0

- 6 6 8
2 Z J

- 5 2  3

407
- 4 0 ' 7
-407

- J 5  t

1 1 0
-  1 1 0
- 1 1 - 0

4 l

- 4 1

-290
290

- ? 9 8
298

- 3  4 1
341
3 4 1

302
302

- 1 9 3

! 7 1

7'7
- 5 0

5 0
3 7

320

"l 'l t

2 7 6

249
-249
-249

- t . ! t

2 4 9
-249
-249

2 2 2
- 2 2 2

- J f ,

5 5

1 ' �1

- 8 1

- 8  0
8 0

- 5 f ,

35

- 3 5
J ]

- 5 f ,

J 3

- 3 5
J f ,

- J 3

0
- 1 7 0

t'7 0
1 7  0

-  1 9 9
1 9 9
199

L99
-r.99

1 9 9

- t t 5

L73
1 ? 3

-  1 1 0
1 1 0

2 L

- 91-
1 1 8

- I I U

- . L  I O

1 1 8

1l- I
-  1 1 8

724

1 3 1

L75
- 1 7 5
- l -  l f ,

. L 5 Y

4 2

2 3
-23

- 8 5
bf,
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PipePlus vers j -on 5.0 6 P r o c e s s  s y s t e m s  I n t e r n a t ' n I  l l / 0 8 / 9 6  1 3 : 1 6  P a g e  0 3 5
],IGO
load : Dead weight + Pressure I + Therma.L I + Displacement 2

F i l e :  G N Z V E N T O

Code Al1ow.
D^i  h l -

Name

* * *  s y s t e m  s t r e s s e s  ( A N S I  8 3 1 . 1 )

In-  Out
Plane Plane sect ion Stres ses /ps i

s IF SfF Modulus Hoop longi tu .  Pr inc ipal

0
5
5
10 . Near
10 .  Far
1 0 .  F a r
1 5
2 0
2 0
2 5
Z J

3 0 . N e a r
3 0 . F a r
J U . ! a r

3 5
40
40
d q

5 0 . N e a r
5 0 .  F a r
5 0 .  F a r
5 5

6 0
65 .  Near
65 ,  Near
55 . Far
55 .  Far
7 0
7 0
7 5
7 5
8 0 . N e a r
8 0 . F a r
8 0 . F a r
U f ,

9 0
9 0
Y )

9 5
1 0 0
l-0 0
3-05
. I -Uf ,

0 . 2 6
0 . 2 6
0 . 2 6
v . z o

0 . 2 6

o . 2 6

0 . ? 6
o . 2 6
0 . 2 6

0 . 2 6
0  . 2 6
0 . 2 5
a . ? 6
0 . 2 6
0 . 2 6

o . 2 6

o . 2 6
0 . 2 6
o . 2 6
o . 2 6
0 . 2 6
o . 2 5
0 . 2 5
D -26
i  ) A

0  . 2 6
o . 2 6

o . 2 6
0 . 2 6
0 . 3 3
0  . 3 3
0  . 3 3

9 1
1 4 e 8
2860
2860
2640
1 3  8 1
1 3  8 1

2965
2387
A A ) 1

4623
3 4 0 5
L132
!7  32

-L4 I I f ,

6r2

1 8 3 8

9 8 3
1  1 5 1
I I- J.L

12 t l ,
2 2 9 0
2 43'7
t289
L3?'7
!327
- 1 3 5 I

29r8
?918

1362
! J O Z

837
8 1 8
121,
v J d

648
, 4 0 0

499
499

208
1 4 8 8
2860
2860
2 6 9 9
J - q v )

1 4 9 5
3 0 0 5
3  0 1 8
?453
4656
4656

1 8 ? t
1,8'7 r
1 5 6 5
1 5 8 3

9 3 0
1 3 5 4
1 3 5 4
1 8  6 9
1 0 4 4
r044
1 2 0 3
r203
12  50
23r4
2460

t3't 2
r37 2
t- J b:,

2 9 3 7
2937

t 3 6 6
1 J  b b

8 4 4
8 2 5
7 3 0

66r
5 0 9
5 t-0
5 1 0

1 0 9
1 8 5 2

3452
3 492
1 8 5 4
1 8 5 4
3 8 0 8
3 8 0 8
3 1 5 8
5 3 8 8
5 3 8 8
4 )  / b
z o b f
2665

2 4 2 9
2148
3  6 9 9
3 6 9 9
3 4 4 8
1 9 8  4
1 9 8 4
1 2 9 8
t ? 9 8

2 3 8 4
2481,
1 3 9 6
1 4 3 1
1 4 3 1
r725
3200
3200
2 9 9 6

\267
1-?.07
1-213
1I .J  f ,

8 9 6
8 9 6
8 9 6

39250
3 9 2 5 0
3 9 2 5 0
39250
39250
39250
3 9 2 5 0
39250
39250
3 9 2 5 0
3  9 2 5 0
3  9 2 5 0
39250
3 9 2 5 0
39250
39250
39250
39250
39250
3 9 2 5 0
3 9 ? 5 0
39250
39250
3 9 2 5 0
3 9 2 s 0
39250
3  9 2 5 0
3  9 2 5 0
3  9 2 5 0
3 9 2 5 0
3  9 2 5 0
3 9 2 5  0
3 9 2 5 0
39250
39250
3 9 2 5 0
39250
3 9 2 5 0
3  9 2 5 0
3  9 2 5 0
? q ? q n

392s0
15000
15000
15000

l - . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
1  q q  1  q a

1  q c  1  0 a

1 . 9 8  1 . 9 8
1 . 0 0  L . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
l - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
L .  9 8  1 . 9 8
1 . 9 8  1 , . 9 8
1 . 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
1 . 0 0  1 . 0 0
1 . 9 8  l - . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1  . 9 8  1 , 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  t - . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

20e
208
208
2 0 8
2 0 8
2 0 8
208
2 0 8
208
208
208
2 0 8
208
? 0 8
2 0 8
208
208
2 0 8
208
2 0 8
208
208
208
208
208
? 0 8
? 0 8
2 0 8
208
2 0 8
208
208
208
2 0 8
2 0 8
208
208
208
208
208
3 3 3
J J J

2 4 6
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P i p e P L u s  v e r s i o n  5 . 0 6
II GO
load : Dead weight +

Point
Name

*  *  *  q r r < l - a h

Plane P lane sec t lon
SIF  SIF  Modu lus

S t r e s s e s  ( A N s I  8 3 1 . 1 )

Stresses/ps i
Hoop longitu. PrinciPal

1 3 : 1 6  P a g e  0 3 6
File : GN2VEN[o

AlJ,ovr.

P r o c e s s  s y s t e m s  I n t e r n a t ' n I � / 0 8 / 9 6

P r e s s u r e  1 +  T h e r m a l  1 +  D i s p l a c e m e n t  2

1 1 0 1 . 0 0  1 . 0 0 0 . 3 3 2 4 6
"10 6 7 t 2 1 0 0 7 1 5 0 0 0
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P i p e P l u s  v e r s i o n  5 . 0 6  P r o c e s s  S y s t e m s
I IGO
load : Dead Weight + Pressure 1 + Thermal

I n t e r n a t ' n l  ! 7 /  0 8  / 9 6

1 +  D i s p L a c e m e n t  2

1 3 : 1 6  P a g e  0 3 7
FiLe 3 GN2VENTO

Maximum
Maximum
Maximum

Maximuln
Maximum
Maximum

Maximum
Maxinum
Maxamum

Maxrmum
Maxi.mum
Maxamum

Maximum
Maxfmum
Maximum
Maximum
Maxirnum

* * *  e i ' . r - a h  M i v i m r  * * *

x
Y

displacement  = 0.320 inch at  point  0
d isp lacement  = -0.331 inch at  point  75
disp lacement  = 0.295 inch at  point  5

x  r o t a t i o n  =  0 . 2 5 2  d e g r e e  a t  p o i n t  5 0 . F a r
Y  r o t a t i o n  =  - 0 . 3 0 7  d e g r e e  a t  p o i n t  0
z rotat ion = -0.112 deqxee at  point  45

I

z

force = -12 ]b at  po inx 2Q
force = 79 Ib at  po int  95
force = -13 1b at  point  20

moment = 658 inch-lb at point 15
moment = 332 i.nch-lb at point 10.Near
moment  = -199 inch- lb  at  po int  L0.N€ar

X
Y

hoop st ress = 333 ps i  a t  po ine 95
Iongi tudinal  s t ress = 4623 ps i  a t  po int  25
p r i n c i p a l  s t r e s s  =  4 6 5 6  p s i  a t  p o i n t  2 5
code st ress = 5388 ps i  a t  po int  25
stress rat io  (code /a l  lowable 1 = 9.14 at  point 2 5
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PipePlus vers ion 5.0 6
I IGO
I,oad : Dead weight +

Process Systems Internat 'n I  LL/  08 /96

Pressure l -  +  Ea.r thquake 1+ Ear thquake 2

1 3 : 1 6  P a g e  0 3 8
Pi-f e : GNZVENTO

Point
Name

Di splac€ments,/inch
Y Y

***  system Def lect ions

Rotations,/degree
v W

0
5
10 .  Near
10 .  Far
-1f,

2 0
2 5
3 0 . N e a r
30 ,  Far
3 5
4 0

5 0 . N e a r
50 .  Far
5 5
6 0
65 . Near
65 . Far
? 0
? 5
8 0 . N e a r
80 .  Far
atJ

9 0
9 5
1 0 0
1 0  5
1 r 0

0 . 0 1 4
0 . 0 1 4
0 . 0 1 4
0 . 0 1 4
0 .  01,4
0 . 0 0 0

- 0 . 0 0 2
- 0 . 0 0 2

0 . 0 0 3
0 . 0 0 3
0 . 0 0 8
0 . 0 2 8
0 . 0 2 8
0 . 0 3 0
0 , 0 3 0
0 . 0 2 0
0 . 0 1 9
0 . 0 1 8
0 . 0 1 8

- 0 . 0 0 2
- 0 . 0 0 2
- 0 . 0 0 3
- 0 . 0 0 3
- 0 . 0 0 2
- 0 . 0 0 1
- 0 . 0 0 1
- 0  . 0 0 0
- 0 . 0 0 0

- 0 . 0 0 Q
- 0 .  i . 2 8
- 0 . 1 2 8
- 0 . 1 2 3
- 0 . 1 2 3
- 0 . 0 0 0

0 . 0 1 0
0 . 0 1 0
0 . 0 1 5
0 . 0 1 5
0 . 0 1 5
0 . 0 1 5
0 . 0 1 5
0 . 0 1 6
0 . 0 1 6
0 . 0 1 2
0 . 0 1 2
0 . 0 1 1
0 . 0 1 0

- 0 . 0 0 1
- 0 . 0 0 1

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

- 0 . 0 0 0
0 . 0 1 7
0 . 0 1 7
0 . 0 1 8
0  . 0 1 8
0 . 0 1 8
0 . 0 1 8
0 . 0 1 8

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

- 0 . 2 3 0
- 0 . 2 3 0
- 0 . 2 3 0

- U . I b J

- 0 . 1 4 9
- 0 . 1 4 9
- 0 . 0 9 6
- 0 . 0 9 6
- 0 . 0 8 3
- 0 . 0 4 4
- 0 . 0 4 4

0 . 0 1 8
0 . 0 1 8
0 . 0 2 3
o  . 0 2 2
0 . 0 1 5
0 . 0 1 4

- 0 . 0 2 1
- 0 . 0 2 1
- 0 , 0 ? 2
- 0  , 0 2 2
- 0 . 0 2 0
- 0  .  0 1 9
- 0 . 0 1 5
- 0 . o r 2
- 0 . 0 0 0

- 0 . 0 1 ?
- 0 . 0 1 7
- 0  . a ! 7
- 0 . 0 2 1 ,
-0  .02 I
-0 ,024
- 0 . 0 2 3
- 0 . 0 2 3
- 0 . 0 2 5
-o .025
-0 .024
- 0  . 0 2 4

- 0 . 0 2 6

-o .029
- 0 . 0 3 0
- 0 . 0 3 4
- U .  U J J
- 0 . 0 3 5
- 0 . 0 3 5
- 0 . 0 2 8
- 0 . 0 2 8
-0 .022
- 0 . 0 2 0
- 0 . 0 1 5

- 0 . 0 0 0

- 0 . 0 9 0
- 0  - o 9 0
- 0 . 0 8 6
- 0 . 0 8 6
- 0 . 0 7 7
- 0 . 0 7 6
- 0 . 0 7 6
- 0 . 0 7 4
- 0 . 0 7 4
- 0 . 0 7 2
- 0 . 0 6 5
- 0 . 0 6 5
- 0 . 0 5 8
- 0 . 0 5 8
- 0 , 0 4 1
- 0 . 0 4 1
- 0 . 0 3 8

- 0 . 0 0 8
- 0 , 0 0 8

0 , 0 0 8
0 . 0 0 8
0 . 0 0 7
0 . 0 0 7
0 . 0 0 6
0 . 0 0 5
0 . 0 0 0

Revision No. 0
Doc. No. V049'1-123
Page 59 of 118



P i p e P l u s  v e r s i o n  5 . 0 6
],IGO
load : Dead Weight +

Point
Name

D r ^ - 6 c <

P r e s s u r e  1 +

s y s t e m s  I n t e r n a t ' n l  I t / 0 8 / 9 6  l ' 3 : 1 6  P a g e  0 3 9
FiIC : GN2VENTO

Earthquake 1+ Ear thquake 2

**+ Forces and Moments act ing on Restra ints  ***

Forces  / fb
Y

Moments /inch-Ib
Y

0
0
2 0
2 0
1 1 0

- 5
- 5

- 2 9
- 2 9

7 2

0
0
0
0

-  113

0
0
4
0

- 5

- l -
- 0

0
4

- 5

0
0
0
0

5 6

0
0
0
0
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P i p e P l u s  v e r s i o n  5 . 0 5

load : Dead weight +

Process systems Internat 'n l  7 t /  08 /  96

Pressure L + Ear thquake 1+ Ear thguake 2

1 3 : 1 6  P a g e  0 4 0
FiLe : GN2VENTo

* * *  F O f C e S and Moments

Forces/.1-b
Y

in ELement  coord inate System ***

Point
Name

Moments,/inch-l"b
y z

0
5
5
1 0 . N e a r
1 0 .  F a r
r u .  t  a r
I 3

2 0
2 0
2 5
2 5
3 0 . N e a r
3 0 . F a r
J U .  t a r
3 5
4 0
4 0

4 5
5 0 . N e a r
5 0 . ! a r

sb . rar
55
60
b u

65 .  Near
65.Near
65 . Far
55 , Far
7 0
? 0
7 5
1 5
8 0 . N e a r
8 0 . F a r
8 0 , F a r
8 5
9 0
9 0
9 5
v 3
1 0 0
1 0 0
1 0 5
1 0 5
1 1 0

- 0
1

- 1
- 1
- 1

1
1

- 1
- 5

5
- 5
- 5

- 3 5
3 5
3 5

- 3 3
2 1

- 1 6
1 6

6
- 6
- 6

1
-'1

'7
-'7

6
- 6

6
- 6

'7
-'l
- 1

- 1 0
1 0
l-0

- L 2
2 4

- t )

- 7 6

7 4
-'7 4

1 /

- '1 4
7 2

1 1
9
1
1

- 1
- 1 0
- 1 0

2 7

- 3 6
3 6
3 6
- 5
- 5
- 5

5
- 6

5

- 6
t 4
L 4
t 4
-'7

'1
- 7
- 2
- 3

- 6

I
I
I

- 7
- 7
-'7

I
- 8

- 5
5

- 5
5

- 5
5

1
- 1

9

- 1 0
1
1

- 2
3

- 3
3
3

- 3
- 3
- 3

3
- 2

2
- 2
- ?

2
2
2

- 2
2

- 2
7

- 6

3

4
4
n

- 4

2
2

- 2
3

- 3
5

- 5
5

- 5
5

- 5

- 0
0
0
0

-52
- 5 2

5 2
- 5 ?

52
- 5 2
- 5 2
- 3 1

3 1
3l-

- 3 1
5 !

-3 t-
3 1
3 1
' t5

- '15
- 7 5
1 5

-  t )

7 5
-  I )

2 0

? o

2 0
? o

-'7 7
7 7't'l

- '7'1

7'7
-7 ' t

'17
- 7 7

't'7
-7 '7

0
- 3 9

- '12

3 8
3 8

3 1
- 3 1

3 1
3 1

- 5 0
- 5 0
- 5 0

4 7
- 4 7

7 0
- 7 0
-'10

3 5
J 5

3 5
- 7 8
7 8

- 8 1
8 2

- 1 1 - 5
8 0

6 8
6 8
6 8

-20

-28
- 3 ?

5 Z

- 3 0
3 0

- 3 4
1 d

- 5  6

0
'72

- 3 9
- 3 9

3 8
2 Z
2 2

- 5 4 5

4r2
472

- 5 2 4

-324
3 0 2

26e
-  z 0 a

-'7 5
8 ?
8 1

- 8 0
- L - L f

127

-20

- 8
- 5 5

- 6 8
6 8

-87
8 7

9 3
- I I J
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P i p e P l u s  v e r s i o n  5 . 0 6
t lGO
load : Dead Wej.ght +

Process systems Internat 'n I  L I /08 /96

P r e s s u r e  1 +  E a r t h q u a k e  1 +  E a r t h q u a k e  2

1 3 : 1 6  P a g e  0 4 1
FiIe : GN2VENTo

* * *  F o r c e s

X

and Moments

Forces/Lb
Y

in Global coordinate system

Point
Name

Moments,/ inch- 1b

0
5
5
10 .  Near
1 U . ! a r
10 . Far
- t )

2 0
2 0
2 5
2 5
3 0 . N e a r
3 0 , F a r
3 0 .  F a !
J 5

4 0
4 0

5 0 . N e a r
50 . Far
5 0 .  F a r
5 5
6 0
6 0
65 .  Near
6 5 . N e a r
65 . Far
65 . Far
7 0
7 0
7 5
'15

8 0 . N e a r
8 0 . F a r
8 0 , f ' a !
8 5
9 0
9 0
9 5
9 5
1 0 0
1 0 0
1 0 5
1 0 5
I i -0

- 0
t

- 1
- 1

1
- 1
- 1

2
- 3

3
- 3
- 3

3
- 3
- 3

3
- 2

2
- 2
- 2

2
. ?
- 2

2
- 2

2
- 2

2

2
- 2

2
- 2
- 2

2
- 2
- 2

2
- 3

3
- 5

5
- 5

5
- 5

5

1 1

- 9

L 0
- 1 0
- 1 0

2 I

- 3 6
3 6
3 6

- 3 5
3 5
3 5

- 3 3
2 r

- l -5
1 6

-L4
7 4
L 4

7
-7

'7
- 6

- 6

I
- 8
- o

1 0

- 1 0
t 2

- 2 4
2 5
7 6

- 7 4
7 4

-'7 4
'74

1
- 1

1
1

- 1
1
L

- 1
- 5

5
- 5
- 5

5
- 5
- 5

5
- 6

- 6
- 6

6
- 6
- 6

'7
-'7

7
- 7

7
-'7

'1
-'1

7
-'1
-'7

'7
-'7
- 1

I
- 8

8
- 5

5
- 5

5
- 5

5

- 0
0
0
0

2 2

- 5 4 5

4 ! 2
- 41,2
- 412

324
-324

3 0 2

z o a

-268
2 3 2

-75

- d z

8 2
- 9 1

' L

- 9 5
9 5

-38
3 8

- 8
8
d

f , l

- 5 5
6 8

-  6 8
a 7

1 1 ?

0
- 3 9

3 9
3 9

- 3 I

3 8
- 3 1

3 1
-3l -

3 1
3 1

- 3 1
3 1
J I

3 1
- 3 1

3 L
3 1

- J J

J f ,

3 5
-78
7 8

-  81-
8 1

- 8 0
8 0

7 6
6 8

-68
7'�l

-'7 7
'7'7

-'7'1
'77

-7'7
1'l

- 7 7
7 1

-7 '7
'7'1

0
1 2

-72
3 Z

- 5 ?
-52

J Z
-52

5 2
- 5 2

-52
50

- l u
- 5 0

4 7
- 4 7

7 0
-'7 0
- 1n

7 5
-  t a
-'t 5
75

-75
7 5

-'7 5
7 8

8 3
- 8 3

A 1

- q L
-41

2 8
-28

- J Z

5 Z
- J i )

3 6
- J U

3 0

3 4
-56
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P i p e P l u s  v e r s i o n  5 . 0 6 P r o c e s s  s y s t e m s  I n t e r n a t ' n l -  I ] - / 0 8 / 9 6  1 3 : 1 5  P a g e  0 4 2
],IGO
l,oad : Dead Weight + Pressure l. + Earthguake 1 + Earthguake 2

* * *  < ! ' c r a m  c f y a < < a c  / A N S T  A ? 1  I  \  * * *

In-  Out
P]ane Plane SecEion Stresses/ps i

SIF sIF Modulus Hoop Longi tu.

Fi1E : GNzVENTO

Princ ipal code A1low.
Poin t
Name

0
5
5
10 . Near
1 U . ! a r
L 0  ,  F a r
t 5

2 0
2 0
2 5
2 5
3 0 . N e a t
3 0 . F a r
3 0 .  F a x
3 5
4 0
4 0
4 5

50 .  Near
5 0 .  F a r
50 .  Far
5 5
6 0
6 0
65 . Near
65 . Near
65 .  Far
65 . Far
'10

7 0'75

7 5
8 0 . N e a r
U U . I ' A T
8 0  . F a r
8 5
9 0
9 0
9 5
9 5
1 0 0
1 0 0
1 U f ,

l -05

9 1
436
7'7 4
7 1 4
4 8 5
290
290

2 2 4 t

r'7 20
3 3 1 - 4
3  3 1 4
2 5 8 0
t 3 t-9
1 3  1 9
t 2 2 t
1 2 4 r
L L J o

2r87
2r87
1 9 0 3
L  0 1 0
1 0 1 0

523
3 1 5

999
L271,

b  / f ,

6'7 5
4 1 8'7 29
7 2 9
299
1 8 9
1 8 9
33'7
3 1 8
369
58'7
635
489
31 ,  r
5 1 1

208
A'1.  A

3 7 8
3 ? 8

2 2 5 4

258'7
L J J Z

1 3 3 2

L259
1 1 4 4
? ! 9 1
219t
I Y I O

I U J 3

1 0 3 5
5 9 4
594
6 1 8

1 0 3 0'J,27 4
666
6 8  0
6 8  0
429
7 3 5
7  3 5
4 5 3

3 6 9
4 6 9
46!
498

5 3 8
3 J  /

557

1 0 9

620
620
5 3 s
3 9 5
3 9 5

2 2 8 6
2 2 8 6
I  / O J

2569
2056
1 4 1 8
1  4 1 8
r32 '1
L32' t
1  I  q ?

L 7 ? 0
L'120

1 0 6 4
1 0 6 4

6 3 0
6 3 0
653
919
960
6 8 1

696
4 5 0
b l l

O I f ,

597
437
43' l
5 2 3
5 ? 3
5 6 0
o z J
648
5 0  8

J Z O

1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
l e 8 4 0
t _ 8 I 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
r - 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
r - 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
r . 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
1 8 8 4 0
r - 8 8 4 0
1 8 8 4 0
1 8 8 4 0
l - 8 I 4 0

7200
7200'1200

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 , 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1  . 0 0  1 . . 0 0
1  0 a  1  q F

1 . 9 8  1 . 9 8
l - . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1  0 Q  1  0 C

1  . 9 8  1 , 9 8
1  . 9 8  1 . 9 8
1 , 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  l - . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
l - . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
l - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

4 . 2 6
4 . 2 5
o  . 2 6

0 . 2 6

0  - 2 6
o . 2 6
0 . 2 6
o . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
Q . 2 6
0  - 2 6

\ J . Z O

0 . 2 6

0 . 2 5
0 . 2 6
o . 2 6
0  . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
u . z 6
o . 2 6
o . 2 6

0 . 2 6
0 . 2 5

0 . 2 6
0 . 2 6
o . 2 6
o . ? 6
0 . 2 6
0  . 3 3
0 . 3 3
0 . 3 3

2 0 8
208
20s
208
208
208
2 0 8
208
2 0 8
204
208
2 0 8
z u  6

2 0 8
2 0 8
208
2 0 8
208
208
208
208
208
208
2 0 8
2 0 8
2 0 8
? 0 8
2 0 8
208
208
2 0 8
2 0 8
208
2 0 8
2 0 8
2 0 8
208
208
248
208
3 3 3

2 4 6
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P i p e P l u s  v e r s i o n  5 . 0 6
I IGO
l,oad : Dead weight +

Poj.nt
Name

1 . 0 0  1 . 0 0

P r o c e s s  s y s t e m s  I n t e r n a t ' n I  7 l / 0 8  / 9 6

P r e s s u r e  1 +  E a r t h q u a k e  1 +  E a r t h q u a k e  2

q v a r -  a h  q i r - e < c <  / a N S I  8 3 1 . 1 )

1 3 : 1 6  P a g e  0 4 3
Fil.e r GN2VENTO

Al low.

1 1 0

fn-  Out
Plane Plane Sect ion Stres ses, /ps i

s IF SIF Modulus Hoop t rongi tu .  Pr inc ipal

6 1 8 6 5 2U . J J 2 4 6
'7 200
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P i p e P l u s  v e r s i o n  5 . 0  6
TIGO
load : Dead welght +

p r 6 ^ a  c  e  q l / c r F y n s  T q t e r n a t ' n l  I I / 0 8 / 9 6

P r e s s u r e  1 +  E a r t h q u a k e  1 +  E a r t h q u a k e  2

* * *  c r r c r - 6 m  M . v i m :  * * *

d i s p l a c e m e n t  =  0 . 0 3 0  i n c h  a t  p o i n t  5 0 . F a r
d i s p l a c e m e n t  =  - 0 . 1 2 8  i n c h  a t  p o i n t  5
d i s p l a c e m e n t  =  - 0 . 0 2 8  i n c h  a t  p o i n t  5 0 . F a r

r ^ i - : r ' i ^ n  =  - n  ? ? 1  . l a d r c e  ^ 1 -  r l . l i n :  
' l  

0 - F e r

r o t a t i o n  =  - 0 . 0 3 5  d e g r e e  a t  p o i n t  7 5
r o t a t i o n  =  - 0 . 1 5 1  d e g r e e  a t  P o i n t  0

1 3 : 1 6  P a g e  O 4 4
Fi].E : GNzVENTO

Maximum x
Maximum Y
Maximun Z

Maximum X
Maximun Y
Maximrm z

Maxrmum
Maximum
Maximum

Maximum
Maximum
l4axi-mum

Maximum
Maximum
Maxlmr:m
Maximum
Maximum

fo rce  =

force :

moment =
moment =
moment =

Y
z

v

- 5  l  l . \  r f  h ^ i h 1 -  q q

? 6 i-b at point 95
8 ] b  a t  p o i n t  9 5

5 4 5  i n c h - l b  a t  p o i n t .  1 5
-81 inch- ]b at  po. in t  65.Near
a ?  i n a h - 1 h  a i -  h ^ i n f  ? 0

hoop st ress = 333 ps i  a t  po int  95
longi tudinal  s t ress = 3314 psJ.  at  po int  25
p r i n c i p a l  s t r e s s  =  3 3 2 3  p s i  a t  p o i n t  2 5
c o d e  s t r e s s  =  2 5 6 9  p s i  a t  p o i n t  2 5
stress rat io  (  code/a l lowable )  = 9.14 at  point ? 5
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P i p e P l u s v e r s i o n 5 . 0 6 P l o c e s s s y s t e m s l n t e r n a t ' n l L L / 0 8 / 9 6 1 3 : 2 0 P a q e 0 0 1
I,IGO 

- 
FJ-IE : GN2VEMR

File Name GN2VENTR
P r o j e c t  . . .  l I G o
D e p a r t m e n t  .  - . . . . .  ' 7  4 4
Contxact Nurnber .
Descr ip t ion . . . . . .  80K CRYOPOMP 1-112'  GN2 VENI

Regeneration,/ReGasif ication Proees s

P l e p a r e d  b y  . . . .  ' .  W .  B I I Y N S K Y
c h e c k e d  b y  ,  . . .

ANSI code ANSI 831.1
Input  uni t  Engl ish
O u t p u t  u n i t  . . .  ' . .  E n g l i s h
O u t p u t  c o l u n n s  . . . .  '  ' . . . .  8 0
B a s e  t e m p e r a t u r e  .  ' .  .  ' . . .  7 0
F  f a c t o r  ' . . . . . .  ' .  L . 0
E  f a c t o r  . . .  ' . . . . .  1 . 2

Number of dynamic modes. . 12
c u t - o f f  f r e q u e n c y  . . . . . . .  3 3  l l z
M a x  n o .  o f  i t e r a t i o n s  . . .  1 2
convergence to lerance . . .  3
F o r c e  t o l - e x a n c e  . . . . . . .  ' .  5  t b

B,T,frlit"'



PipePlus vers ion
TIGO

Frm Point DX
/To name ( feet)

5 . 0 6 Process SYstems I n t e r n a t ' n f  7 l / 0 8 / 9 6  1 ' 3 : 2 0  P a g e  0 0 2
FiIE : GN2VENTR

DY D Z Radius
( i n c h )

Y
( feet  )

z
( fee t )

F  0  0 .
m q 4 n

T  1 0  0 . 1 8 7 5
T 1.5
T 2 0
1 2 5
I  3 0
T  3 5
T 4 0

T  5 0
T  5 5
T 6 0

T  7 0  0 . ! 3 2 6
r F  ? q  ,  ? e l

T  8 0  0 . 1 3 2 6

T  9 0
T  9 5
T  1 0 0
T  1 0 5
T  1 1 0

0 . 1 8 7 5
0 . 4 3 7 5
1 . 4 0 1 0
0 . 1 8 7 5

- 0 . 1 8 ? 5
- 0 . 6 7 7 1 ,
- 0 . l - 3 5 4

- 0 . 5 4 1 6 7

0 .

0  . 1 8 ? 5
2 . 8 0 2 1
U . J L ' 3

0 , 1 8 7 5

Long

l,onq

Long

Long

long

0 . 0 0 0
5 . 0 0 0
5 . 1 8 8
5 . 1 8 8
5 . - t u u
q  l  e R

5 . 1 8 8

5 . 1 8 8
5 . 1 8 8
) . 1 - u d
5 . 1 8 8
5 . 1 8 8

J . J Z U

7 . 7 0 r
7 . 8 3 4
' 7 . 8 3 4

7 . 8 3 4
7 . 8 3 4
" 7 . 8 3 4

7 . 8 3 4

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 1 8 8
v - 6 z J

2 . 0 2 6

2 . 2 1 4
? . 2 1 4
2 . 2 7 4
2 . 2 r 4

r  ? a q
r . ? 7 4
0 . 6 3 0
0 . 4 6 4

- 0 . 0 ? 8

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 1 8 8
2 . 9 9 0
3 . 3 0 2
3 . 4 9 0
3  . 4 9 0
3 . 4 9 0
3  . 4 9 0
3 . 4 9 0

5 . 8 0 2
J .  Y J t r

8  . 4 4 8
L448
8  . 4 4 8
8  . 4 4 8
I  . 4 4 8
8 . 4 4 8
8 " 4 4 8

0 . 1 8 7 5
1 - . 9 3 7 5
0 . 1 8 7 5
U .  T J Z O

2 .381 ,
0 . 1 3 2 6
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P i p e P l u s  v e r s i o n  5 . 0 6
T.I GO

Proces s Systems Internat 'nL ) , L /  0 8  /  9 6  L 3 : 2 0  P a g e  0 0 3
File : GN2VEMR

Poin t  Data Descr ip t ion

Pipe Pipe data identj-fier = 1
Nominal  Diameter  = I " f /2
Pipe schedule = 10s
A c t u a l  P i p e  O .  D .  =  1 . 9 0 0  i n c h
wal l -  Thickness = .109 inch
corros ion Al I -o l , . rance = 0 '  inch
Insulat ion Thickness = 1.5 inch
I n s u l a t i o n  D e n s i t y  =  7 . 0  l b / c u . f t
C o n t e n t  s .  G .  =  . 9 7 1 4
W i n d  a r e a  O . D .  =  I n s u l a t i o n  o . D .

Matex ia l  Data fdent i f ier  = 1
Austeni t ic  s ta in less (301-309,  316,  321'  23 ' l )
Densi ty  = 0.2899 ]b, /cu.  inch
Tempera. Modulus Expans ion
( d e q . F )  ( p s i )  ( inch, / inch)
-325 .
- 1 5 0 .
- 5 0 .
' 7 0 ,

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

3 0 4 0 0 0 0 0  - 0 . 0 0 3 2 1
2 9 9 0 0 0 0 0  - 0 , 0 0 1 8 9

2 9 4 0 0 0 0 0  - 0 . 0 0 1 0 3
2 8 3 0 0 0 0 0  0 . 0 0 0 0 0
2' t ' t  0000a 0.00r22
2 7 1 0 0 0 0 0  0 . 0 0 2 1 8
2 6 6 0 0 0 0 0  0 . 0 0 3 1 7
2 6 1 0 0 0 0 0  0 . 0 0 4 1 7
2 5 4 0 0 0 0 0  0 . 0 0 5 2 0
2 4 8 0 0 0 0 0  0 . 0 0 6 2 5
2 4 1 0 0 0 0 0  0 . 0 0 ? 3 3
2 3 4 0 0 0 0 0  0 . 0 0 8 4 3
2 2 7 0 0 0 0 0  0 . 0 0 9 5 ?
2 2 0 0 0 0 0 0  0 . 0 1 0 7 0
2 1 3 0 0 0 0 0  0 . 0 1 1 8 3
? 0 7 0 0 0 a a  0  . 0 7 2 9 ' 7
L 9 3 0 0 0 0 0  0 . 0 1 4 1 0

Temperature Al lov, tabIe s t resses
(deg .  F)
- 3 2 0 .
7 0 .
3 0 2 .
4 0 0 .

Load data identi.fi-er = 1
Case Temperature Pressure

N o .  ( d e g . F )  ( p s i g  )
l -  3 0 2 .  2 5 . 0

Lindt Stop

1 5 7 0 0 .
1 5 7 0 0 ,
1 5 3 0 0 .
1 4 7 0 0 .

Load

cuide
Support

Expansion
( inch/ inch)

0 . 0 0 2 2 0 0

spring constant = Rig.id lb.zinch
G a p  i n  p o s i t i v e  d i - r e c t i o n  =  0 ' 0 6 2 5
Gap in  negat ive d. i rect ion -  0 .0
F r i c t i o n  c o e f f i c i e n t  =  0 . 3 0
v  . l i  r a ^ i i  ^ h a 1  l i r n r t  s l - o D

inch
inch
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P j .pePlus vers1on
I IGO

Point Data Descr ip t ron

5 . 0 6 Process Systems I n t e r n a t ' n l  I 7 / 0 8 / 9 6  1 3 : 2 0  P a g e  0 0 4
Fi-Ie : GN2VENTR

1 0
-LJ

2 Q

z 2
3 0
3 5
40

cuide
Support

FIange

Flange

Load

!ieight
4 0 . 0

Limit Stop
Spr ing constant  = Rig id
cap in  posi t ive d i recc ion =

Gap in  negat ive d j . rect ion =
E r i c t i o n  c o e f f i c l e n t  =  0 ' 3 0
Y d i tect ional  l imi t  s top

W e L d  n e c k  f l a n g e  ( S I F = 1 . 0 )
Class = l -5  0
Weight  = 12.  lb
casket diameter = N/A j-nch

( s I F = 1  , 0 )

'I 
lr

lb / inch
0 , 0 6 2 5  i n c h
0 . 0 i.nch

ExpanE ion
\  / i - ^ L / i - ^ l ^ \
. /  \ f r r e r r r ' . r r v r r /

0 , 0 0 2 2 0 0
'I 

lr

i.nch
inch

Ib/cu . ft

4 5
5 0
5 5
6 0
65
7 0
I A

8 0
8 5
90

9 5

WeId neck f lange
class = 150
W e i g h t  =  1 2 .
casket diameter = N,/A inch
Load data id€ntifier = 2
Case Temperature Pressure

1 0 0

N o .  ( d e g .  F )
1  3 0 2 .

concentrated weight  = -100.

Pipe data ident i f ier  = 2
Nominal -  Di .ameter  = L" I /2
Pipe Schedule = 40s
A c t u a l  P i p e  O .  D .  =  1 . 9 0 0
waI I  Thickness = .145
corros ion Al" Iowance = 0.
Insulat ion fh ickness = 1 '5
fnsulat ion Densi ty  = 7.0
c o n t e n t  s .  G .  =  . 9 ? 1 4
W i n d  a r e a  o . D '  =  I n s u . l - a t i o n  o . D .

inch
inch

Material Data Identifier = 2
Aluminum' aluminum
D e n s i t y  =  0 . 0 9 7 8
Tempera.  Modulus
(des .  F)  (Ps i  )

a f  Ioys
I  l - .  / ^ , 1  i  h ^ h

F v h r h < i  ^ n

( inch/ inch)
- 0 . 0 0 3 9 0
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P i p e P l u s  v e r s i o n  5 . 0 6
t lGO

Process Systens Internatrn] 1 L / 0 8 / 9 6  1 3 : 2 0  P a g e  0 0 5
FJ.IE : GN2VENTR

Point  Data Descr ip t ion

- . t J U .

- 5 0 .
? 0 .
2 0 0 .
3 0 0 .
4 0 0 .

1 1 1 0 0 0 0 0  - 0 . 0 0 2 4 0

1 0 9 0 0 0 0 0  - 0 . 0 0 1 3 9

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

Temperature Al lowabLe s t resses
(ps i )
3 5 0 0 .
5 5 0 0 .
6 0 0 0 .
6 0 0 0 .

(deg.  F)
4 0 0
3 0 2 .
7 0 .
- 3 2 0  .

1 0 5
1 1 0 Anchor Rig id in  a l1 d i rect ions

In i t ia l  d isp lacement  ( inch.degree)  :
c a s e  1 '  t r a n s L a t i o n a f  x  =  0 . 0 2 5  i n c h
Case 1,  t ranslat ional  Y = 0.0911 i .nch
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PipeP).us version
TIGO

5 . 0 6 Process  Sys tems l n t e r n a t ' n I  7 l / 0 8  / 9 6 1 3 : 2 0  P a g e  0 0 5
File r GN2VEMR

Case
nurnber combi-nation

1
?
3
4
5

I J .  W.  +  f r es . l

D . W . + P r e s l + T h e r l
D . W .  +  P r e s l  +  T h e r l  +
Thexl  + Displ
D . W , + P r e s l + Q u a k e l

Displ

+ Quake2

Revision No. 0
Doc. No. V049-1-123
Page 8O of I lE



p i p e p l u s  v e r s . i o n  5 . 0 6  P r o c e s s  S y s t e m s  I n t e r n a t ' n M / o 8  / 9 6  1 3 : 2 0  P a g e  0 0 7

IIGO FilE : GN2VENTR

Earthquake l,oad Factors

number X factor Y factor z factor

1  0 . 0 5 6 2 s
2 0 . 0 5 6 2 5

Revision No. 0
Doc. No. V049-l-123
Pagp 81 of 1lE



PipePJ-us vers ion 5.06
r,r @

P.rocess Systems r n t e r n a t ' � n f  7 I  /  0 8  / 9 6 1 3 : 2 0  P a g e  0 0 8
FiLe : GN2VENTR

Point
Name

* * *

Forces/ lb
GlobaL
Di !ect ion susta in

C t l h h ^ r +  ( r t n m :  r r r  *  *  *

or Moments /inch-Ib
Expansion occas ional

Max Min Max Min
Tota l

Max Mrn

2 0

Fy
F z
Fx
Fy
FX
Fy
Fy

Fx
Fy
F z
Mx
My
Mz

- 5
- 0

0
- 5

I

-29
s

- 1

- 4
- 9 1
- 5 3

L 3

0
0
0
0
0
1
1
0

1 0
3

I 4
3 0 ?

1 4
0

- 1
- 3
- 0
- 1

- 1 0
- 1
- 1

- 1 0
0
0
0
0

- 1 9
-24 '7

0
1
0
0
4
0
0
0

1
1

2 2
2 4
4 1

- 1
0

- 0
- 4
- 0
- 0

0
- 4
- 1
- 1

- 2 4
- 4 1

- 5
1
0

- 5
4

- ? 8

-LJ
'76

1 1

- L 5

- 6
- 4
- 0

- 2 9
- 6
- 5
7 1
- 5

-  1 1 3
- 9 5

2 0

1r0
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PipePlus vers j -on 5 '06
I IGO

Process Systems Internatrn l ' L L / 0 8 / 9 6  ! 3 : 2 0  P a g e  0 0 9
File : GNZVENTR

Point
Name

n h a r : f i  h d

FIange Pressure
C l a s s  ( p s  i S )

Flange l -oad ing  RePor t  * * *

Temp. Force
( d e g . F )  ( I b  )

Moment Di.ameter
Equivalent
Pressure

4 0
90

1 5 0
-L 5U

2 5 302
302

2 4
2 0 8 5

N/A
N/A

N/A
N/A
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P i p e P l u s  v e r s i o n  5 . 0 6
],IGO
Load ; Dead weight +

Poin t
Name

Systems Internat 'n . I  \ f /  08 /  96 1 3 ; 2 0  P a g e  0 1 0
File : GNZVENTR

D r ^ ^ a  <  <

Pressure 1

***  system Def l€ct ions *++

Displacements / inch
x Y z

Rotations,/degree
Y

0
5
10 . Near
, t u . ! a r
I f

2 0
2 5
3 0 . N e a r
3 0 ,  F a r
3 5
4 0
4 5
5 0 . N e a r
5 0 .  F a r
5 5
6 0
65 .  Near
65 . Far'10

7 5
8 0 . N e a r
8 0 . F a r
8 5
9 0
9 5
1 0 0
1 0 5
1 1 0

0 . 0 0 4
0 . 0 0 4
0 . 0 0 4
0 . 0 0 4
0 . 0 0 4
0 . 0 0 0

- 0 . 0 0 1
- 0 . 0 0 1

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

- 0 . 0 0 0
- 0 . 0 0 0
- 0 . 0 0 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 . 1 1 7
- 0 . 1 1 7

- 0 . 0 0 0
0 . 0 0 9
0 . 0 0 9
0 . 0 1 3
0 . 0 1 3
0 . 0 1 3
0 . 0 1 3
0 . 0 1 3
0 . 0 1 3
0 . 0 1 3
0 . 0 0 7
0 . 0 0 6
0 . 0 0 6
0 , 0 0 s

- 0 . 0 0 0
- 0 . 0 0 0

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

- 0 . 0 0 0
0 . 0 0 2
a  . 0 0 2
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3
0 . 0 0 3

- 0 . 0 0 1
- 0 . 0 0 1
- 0 . 0 0 7
- 0 . 0 2 0
- 0 . 0 2 0
- 0 . 0 2 1
- 0 . 0 ? t
- 0  . 0 2 1
- 0 . 0 2 1
- 0 . 0 2 1
- 0 . 0 2 0
- 0 . 0 0 6
- 0 . 0 0 6
- 0 . 0 0 s
- 0 . 0 0 5
- 0 . 0 0 3
- 0 . 0 0 2
- 0 . 0 0 1
- 0 . 0 0 1
- 0 . 0 0 0

- u . 1 L Z
- 0 . 2 L 2

- Q . 2 1 2
- o  .  L 4 4
- 0 .  t  3 0
- 0 . 1 3 0
- 0 . 0 7 5
- 0 . 0 ? 6

- o . 0 2 6

0 . 0 0 7
0 . 0 0 7
0 . 0 r 8
0 . 0 1 7
0 . 0 1 2
0 . 0 1 2

- 0 . 0 1 4
- 0 . 0 1 4
- 0 . 0 1 5
- U . U I J

- 0  . 0 1 4
- 0 . 0 1 4
- 0 . 0 1 r -
- 0 . 0 0 9
- 0 . 0 0 0

- 0  . 0 0 2
- 0 . 0 0 4
- 0 . 0 0 4
- 0 . 0 0 5
- 0 . 0 0 5
- 0 . 0 0 8
- 0 . 0 0 8
- 0 . 0 0 8
- 0  ,  0 1 1 ,
- 0 . 0 1 1
- n  n 1 ?
- 0 . 0 1 4
- 0 . 0 1 4
- 0 . 0 1 8
- 0 . 0 1 8
- 0 . 0 2 3
- 0  . 0 2 3
- Q . 0 2 6
-0 -027
- 0 . 0 2 4
- o . 0 2 4
- 0 . 0 2 0
- 0 . 0 2 0
- 0  .  0 1 5
- 0  .  0 1 4
- 0 . 0 1 - 0
- 0 . 0 0 8
- 0 . 0 0 0

- 0 . 1 4 0
- 0 . 0 7 9
- n  n ? q
- 0 . 0 7 5
- 0 . 0 7 5
- 0 . 0 6 3
- 0 . 0 6 2

- 0 . 0 5 8
- 0 . 0 5 8
- 0 . 0 5 ?
- 0 . 0 5 0
- 0 . 0 5 0
- 0 . 0 4 4
- 0 . 0 4 4
- 0 , 0 3 0
- 0 . 0 3 0
-o.02 '7
- 0 . 0 2 6
- 0 . 0 0 2
- 0 . 0 0 2

0 . 0 0 2
0 . 0 0 2
0 . 0 0 2
0 . 0 0 2
0 . 0 0 2
0 . 0 0 1
0 . 0 0 0
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P i p e P l u s  v e r s i o n  5 . 0 6
T,IGO
load : Dead weight +

Point
Name

D r ^ ^ a < <  q \ / a l  a m  c

Pressure L

I n t e r n a t ' n l .  L l  /  0 8  / 9 6 1 3 : 2 0  P a g e  0 1 1
File : GNzVENTR

***  Forces and Moments ac l ing

Forces / lb
x Y Z

o n  R e s t r a i n t s  + * *

Moments,/ inch- lb
x Y z

0
0
2 0
2o
1 1 0

0
0
1
0

- 1

- 5
- 5

- 2 9
- 2 9

'72

- 0
- 0

0
4

- 4

0
0
0
0

1 5

0
0
0
0

- 5 3

0
0
0
0
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P i p e P l u s  v e r s i o n  5 . 0 6 Process Systems
I lGO
Load : Dead Weight + Pressure l-

r n t e r n a t ' n I  7 I / 0 8 / 9 6  1 3 : 2 0  P a g e  0 7 2
F i . l e ;  G N 2 V E N T R

in Element  coord inate System

Moments,/ inch- lb
Y Z

* * *  P o r c e s and Moments

Forces/ lb
Y

Point
Nane XX

0
5
5
10 . Near
- L U - ! a r
10 .  Far
1 5
2 0
2 0
2 5
2 5
3 0 . N e a r
30 .  Far
30 .  Far
. J ]

4 0
4 0

4 5
50 .  Near
50 . Far
50 .  Far
5 5
6 0
6 0
65 .  Near
65 . Near
65 . Far
65 . Far
7 0
7 0
'15

7 5
8 0 . N e a x
8 0 . F a r
u u .  ! - a r
d )

9 0
9 0
9 5
9 5
t-00
L 0 0
1 0 5
1 0 5
1 1 0

- 0
0

- 0
- 0
- 0

0
0

- 0
- 4

4
- 4
- 4

-34
3 4
3 4

2 0
-  1 5

1 5
1 5

4
- 4
- 4

- 4
4

J

- 3
3

- 3
3

- 3
- 3
- 9

9
- 1 2

? 4
- 2 4
-'1 6

1 4
- 7 4

7 2

1 1
9
0
0

- 0
- 1 0
- 1 0

2 L
3 6

- 3 5
3 5
3 5
- 4
- 4
- 4

4

4

1 4
1 4
T 4

- 6
- 1

- 5
5
I
I
R

- 3
- 4
- 4

A

- 4

4
- 4

4
- 4

4
- 4

4

0
- 0

9
- 1 0

0
0

- 0
1

- 1
1
1

- 1
- 1
- 1

1
- 1

I
- 1
- 1

1
1
1

- 1
1

- 1
6

- 5
- 2

2
- 2

2
2
2

- 2
1
1

- 1
1

- 1
1

- 1
1

- 1
1

- I

- 0
0
0
0

3 3
- 3  3
- 3 3

3 3
- 3  3

J J

-3  3
- J  J

- 1 5
l-5
1 5

- 1 5
1 5

- 1 5
I f

1 5
5 6

- 5 6
- 5 6

5 6
- 5  6

5 6
- 5 6

- 2
2

- 2
2

- 2
2
2

- J l

) J

f ,J

- 5 3
] J

- 5 3
] J

- 5 3
5 3

-  5 3
5 3

- 5 3

0
- 9

- 5 4
- 5 4
- 2 L

1 0
1 0

- 1 0
1 0

- 1 3
1 3
I J

- 3 5
- 3 5
- 3 5

4 0
-40

5 4
- 5 4
- 5 4

t'7
L 7
1 7

- 3'�7

- J d

- 8 7

- 3 4
3 4
4 A
4 8
q 6

- 2
- 1

-'7
- 0

0
- 1

1
- 7

7
- 9

9
- 1 5

0

- 9
- 9
1 0
2 7
2 L

-534

- 4 0 0
4 0 0
4 0 0

-  J , J .  J

- 5 I J

- 3 1  3
293

-293
?3r

- z 5 t

-23r
1 9 0
1 9 0
1 9 0

-46
5 4
3 8

-37
- 8 7

- 9 3
1 A

3 4

- 4
- 4

2'l
- 3 3

J .J

- 5  9
5 9

-66

- 9 1
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p i n e p r ' , c  r r a r s i n n  5 . 0 6  P r n , F A q e  q v e t e m +  T n f e r n a t ' n l  1 , 1 , / 0 8 / 9 6  1 3 r 2 0  P a g e  0 1 3

I,IGO FilC : GN2VENTR

load ; Dead Weight + Pressure 1

Poj-nt
Name

in  c lobal

z

*** Forces and Moments

Foxces , / lb
Y

coord inate System ***

Moments,/inch- Ib

0
5
5
10 ,  Near
1 0 .  F a r
1U . . !  a r
1 5
2 0
2 0
2 5
2 5
30 .Near
3 0 . F a r
J U . ! a r
3 5
4 0
4 0

4 5
5 0 . N e a r
5 0 .  F a r
50 .  Far
5 5
6 0
6 0
65 . Near
65 .  Near
65 .  Far
65 .  Far
7 0
7 0
7 5
I J

8 0 . N e a r
8 0 . F a r
8 0 . F a r
8 5
90
9 0
9 5
v )
1 0 0
1 0 0
1 0 5
1 0 5
1 1 0

- 0
0

- 0
- 0

0
- 0
- 0

0
- 1

1
- 1
- 1

1
- 1
- 1

1
- 1

1
- 1
- 1

1
- 1
- 1

1
- 1

1
- 1

1
- 1

1
- 1

1
- 1
- 1

1
- 1
- 1

I
- 1

1
- 1

I
- 1

1
- 1

1

11-
9

- 9
- 9
1 0

- 1 0
2 !
J b

- 3 5
3 5
J 5

- 3 4
3 4
3 4

2 0
- 1 5

1 5
1 5

- 1 4
l 4
1 4

- 5
5

- 5

- 8
- 8

1 2

'76

'14

7 3
- 1 2

0
- 0

0
0

- 0
0
0

- 0
- 4

4
- s
- 4

4

- 4
4

- 4
4

- 4
- 4

4
- 4
- 4

4
- 4

4
- 4

4
- 4

4
- 1

4
- 4
- s

4
- 4
- 4

4
- 4

4
- 4
s

- 4

4
- 4

4

- 0
0
0
0

2 !
-2 r

5 3 4
- 5 3 4

4 0 0
- 4 0 0
- 4 0 0

293
-293
23r

- 2 3 !
- Z J I

1 9 0
- 1 9 0
- 1 9 0

-54

-  6 3
5 3

-  6 8
6 8

-23
2 5
2 5
- 4

q

4
2 1

J J

- 3 3
5 9

- 5 9
6 6

- 6 6
9 1

0
- 9

- 1 0
1 0
1 0

- 1 0
1 0

-  1 3

-  r )
- l t

1 f ,

- l " f

I f ,

- ,1 f ,

I J

L f ,

]-'7
L'7

- 3 8
3 8

-37
3 7

- 3  4
3 4
4 a

- 4 8
-  4 8

5 3
-  5 3
- 5 3

5 3
- 5 3

5 J

-53
53

-53
53

- f , J

5 3

0
a.t

- 5 4
-54

3 3
- 3 3

3 3
- 3 3

3 3
- 3 3

J f ,

-J f ,

- J 3

4 0
-40

- 5 4
- 5 4

5 6
- 5 6
- 5 6

5 6
- 5 6

5 6
- 5 6

6 0
-  6 0

64

2 2

7
- 7
- 7

0

L
-'7

7

- 1 5
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P i p e P l u s  v e x s i o n  5 . 0  6 Process systems In lernat 'n l
T lGO
Load : Dead wej-ght + Pressule 1

* * *  S y s t e m  s t r e s s e s  ( A N S I  8 3 1 . 1 )

f L / 0 8 / 9 6  1 3 :  Z 0  P a g e  0 1 4
Fi]E : GNZVEMR

code .A.11ow.
Point
Name

In- Out
Pl -ane Plane sect ion Stresses, /ps i

SIF SIF Modulus Hoop Longi tu '  Pr inc ipal

0
5
5
10 .  Near
1 0  .  F a r
1 0 .  F a r
1 5
2 0
2 0
2 5
2 5
30 .  Near
J U . I ' A T

l u . ! a r
3 5
4 0
4 0
4 5
A q

50 .  Near
50 .  Far
5 0 . F a r
5 5
6 0
5 0
65 .  Near
65 .  Near
65 . Fa!
65 .  Far
7 0
7 0
I )
'75

8 0 . N e a r
8 0 . F a r
8 0 , F a r
8 5
9 0
9 0
9 5
9 5
1 0 0
1 0 0
1 0 5
1 0 5

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1  q c  1  q a

1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 , 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 c
1 . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
1 . 0 0  1 , 0 c
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  I . 0 0
1 . 0 0  1 . 0 0
1 - . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

0 . 2 6
a . ? 6
0 . 2 6
o . ? 6

0  - 2 6
Q . 2 6
0  . 2 6
0  . 2 6
0 . 2 6
0  - 2 6
0 . 2 6
o . 2 6
0 . ? 6
0 . 2 6
0 . 2 6
0  . 2 6
0 . 2 6

0 . 2 6

o . 2 6
0 . 2 6

0  . 2 6
Q . 2 6
0 . ? 6
0 . 2 6

o . 2 6
0 . 2 6
0 . 2 6
0 , 2 6
0  . 2 6
0 . 2 6
0  - 2 6
0 . 2 6
Q . 2 6
a , ? 6
0  . 2 6
0  . ? 6
0 . 2 6
0 . 3 3
0 . 3 3
0 . 3 3

208
2 0 8
208
20e
209
2 0 8
208
208
2 0 8
2 0 8
2 0 8
208
2 0 8
208
208
208
208
208
2 0 8
2 0 8
2 0 8
2 0 8
2 0 8
2 0 8
208
208
z u d

208
2 0 8
208
208
2 0 8
208
208
208
2A8
248
208
208
2 0 8

J J J

2 4 6
2 4 6
246

t !

3 0 0
5 0 6
5 0 6
268
1 8 0
1 8 0

2L46
?L53
1 6 3  6
3 1 4 9
3 1 4 9
2439
1248
L248
1 1 7  8
! l J  t

9'7I
I81 4
I87 4
1f ,  f , J

6 J l ,

8 3 1
3 2 2
3 2 2
3 5 0
f , v 5

8 1 4
4 5 8
4'19
4 7 9
322
5 4 4
544
- L J 3

1 0 6
1 0 6
r74
1 5 5
r77
3 9 5
493
3 7 6
3 9 9
3 9 9

208
3 0 0
5 0 6
5 0  6
3 0 8

259
2 1 4 8
2755
1 6 3  9
3 1 5  0
J I ) U

2440
7248
1248
1l-? 8

9'7 9
t8'7 4
l8'77 4

! J 0 z

8 4 9
8 4 9
5 6  |

J A  I

4 0 8
6 2 6
8 1 4
4 5 8
4'7 9
479
3 2 2
544
544
280
2'7 L
2 7 L
294
286
295
4'7 0

4L5
4 3 4
434

1 0  9
5 ).v

427
421
34r
z o 3
z o 3

2169
2169
1 5 5  4
2406
2406
1 9 1 4
7323
L 5 4 J

1 2 5 Q
1 2 5 0
I O 2 3
L467
L467
t247

8'7 4
8 7 4
420
420
44L
5 0 3
647
477
492
492
3 3 5
4 4 6
4 4 6

4L4
? 1 4
3 1 4
J l  /

3 3 ?
3 4 8
4  L 3
4 8 0
3 7 5

3 9 3

1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
r ,5300
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3  0 0
1 5 3 0 0
1 5 3 0 0
r_5300
r 5 3 0  0
1 5 3 0 0
1 5 3 0 0
L 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
r 5 3 0  0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0

1 5 3 0 0
1 5 3 0 0
r.s300
r-5300
1 5 3 0 0
1 5 3  0 0
1 5 3 0 0
1 5 3 0 0
1 5 3 0 0
t -s300
r.5300

5 5 0 0
5 5 0 0
5 5 0 0
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P i p e P l u s  v e r s i o n  5 . 0 6
I,IGO
Load : Dead wej,ght +

Point
Name

p r ^ - A q s  q v q r e m s  T n t e r n a t ' n l  ] . f / 0 8 / 9 6

Pressure 1

* * *  S y s t e m  S t r e s s e s  ( A N S I  B 3 1 . 1 )  * * *

1 3 : 2 0  P a g e  0 1 5
Fife : GN2VENTR

Al low '

In-  Out
Plane Plane sect ion st resses/Psi

s IF SIF Modulus Hoop l ,ongi tu .  Pr j 'nc ipal

1 1 0 1 . 0 0  1 . 0 0 0 . 3 3 499 4 3 b 5500
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P i p e P l u s  v e r s i o n  5 . 0 6
I I  GO
Load : Dead Weight +

D T ^ - a  a  a  q t t < t a m <

Pressure 1

I n t e r n a t r n f  f f / 0 8 / 9 6  1 , 3 : 2 0  P a g e  0 1 6
File : GN2VEMR
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Maximum
Maximum
Maximum

Max i.mura
Maxfmum
Maxfmum

Maximum
Maximum
Maxi-mum

Maximum
Maxlmum
Maximum

Maxrmum
Maximum
Maximum
Maximum
Maxi.mum

X
Y
z

Y
z

Y

Y
z

* * *  e r , a t a m  M ^ y i m ^

displacement  = 0.024 inch at  point  50. far
d i s p l a c e m e n t  =  - 0 . 1 1 ?  i n c h  a t  p o i n t  5
d isp lacement  = -0.021 inch at  point  50 'Far

rotat ion = -0.272 degree at  point  l '0 .Far
rotat ion = -0.A21 degree at  Point  ?0
rotat ion = -0.140 degree at  poi .n t  0

force = -1 lb  at  po int  20
force = 76 ]b at  po int  95
force = -4 }b at  po int  20

moment  = 534 inch- Ib at  po int  15
moment  = 53 inch- lb  at  po int  80.Near
moment = 64 inch-lb at Poi-nt 70

hoop st ress = 333 ps i  a t  Point  95
longi tudina]  s t ress = 3149 ps i  a t  po int  25
pr inc ipal  s t ress -  3150 ps i  a t  po int  25
code st ress = 2405 ps i  a t  Point  25
stress rat io  (  code /a l lowable 1 = 9.16 at  point 2 5



P i p e P l u s  v e r s i o n  5 ' 0 6  P r o c e s s  s y s t e m s  I n t e r n a t ' i 1  I l / 0 8 / 9 6
I IGO
Load : Dead weight + Pressure 1 + Thermal I

1 3 : 2 0  P a g e  0 1 7
File : GN2VENTR

Point
Name

* + *  s y s t e m  D e f l e c t i o n s

Di  sp lacements /  inch
X Y Z

Rotations /degree

0
5
l ,0.Near
1 0 .  F a r
_LC

2 0

3 0 . N e a r
30 .  Far
J J

4 0
d q

5 0 . N e a r
50 .  Far
5 5
6 0
65 .  Near
6 5 .  F a r
7 0
7 5
80 .  Near
8 0 , F a r
8 5
9 0
9 5
1 0 0
1 0 5
1 1 0

- 0 . 1 6 8
- 0 . 0 3 6
- 0 , 0 3 6
-o.02 '7
-0 .  o2 '7
- 0 . 0 0 0

0 . 0 0 1
0 . 0 0 1
0 . 0 0 2
0 . 0 0 2
0 . 0 0 3
0 . 0 0 4
0 . 0 0 4
0 . 0 0 2
0 . 0 0 2

-0.92 '7
- 0 . 0 2 8
- 0 . 0 2 9
- 0 . 0 2 8

0 . 0 1 2
0 .01.2
0 . 0 1 3
0 , 0 1 3
0 . 0 0 7
0 . 0 0 6
0 . 0 0 2
0 . 0 0 1
0 . 0 0 0

- 0 . 0 0 0
- 0 . 1 7 9
- 0 . 1 7 9
- 0  .  1 7 1
- 0 . 1 7 1
- 0 . 0 0 0

0  . 0 1 6
0 . 0 1 6
0 . 0 3 0
0 . 0 3 0
0 . 0 4 1
0 . 0 ? 8
0 . 0 ? 8
0 . 0 8 7
0 . 0 8 7
0 . 0 9 8
0 . 0 9 8
0  , 0 9 8
0 -097
0 . 0 ? 0
0 . 0 7 0
0 . 0 6 3
0 , 0 6 3
0 . 0 4 5
0 . 0 4 2
0  . 0 2 6
0 . 0 2 0
0 . 0 0 0

- 0 . 0 0 0
- 0 . 1 5 5

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

0 . 0 0 8
0 . 0 0 8
0 . 0 1 1
0 . 0 1 1
0 . 0 0 7
0 . 0 0 6
0 . 0 0 2
0 . 0 0 1
0 . 0 0 0

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

0 . 0 0 5
0 . 0 0 6
0 . 0 2 4
a  . 0 2 4
0  . 0 3 2
0 . 0 3 2
0 . 0 3 2
0 . 0 3 1
0 . 0 2 6
0 . 0 2 1
0 . 0 0 0

0 . 1 1 2
0 . 1 L 2
0 . o'7'7
0  . 0 7 7
0 . 0 1 - 6
0 . 0 0 9
0 . 0 0 9

- 0 . 0 1 3
- 0 . 0 1 3
- 0  . 0 2 3
- 0 . 0 5 2
- 0  . 0 5 2
- 0 . 0 6 4
- 0 . 0 6 4
- 0 . 0 ? 1
- 0 . 0 7 0
- 0 . 0 6 3
- 0  . 0  6 2
- 0  . 0 3 4
- 0 . 0 3 4
- 0 . 0 2 6
- 0 . 0 2 6
- 0 . 0 2 0
- 0 . 0 1 9
- 0 . 0 1 4
- 0 . 0 1 1
- 0 . 0 0 0

- 0 . 2 0 9
- 0 . 1 1 7
- 0  .  1 1 7
- 0 . 1 0 1
- 0 . 1 0 1 -
- o . 0 4 2
- 0 . 0 3 5
- 0 . 0 3 5
- 0 . 0 1 4
- 0 . 0 1 4
- 0 . 0 0 9
- 0 . 0 0 7
- 0 . 0 0 7
- 0 . 0 0 8
- 0 . 0 0 8
- 0 . 0 2 9
- 0 , 0 3 0
- 0 . 0 3 4
- 0 . 0 3 5
- 0 , 0 3 7
- 0 . 0 3 7
- 0 . 0 3 9
- U . U J Y
- 0 . 0 3 6
- 0 . 0 3 5
- 0 . o 2 9
- 0 . 0 2 3
- 0 . 0 0 0
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PipePlus vers ion 5.0 6
I IGO
load : Dead Weight +

Process systems Internat 'n .L

P r € s s u r e  1 +  T h e r m a l  1

7 L / 0 8 / 9 6  1 3 : 2 0  P a g e  0 1 8
File : GN2VEMR

*** Forces and Moments acti-ng on Restraints

PoJ.nt
Name

Forces / l ,b
X Y

Moments /inch-Lb
X Y Z

0
0
2 0
2 0
L L 0

0
- 0
- 9
- 0

9

- 6
- 6

- ? 9
7 5

- 4
- 0

0

1 0

0
0
0
0

0
0
0
0

?t'l

0
0
0
0
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P i p e P l u s  v e r s i o n  5 ' 0 6 Process Systems Internat 'n f
TI GO
Load : Dead Weight + Pressure 1 + ThermaL 1

n / 0 8 / 9 6  1 3 ; 2 0  P a g e  0 1 9
FiIe : GN2VENTR

Moments,/ inch- lb
v z

Forces and Moments in Element Coordinate system

Point
Name

Forces, / lb

0
5

1 0 . N e a r
1 0 .  F a r
1 U . ! a r

t-f,

? 0
20
25
Z J

3 0 . N e a r
3 0 . F a r
30 .  Far
5 f

4 0
.tu

5 0 . N e a r
5 U . ! a r
50 . Far
5 5
6 0
6 0
65 .  Near
55 .  Near
65 . Far
6 5 .  F a r'70

? 0
7 5
7 5
8 0 . N e a r
8 0 , F a r
8 0 . F a r
U )

9 0
9 0
9 5
9 5
1 0 0
1 0 0
1 0 5
1 0 5
1 1 0

0
- 0

0
0

- 4

4
- 4
1 0

- T U

1 0
1 0

- J  I

3'77

2 4
-  1 8

1 8
- L O

- 1 0
1 0
1 0

- 1 0
1 0

- 1 0
1 0

- 1 4
t 4

- 1 4
l 4

- 1 4
T 4
1 4
- 6

6
6

- 8
2 0

7'7

- 1 6
/ 5

1 3
7
4
4
0

- 8
- 8
t 9
4 0

- 3 9
3 9
3 9
1 0
1 0
l-0

- 1 0
l-0

- 1 0
1 0
1 0
t 7
:-'1
l 7

-  1 0
L 0
- 9

9
1

- 8
8
5
5
5

I 4
1 0
1 0

- L 0
1 0

- 1 0
1 0

- 1 0
1 0

-  1 0
1 0

- 1 0

4
- 4

'7
'7

- 8
- 0
- 0

0
- 9

9
- 9
- 9

9
9
9

- 9
9

- 9
9
9

- 9
- 9
- 9

9
- 9

9
9

- 9
1

- I
I

- 1
- 1
- 1

I

- 9
9

- 9
9

- 9
9

- 9
9

- 9
9

0
- 0

0
0

L64

164

r64
- 1 6 4
- r o l t

-  t b f ,

-L  b9

.L  OJ
- - t b f

- r_55
I b J

t  b 3
- 8 4

8 4
8 4

- 8 4
8 4

- 8  4
8 4
2 5

- 2 5
2 5

-25
2 5

-25
-25
- 7 7

7 T
7 7

- 7 7
7 7

- 7 I
'77

- 1 r
7 !

- 7 1
1 7

0
-  2) .8

- 1 8 0

- 2 2 7
2 2 7

- 1 8 6
1 8 6
1 8 6

-t43
- 1 4 3

9 4
- 9 4
-63

6 3
6 3

r44
L44
r44'74
-'7 4

8 6
- r 2 8

_ t  J f
-94

9 3
- 9 3

7 3
'73

7 3
- 2 4

4
i

7 2
-'t 2

8'7
-87
1 5 3

- t - ) J

l7r
- 7 1 t

2 3 2

- 0
1 8 0

- z r o

z  z o
I 7
1-7

-459
459

- 3 L 2
312
372

- 2 4 9

-249
3 0 1

- 3 0 1
47L

- 4 7 L

454
454
454

- 1 4 0
1 4 0

- t 2 8

9 4
l J  f

t24
-49
-49
-49

3'7
5 I

4 4
- 4 4

b I

1 3 1
- _15 _L

1 5 1
- 151-

2r ' l
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PipePlus vers ion 5.06 D F ^ ^ 6 .  c  q v c  f a m a

Load : Dead weight + Pressure 1 + ThermaL 1

I n t e r n a t ' n l  7 : - / 0 8 / 9 6  1 3 : 2 0  P a g e  O 2 0
ri-le : GN2VENTR

in c loba]  coord inate System

Moments/inch-Ib
Y ZName

* * *  F o r c e s and Moments

Forces, / Ib
Y

0
5

1 0 . N e a r
1 0 .  F a r
10 . Far
l 5
2 0
z0
2 5
z a
3 0 . N e a r
3 0 . F a r
l u . ! a r
J f ,

4 0
4 0

5 0 . N e a r
f , u .  !  a r
f , u .  !  a r

5 5
60

55 .  Near
65 .  Near
65 .  Far
65 .  Far
7 0
7 0
7 5
7 5
8 0 . N e a r
8 0 . F a r
8 0 . F a r
8 5
9 0
q n

9 5
9 5
1 0 0
1 0 0
1 0 5
. L U J

1 1 0

0
- 0

0
0

- 0
0
0

- 0
9

- 9
9
9

- 9

9
- 9

9
- 9

9
9

- 9

- 9
9

- 9
9

- 9
9

- 9
I

- 9
9

- 9
9
9

- 9
9

- 9
9

- 9
9

- 9
9

- 9

J-J
'l

- '7
-'7

I
- 8
- 8
t 9
4 0

- 3  9
3 9
J A

3 ?
3 7

- 3 5

- 1 8
1 8
1 8

l'7
].'7

- 1 0
1 0
- 9

9

- 8
I
5

- 5
- 5

- b

- 6

- 2 0
? T
7 9

-7"7
'7'7

- '16

- 7  5

4
- 4

4
4

s

- 4
1 0

-1-0
1 0
1 0

-  1 0
1 0
1 0

- 1 0
1 0

1 0
1 0

- 1 0
1 0
1 0

- 1 0
1 0

-  1 0
1 0

- 1 0
1 0

- 1 0
1 0

- 1 0
1 0
1 0

- 1 0
1 0
1 0

- 1 0
1 0

- 1 0
1 0

- 1 0
1 0

- 1 0
1 0

-  1 0

0
- 0

0
0

T 7

-L'7

-459
3L2

- 3 t 2

2 4 9
- 2 4 9
-249

3 0 1
- 3 0 1

477

- 41r
454

- 454
-  454

1 4 0
- 1 4 0

1 2 I
-L28

l .L3
- l l - J

- 1 0 5
5 2

-52
-52

3'1
-31
-37

4 4
- 6 1

O I

-  1 3 1
1 3 1

- L 5 1
_t- f, -L

0
- 2 L A

2L8
2L8

- 2 2 6

2 2 6
- 2 2 L

2 2 L
- 1 8 6

L 8 5
1.8 6

-1-65

1 6 5
- 1 6 5

-765
19 t r
10 f ,

- r 4 4
144
L44

1 4

d o

- 8 6
9 4

-94
9 3

- 9 J

-'7 3

1 L
- 7 I
_.7 L

7 7

'7I
- 1 I

7 I

,7L
- 1 t

7 l

- 0
1 8 0

- 1 8 0
- 1 8 0

- 1 6 4
r64

1 4 3
-_t- {J

- 1 4 3
9 4

-94
- 6 3

-84
8 4
8 4

- 8 4
8 4

- 8 4
8 4

- ?  I
7 8

- 7 0
7 0

L 7

- 4

7 2

8 7
- o  I

1 5 3
- - L f , J

I71,
- T 7 T

2 3 2
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PipePJ-us vers ion 5.0 6
l r @
Load :  Dead we igh t  +  Pressure  I  +  Thermal  1

* * *  S v s t e m  S t l e s s e s  ( A N S I  8 3 1 . 1 )

P r o c e s s  s y s t e m s  I n t e r n a t ' n l  I L / 0 9 / 9 6  1 3 : 2 0  P a g e  0 2 7
File : GN2VEMR

Point
Name

In-  Out
Plane P. Iane Sect ion Stress e s , /ps i

S I F  S I F  M o d u l u s  H o o P  l o n g i t u ' Pr inc ipal  code Al  low.

0
5
5
1 0 . N e a r
1 0 .  F a r
10 .  Far
t f ,

z0
2 0

2 5
3 0 . N e a r
3 0 . F a r
3 0 . F a r

4 0
4 0

5 0 . N e a r
5 0 . F a r
5 0 .  F a r
5 5
6 0
6 0
55 .  Near
65 . Near
65 . Par
65 . Far
7 0
7 0
7 5
'15

8 0 . N e a r
8 0 . F a r
8 0 . 8 a r
8 5
9 0
9 0
v )

1 0 0
1 0 0
1 0 5

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 c
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
l - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 e  1 . 9 3
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . . 0 0  1 . 0 0
1  q q  1  c q

1 . 9 8  1  , 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1  q e  I  q c

1 . 9 8  1 . 9 8
r - . 9 8  1 . 9 e
1 . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

0 . 2 6

0 . 2 6
o . 2 6
0 . 2 6
0 . 2 6
o . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
o . 2 6
0 . 2 6
0  . 2 6
0 . 2 6
0 . 2 6
0  . 2 6
0 . 2 6
0 . 2 6
0 , 2 6
0 . 2 6

o . 2 6
0 . 2 6
0 , 2 6
0  . 2 6
0 . 2 6

o . 2 6

0 . 2 6
0 . 2 6
0 . 2 6
0  - 2 6

0  - 2 6
0 . 3 3
0 . 3 3
0 . 3 3

208
248
2 0 8
208
2 0 8
208
208
208
208
2 0 8
2 0 8
208
208
208
2 0 8
208
208
208
208
208
? 4 8
248
2 0 8
248
248
208
208
208
208
208
? 0 8
208
2 0 8
208
2 0 8
2 0 8
2 0 8
2 0 8
208
2 0 8
3 3 3

2 4 6
2 4 6
2 4 6

9 0
1 1 8  0
2 2 5 0
2250
1 U l - f ,

9 5 8
9 5 8

2 A  4 3
2 0 3 3
L4'�7 0
2 8  4 2
2 8  4 2
?2t9
1 1 3  4

1248

1 e 8 8
368 4
3 6 8 4
3 7 0 5
L 9  0 5
1 9 0 5

6 8  3
5 8 3
6 6 6

t 2  4 7
1324'1 02

665
665
404
't 34

36'1
2 2 6
2 ? 6
4 0 3
3 8 4

5 8  4
1 0 4 5

8 1 5
8 9 8
8 9 8

208
11 .8  0
2250
2 2 5 0
1 8 7 5
1 0 7 3
1 0 7 3
2096
2 0 8 6
1 f { f

2 8 8 0
2 8 8 0
2 2 6 7
l t S z

r 2 3 2
I J J O

t-1f , f ,

. L v { o
3 7  L 2
3172
3'7 L2
1920
L920

7 3 3
7 3 3
'11,7

L2'7 ?

7 0 6
6'7 0

7 3 9
'7 39
s46
3 5 4
3 5 4
4'1 4
459
J Z O

1 3 r
t-0 7 L

8 3 6
9 1 6

1 0 9
L259
2 2 8 6

2?' t  4
7240
1240
J - L O O

3 1 6 8
2554

340'7
2 0 7  6
207 6
! 8 6 4
1 8  6 4
2 2 0 0
3 8 0 2
3 8 0 2
3'120
2 ! 2 2
2 L 2 2
1 4  1 0
1 4 1 0
t442
2 5 8 I

L46'7
6 8 1

!L32
r732

492

7 3 3
7 3 3
I 5 0
9 1 5

L440
L t 3 >

L 2 6 2

3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 ? 5 0
3 8 ? 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 s 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 ? 5 0
3 8 ? 5 0
3 8 ? 5 0
3 8 7 5 0
3 8 7 5 0
3  8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 ? 5 0
3 8 7 5 0
38750
3 8 ? 5 0
3 8 7 5 0
3 8 7 5 0
. L 4 I J  I J

1437 5
1 4 5  / 3
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PipePlus vers ion 5.0 6
],IGO
Load : Dead lveight +

Poi.nt
Name

P T ^ . e e c  q v c t a m s  T n t e r n a t r n l

Pr€ssure 1+ Therma. I  1

f r / o e / 9 6  1 3 : 2 0  P a g e  0 2 2
FiIe ; GNZVENTR

A1Iow.

* * *  s y s t e m  S t r e s s e s  ( A N S I  8 3 1 . 1 )

In- Out
Plane Plane sect ion Stres ses, /ps i

s IF s IF Modulus Hoop Longi tu '  Pr inc ipal

1 1 0 1 , 0 0  1 . 0 0 0 . 3 3 2 A 6 L L 6 9 1 1 8  2 r b o o 1 . 4 3 7 5
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P i p e P l u s  v e r s i o n  5 . 0 6 Process Systems Internat  I  n I
I,I GO
Load : Dead weight + Pressure l. + Therma] l-

* + *  c U a t - a m  M : v i m a

! 7 / 0 8 / 9 5  7 3 - 2 0  P a g e  0 2 3
FilE : GN2VENTR

Max.lmum
Maximurn
Maxirnurn

Maximum
Maximurn
Maxrmum

Maximum
Maximum
Maximr]m

Maximum
Maximun
Maximum

Maximum
Maximum
Maximum
Maximun
Maximum

X rotation =
Y rotation =
Z rotation =

x
Y
z

displacement  = -0.168 inch at  point
c l i s p l a c e m e n E  =  - 0 . 1 1 9  i n c h  a t  p o i n t
d isp lacement  = -0.155 inch at  point

0
5
5

- n  ? o q  d a . r r . P  a i  r l o i n t  1 0 . F a f

0 . 1 5 6  d e g r e e  a t  p o i n t  0
- 0 . 2 0 9  d e g r e e  a t  p o i n t  0

lb at  po int  20
lb at  po int  95
]b at  point  20

471 j -nch- lb  at  po lnt  45
- 2 2 6  i n c h - L b  a t  P o i n t  1 0 . N e a r
232 inch- lb  at  po int  110

X
Y
z

Y
z

7 9
1 0

fo rce  =

force  =

moment =

h o o p  s t r e s s  =  3 3 3  p s i  a t  p o i n t  9 5
longi tudinal  s t ress = 3?05 ps i  a t  po int
pr inc ipal  s t ress = 3?12 ps i  a t  po i .n t  45
code st ress = 4192 ps i  a t  po int  25
stress rat io  (code, /a l lowabl-e)  = 0.12 at

5 0 . N e a r

point  110
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PipeP]us vers ion 5.0 6
],IGO

Process systems Internat 'nJ-  17/08/96 13:20 Page O24
FiIe : GN2VEMR

Load : Dead weight + Pressure 1 + Thernal l ' + Displacenent 1

Point
Name

***  system DefLect ions

n i  c ^ l . - a h 6 n t - .  / i  h - h

x Y z
Rotations,/degree

v w

0
5
L 0 . N e a r
10 .  Far
.1f,

2 0
2 5
30 .Near
J U . t a r
3 5
4 0

5 0 . N e a r
5 0 .  F a r
5 5
6 0
65 .  Near
65 ,  Far
7 0
7 5
8 0 . N e a r
8 0 . F a r
8 5
9 0
9 5
1 0 0
1 0 5
1 1 0

- 0 . 0 1 6
- 0 . 0 1 6
- 0 . 0 1 1
- 0 . 0 1 1
- 0 . 0 0 0

0 . 0 0 0
0 . 0 0 0
0 . 0 0 2
0 . 0 0 2
0 . 0 0 ?
0 . 0 ? 0
0 . 0 2 0
0 . 0 2 0
0 . 0 2 0
0 . 0 0 1
0 . 0 0 0

- 0  . 0 0 0
0 . 0 0 1 -
0 . 0 3 2
0 . 0 3 2
0 . 0 3 3
0 . 0 3 3
0 . 0 3 0
0  . o 2 9
0  .  o 2 1
0 .02 '1
0 . 4 2 6

- 0 . 0 0 0
- 0 . 2 L 3
- 0 . 2 1 - 3
- 0 . 2 0 4
- 0 . 2 0 4
- 0 . 0 0 0

0 . 0 2 0
0 . 0 2 0
0 . 0 3 4
0 . 0 3 4
0 . 0 4 3
0 . 0 7 0
0 . 0 7 0
0 . 0 7 9
0 , 0 7 9
0 , 1 2 r .
0 . 1 . 2 3
v  .  ) . 22

0 . 1 2 5
0 . 1 4 1
0 . 1 4 1

0 . l - 3 7
0 . L 2 4
0  . L 2 ?
0 . 1 1 - 1
0 . 1 0 5
0 . 0 9 1

- 0 . 0 0 0
- o  . a ' 7  6
- a  . 0 ' t  6
- a  . 4 1  4
- 0  . 0 ' 7  4
- 0 . 0 2 0
- 0 . 0 1 4
- 0 . 0 1 4
- o  . 0 2 L
- 0 . 0 2 r .
- 0 . o 4 4
- 0 . 1 0 8
- 0 . 1 0 8
- 0 . 1 1 1
- 0 . 1 1 1
- 0  . 0 ' 1  4
- 0 . 0 7 2
- 0 . 0 6 9
- 0 . 0 6 6
- 0 . 0 0 6
- 0 . 0 0 6
- 0 . 0 0 2
- 0 . 0 0 2
- 0 . 0 0 1
- 0 . 0 0 0

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

- 0  . 3  5 2

- 0 . 3 6 7
- 0 . 3 0 9
- 0 . 2 9 7
- 0 . 2 9 7
- 0 . 2 5 3
- 0 . 2 5 3
- 0 . 2 4 7
- u .  L v J
- n  1 q ?

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

0 . 0 0 0

0 . 0 8 2
0 . 0 5 3
0 . 0 5 3
0 . 0 3 5
0 . 0 3 5
0 . 0 0 2

- 0 . 0 0 1
- 0 . 0 0 1

- 0  .  0 1 6
- 0  .  0 2 1
- 0 . 0 3 5
- 0 . 0 3 6
- 0 . 0 4 4
- 0 , 0 4 4
- 0 . 0 4 6
- 0 , 0 4 5
- 0 . 0 4 0
- 0 . 0 3 9

- 0  . 0 2 ?
- 0 . 0 1 4
- 0 . 0 1 4
- 0 . 0 1 1
- 0 . 0 1 0
- 0 . 0 0 8
- 0 . 0 0 6
- 0 . 0 0 0

- 0 . ? 4 L
- 0 . t 5 2
- U .  L J Z
- U . I J O

- 0 . 0 8 0
- 0  . 0 7 4
- o  . o 7  4
- 0 . 0 5 6
- 0 . 0 5 6
- 0 . 0 5 0
- 0 . 0 4 1
- 0 . 0 4 1
- 0 . 0 3 6
- U . U J O

- 0 . 0 3 3
- 0 . 0 3 3
- n  n ? q
- 0 . 0 3 4
- u . u l f ,
- 0 . 0 1 5
- 0 . 0 2 0
- 0 . 0 2 0
- 0  . 0 1 9
- 0 . 0 1 9
- 0 . 0 1 5
- 0 . 0 1 2
- 0 . 0 0 0
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PipeP lus  ve rs ion  5 .06
II  GO
l ,oad : Dead Weight +

p r n - a s s  s v q i e m s  T n t e r n a E ' n f  7 I / 0 8 / 9 6

Pressure  l .  +  Thermal  L  +  D isp lacemenl  1

1 3 : 2 0  P a g e  0 ? 5
File : GNzVENTR

Name

+** Forces and Moments

Forces , / lb
x Y z

act ing on Restra ints

Moments /inch-Ib
Y Z

0
0
2 0
z0
1 1 0

- 6
- 6

-28
-28

7 2

0
0
0
0

-  5 t

0
0
0
0

0
- 0
- 5
- 0

5

-0
0

- 4

0
0
0
0

t 5
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P i p e P l u s  v e r s i o n  5 . 0 6  P r o c e s s  s y s t e m s
I IGO
load : Dead weight + Pressure 1 + Thermal

Internat  '  n l  1 ,L /  08 /96

1 +  D i s p l a c e n e n t  1

1 3 ; 2 0  P a g e  0 2 6
FilE : GN2VEMR

F . ! r . ac  . i n . l  Mompn ts  i n  ELemenE Coo rd ina te System ** *

Moments,/ inch-1b
v Z

Point
Name

Forces/1b
X Y

0

5
10 .  Near
1 0 .  F a r
1 0 .  F a r
1 5
2 o
2 0
2 5
2 5
3 0 , N e a r
3 0 . F a r
3 0 . F a r
5 3

4 0
4 0
a 5

50 .  Near
50 .  Far
5 0 . F a r
5 5
6 0
60
65 . Near
55.Near
b5 . t 'ar

65 .  Ear
7 0
7 0
7 5
'75

8 0 . N e a r
8 0 . F a r
8 0 , F a r
8 5
9 0
9 0
9 5
9 a

1 0 0
10  0
10  5
1 0 5
1 1 0

0
- 0

0
0

- 2
2
2

- 2
6

- 6
6
6

- 3  4
3 4
J q

- 3 3
2 t

-  15
l f

1 5
- 6

6
6

- 6
6

- 6
6

- 8
I

- s
I

- 8
I
8

- 9
9
9

- 1 1
2 3

- 2 4
- 7 6

' 7 4
- 7 4

7 4
- 7 4

'72

t 2
7
2
2
0

- 8
- 8
r 9
3 7

- 3  6

3 6
6
6
6

- 6
6

- 6
6
6

1 4
L 4
1 4

'7
- 6

5
1
6

- 5
5
I
I
I
I

6
- 6

6
- 6

6
- 6

- 6
6

- 6

2
-2

7'7
- 8
- 0
- 0

0

5
- 5
- 5

5
5
5

- 5
5

- 5
5
5

- 5
- 5
- 5

5
- 5

5

- 6
1

- 1
1

- 1
- 1
- 1

I
- 5
- 5

5
- 5

5
- 5

5
- 5

5
- 5

5

- 0
0

- 0
- 0

r ! b
- 1 5 6
- r 9 b

-13 b
- 1 5 6

- 1 5 6
- 1 5 6

8 4
8 4

- 8 4
8 4

- 8 4
8 4
8 4
1 a

- t 2
r 2

- 1,2
T ?

- 1 2

-95
95

- 9 5
9 5

- 9 5
-95

3 9
3 9

- 3 9
3 9

- 3 9
3 9

3 9
-39

3 9
- 3 9

0

-77 2

- I '7

! 2 0
r20

- L I 1
L L 7
- 9 6

9 6
9 6

- 1 4 4
-1,4 4
-144

r 1 f ,
- r 1 f

2 4
-24
- 2 4

'72
'72
'72

5 4
- 5 4

- L 2 8
'72

-65
6 4

- 6 4
4 0
4 0
4 0

-94
l 0
1 0
3 4

-34
4 3

8 1
- 8 1

9 I
- 9 L
1 ? 6

0
r72

-  1 1 6
L20

I 7
1 7

- 4 5 3

328
5 2 6

- 2 6 2

295
-295

4 0 0
- 4 0 0
- 4 0 0

3 8 1
3 8 1
3 8 1

-L3'l
1 3 7

- L28

6 5
7 2

- 6 5
o:

- 1 0 8
- 1 0 8
- 1 0 8

1 0 8
1 / I2

r42

9 2

8 2
- J d

3 8
-25

25
1 5
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P i p e P l u s  v e r s i o n  5 . 0 6 Process Systems
I, IGO
Load :  Dead Weiqht  + Pressure 1 + Thermal

I n t e r n a t ' n l  1 7 / 0 8 / 9 6  1 3 : 2 0  P a g e  0 2 7
FiIE : GN2VEMR

1  r  n i  a 6 1 : ^ a h a h t  1

Poin t
Name

***  Forces and Moments

Forces/ lb

in  G]oba]-  Coordinate System ***

Moments/inch-1b
v z

0
5
5
10 .  Near
- L U . ! a r
r u .  r a r
1 5
2 o
2 0
2 5
2 5
3 0 . N e a r
30 .  Far
5 U . I a r
5 i

40
4o
L \

4 5
5 0 . N e a r
50 .  Far
5 0 .  F a r
5 5
6 0
6 0
65 .  Near
65 .  Near
65 . Far
65 . Far'10

7 0
? 5
7 5
80 . Near
8 0 . F a r
8 0 . F a r
8 5
9 0
9 0
v )
9 5
1 0 0
1 0  0
1 0 5
1 0 5
1 1 0

0
- 0

0
0

- 0
0
0

- 0
5

- 5
5
5

- 5
5
5

- 5
5

- 5
5
5

- 5
5
5

- 5
5

- 5
5

- 5
5

- 5
5

- 5
5
5

- 5
5
5

- 5
5

- 5
5

- 5
5

- 5
5

- 5

L 2
7

8
- 8
- 8
1 9
3'7

- 3 6
3 6
J b

- 3 4
3 4
3 4

- 3 3
? r

- 1 5
1 5
1 5

- L 4
L 4
L 4
- 7

't
- 6

b

- b

- 5
5
I

- 8
- 8

9
- 9
- 9
1 1

-23
2 4'16

-'7 4
'14

-'7 4
7 4

- 7 2

- 0
0

- 0
- 0
! 7

- t 7
463

-463
3 2 8

-328

-295
4 0 0

- 4 0 0
- 4 0 0

3 8 1
- 3 8 1
- 3 8 1 .

1 3 ?

r28
- 1 2 8

I - L E
-  1 1 8

1 1 3
- . 1 . 1 J

-]-44
-744

-142
q )

-92
8 2

-82
3 8

z 2
-25
- l -5

0

1 1 6
1 1 6

-720
720
]-20

I T 7
- 9 6

9 6

- 8 4
8 4
8 4

- 8 4
8 4

- 8 4
8 A
8 4

_.7 2'72
'72

5 4
- 5 4
6 r

-6 r
6 5

-65
6 4

- 6 4
4 0

- 4 0
- 4 0

3 9

- 3 9
3 9

- 3 9
3 9

- 3 9

- 3 9
3 9

- 3 9
3 9

0
L'7 2

- 1 ' 7 2
-L'7 2

1 5 6
- 1 5 6
-  L J b

L 5 b

- _ t 5 b

L 5 6
- 1 5 6
- 1 5 6

744
-1,44

.L .t J

-  1 1 5

r 2

-72
T Z-rz
t 2

- t2
1 6

- r b

2 t

- 9
9
t

- 1 0
1 0
L 0

-43
8 1

- 6 1

9 T

2
- 2

2
2

2
2

- 2
6

- 6
6
6

- 6
6
6

- 6
6

6
6

- 6
6
6

- 6
6

- 6
6

- 6
6

- 6
6

- 6
5
6

- 6
6
6

- 6
5

- 6
6

- 6
6

- 6
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t rGo
l o a d :

P i p e P f u s  v e r s i o n  5 . 0 6

Point
Name

In-  Out
PLane PLane sect ion Stres se s, /ps i

SIF sIF Modulus Hoop Longi tu.

P r o c e s s  S y s t e m s  I n t e r n a t ' n l  f I / O B / 9 6  l - 3 : 2 0  P a g e  0 2 8
File : GN2VENTR

Dead weight  + Pressure 1+ Thermal  1 + DispLacement  1

+**  Svstem Stresses (ANSI B31.1)

Pr inc ipal Code Al-Iow.

0
5
5
10 .  Near
1 U . r a r
1 0 .  F a r
1 5
2 o
2 0
2 5
2 5
30 .Near
3 0 . F a r
J U .  t a r
. j5

4 0
4 0

5 0 , N e a r
5 0 . F a r
5 0 .  F a r
5 5
6 0
6 0
65 . Near
65 . Near
65 ,  Far
65 .  Far
? 0
7 0
I J

75
80 .Near
8 0 . F a r
8 0 . F a r
U J

9 0
9 0
9 5

1 0 0
1.0 0
r.0 5
1 0 5

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  r . 0 0
1 . 0 0  1 . 0 0
1 , 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  l - . 0 c
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1  . 9 8  1 .  9 8
r . v u  L . t a

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . c 0
1 . 0 0  1 . 0 0
1 . 0 0  L . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

o . 2 6
o . 2 6
Q . 2 6
0 . 2 6
o . 2 6
0 . 2 6
0 . 2 6
0 , 2 6
0 , 2 6
0 . 2 6

0 . 2 6
0 . 2 6
0 . ? 6
4 . 2 6
0 . 2 6

0 . 2 6
9 . 2 6
a . ? 6
o . ? 6
0 . 2 6
o  - 2 6

0 . 2 6
o . 2 6
0 . 2 6
0  . ? 6
0  - 2 6
0 . 2 6

0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
0 . 2 . 6
o  - 2 6
o . 2 6
0 . 2 6
0  . 2 6
0  . 2 6
0  . 3 3
0 . 3 3

208
204
2 0 8
2 0 8
208
208
208
208
2 0 8
2 0 8
2 0 8
248
2 0 8
208
208
2 0 8
2 0 8
2 0 8
208
208
208
208
208
208
204
208
208
208
208
2 0 8
2 0 8
2 0 8
248
? 0 8
248
208
208
208
208
204
3 3 3
3 3 3
246

2 4 6

9 0
8 8 9

1 6 ? 5
1 6 7 5
1 0 1 5

5 5 5
s 5 5

I926
1 9  1 9
1 3  9 4
2 6 8  6
l b d b

23t8
1 1 8  6
- t t d b

t25'�7
r 2 1 7
1 6 0 9
3 t 2 ' l
3 L 2 ' 7
3 0 4 3

I J I ' T

645

b z 2

r r o !
8 1 9

428
428
5 2 2
9  6 0
9 6 0

. L I b O

5 2 6
626
4 4 8
429
406
6 2 3
6 0 8

484
4 8 4

20e
8 8 9

1 b  / )

1 5 7 5
1  1 1 4'7 28

'7 28
r9 '7 7
)-97 0

27  ?2
27  22
2330
I 2 T ?
7 2 1 2
1282
1 3  0 1
t628
3 1 3 6
J I J b

3 0 4 3
t  5  / J

75'7 5

s69
549
532
5 3 2
6 0 6

1 0 0 2
L O 0 2
L I 1 2

639

4'7 0

. ! J !

64!
62'1
4 8 2
498
4 9 8

1 0 9

1 6 3 I
1 6 3  8
1 6 0  3

902
902

2 8 5 2
2852
2 2 8 9
J  O O O

29'7 r
1 8 5 6
_ L 6 f b

r646
! '7 37
2 8 8 5
2 8 8 5
2 8 0 3
l b ) v
tb t r v

r 2 2 L
t 2 2 L

22t4

r288
1 3  0 1
1 3  0 1

999
r 7  6 L
I / O I

t S q z

8 8 3
8 8 3
624
624
60'7

E 3 Z

6 5 5
7 2 8
7 2 8

3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 ? 5 0
3 8 7 5 0
3 8 ? 5 0
3 8 ? 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 ? 5 0
3 8 ? 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
5 d  / f u

3 8 ? 5 0
3 8 ? 5 0
3 8 7 5 0
J U  I f , U

3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 ? 5 0
3 8 ? 5 0
3 8 ? 5 0
3 8 7 5 0
3 8 7 5 0
3  8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
3  8 7 5 0
3 8 7 5 0
3 8 7 5 0
3 8 7 5 0
1437 5
r43't 5
I 4 J  / J
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P i p e P l u s  v e r s i o n  5 . 0 6

Load : Dead weight +

Process systems

P r e s s u r e  1 +  T h e r m a l

I n t e r n a t r n L  f L  /  O B  / 9 6

1  4  n i  c h l  r ^ a m a n f  l

1 3 : 2 0  P a g e  0 2 9
Fi"Ie r GN2VEMR

Al low.
PoJ-nt
Name

* * *  s y s t e m  s t r e s s e s  ( A N S I  8 3 1 . 1 )  * * *

In-  Out
Pl ,ane Pfane Sect ion Stresses. /ps i

s IF s IF ModuLus Hoop Longi tu. Pr inc ipal

5 8  3 5 9 3l_ 10 1 . 0 0  1 . 0 0 0 . 3 3 246 ! 4 3 ' ?  5
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P  j - p e P l u s  v e r s i o n  5 . 0 6
]. lGO
Load :  Dead Weigh t

P r o c e s s  s y s t e m s  l n t e r n a t ' n L  n / 0 8 / 9 6  1 3 : 2 0  P a g e  0 3 0
File : GN2VENTR

+ Pressure 1 + Thermal  1-  + Displacement  1

***  System Maxina

X  d i , s p L a c e n e n t  =  - 0 . 1 1 2  i n c h  a t  p o i n t  0
Y  d i s p l a c e m e n t  =  - 0 . 2 1 3  i n c h  a t  p o i n t  5
Z  d i s p l a c e m e n t  =  - 0 . 1 1 1  i n c h  a t  p o i n t  5 0 . F a r

X  r o t a t i o n  =  - 0 . 3 6 ?  d e g r e e  a t  p o i n t  1 0 . F a r
Y rotat i .on = o.o82 degree at  point  0
z rotat ion = -0.241 degree at  poi -nt  0

Maximum
Maximum
Maximum

Maximum
Maxi-mum
Maximum

Maximum
Maximrtn
Maxrmr:m

Maxrmum
Maxrmum
Maximun

Maximum
Maxrmum
Maximum
Maximum
Maximurn

X force
Y force
Z force

q  I  l . \  A t -  n a i n t  ? 6

76 lb  a t  po in t  95
6 l b  a t  p o i n t  2 0

X
Y
z

moment = 463 inch-Ib at Point 15
moment  = -120 inch- Ib at  Point  10.Near
moment = 1?2 inch-lb at point 5

hoop stxess = 333 ps i  a t  Point  95
Iongi tudinal  s t ress = 3127 ps i  a t  po int  45
p r . i - n c i p a l  s t r e s s  =  3 1 3 6  p s i  a t  p o i n t  4 5
c o d e  s t r e s s  =  3 6 6 6  p s i  a t  P o i n t  2 5
stress rat io  (code /a]  lowable )  = g.g9 at  poJ.r l t 2 5

Revision No. 0
Doo. No. V049-l-123
Page 104 of 118



PipePlus vets ion
l,IGO
l,oad : Thermal I

Systems Internat 'n l 7 I / 0 8 / 9 6  1 3 : 2 0  P a g e  0 3 1
FilE : GN2VEMR

5 . 0 6

Point
Name

+ DispJ.acement 1

***  system Def lect ions

Di splacements /inch
x Y z

Rotations /deg!ee
X Y

0
5
1 0 . N e a r
1 0 .  F a r
1 5
2 0
2 5
3 0 . N e a !
J U . ! a r
J ]

4 0

5 0 . N e a r
5 0 .  F a r
5 5
5 0
65 . Near
55 .  Far
7 o
'75

80 . Near
8 0 . F a r
8 5
9 0
9 5
1 0 0
1 0  5
1 1 0

- 0 . 0 2 0
- 0 . 0 2 0
- 0 . 0 1 5
- 0 . 0 1 5
- 0 . 0 0 0

0 . 0 0 1
0 . 0 0 1
0 . 0 0 1
0 . 0 0 1
0 . 0 0 0

- 0 . 0 0 2
- 0 . 0 0 2
- 0 . 0 0 4
- 0 . 0 0 4
- 0 . 0 1 4
- u . u L 3
- 0 . 0 1 4
- 0 . 0 1 3

0 . 0 3 2
0 . 0 3 2
0 . 0 3 3
0 . 0 3 3
0 . 0 3 0
0 . 0 3 0
0 .02'7
0  .02 '7
0 . 0 2 6

- 0 . 0 0 0
- 0 . 0 9 6
- 0  . 0 9 6

- 0 . 0 9 3
0 . 0 0 0
0 . 0 1 1
0 . 0 1 1
0 . 0 2 1
0  . 0 2 r
0 . 0 3 0
0 . 0 5 6
0 . 0 5 6
0 . 0 5 6
0 . 0 6 6
0 . 1 1 4
0 .  11"?
0 . 1 1 9
0 . 1 2 1
0 . 1 4 1
0 . 1 4 1
0 . 1 3 7
0 . 1 3 7
0 -124
0  - r 2 2
0 . 1 1 0
0 . 1 0 6
0 . 0 9 1

- 0 . 0 0 0
- 0 . 0 7 8
- 0 . 0 7 8
- 0  - 0 ' 7 7
- 0 . 0 ? 7
- 0 . 0 2 3
- 0 . 0 1 7
- 0 . 0 1 7
- 0 . 0 2 0
- 0 . 0 2 0
- 0 . 0 3 6
- 0 . 0 8 7
- 0 . 0 8 7
- 0 . 0 9 0
- 0 . 0 9 0
- 0 . 0 5 3
- 0 . 0 5 1
- 0 . 0 4 8
- 0 . 0 4 6

0 . 0 0 0
0 . 0 0 0
0 . 0 0 3
0 . 0 0 3
0 . 0 0 2
0 . 0 0 2
0 . 0 0 1
0 . 0 0 1
0 . 0 0 0

- 0 . 1 5 0
- 0 . 1 5 0
- 0 . 1 5 0
- 0 . 1 5 4
- 0 . 1 5 4
- 0 . 1 6 5
- 0 . 1 6 ?
- 0  . 1 6 7
- a . r ' 7 1
-0 .  L '1- l
- 0 .  L 7 8
- 0 . 1 6 6
- 0 . 1 6 5
- 0 . 1 3 8
- 0 . 1 3 8
- 0 . r 0 2
- 0 . 1 0 0
- 0 . 0 8 7
- 0 . 0 8 5
- 0 . 0 2 0
- 0 . 0 2 0

0 . 0 0 1
0 . 0 0 1
0 . 0 0 8
0 . 0 0 9
0 . 0 0 9
0 . 0 0 8
0 . 0 0 0

0 . 0 8 3
0 . 0 5 7
0  . 0 5 ?
0 . 0 4 0
0 . 0 4 0
0 . 0 1 0
0 . 0 0 7
0 . 0 0 7

- 0 . 0 0 5
- 0 . 0 0 5
- 0 . 0 0 9
- 0 . 0 2 1
- 0  .  0 2 1
- 0 . 0 2 5
- 0 . 0 2 6
- 0 . 0 2 2
- 0 . 0 2 1
- 0 . 0 1 3
- 0 , 0 1 2

0 . 0 0 3
0 . 0 0 3
0 . 0 0 5
0 . 0 0 5
0 . 0 0 4
0 . 0 0 4
0 . 0 0 3
0 . 0 0 2
0 . 0 0 0

- 0 . 1 0 1
-0  .0 '12
- o . 0 7 2
- 0 . 0 6 1
- 0 . 0 6 1
- 0 . 0 1 7
- 0 . o r 2
- 0 . 0 1 2

0 . 0 0 2
0 . 0 0 2
0 . 0 0 6
0 . 0 1 0
0 . 0 1 0
0 . 0 0 8
0 . 0 0 8

- 0  . 0 0 2
- 0 . 0 0 3
- 0 . 0 0 8
- 0 . 0 0 8
- 0 . 0 1 3
- 0 . 0 1 3
- 0 . 0 2 2
-0 .022
- 0 . 0 2 1
- 0 . 0 2 1
- 0 . 0 1 7
- 0 . 0 1 4
- 0 . 0 0 0

H*l?lT;3-''"
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P i p e P l u s  v e r s i o n  5 . 0 6  P r o c e s s  S y s t e m s  I n t e r n a t r n L
r,r@
f,oad : Thermal 1- + Displacement 1

***  Forces and Moments

Forces,/lb
x Y z

act ing  on  Rest ra j -n ts

t L / 0 8 / 9 6  ] - 3 : 2 0
Fi  1e

Mornents /inch-1b
12

Page 032
: GNZVENTR

Point
Name

0
0
2 0
z 0
1 1 0

- 1
- 1

1
1
0

-2
-0

0
-8
1 0

0
0
0
0

1 0 6

0
0
0
0

L4

0
- 0
- 6
- 0

0
0
0
0

-1  41
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PipePlus vers j.on
1I GO
Load : ThermaL 1

5 . 0 5 Process Systems Internatrn l n / 0 8  / 9 6  1 3  : 2 0  P a g e  0 3 3
File : GN2VEMR

+  n i  < h l . . a h 6 n f  1

+**  Forces and Moments

E ^ r . a <  /  l  h

Y

in Element  coord inate q t r e i  - h

Moments /inch-lb
y z

Point
Name

0
5
5
1 0 . N e a r
- L U . t a r
r u . t a r
1 5
2 0
2 0
z a
2 5
3 0 . N e a r
3 0 . F a r
3 0 . F a r

4 0
4 0

5 0 . N e a r
J U . t - a r
5 0 . F a r

6 0
6 0
65 .  Near
65 , Near
65 . Far
65 , Far
7 0
7 0
7 5

8 0 . N e a r
8 0 . F a r
8 0 . F a r
8 5
9 0
9 0
9 5
95
1 0 0
1 0 0
L 0 5
1 0 5
l-l-0

0
- 0

0
0

- 2
2

- 2
1 0

- 1 0
1 0
1 n
- 0

0
0

- 0
0

- 0
0
0

- 1 0
1 0
1 0

- 1 0
1 0

- 1 0
L O

1 1
- 1 1

1 1
- 1 1

1 1
1 1

0
- 0
- 0

0
- 0

0
- 0

0
- 0

0
- 0

0

2
- 2

2
2
0
2
2

0
- 0

0
0

1 0
1 0
1 0

- 1 0
1 0

1 0
1 0

0
0
0

- 0
0

- 0
6
3
0

- 0
0

- 0
- 0
- 0
l 1
1 0
1 0

- 1 0
1 0

- 1 0
1 0

- 1 0
t 0

-  1 0
1 0

- 1 0

2
- 2

2
- 0
- 0

0
- 6

6
- 6
- 6

6
6
6

- 6

- 6
6
b

- 6
- 6

- 6
6

- 6
6
0

- 0
3

- 3
3

- 3
- J

- 3
3

- 6
- 6

- 5
6

- 6
6

- 6
6

- 6
6

0
- 0
- 0
- 0

L23
- r 2 3
- r23

r23

123

-  l z J
-69

6 9
6 9

- 6 9
6 9

-  o >
6 9
6 9

- 4 4
4 4
4 4

- 4 4
4 4

' 4 4
4 q
9'7

-97
9'7

-97
9'7

-97
-9 '7

1 A

- 1 4
- 1 4

7 4
-14

I 4
- I4

L 4
-  1 4

I 4
-L4

! 4

0

-  1 1 8
-  1 1 8

1 1 1
1 1 1

- t - 0 ?
1 0 7
- 8 3

8 3
8 3

- L 0 9
- 1 0 9
- 1 0 9

-29

5 5
5 5
5 5
9 0

- q o

9 9
- 1 8 2

1 5 9
- ) - 0 2

9 J
-99

- 8
_ o

- 8
-9r

! 7
7'7
3 4

- 3 4
4 4

- 4 4
8 8

- 8 8
1 0 1

-  1 0 1
1 4 1

0
1 1 8

1 1 1

- 4
71,

-71,
7 2

- '72

5 1
5 1
5 1

2
-2

1 7  0
- 1 ? 0
- 1 7 0

t v l
1 9 1
L '  L

- t 8 2
I82

- L 8 2
-99
L A 2
1 5 9

- 1 5 8
l f d

- ! 4 2

r l )
t46
1 4 6
-65

6 5
-49

4 9
2 7

-2) '
4 t

- 4 t
1 0 6
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P i p e P l u s  v e r s i o n  5 . 0 6 Process Systems ln ternat 'n f
II GO
load ;  Thermal  1+  D isp l -acement  L

7 I / 0 8 / 9 6  1 3 : 2 0  P a g e  0 3 5
File : GNZVENTR

Code Al Low.
Point
Name

* * *  S y s t e m  S t r e s s e s  ( A N S I  8 3 1 . 1 )

In-  Out
Plane Plane Sect ion Stresses, /ps i

sIF SIF Modu.Ius Hoop longitu. Principal

0
5
5
L 0 . N e a r
10 . Far
t u .  !  a r
-13

2 0
2 0
z a
2 5
3 0 . N e a r
3 0 . F a r
3 0 .  F a x
3 5
4 0
4 0

4 5
5 0 . N e a r
5 0 , F a r
5 0 . F a r
5 5
6 0
6 0
65.Near
65 . Near
b ) . ! a r
o f .  ! a r
? 0'?0

I J

7 5
8 0 . N e a r
8 0 . F a r
8 0 . F a r
E f ,

9 0
9 0
9 5
9 5
r0  0
1 0 0
1 0 5
1 0 5

0  . 2 6

0 . 2 6
0 . 2 6

0 , 2 6
0 . 2 6
0  . 2 6
0 . 2 6
0 . 2 6
0 . 2 6
o . 2 6
o  - 2 6
0  . 2 6

0 . 2 6
0 . 2 6

0 . 2 6
0  . 2 6
0  - 2 6
0 . 2 6
o . 2 5
0 . 2 6

0 . 2 6
v . z 6
0 . 2 6
0 . 2 6
0 . 2 6
o . 2 6
o . 2 6
0  . 2 6

0  . 2 6

0  - 2 6

U . J J

0  . 3 3
U .  J J

0
614

r  r l  n
12 t  8

849
430
430
496
l l - u

44t
8 5 9
6  2 v

91,6
4 6 ?
4 6 2
2 9 2
2 9 ?
b b 4

1 J I f ,

t J  t f ,

1 5 3 6
7 8 3
/ t  J

'7 99
8L2

1 5 9 3
1 4 5 8'7 44'7 36

5 6 6
I l U f

1 1 0  5
r tz3

567
f ,o /
2 8 3
2 8 3
2 5 4
2 5 4
349

3 3 3

0
674

].2r8
72r8

9 1 1
534

5 9 1
6 0 2
544
9 1 9
979
9 J 2

498
4 9 8
3 4 4
3 4 4
6 8 9

' I  ? ? q

1329
1 5 4 0

'792

I 0 7
8 0 7
820

L J >  I

1 4  8 1'789

7 8 1
7 8 L
623

1 1 J J

I - t J J

L t ? 4
5 6 8
5  6 8
285
285

2 5 7
3 5 1
2 8 0
3 3 5
3 3 5

0
6]-4

1 2 1 8
T 2 L 8
I Z O J

63'1
637
6 8 3
6 8 3

7260

1 0 5 ?
5 3 3
5 3 3
J > 2

3 9 5
I  L J

7 4L7
t4!7
t -555

/ d f

7 8 5
8 0 0
8 0 0
8 t 3

T O I I

1  6 1 9
8 1 7
8 0 9
8 0 9

1 J . L  f

T J I 3

LL28
5 b v

5.69
z8'7
28' l
259
259
5 J  4

28r
J J O

3 3 6

2 3 4 5 0
23450
23450
2 3 4 5 0
23430
2 3 4 5 0
23430
2345Q
23450
23450
23450
?3450
23430
23450
2 3 4 5 0
2 3 4 5 0
2 3 4 5 0
23450

2 3 4 5 0
2 3 4 5 0
2 3 4 5 0
2 3 4 5 0
2 3 4 5 0
2 3  4 5 0
2 3 4 5 0
2 3 4 5 0
2 3 4 5 0
23450
2 3 4 5 0
2 3 4 5 0
23450
23430
23450
23450
23450
23450
23 450
23450
23450
23450
23450

d u  / : )

8 8 7 5
8 8 7 5

1 . 0 0  1 . 0 0
t - . 0 0  1 . 0 0
1 . 9 8  l - . 9 8
1 . 9 8  1 . 9 8
1  q q  1  q F

1 . 0 0  1 . 0 0
1 . 0 0  L . c 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1  q e  1  q e

1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
1 . 0 0  1 , 0 0
1  q e  1  q c
' r  oa  1  qe

r . v b  t . v o
l - . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1  0 a  1  q e

r . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 9 8  1 . 9 8
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  l - . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 , 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0
1 . 0 0  1 . 0 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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PipePlus vers ion
I.IGO
Load : Thermal 1

5 . 0 6 Process Systems I n t e r n a t r n l  L 7 / 0 8 / 9 6 Page 036
: GN2VENTR

+  n i . n l : ^ a h A h i  1

Point
Name

***  System

In-  Out
Plane Plane Sect i .on

SIF SIF Modulus

Stresses (ANSI 831 .  1)

Stresses/ps i
Hoop Longi tu.  Pr inc iPal AI low.

t- 10 1 . 0 0  1 . 0 0 0  . 3 3 5 4 3 5 4 3 8 8 ? 5
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PipePlus vers ion
t I @
load : ThermaL l-

Process Systemsf . u b I n t e r n a t ' n l  I f / 0 8 / 9 6  l ' 3 : 2 0  P a g e  0 3 7
File : GNzVENTR

X
Y
z

+ Dlspl-acement 1

X  r o t a t i o n  =  - 0 . 1 7 8  d e g r e e  a t  p o i n t  4 0
Y  r o t a t i o n  =  0 . 0 e 3  d e g r e e  a t  P o i n t  0
Z  r o L a E i o n  =  - 0 . 1 0 1  d e g r e e  a t  p o i n t  0

force = 6 lb  at  po int  20
force = -2 Ib  aL point  15
force = 10 lb  at  po int  20

moment  = 191 inch- lb  at  po int  50.Near
moment  = -111 inch- lb  at  po int  10 'Near
moment  = 141 inch- lb  at  Point  110

+ * *  e \ t c l - o m  M a v i r n :  * * *

dispLacement  = -0.116 inch at  point  0
d i s p t a c e m e n t  =  0 . 1 4 1  i n c h  a t  p o i n t  7 5
d i s p l a c e m e n t  =  - 0 . 0 9 0  i n c h  a t  p o i n t  5 0 . F a r

Maximum
Maximurn
Maximum

Maximum
Maximum
Maximum

Max imurn
Maxtmum
Maxlmun

Maxi-mum
Maximurn
Maximun

Maximum
Maximum
Maxrmum
Maximr:m
Maximum

x

z

Y
z

hoop st ress = 0 ps i  a t  Point
longi tudinal  s t ress = l -593 ps i  a t  po int  65.Near
pr inc ipal  s t ress = 1597 ps i  a t  po int  65 'N€ax
code st ress = 1619 Psi  a t  po i 'n t  65.Far
st ress rat io  (code, /a l  lowable )  = 0.0? at  point  65 ' far
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P i p e P l u s  v e r s i o n  5 . 0 6
LIGO
load : Dead Weight +

Point
Name

Process

Pressure 1 +

q 1 ' q 1 - a m s  r n i c r n e l -  t n 1  1 ' l  / 0 8 / 9 6  1 3 : 2 0  P a g e  0 3 8
FT.Le : GNzVENTR

Ear thquake 1+ Ear thquake 2

* * *  C r , a + a h  n a f l a ^ 1 - i ^ n e  * * *

1 1 i  < h l  r - a h a n r - . , / i  h - l - 1

X Y Z
Rotations,/degree

Y

0
5
L 0 . N e a r
r u .  ! a r
L 5
2 0
2 5
3 0 . N e a r
3 0 . F a r
3 5
4 0

50 . Near
50 .  Far
5 5
6 0
b )  .  Nea r

65 .  Far'10
'15

8 0 . N e a r
8 0 . F a r
8 5
9 0
' J

L 0 0
1 0 5
1 1 0

0 . 0 1 4
0 . 0 1 4
0 . 0 1 4
0 . 0 1 4
0 . 0 1 4
0 . 0 0 0

- 0 . 0 0 2
- 0 . 0 0 2

0 . 0 0 3
0 . 0 0 3
0 . 0 0 8
0 . 0 2 8
0 . 0 2 8
0 . 0 3 0
0 . 0 3 0
0 . 0 2 0
0 . 0 1 9
0 . 0 1 8
0 . 0 1 8

- 0 . 0 0 2
- 0 . 0 0 2
- 0 . 0 0 3
- 0 . 0 0 3
- 0 . 0 0 2
- 0 . 0 0 1
- 0 . 0 0 1
- 0 . 0 0 0
- 0 . 0 0 0

- 0 . 0 0 0
- 0 . 1 2 8
- 0 . 1 2 8

- 0  . 1 2 3
- 0 . 0 0 0

0 . 0 1 0
0 . 0 1 0
0 . 0 1 5
0 . 0 1 5
0 . 0 1 5
0 . 0 1 5
0 . 0 1 5
0 . 0 1 6
0 . 0 1 6
0  . 0 t 2
0 . 0 1 - 2
0 . 0 1 1
0 . 0 1 0

- 0 . 0 0 1
- 0 . 0 0 1

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

- 0 . 0 0 0
0 . 0 1 7
0 . 0 1 7
0 . 0 1 8
0 . 0 1 8
0 . 0 1 8
0 . 0 1 8
0 . 0 1 8

- 0 . 0 1 5
- 0 . 0 1 5
- 0 . 0 2 0
- 0 . 0 2 8
- 0 . 0 2 8
- 0 . 0 2 8
- 0 . 0 2 8
- a  .  a 2 8
- 0 . 0 2 8
- 0 . 0 2 8
- 0 . 0 2 8
- 0 . 0 0 9
- 0 . 0 0 9
- 0 . 0 0 7
- 0 . 0 0 ?
- 0 . 0 0 4
- 0 . 0 0 3
- 0 . 0 0 1
- 0 . 0 0 1
- 0 . 0 0 0

- 0 . 2 3 0

- 0  - 2 3 0
- n  ? a r
- u . 2 5 !
- u .  _ t o J
- 0 . 1 4 9
- 0 . 1 4 9
- 0 . 0 9 6
- 0 . 0 9 6
- 0 . 0 8 3
- 0 . 0 4 4
- 0 . 0 4 4

0 . 0 1 8
0 , 0 1 8
0 . 0 2 3
0  . 0 2 2
0 . 0 1 5
0 . 0 1 4

- 0 . 0 2 r
- 0 . 0 2 1
- 0 . 0 2 2
- 0 . 0 2 2
- 0 . 0 2 0
- 0 . 0 1 . 9
- 0 . 0 1 5
- 0 . 0 1 2
- 0 . 0 0 0

- 0  .  0 1 7
- 0  .  0 1 7
- 0  . 0 7 7
- 0 . 0 2 1
-0 -021
- 0 . 0 2 4
- 0 . 0 2 3
- 0 . 0 2 3
- 0 . 0 2 5
- 0 . 0 2 5
- 0  . 0 2 4
- 0  . 0 2 4
- 0  -  0 2 4
- 0  . 0 2 6
- 0  . 0 2 6
- 0 , 0 2 9
- 0 . 0 3 0
- 0 . 0 3 4

- 0 . 0 3 5
- 0 . 0 3 5
- 0 . 0 2 8
- 0 . 0 2 8
- 0 . 0 2 2
- 0 . 0 2 0
- 0  . 0 1 5
- 0  .  0 1 - 1
- 0 . 0 0 0

- 0  .  1 5 1
- 0 . 0 9 0
- 0 . 0 9 0
- 0 . 0 8 6
- 0 . 0 8 6
- 0 . 0 7 ?
- 0 . 0 7 6
- 0 . 0 7 6
- 0 . 0 7 4
- 0 . 0 7 4
- 0  - 0 7 2
- 0 . 0 6 5
- 0 . 0 5 5
- u .  u 3 d
- 0 . 0 5 8
- 0 . 0 4 1
- 0 . 0 4 1
- 0 , 0 3 8
- 0 . 0 3 ?
- 0 . 0 0 8
- 0 . 0 0 8

0 . 0 0 8
0 . 0 0 8
0 . 0 0 7
0 . 0 0 7
0 . 0 0 6
0 . 0 0 5
0 . 0 0 0
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P i p e P l u s  v e r s i o n  5 . 0 6
I IGO
Load : Dead Welght +

s l r s r - F m s  T h t F r n e t  t n 1  1 1  / O B  / 9 6

Earthquake 1+ Ear thquake 2

1 3 : 2 0  P a g e  0 3 9
FiIe : GN2VENTR

D f ^ - a  a  <

Pressure 1 +

***  Forces and Moments act lnq on Restra ints

Forces/ lb
Y

Moments,/inch-IbPoint
Name

0
0
2 0
2 0
1 1 0

0
0
4
0

- 5

- 5
- 5

- 2 9
-29

7 2

- 1
- 0

0
4

- 5

0
0
0
0

-'7'7

0
0
0
0

-  1 1 3

0
0
0
0

J b

H:ifrTr8.'-'"
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P i p e P l u s  v e r s i o n  5 . 0 6  P r o c e s s  S y s t e m s  I n t e r n a t ' n L  7 I / 0 8 / 9 6  1 3 : 2 0  P a g e  0 4 0
LI@ File : GNzVENTR
I,oad : Dead Weight + Pressure l- + Earthquake I + Earthquake 2

* * *  F o r c e s and Moments

Forces, / lb
Y

in El-ement coordinate System

Moments /inch-lb
v z

Poi-nt
Name X

0
5
5
1 0 .  N e a r
10 .  Far
10 . Far
1 5
2 0
2 0
2 5
2 5
30 .  Near
J U . ! - a r

30 ,  Far
3 5
4 0
4 0
4 5

5 0 . N e a r
J U . ! a r

5 0 . F a r
5 5
6 0
6 0
65 . Near
65 .  Near
65.  Far
65 .  Far
7 0
7 0
7 5
7 5
8 0 . N e a r
8 0 . F a r
8 0 . F a r
6 5

9 0
9 0
9 5
9 5
1 0 0
1 0 0
1 0 5
1 0 5
1 1 0

0
- 3 9
- 7 2

- 2 ?
3 8
3 8

- 3 1
3 1

- 3 1

3 1
- 5 0
- 5 0
- 5 0

4 7
- 4'7

7 0
-'7 0
-'7 0

l f ,

3 5
3 5

-?  I.18
- 8 1

8 2
- I I f

8 0
- 1 6

1 6

6 8
6 8

-20
-28
-28

J 1
- 3 6

3 6

3 0
-34

3 4
- 5 6

0
7 2

- 3 9

2 2
? 2

- 5  4 5

412
4r2

-324

302
-302

-268
-268
2 3 2
2 3 2
2 3 2

7 5
-  t J

d z

8 1
- 8 0

- J . I ]

12r
-1,2t

4 6

-20
- t t

- 8
- 5 5

f , J

6 8
-87

8 7
- 9 3

-11-3

- 0
I

- 1
- 1
- 1

1
1

- 1
- 5

5
- 5
- 5

- 3 5
3 5
3 5

- 3 3
2 t

- r 6
1 6
1 6

6
- 6
- 6

,7
- 1

7
-'7

6
- 6

6
- 6

'7
-'7
-'7

-  1 0
1 0
1 0

- 1 2

-25
- 7 6

7 4
- 7 4

7 4
- 7 4

'72

1 1
9
1
1

- 1
- 1 0
- 1 0

21,
3 7

- 3  6
J t )

- 5
- 5
- 5

5
- 6

6

- 6
I 4
1 4
1 4

"1

1
- 1

q

9
- 1 0

1
1

- 2
3

- 3
3
3

- 3
- 3
- 3

3
- 2

2

- 2

2
2

- 2
2

- 2
1

- 6
- 3

3
- 3

4
4
4

- 4
2
2

- 2
3

- J

5
- 5

5
- 5

5
- 5

0
0
0

) t
-52
- t z

52
-52

52
-52
-52
- 3 1

J - L

3 1
-J_ l -

3 1
-J  l -

3 1
J 1
'75

-'7 5
- 7 5

I J

- 7 5
7 5

-'7 5
- 2 0

? 0
-20

2 0

2 0
2 0

-7 '1
'7'7

7 1
-'7'7

7 7

7'7
- 7 7

7'7
-'7'7

7'7
- 7 7

- 2
- 3

6
- 6

8
It

8
- 7

I
- 8

I
- 5

5
- 5

5
- 5

5
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PipePJ-us vers ion 5.06
I,IGO
Load : Dead weight +

p r c ' . a q q  s v s f e m s  I n t e r n a t ' n L  f I / 0 8 / 9 6  1 3 : 2 0  P a g e  0 4 1
File : GNzVEltTR

P r e s s u r e  1 +  E a r t h q u a k e  1 +  E a r t h q u a k e  2

* * *  F ^ f - 6 < and Monents

Forces / lb

in  c lobal

z

coord inate system

Moments/inch-IbPoint
Name

0
5
5
1 0 . N € a r
10 .  Fax
10 .  Far
1 5
2 0
2 0
2 5
2 5
3 0 . N e a r
3 0 .  F a r
30 ,  Fa!
J f ,

4 0
4 0

50 .  Near
50 .  Far
50 .  Far
5 5
6 0
6 0
55 . Near
65 . Near
65 .  Far
55 .  Far
7 0
7 0
7 5'15

8 0 . N e a r
8 0 . F a r
u u .  r ' a r
8 5
q n

9 0

9 5
1 0 0
1 0 0

r-05
1 1 0

1
- 1
- L

1
- 1
- 1

2
- 3

3
- 3
- 3

3
- 3
- 3

3
- 2

2

- 2
2

- 2
- 2

2
- 2

2

2
- 2

2
- 2

2
- 2
- 2

?
- 2
- 2

2
- 3

3
- 5

5
- 5

5
- 5

5

1 1
9

- 9
- 9
1 0

-  1 0
-  1 0

2 t
3 ?

- 3 6
3 6
J b

- 3 5
3 5
3 5

2 r
- 1 6

1 6

T 4
r 4
-'7

1
- 7

7
- 6

6
- 6

8
- 8
- 8
1 0

- L 0
- 1 0

L 2

2 5
' t5

- 7 4
' 1 4

-'7 4'14

1
- 1

1
1

- 1
1
1

- 1
- 5

5
- 5
- 5

5

- 5
5

- 6
6

- 6
- 6

6
- 6
- 6

'7

"1

-'7
'7

- 7
7

-'l
'1

-'7
- 1

-t
-'7
-'7

I
- 8

tt

- 5
5

- 5

- 5
)

- 0
0
0
0

2 2
- ? 2

- 5 q f ,

- 4 L Z

3 2 4
- 3 2 4

302
- 3 0 2

268
-268

2 3 2

- 2 3 2
- 1 5

'75
-82

8 ?
- 9 1

9 1
-95
9 5

- 3 8
? R

3 8
- d

I
8

5 5
- 5 5

6 8
-68

a 7

9 3
- 9 3
1l -3

0
-39

3 9
3 9

- 3 I
3 8
3 8

- 3 1
J - L

3 1
3 1

- 31-
3 1

- 3 1
3 1

3 1

- 3 5
3 5
3 5

- 7  8
? 8

- 8 1
8 1

- 8 0
8 0

-'7 6'76

6 8
-68
- 6 8

7 7
-'17
- 7 7

'77
-'7'l

'1'7
-'7'7

't'7
- 7 1

'77

'7'7

0
'72

5 2
- 5 2
-52

5 2
- 5 2

5 2
- 5 2
- a z

5 0
- 5 0
- 5 0

4 7

? 0
-70
-'7 0'75
- 1 5
-"15

'15
-  I J

t f ,

, o
-  1 6

t t J
- 8 3

4 T

-4L
2 8

- ? 8
-28

5 Z
- 3 6

3 6
- 3 0

3 0
- 3  4

3 4
- 5 6
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P i p e P 1 u s  v e r s i o n  5 . 0 6
I  IGO
Load : Dead Weigbt +

p r ^ . - a  s  s  s \ / q t c m s  T n t e r n a t ' n f  f I / 0 8 / 9 6

Pressuxe l -  + Ear thquake 1+ Ear thquake 2

q \ ' < i  F r n  q t r F s s a s  { A N S I  B 3 1 . 1 )

1 3 : 2 0  P a g e  0 4 3
File : GN2VEIITR

Pr. inc ipal Code A1low.
Point
Name

Th-  r ' \ r  r  t -

Pfane Plane sect ion
SIF SIF Modulus

c r -  i a . .  a  <  / ^ e  i

Hoop Longi tu.

1 1 0 1 . 0 0  1 . 0 0 0 . 3 3 2 4 6 6t-8 6 5 2 6L' t 6 6 0  0
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P i p e P J - u s  v e r s i o n  5 . 0 6  P r o c e s s  S y s t e m s  I n t e r n a t ' n L  1 7 / 0 8 / 9 6  1 3 : 2 0  P a g e  O 4 4
LIGO FiLe : GNZVENTR
Load :  Dead Weight  + Pressure 1 + EarLhquake 1 + Ear thquake 2

* * *  e ' c r a h  M . v i  h a

Maximum X d isp lacement  = 0.030 inch at  poj -nt  50.Far
Maximum Y d isp lacement  = -0.1-28 inch at  point  5
Maximum z d j -sp.Lacement  = -0.028 inch at  poj -nt  50.Far

Maximum x rotat ion = -0.231 degree at  point  l .0 .Far
Maximum Y rotat ion = -0.035 degree at  point  ?5
Maximum z rotat ion = -0.151 degree at  point  0

Maximum X foxce = -5 lb at point 95
Maximum Y force = 76 Ib at  po int  95
Maximum z force = 8 Ib at point 95

Maximum X moment = 545 inch-Lb at point t5
Maximum Y moment  = -81 inch- l -b  at  po int  65.Near
Maximum Z moment  = 83 inch- Ib at  po int  70

Maximum hoop st ress = 333 ps i  a t  po int  95
Maximum longi tudinal  s t ress = 3314 ps i  a t  po int  25
Maximum pr inc i .pa l  s t ress = 3323 ps i  a t  po int  25
Maximum code st less = 2569 ps i  a t  po lnt  25
Maximrm st . ress rat io  (code, /a l  i -owable;  = g.1n at  point  25
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CALCULATIONS

NO: V049-l-045
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REV. DEO# DATE BY: CTIECK TITLE:

ION Pump Support
0 014l 4t25196 WDB RDC
I tot4t96 Pdu tL) l )b

BY: R. D. Ciatto DEW.:744

PROJECT: LIGO VacuumEquipment PROJECTNO: v59049

PURPOSE: Establish loads that ion pumps apply to tubular spool piec€s B-2, B-3, B-5, B-4, and A-7.
Also, confirrr structural adequacy ofion pump nozzle to shell junction.

METHOD: lland calculations and fiflite elernent method using IMAGES program.

ASSIIMPTIONS:

IMUTS: LIGO project drawings of spools and adapters.
Calc. No. V049-l-066, Structral Design Crit€ria
Seismic acceleration = .05625 G.
Vacuum pressrre : 14.7 ps.

REFERENCES:ASME Boiler & Pressure Vessel Code, Sect. VItr, Div.
IMAGES-3D, R. L. Cloud & Assoc.
Calculations V049-1-052- -056- & -057

1 & 2- Pressure Vessels

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Design loads for the ion pumps are about l0% greater tban actual loads.
Adequacy of the 14 in nozzle to shell junction is confrmed by a fnite elemert analysis.

NOTES: IMAGES computer files are: IONPMP72. *o
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o 1.0 oBJEgTttfE

The 0bje6tive of this Gelculalion is lo perform lhe structurel design and anElysis of Adapter
A-1" ( 72" x 44 ') assembly shown in Brawing U04S4-A1 using lhe oplisnal 'Sighl-Pod'
reducing flange concepl.

2.0 METfiOD OF AIALYS|S I COHpUTER_PROGR*I|S &VEREIOT

Th? follorsing computer progr€ms sre used in the execulion of lhis calcufalion:

1. IMAGE$3O Finite Element Anelysis Progrsrn, Version 2.0

2. COMPRESS CoFFuler Aided Pressute Vessel Besign, Version 4.2

The reducing frange subassernb$ is anafyzed as an Axisymmelric finite element model lo
delermine the minimum thickness (not less lhan 11ts maintein a \Ecuum seal at the 'O"-

Rings under a full vacuum losd snd the end load efrects ( prGssure snd sprins forcei of the
bellsns.

The Jacking bolt assembly is analyued as a plate and shell finite element paitial model to
size the lug end lo determine the shell displacements al the bello*s weld io ensure the
w€ld is nol damaged by iocal bcnding during equipmenl sewiqing. No pressure l08ds are
applied in this anslysis becaus€ lhis componenl is operaled during inslsllstion or
equipmcnt sewicing only.

The Jacking lug / shell inlerface is qualitud by lhe nozle shell analysis {WRG10?) sub-
rodine in COMPRESS. +,

\ffelds are sized by lradilional manusl celculations found in slandard engineering 1eil5.

S.O GETERALASEUilPNOTS

1. All bellot€ engineering dda and geornetry are essumed and rnust be verified once
vendor inforffiallon becornes a\railablc.

.{ll REFEREflCE6

t. ASME Boiler ahd Fressure Vessel Code, Seclion Vlll, Division I, ,|995 Edilion

2. Road{ & Young, Formulss for Shess €nd Slrain, Fifih Edition

3. Blodgett, Dcsign of Welded Slrudures

4. Welding Research Council, Bullelins 107 & 29?, Local Slresses in Spherical and
Gylindrical Shells due lo Extemal Lofidings.

5. LlGoVacuumEquipmenlSlrucluralDesigncrileria - y'L"/2 - /- ''f*son*o. 
u

6. AISC Steel Constr$clion Msnual
*  t E e  V a t l l - t - O t /  r -  ? ' , \  F , r - . > ' t ,  L  J - + c F " ' )  L  z l d
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3

5.0 goilcluslots

The seperelion of lhe iange fa6es foffi bcndinE und€r operding loeds is 2 .8 E-*l " al the
oulEr 'O"-Ring. The "o"-Ring pre-complession i5 trom 0.05€" to 0.080" , hence lhe
\Ecuum s?al i5 malnlainsd.

Th6 maximum stless intcnsity in the flange is 845 psi al node 132.

The maximum stress lntensity in the shell i$ 2568 psi under opemling loads and is 39134
psi < 48900 pei Ellowable during inslallatiqn a4iacefit l0lhe Jacking Lug.

The meximum loqEl radial dislEcernent at the bellows/shellusld 1s 0.0144" near the
JacHng Lug ttsrltu instEllalion and has no slgniflgatr dlcc'l on th6 b6l|ows sltaihm€nt
weld.
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A] REIUCING FLAIfGE VJISHE;.L

0 4 : 5 5 : 4 7
E  S  3  D  = = = = = = =

! " loduius of
E i a s t j . c . r . t y

We j- giht

Den s i tl,-
c o e f f  o f

Thernai Exp -
P o i s s c n ' s

Ra t  i o

4 3 / t 4 i 9 5

Shear Vteb
Modul-us

=  copy ragh i  i c )  1984  ce ies t i -a i  So f tware  i nc -  =

r z a i - < i  ^ 7 '  ?  n a 7 / a ! / 9 0

MATERIAL FROPERTIES

M a t e r i a l
No

2 . 6 6 0 0 0 E + 0 7

lfo<i e x-ccorC.

2 - 8 ? 0 0 c E - c 1  9 . 9 C C 0 3 E - 0 6

NODE COOF.DINATES

3 . 0 0 E - 0 r O -  00  00  0E+0  0

Z-ccord .

1
1

3
4
5
6
7
8
9

1 0
i t
! 4

: J

t 5
l o

1 7
r o

2 A
2 r
z z
2 3
2 4
t 2

2 6
2 7
2 6

3 0

z - z J L z . J ! - r ' J !

z . z J L z z L + e L

2 . 2 3 1 - 2 5 E + 0 1
z - z J t z J L + v L

z - z J t z ) L + u L

z . z J ! z l L + v !

2  - 2 3 L 2 5 8 + O !
t  -  z J  r  z J L  r ' v  !
,  - 2 3 i 2 5 n + a L
z - t 3 ! z ) L + t J !

z .  4 :  L  Z > L + {  !

2 -  23i258+OI
2 -23L25F,+OL
2 .23 i258+cL
2  -  2 3 : - 2 5 E + 0 1
2 . 2 3 i 2 5 E + A L
z . z J L z ) E + v !

z - z J l 2 v E ; + u l -

2  -  2 3 ? 5 0 8 + 0 1
2  - 2 3 7 5 4 v + O L
2 . 2 3 ? 5 0 E + 0 1
z .  z J  /  = , J L + V  I

2 . 2 3 ? 5 C E + 0 1
2  - 2 3 7  5 D E + O \
2 . 2 3 7 5 0 E + 0 1
2 . 2 3 7 5 o 8 + 0 1
2  .237  54 f ,+  AL
Z .  ZJ |  3! . ] f '+ \ . )  i

2 . 2 3 7 5 0 E + 0 1
2 . 2 3 7 5 C E + 0 1

0  -  0 0 0 0 0 E + 0 0
1 . 0 0 0 0 0 E + 0 0
2 . 0 0 0 0 0 E + 0 0
3 . 0 0 0 0 0 E + 0 0
4  -  0 0 0 0 C 8 + 0 C
5 . 0 0 0 0 0 E + 0 0
6  -  0 0 0 C 0 E + C 0
7  -  0 0 0 0 0 E + 0 c
8 . 0 C 0 0 0 8 + 0 0
8 - 5 0 C 0 0 8 + 0 C
c  | . l r . lnnnE +nn

9 . 5 0 0 0 0 E + 0 0
1  n n n n n E ' + a l 1

i . 0 2 5 0 0 E + 0 1
1  -  0 5 0 0 0 E + 0 1
1  .  c ? 5 0 0 E + 0 1
1 -  1 0 0 0 0 E + 0 i
O .  g 6 6 g g g + 0 0
1 -  0 0  0 0 0 E +  0  C
2 . 0 0 0 0 0 E + 0 0
3  -  0  C000E+ 00
4  -  0 0 0 0 0 s + 0 0
5 . 9 0 0 0 0 E + 0 0
6 . 0 0 0 0 0 E + 0 0
7 . 0 0 O o 0 E + c c
S . 0 0 C 0 3 E + 0 0
8 . 5 0 0 0 0 E + 0 0
9 . 0 0 0 0 0 E + 0 0
9  -  5 0 0 C 0 E + 0 0
1 . 0 0 0 0 9 E + 0 1

0 . 0 0 0 0 C E + 0 0
O -  g  6  g6ge+  00
0  -  0 0 0 0 0 E + C 0
0 . 0 0 0 0 0 E + ! C
C  -  0 O 0 0 0 8 + 0 0
O  -  6 g 6 g g e + O 0
0 . 0 s 0 0 0 9 + 0 c
L J .  U I J I J U U ! - U U

0  -  O C C 0 0 E + 0 !
0 . 0 0 0 0 O E + C 0
0 . 0 0 C 0 0 E + 0 0
C  -  0 0 0 0 0 E + 0 0
0  "  0 0 0 0 0 E + 0 C
0  "  0 0 0 0 0 E + C 0
0 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 C o E + 0 0
0  - 0 0 0 0 0 8 + 0 C
0  -  0 0 0 0 0 E + C 0
0  -  s 0 0 O C E + 0 C
n . 0 c 0 0 0 E + 0 0
0  -  0 0 0 0 0 E + 0 0
0  -  0 0 0 0 0 E + 0 0
0 . 3 0 c 0 0 E + 0 0
0 . 0 0 0 o C E + 0 0
C  -  0 0 9 0 0 8 + 0 0
0 . 0 0 0 C O E + B g
0 . 3 0 0 0 0 E + 0 0
0 - c c 0 0 0 E + 0 0
0  "  0 0 O c c E + 0 0
0  -  0 0 0 0 0 E + 0 0
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CHECK GECMETF,Y

A1 F,EDUCING TLANGE W,/Si iE iL

Ncde X-Cccr{ i .

t 3  i a 4  i 9 6
0 z i : 5 6 : 2 3

= = = =  I  H  A  C  5  S  ?  D
=  Q s p y r i g h t  i g )  1 9 8 4  c e l e s t i a i  s c f  t v r a r e  ] r r c -  =

I . i  e r s io r .  2 ,  C 0 7  i a i t / ? a

Y-Ccord . 7 - . - ^ ^ F . r l

. '> l

3 2
_ 1 1

3 5
3 6
3 7
3 8

; ;

4 2
4 3
4 4

4 6

4 8

5 0
51 .
5 2
5 3

5 5
5 6
5 ?
5 8
5 9
6 0
c t

6 2
6 3

b 5

5 6

5 8
6 9
i U

7 L

z .  z 3  t  a t . J l . - t J ;

l .  z J  /  i l u . t r *  L J . r

2  -  2 3 7 5 0 9 + 0 1
2  -  237  sCE+ O i
2  -  2  j i 3 7 5 E + 0 i
z - z + : t J E  r { ) -

2  -  2 4 3 7 5 8 + 0 1
2  - 2 4 3 7  5 E + C t
z , - L 4 5 i J : " + N !

2 , 2 4 3 7 5 E + A i
2 . 2 4 3 7 5 E + 0 i
2  - 2 4 3 7  5 8 +  C 7
^ . 2 4 3 7 5 E + 0 !

2 . 2 4 3 i 5 8 + a I
2 - 2 4 3 7 5 s + 0 i
l .  z 9 J  |  3 t - + u !

2  .243?  EE+At
2 . 2 4 3 7 5 8 + A L
2 . 2 4 3 ? 5 E + 0 1
1 . . ! . z r i / J L + v !

2 . 2 4 3 7 5 8 + 0 1
2 . 2 5 0 0 0 8 + 0 1 ,
2  -  2 5 0 0 0 E + 0 1 .
2 . 2 5 0 0 0 8 + 0 1
2 . 2 5 0 0 0 E + 0 1
2  -  2 5 C 0 0 E + 0 1
2  -  2 5 0 0 0 E + 0 1
2 . 2 5 0 0 0 E + 0 1
2 - 2 5 0 0 0 8 + 0 1
2 " 2 5 0 ! 0 E + 0 1
2 . 2 5 0 0 0 E + 0 1 .
2  -  2 5 0 0 0 8 + 0 i
2  -  2 5 0 C 0 8 + 0 1
2 . 2 5 0 0 0 E + 3 1
z .  z c \ . l u u - u + u - L
2 . 2 5 0 0 0 E + 0 1
2  " 2 5 O Q C E + 0 3 "
2  -  2 5 0 C 0 E + 0 L
2  -3J  SOOE+A1
2 . 4 9 6 2 5 8 + 0 1
z . o l , , f , u g f  u t

2 .  ? 3 8 7 5 E + 0 1 .

1 , 0 2 5 C 0 E + C i
i . 0 5 0 0 0 E + C i
i . C 7 5 0 0 E + 0 1
r  1 r l f i t 1 t ' l F - f l l

U . J " . , ' U | J U E . ? U U

1 - 0 0 0 C 0 E + C 0
?  n n n a n F + n n

3  -  0 0 0 C 0 E + C C
+  "  C 0 C 0 S E + 0 0
5 - C 0 C 0 C E + 0 0
6  -  0 0 0 0 c 8 + 0 0
7  -  0 0 0 0 0 8 + 0 0
3  -  0 0 0 0 C 8 + 0 C
8  "  5 0 0 0 0 E + C 0
9  -  0 C 0 0 0 E + c 0
9 . 5 C 0 0 . i E + 0 0
L  .  0 0 0 0 0 E + 0  L
1 . 0 2 5 0 0 E + 0 1
1 - 0 5 0 0 0 E + 0 1
1  f i T q n n F r n l

l - .  _ L d u u ! E  + u !

C - C 0 0 0 C E + C 0
i . C 0 0 0 0 E + 0 C
2 " g g 9 g g g + 0 0
5  -  U U - ' U ! ! + \ J r . )

4  -  0 0 0 0 0 8 + 0 0
5  -  0 0 0 c 0 9 + 0 0
6  -  C D 0 C 0 E + 0 0
? .  C 0 0 0 0 E + 0 0
8 . 0 0 ! 0 0 E + 0 0
8  -  5 0 0 0 0 E + 0 0
9 - C C 0 0 0 E + 0 0
9  -  5 0 0 0 0 E + 0 0
i  -  0  0  0  0 0 E + 0 1
1 -  0 2 5 0 0 E + C i
1 -  0 5 0 0 0 E + 0 1
1 -  C 7 5 C C E + 0 1 .
1 -  1 0 0  0  0 E + 0  i
1 . 0 C 0 0 C E + ! L
. i , - u u u u u I , = ! i

, L .  u J l J U U S r U r

i  -  0 0 0 0 0 E + 0 1

U .  L l U T J U L J . 4 + I J U

0  -  0 0 0 0 0 8 + C 0
0  -  0 0 C 0 0 E + 0 $
0 .  C 0 0 0 0 E + 0 0
0 - C 0 0 0 0 E + C 0
0 -  0 0 0 0 0 E + 0 C
c  -  00  00CE+ 0  c
U . U U U ' J U i . ' U U
n  i . l n a n n F + a n

0 . 0 0 0 0 0 E + 0 0
0  -  0 C 0 t 0 E + 0 C
U .  U U I \ , ' U g =  L ' U

0 , 0 0 0 0 O 8 + C 0
0 .  C 0 C 0 0 E + 0 0
0  -  0 0 0 s 0 E + 0 0
C . 0 0 0 C 0 8 + 0 0
C .  C  0 0 0 0 8 +  0  0
0 . 0 0 0 C 0 E + 0 9
0  -  CC0 l30E+CC
0 . 0 0 0 0 C E + C C
t r  -  ! U U U ! g ' r U U
- .  g g 3 6 6 g + 0 0
0  -  0000  0E+  CC
0 .  C 0 0 0 0 8 + 0 0
0  -  0 0 C 0 C E + 0 C
0 . 9 0 0 0 0 8 + c c
C  -  0 0 C 0 0 E + 0 0
C . 0 0 0 0 0 E + : i 0
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0 - 0 o C E + 0 0
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0 . 0 0 C E + 0 0
0  -  0 0 0 E + 0 0
0 " 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
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0 - 0 0 0 E + 0 0
0 . 0 o 0 E + 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
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0  -  0 0 0 E + 0 c
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O  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
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0 . 0 c O E + 0 0
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0 . 0 0 0 E + C 0
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0 - COOE+ 0 0
0  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 8 + 0 C
0  -  0 0 0 E +  0  0
0 . 0 0 0 E - 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 c
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 - 0 0 0 8 + 0 C
0 - 0 C 0 E + 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 3 E + 0 0

0 . 0 0 0 E + 0 0  0 .  C 0 C E + 0 0
0  -  0 0 0 E + 0 c  0  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 O  0 .  C C 0 E + 0 C
0 - 0 0 0 E + C 0  C - 0 0 0 E + 0 C
C  -  0 O O E + 0 C  0 .  C 0 0 E + C 0
0 -  0 0 0 8 + 0 0  0  -  0 0 0 E + 0 0
0 . 0 0 0 E + S 0  0 . 0 0 0 E + 0 0
0 . C 0 0 E + 0 0  0 " 0 C 0 E + 0 0
0  -  C 0 0 E + 0 0  0 . 0 0 C E + 0 0
0 . 0 0 0 8 + 0 0  0 - 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  0  -  0 0 0 E + 0 0
0 - 0 0 0 E + 0 0  0 -  0 0 0 8 + 0 0
0 - C 0 0 E + 0 0  0  -  0 0 0 E + 0 0
0 . 0 C 0 E + 0 0  0  -  0 0 0 8 + 0 0
g . 6 g g P + 0 0  0 . 0 0 0 E + 0 0
0  "  0 0 0 E + 0 0  0 , 0 0 C 9 + 0 0
0 - 0 0 0 E + 0 0  0 - O C 0 E + C 0
0 - 0 0 0 8 + C 0  0 - C 0 0 E + 0 0
C  - 0 0 0 8 + 0 0  0 . 0 0 0 E + 0 0
0 - 0 c 0 E + 0 0  0 - 0 0 t 8 + 0 0
0 - 0 0 0 E . 0 0  0 . 0 C 0 E + 0 0
C  - 0 0 0 E + 0 0  0  -  0 0 c E + 0 0
U .  U U U ! . + U U  U .  U . \ ) ( , E T U U

0  -  0 0 0 8 + 0 0  0 , 0 0 0 E + 0 0
0 . 0 0 0 8 + 0 0  0  -  0 0 0 E + 0 0
0  -  0 0 0 E + 0 0  0 . 0 9 0 E + 0 0
0  "  0 0 0 8 + 0 0  0  -  0 0 0 8 + 0 0
0  -  0 0 C 8 - 0 0  0 .  0 0 0 E + 0 0
0  -  0 C 0 E + 0 0  0 . 0 0 0 8 + 0 0
0  -  0 0 0 8 + 0 0  0 . 3 0 0 E + 0 0
0  -  0 0 C 8 + 0 0  0 . 0 0 0 E - 0 0
0  -  0 0 0 E + 0 0  0 . 0 0 C 8 + 0 0
0 , 0 0 0 8 + 0 0  C . 0 0 0 E + 0 0
0  - 0 0 0 E + 0 0  C .  C 0 0 E + 0 0
6 - g g g g + 0 0  0 - 0 0 0 E + 0 0
0  - 0 C 0 E + 0 0  0  -  0 0 0 E + 0 0
c . 0 0 0 E + 0 0  0  -  0 0 0 E + 0 0
0 - 0 0 0 E + 0 0  0  -  0 0 0 E + 0 0
n - o 0 0 E + 0 0  c - c 0 0 E + c c
C - 0 0 0 E + 0 0  0 - 0 0 0 8 + 0 0
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- O - J U Y E _ U 4

-2  -283E. -06
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5 - 3 9 0 8 - 0 5
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1 -  4 0 7 E - 0 4
1  . 4 9 0 E - 0 4
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1 . 4 5 0 E - 0 4
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Y - / Z t E - w J

9  -  5 5 7 8 - 0 5
9  -  2 6 3 E - 0 5
8 . 6 8 1 8 - 0 5
6 .  J Y I E - U f

8 . 6 1 2 E - 0 5
9 - 0 1 5 E - C 5
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1  -  0 0 5 E - 0 4
9 .  5 6 5 5 - 0 5
8  -  6 7 7 8 - 0 5
7 . 3 0 8 E - 0 5
! .  t !  /  t  - v . ,

1 - 3 7 5 E - 0 4
r  .  + J J ! - - U . !
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. t  .  J I O E - 1 , r 9

! - z z z E - v . x
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9  -  Z | ) J i - - U )

8  -  4 8 0 8 - 0 5
?  -  4 3 0 E - C 5
D .  U J 1 T 1 _ U 3

0  -  0 C 0 8 + 0 0
c .  0 0 O E + 0 0
0  -  0 0 0 E + 0 0
p .  g g g g + 0 0
0 . 0 0 0 E + 0 0
0  - 0 O C E + 0 0
0 . 0 C 0 E + 0 G
0 - 0 0 0 E + 0 0
0 - 0 0 0 E + 0 0
0 . 0 0 0 E + 0 C
g -  g  ggg+  00
0 . 0 0 0 8 + 0 0
0 . 0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 8 + 0 !
0 . 0 c 0 8 + 0 0
0 - 0 0 0 E + 0 0
0 . 0 0 0 8 + 0 0
0  -  0 0 0 E + 0 0
0  "  0 0 0 E + 0 0
0  -  0 0 0 8 + 0 0
C . 0 0 0 E + 0 0
0 . 0 0 0 8 + o 0
0  -  0 0 0 E + 0 0
0 - 0 0 0 E + 0 0
0 - 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
0 . 0 0 0 8 + 0 0
0  -  0 0 0 E + 0 0
0  -  O 0 C E + 0 0
0 . 0 0 0 E + 9 0
0  -  0 C 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 8 + 0 0
0 . 0 C 0 9 + 0 0
g .  g g 6 g + 0 0
0  -  c 0 0 E + 0 0

0  -  0 0 0 8 + 0 0
0  -  0 0 0 E + 0 0
C . 0 0 0 E + 0 0
0  -  0 0 0 8 + 0 0
g - g g g g + 0 0
g  -  C 0 0 E + 0 0
0  "  0 0 0 8 + 0 0
0 . 0 0 0 E - 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 E + 0 c
0  -  0 0 0 E + 0 0
0 .  C 0 0 E r 0 0
G - 0 0 C 8 + 0 0
0 . 0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 8 + 0 0
0  -  0 0 0 E + 0 0
0  -  0 0 0 E + 0 c
0 . 0 0 O E + C 0
0  -  0 0 0 E + 0 0
0  -  0 9 0 E + 0 0
0  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
8  -  000E+  0  0
0 - 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
0  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0 - 0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0
C -  0O0E+ 0  C
0 - 0 0 0 E + 0 0
0  -  0 0 0 8 + 0 0
0 - 0 0 0 8 + 0 0
0 . 0 0 0 8 + 0 C
0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
C - 0 0 0 8 + 0 0

0 - 0 0 0 8 + 0 c  0 - 0 0 0 E + 0 0
0 -  0 0 0 8 + 0 0  9 . 3 9 3 3 + 0 0
g - g g g g + 0 0  0 - 0 C C E + O 0
0 - 0 0 0 E + 0 0  0 - 0 0 0 E + 0 0
g  -  g g 6 9 + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 0 8 + 0 0  0 - 0 0 0 E + 0 0
0 . 0 0 C E + 0 0  0  -  0 0 C E + 3 C
0 . 0 0 0 E + C 0  0  -  0 0 0 E + 0 0
0 - 0 0 0 E + 0 0  0  -  0 0 0 E + 0 0
0  -  0 0 0 E + 0 0  0 - 0 C C E + 0 0
0 - 0 0 0 E + 0 0  0 - 0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0  0 . 0 0 0 8 + 0 0
9 .  g g 6 9 + 0 0  0 . 0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  0  -  0 0 0 8 + 0 0
g  -  g g 6 9 + 0 0  0 . 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0  0 - 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  0  -  0 0 0 E + 0 0
0 - 0 0 0 E + 0 0  0 - 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  0  -  C 0 0 E + 0 0
0 - 0 6 0 8 t 0 0  0  -  0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  0 - 0 0 0 8 + 0 0
0  -  C 0 0 E + 0 0  0 . 0 0 0 E + C 0
0  -  0 c 0 8 + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 C  0 .  C  0 0 8 + 0  0
C  -  0 0 0 E + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 C E + 0 0  0 . 0 0 0 E + 0 C
0  -  0 0 0 E + 0 0  C . 0 0 0 8 + 0 0
0 . 0 0 0 8 + 0 0  g .  g g 6 g + 0 0
0 . 0 0 0 E + 0 0  0 . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0  g .  g g g g + 0 0
0 . 0 0 0 E + 0 0  0  -  0 G 0 8 + 0 0
0 - 0 0 0 8 + 0 0  0 - C 0 0 E + 0 0
6 .  9 6 g g + 0 0  0 . 0 0 0 8 + 0 0
0  -  0 0 0 8 + 0 0  0 . 0 0 0 E + 0 0
0  -  0 0 0 8 + 0 c  0 . 0 c c E + o 0
0 . 0 C 0 E + 0 0  0 . 0 0 0 E + 0 0
0  -  0 0 0 E + 0 0  0 . 0 0 0 E + 0 0
! . 0 C 0 8 + 0 0  0  -  0 { i D E + 0 0
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i l e c ' i  ^ h  i 6 l n h a - . f  : - r a  i  <
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q h a l  1  f  h i  c ' * n o < <

M . 1 _  r ' l  ; <  E s a n h r  ; F ^ H  i h h ^ . t

Al  l o r . rab f  e  tens i i e  s t ress
Lug  i . eng th .  c i r c  d i rec t l c ; . '
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Ci rcurnf erel l t  i  a1 shear
Lcnqi tuC j-nal  shear

P r = 0 l b f
Mc  =  C  1b - in
M t  =  1 7 ? 7 0  l b - i n

-t7L = 4902 l"bf

S t resses  a t  t he  i ug  i n te r face  pe r  WRC bu f i e t i n  10?

Geomet r i c  f ac to r  gamma =  1 i9 .5
q t - 6 a c  a . \ ? r . . a } 1 + F . i i  ^ h  F . - l - ^ r  : u a h  I  ! - F n < i . \ t . t  l

St ress  eoncen t ra t i on  fac to r  Kb  i bend inq )

F rorn be ta
c j - r c u m f e r e n t l a L  (  h o o p  )  s i r e s s  p s i
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4Cx
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.i- J.t

I J {
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i : - o / l
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- u z 5

0
0

0
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0
0
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g

0

0
0
0

0
0
0

0
0
!
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z . z L z > a j j + Q r
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- 3 .  ? 0 3 2 6 9 + 0 0
_ 4 . 6 6 5 0 2 8 + 0 0
- 5 . 6 1 7 9 0 E + 0 0
- 6  -  5 6 0 0 9 8 + 0 0

g  -  g  g  9969+O 0
- 9 . 1 3 5 0 0 E - 0 1
- . L  -  6 1 3 9 i } r , + u u
-2  -734448+AO
- 3 . 7 0 3 2 5 E + 0 0
_ 4  _  5 6 5 0 2 8 + 0 0
_ 5 . 6 1 7 9 0 9 + 0 C

0 . 0 0 0 0 c 8 + 0 0
- o  1 ? q n n E ' - n 1
- 1 _ 8 2 5 4 8 8 + 0 0
- z - | 3 + + . ! t + v v

_ "  -  7 0 3 2 6 E + 0 0
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FAGE
P R O C E S S O R  S Y S T E M S  S , z N : 8 C 1 7 4 3 A

t tuAi r Er{ 4l- _r

a 2 / 1 4 , / 9 5 +q
I J : J U : I U

- - - - 1 _ M l . = F q ? n

=  Copy r igh t  i c )  1984  ce les t : -a i  so f iwa re  Inc -  =

C:igCK GEOMEIRY V e r s i o n  2 . 0  A " i  / C ! / 9 4

DEFLECTIONS

Ncde

JACKING LUG

x-uooro.  - Y-Ccord  -

i i  -15

1 L o

1 1 8

L 2 A
72r
L 2 2
! 2 3

\ z o
L 2 7
L  Z a

1 a n

1 31_

1 l J

- L J +

a J 3

t J o

1 ? =

1 A q

1 5 v

t4a
1 4 1

1 4 3

i 4 5
7 4 6

i 4 8

i 5 1

t a  t

t _ 3 5

i S t t

t  -  i  r b . ,  t r r i u - i
1  1 1 q ? K E ' r n 1

r  -  . i . . i - O  /  f L + L ' f

- L  -  Z  Z a t J V  t ! +  V  I
1  1 a  C  n  a ' ! A 1 n  l

1  ? ? E n n F + n 1

- L - , Z l f , U L l . i + U l

I - I Z ) U U t r + U j .

. i .  . l z f u u E i u t

1 - 2 2 5 0 0 E + 0 1
. . 2 2 5 9 6 9 + 0 1
L  -  J  5 - L  Z 3 g + U  t -

. t  -  J J  r Z f , . t r  r r J . i .

- i  -  J J 1 Z 3 t " + U i
1 - 3 3 1 2 5 E + 0 i

. t  .  J J a l f , - L + U i .
1  ? ? i  t < F r a  l

L  -  J  J  - L  l : _ L +  U  I

t - 3 i ) - z a t + u !

r - 1 z z > z E r v L

L . 9 : Z Z Y I E + v !

: . - . t z z Y z L + u L

L - l Z Z t Z E a U L

r  -  t i  z  z Y  ! L , + v  !

1  -  a 2 2 9 2 E + A L
r  .  + z z Y z L ' r v  !

. I - + z z a z ! . r v L

1 - 5 1 4 5 8 E + 0 1
1 - 5 1 4 5 8 E + 0 1
1 -  f , _ L z { 3 0 r , + u t

i  . 5 1 4 5 8 E + 0 1
1 . 5 1 4 5 8 E + 0 1
i - 5 1 4 5 8 E + 0 1
1  .  5 1 4 5 8 E +  g 1
1 . 5 1 4 5 8 E + 0 i
1  < n A l R L ' ! n i

- L  -  p u o z 3 . t r + v r

-! -  o - o z 3.E+ u !

L  .  o u D z f  . a + u i

L . o u o z ) g + u r
L - t ) u { ) l f , t s r u r

1  -  O U O Z l i l + U r

2 . 1 4 5 ? 1 s + C 1
z - z q i t S L + v L

Z -  Z q L a Y ! i + \ J i

z - z J o J ! E i \ i . t

z . z z i J J t + u L

2  - 2 7 2 9 8 E + A ' J .
z - L Y + i z ! . + J L

z . ! / z t o L + J . i -

2 - 1 4 5 7 1 E + 0 1
2 - Z t ! 3 t 3 L + J r

z - 2 , + ) . o Y r - + v r

z - z J o 3 . J . L + V L

z . z z t v J ! . + v !

z . I ) - z Y o E + u . L

z .  L Y . !  t  z E  + r  L

2 .  L 4 5 7  ! E + A !
z - t + J i J t + v r
2 - 2 4 1 8 9 8 + 0 i
z . l 5 0 J r t + u l

t . z z l u J L + Q t

2 -2L2988+OL
1 -  -  t > . !  ,  z E  r v  ) ,

z .  ) .  /  z z o E - + t !

Z - L q J / ! L + \ ) !

2  .2437  5E+CL
z - 4 + L c > E r u L

2  .2363LE.+07
2  -  22?  03E+  A1
z - z l z Y o L + \ J L

2 . ] -9472F ,+A I
Z  -  r  !  I l 6 L r r ) ;

Z .  L . } J  J  L L + U  L

2  - 2 4 3 7  5 E + C i
z . z . ! t o Y t + Q L
z - z J a J L L + V t

z - z z t v J E ' r v t

z .  z  L  z >  o L +  9 . i -

2  - L 9 4 7 z E + A l
2  _  i 7 2 2 g g + A i

- 4 . 6 6 5 0 2 E + 0 0

_ O .  C P U U Y E = U L J
1 1  n 1 1 a 1 n n F a a r n

- 1 . 8 2 5 4 8 E + 0 0
- -z  -  /  J f t+1 | r .+uu
- 3 . 7 0 3 2 6 8 + C C
- 4 - b o S u z g + u u
- 5 . 5 1 7 9 0 E + C 0
- c  -  3 0 u u Y . t r + u u

C  _  0 0 0 0 o E i 0 C
- Y .  - L J ) U U - t r - U . L
- 1 . 8 2 5 4 8 E + 0 0
- l  -  J  J . c t t E + U r J
- 5 -  / U J Z O . t r + U V
- 4 - O O 3 U Z 5 + U L l

- b  -  3 0 u u : r t r f  u u
6  "  g 6 g g g 6 + 0 C

- 9 . 1 3 5 0 0 e - 0 1
_ 1 . 8 2 5 4 8 E + 0 0
- 2 . 7 3 4 4 4 E + 0 8

_ 4  -  6 6 5 0 2 E +  0 C
- l  -  o i -  / : r u f  + ! u
- O . J O U U Y . t r + U \ J

n  . . r . l aa l l . )F rnn

- Y .  - L J 3 U U t r - U !
_ 1 . 8 2 5 4 8 E + 0 0
- 2 .  /  J t t . t i f  f  u u
- 5 -  / U 5 Z C t + U U
- 4 . 6 6 5 0 2 E + 0 8
_ 5  _  6 1 7 9 0 E + 0 c
- o  -  S c u u Y l i + u u

n  a ' n n n n F a n n

- 9 . 1 3 s 0 0 E - 0 i
- i  . 8 2 5 4 e E + 0 0
_ z -  | J . a . 7 . r E r v v
- 3 . 7 0 3 2 6 E + 0 0
_4  _565A28+OO
_ 5  _  6 1  7 9 0 E + 0 0

Rwision No. 0
Doc. No. V049-1+t6
Pase 49 of 70



KOCH PROCESSOR SYSTEMS
PAGE 8

+t - tJ l t , - I t  I1  -n -  -L

S , r N : 3 0 1 7 4 3 4
1 3 : 3 0 : 5 8

c ? ! r .

=  C o p y " i g h t  ( c )  1 9 8 4  c e l € s t i a l  S o f t w a r e  I n c -  =

€TiECK GEOMETRY v e r s i - o n  2 - 0  O T  i A l / 9 0

'EFLECTIONS

a 2 / L 4 / 9 6 ?U

Ncde

JACKiNG LUG

X - C c o r d . Y-Cocrd  - Z - C o c r d  .

i 3 c

1 5 8
t ) Y

l c u

L O Z

1 C J

l o a +

1 C )

- L O O

1 0 , ,

i 6 8
l  r i o

1 . ? n

L 7 I
7 7 2
i ' 7 2

- t  / 5

. L  / O

1 7 7
1 ' 1 9

1 8 0

j - d z

! a J

_ L O 9

J . A O

747
i t s 6

1 8 9

- t v t -

L v J

1 9 4
L 9 5
i v o

1 . 5 0 6 2 5 E + 0 1
1 . 6 9 7 9 2 E + 0 i
1 . 6 9 7 9 2 E + 0 1
I . C Y  l  Y Z t  + \ r  L

) .  - O Y  / Y Z L + Q L

t  -  597 928+OL
1  .  6 9 7 9 2 E + 0 1
L - o 9 t v z t \ + u r

1 . 7 8 9 5 8 E + 0 i
l .  /  c Y f , o l l + u t

1 . 7 8 9 5 8 E + 0 1
- 1  .  / O : r C O E + r J i

, . 7 9 9 5 9 e + 0 1
1  .  . /  1 1 y f , i 1 l : + U  I

1 . 7 8 9 5 8 8 + 0 1
1  .  ? 8 9 5 8 E + 0 1
r .  o o  i 2 f , . t r + u  . l

1 . g g 1 2 S E + 0 j .
1 -  8 8 1 2 5 8 + C 1
i  -  a o  r z f , E + u  - !

- L  .  O O - L Z J t l + U J

1 . . 8 8 1 2 5 E + 0 1
1  . 3 8 1 2 5 E + 0 1
l - o o r z 3 . t r + u r
1  .  9 8 7 5 0 E + 0 1
1  "  9 8 7 5 0 E + 0 i
1  . 9 8 7 5 0 E + 0 i
1  . 9 8 7 5 1 E + 0 1
i  -  9 8 7 5 0 8 + 0 1
l .  -  9 8 7 5 C E + 0 1
1  "  9 8 7 5 0 E + 0  i
1 . 9 8 7 5 0 E + 0 1
2  - 0 9 3 7 5 E + 0 1
z  -  u ) . 7  i  J t L + v  I

2 . 0 9 3 7 5 E + 0 1
2 - 0 9 3 7 5 8 + 0 1
l . u v 5 / ) E + u . l
Z . U Y J I S L + I L

2 . 0 9 3 7 5 E + 0 1
z . v Y J t ) E + u ) .

2 . 2 C 0 0 0 8 + 0 1

Z .  L + J  I  L 1 1 + U !

2  - 2 4 3 7  5 E + Q 7
z . z . t L o > r - + ! L

' z - z s t J J I t i u . l

2  .227  A3E+Oi
z . z ! z Y o L + u t

z - ! t + t z E l v L

z - t ! z z o E + u L

2  -  i 4 5 7 1 E + C 1
z - 2 . ] J t J L , r u L

z  .  z +  . i - o Y L + v  !

Z . Z 3 D 5 . L L + J L

z - z z i t J J t + v !

z . z . : . t Y o L + v !

2  -79472F '+A I
2 . L 7 2 2 8 8 + A !
Z .  L ' } J  I  L L + U  L

Z . I + J I J L + J :

z - z l L a J E - : ' l J L

I  -  l S A J  ) . L + \ . t i

z - z l t a S L + u L

l - z ) . z Y o t + v !

, 1 ,  -  L Y . t  I  Z L + V  I
1  1 ? r ' t a F r a l l

2  -  1 4  5  7 1 E + 0 1
2  .2437  sE+Ol
z  -  z . a  ! o t L - r v  L

z - z J o J l t + t J L

z - z z / u 5 L + u t

1 , - Z T Z Y O L + U t

2  .19472y+41
2  - 1 7 2 2 8 8 + O 1
z - ! + 2 | ! L + V L

2 -  243i  5E+OL
2 -241999'+Oi
z .  z J o J ! E + u t

2 . 2 2 7 O 3 E r C 1
z .  t L z J d L + u  L

2 . L 9 4 7 2 8 + O I
z . L t z z c L r u L

2  -  i 457  IE+AL
2  - 2 4 3 7 5 E + O l

. C . 3 O U U : ' E + U U

0 . 0 0 0 0 o E r 0 0
- 9  -  1 3 5 0 C E - 0 1
_  1  . 8 2 5 4 8 E + 0 0
- 2 . 7 3 4 4 4 E + 9 4
- J  -  / U J - z O I ! + U U
- 4 .  b O J U z E f  U U
- 5 . 6 1 . 7 9 0 E + 0 0
- 6  -  5 6 0 C 9 8 + 0 0

0  -  0 0 0 0 0 E + 0 0
- Y - . L 5 f , U U E - U L

- - L  -  O Z f , + O l : + U l - l

- z  -  |  5 9 . r + L ' r  v u
- 5 .  / U J Z O . L + U U
_ 4  -  6 6 5 0 2 8 + 0 0
- f  ,  o :  /  Y U i l + u u
- b  - : l o u u : r 1 1 + u u

0 . 0 0 0 0 0 E + 0 C
- 9 -  1 3 5 0 0 8 - 0 i
- 1 . 5 1 3 + O ! . + U U

-  Z .  l  J i t * + i J +  V V
- J .  /  U J Z A E f  U U
_ 4  -  6 6 5 0 2 E + 0 0
- 3 . O r . ' v u E r v L J
- o .  c o u u Y E ' r u u

0 . 0 0 0 0 0 E + 0 0
- : r  -  l J S u u t  - u J .

- i  -  o 2 f , 9 0 ! , + u u
- 2 .  |  5 + + q a + v v
- J .  / U J Z O E + U U
-  4 -  66542E+AO
- : t  -  o r  / v u E  r u u
_ 6 . 5 6 0 0 9 E + 0 0

0 . 0 0 0 0 0 E + 0 0
- 9 .  r 3 5 0 0 E - 0 1
_ 1 . 8 2 5 4 8 E + C 0
_ 2 .  i J . r . ! . t L + v v
- J .  / r i . i ' z O l ! + ! j U
_ 4  -  5 5 5 0 2 E + 0 0
- 5 . 6 1 7 9 0 8 + 0 0
_ 6 . 5 6 0 0 9 8 + 0 0

0 - 0 0 0 c 0 E + 0 0
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K O C I I  P R O C E S S O R  S Y S T E M S  S , / N : 8 C 1 7 4 3 A 0 2 / 7 4 / s 6  6 l
L J : l - ! : - t /

- - - - : -  M  n  a :  t  c  I  n

=  capy r igh t  i c )  i 984  Ce ies t i aL  So f t \ ' r a re  Inc .  =

-C:{ECK GEOMETRY V e r s i o n  2 . 0 0 7 / a i / 9 4

ADAPTER A-1 JACK;NG LUG DEF'LECTIONS

Node X-Coord . Y -Coc rd  - Z- coorC -

! Y C

1 9 9
2 A C
241
z v L

203

2 0 5
246
2C7
Z U O

2 1 0
21\
2 ! 2
2 ' r 3
z  L . !

2 1 5
z l o

2r ' l
2 1 8

2 2 3
2 2 1

2 2 3
27 ,4
2 2 5
z z o
2 2 7
2 2 8

2 3 0
231
2 3 2
z s 3
2 3 4
z 5 a

z i o

2 3 7
238
239

z - z v v u u E a u . L

2 . 2 0 0 0 0 E + 0 1

?  ? n n n n F + n :

I , .  Z U U U U I l + U i

2  . 2 0 0 0 0 8 + C  1
Z .  l , l J t J U \ J E  t U  J -

. z  -  J U O . Z 5 t s  + U r

2 . 3 0 6 2 5 8 + 0 1
l - J U O z : l i , + u 1

Z  .  J U D  Z ) L +  U  i

z  -  J u a z ) E  + u  L

,  - 396258+a i
Z . J U O Z J , i I + U i

z  .  J J A  Z ) L + U  I

r - J 5 i z f , E , + i . l t

1 . 3 3 1 2 5 8 + 0 1
- 1  .  J 5 - t Z 3 1 1 + U  L

1 - 3 3 1 2 5 E + 0 1
1 - 3 3 1 2 5 8 + C 1
i  .  J J i . 4 S . g + u - t

- 1  .  J J - ! Z 3 E + U L

l ' . J J I Z f I + U I

1 - 3 3 1 2 5 8 + 0 1
1 -  3  3 1 2  5 E +  0 1
- t  .  J 5 1 Z 3 i 1 + U  l
1  ? ? 1 ? E F a i _ J 1

t  - + z z Y z L r l L

L  - . t z z Y z E  r u  L

r - . t z z Y z L + v !

L . . t z z J z E + v L

1 . 5 1 4 5 9 E + 0 1
1 - 5 1 4 5 9 E + 0 1
J . .  C . t + 3 : r . A ? U - i .

- L  -  t r _ t 4 J 9 1 1 + U 1
i  -  c u o z o . a + u l

- t  - c u o z o E + u - L

1 - 5 0 5 2 6 E + 0 1
1  . 6 0 6 2 6 8 + 0 1
1 . 6 9 7 9 3 E + 0 1
1  6 ' C ? C ? F ! n 1

_i. - ov / v 5.L+ u -l.

z - 1 , . + L O Y L + U L

z  -  z J o J - t t 1 + u 1

z - z z i u J L + u L

2  - 2 i 2 9 8 8 + C 7
2  -794728+A!
z - ! | t z o t t + J t

2  - 7 4 5 7  ! E + r !
^ - 2 4 3 7 5 9 + C 1

z  -  - 1 , +  L O Y L + U  L

Z . Z J O J I L + V . L

2  . 2 2 7  A 3 E + g L
z . z ! z Y a L + u L

z  -  ! Y . 1  I  Z L r  I  L

z - L t z 4 , o ! . + u !

2 -  1 4 5 7 1 8 + 0 1
z - 5 - L O l D t 1 + U r

2 . 4 6 8 7 5 8 + C L
2 - 6 1 8 7 5 E + 0 1
Z . J z O I J j | , + U L

2 . 3 1 8 7 5 E + 0 1
2 , 4 6 I 7 5 E + 0 1
. 2 .  o 1 6 , / 5 E + U l

2 . 7 6 8 7 5 E + 0 1 -
z . J _ ! o / J r , + u - L

2  -  4 6 8 7 5 E + 0 i
2  .678?  5E+CL
l -  / o 6  / f  - t r + u t

l . J i o l c ! . + u t

2 . 4 6 8 7 5 E + 0 1 .
2  -6187  5E+C7
2  - i  687  9E+AL
l  -  J _ 1 5  /  f , r + U t

2  .4687  5E+C!
I  .  O  I  b  , '  J E +  U  !

2 - 7 5 4 7 5 E + 4 7
2 . 3 ! o  /  J E + , )  !

2 . 4 5 8 7 5 E + 0 1
, . 5 i 6 7 5 s + 0 1
z  -  /  o o  ? : t l l + u t

2 . 3 1 8 7 5 E + 0 1
2 . 4 0 8 7 5 E + 0 1
z - t r f o l J r - + u J .

- Y . I J J U U t r - U I

- i . 6 2 5 4 8 8 + 0 0
- z -  1  . 5 1 1 + E  +  U \ )
- 3  -  7 0 3 2 6 E + 0 0
- 4  -  6 5 5 0 2 8 + 0 0
- 5 - 6 1 7 9 0 E + 0 0
- 6  i A n n O F + n n

3 . 0 0 0 0 C E + 0 0
- 9  -  i 3 5 0 0 E - 0 i
_ ,  _  9 2 5 4 6 9 + 0 0
- z  -  t  5 .+ .+4  E -+  UV
- 3 . 7 0 3 2 5 E + 0 0
_ 4 . 6 6 5 0 2 E + C 0
- 5 - 6 1 7 9 0 E + 0 0
- O .  f  O U U Y E . + U I J

0  -  0 0 c 0 0 E + 0 0
C . 0 0 0 0 0 E + 0 0
0  -  0 0 0 0 0 8 + 0 8
0 - 0 0 C 0 0 E + 0 0

- : ,  -  - L  i c u u g - u  i

- 9 . 1 3 s 0 0 E - 0 1
- 9 - 1 3 5 0 0 E - 0 i
- 1  e ? R < n ! ' a n n

_ 1 - 8 2 5 5 0 8 + G C
-  T  "  d Z f  J U A + U U
- i  - 8 2 5 5 0 E + 0 0
- 2 . 7 3 4 4 4 8 + 0 0
-2  -734 ! ' 48+AO
_ 2 . 7 3 4 4 4 8 + O O
- z  -  /  J 9 9 + - g + U U
- 2 , 7 3 4 4 4 E + C a
- 2 . 7 3 4 4 4 8 + A A
-2  -734448+0A
- 2 . 7 3 4 4 4 8 + O O
_ 2 . i 3 4 4 4 E + A A
- 2 . 7 3 4 4 4 E + 0 0
-2  -734448+C0
- 2 .  |  5 4 . r . ) E . r v v
_z  .7  34448+  OO
- 2 . 7 3 4 4 4 8 + a c
- 2 . 7 3 4 4 4 8 + Q g

Revision No. 0
Doc. No. V049-1-046
Page 5l ofTO
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S D A P T E R  A - 1

Y - C o o r d  -

c 2 / i 4 i 9 6

Aspect  Plate

Rat  j ,o  Type

c i T \

=  Copy r igh t  ( c )  19E4  Ce ies t l a i  So f  t i t a re  Inc -  =

-CHEEK GEOMETRY v e r s i o n  2 . 0

DE FLECT IONS

J 7  / A L  i 9 0

$ocie

JACKfNG LUG

X-coord -

24A
z + i

243

z . i c

246

248
249

2 5 1
2 5 2
2 5 3
2 5 4

255

i  -  o Y  - ,  Y t t l f u l

1  -  7 8 9 6 C E + 0 1
1  -  7 8 9 6 O E + C i
1 - 7 8 9 6 0 E + 0 1
i  . 7 8 9 5 0 E + 0 1
i  "  I 8 1 2  7 E + 0 1
1 . 9 8 1 2 7 E + 0 1
1 -  8  8 1 2 7 8 +  0  i
1 -  8 S 1 2 ? E + 0 1
i . 8 8 1 2 ? E + 0 1
r . . 5 O J . Z  /  g +  L , . i .

i . 8 8 i 2 7 E + 0 i
. l -  -  t ' 612  i . ! ^ i u_L

1 . 8 8 1 2 7 E + C 1
7  - g e t 2 7 E + A L
1 . 8 8 i 2 7 E + 0 1
_ t - b c l z / - E ; + u r

2 . 7 6 8 7 5 E + 0 1
l  -  l l a J  /  5 . L + u 1

2 . 4 6 8 J  5 E + O !
l - 5 . i o t f t r + u f

Z - / 6 o l 3 E + i t

. z  -  J_L  d  1 f , . L+U  i

2 . 4 6 8 7 5 E + 0 1
z - o - L t  1 : ) ] 1 . i u  I

, . 7 6 3 7 5 u + 0 1
l . J 1 d / 3 E * U f

l  -  + o d  /  3 E + u r

, z  -  b_ r  b  /  5_L+u  1

t - , ' b u l l t l + u l

t . J L i , i i L + V !

z - + o o / f , 1 1 + u r

t . b - L u / f , t + u l
?  ? 4 a 7 R E ' t n 1

-2  .7  34448+  3A
- z - I J . t + + L + V t J

- 2  -  7 3 4 4 4 E + 0 0
- t ' T a L A A E + i n

- 2 . 7 3 4 4 4 8 + A O
- - L .  O Z 3 . i . * E + U r . l
- t - b t f c + . t r + u u
- i  . 8 2 5 4 4 E + 0 C
- i . 8 2 5 4 4 E + 0 0
- Y - L Z I Z U L - V i

- Y - ! Z i Z V L - U t

- Y  -  ! L  t  Z V E  - J t

- t . ! ! t 4 u r , ' v !

0 -  0 00 00!=+ 0 C
n  n n n O a E  + n n

O .  g g g 6 g A + 0 C

c . 0 0 0 0 0 E + c c

N o d e s

PLATE ELEMENT CONNECTIVITY

M a t

L  N o .  T h i c k n e s s

Shear Web

A r e a  T h i c k n e g s

OUAD
QUAD
QUAD
qUAD
QUAt
9UAD
QUAD

9UAD
OU}.D

QUAD
9UAD
OUAD

0uAD
h . )

-
v

t
.}

J

;
6

E

1 0
i L
7 2
. L J

-t tr

, L O

! 7

L 2
l l

I 4
t f ,

.i, o
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t - 3 r i l . 9 - u J

J  -  ! L . z  1 E - U J
- l  -  J f , l ! , - u . t

Y . Z i  I  L - V . t

l .  + o o 1 1 - u J

Z  -  - L O i r - U J

0 .  C 0 0 E + 0 0
0 . 0 0 0 E + 0 0
C  "  0 0 0 8 + 0 0
0 - C 0 0 E + 0 0

- l  - : r f , o . ! ! - t r J
- 2 . : r i r . L - u J

- 5 - 5 / ) . t r - U J

- 3 . 6 4 6 8 - 0 3
- J . Z Y Z L - N J

- J .  _ t l f , . e - u J

0  -  0 0 0 E + 0 !
C . 0 0 0 E + 0 0
0 . 0 0 0 E + 0 0
0  "  0 0 0 E + C 0
O  n n n F a n n

0 - 0 0 0 E + 0 0
0  -  0 C 0 8 + 0 0
0 . 0 0 0 8 + 0 0
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LOAD INPUT ( rBS., |HCH-LBS. )
F1 F2 F3 Ml

, {902.00 0.00 0.00 0.00

EEOMETRIC D$ETISIONS
A b WELD STRESS {PSII

M3
17r?0.00

SKEWED A\GLE{90"}g<1 20')
90.000

nn
0.00

f.000 6.000 14700

SECTION PROPERTIES
A Sv{l
24.000 /18.000

$ri,3 J
it8.000 288.000

c l
3.000

e3
3.000

EFFECTI\JE THROAT CORRECTIOH FACTOR
Mf

1.00

hrt&\I\,i{.h4 IA'ELD IOAD {D - #IHCH
I

123

REQUIRED FILIET WELD SIZE {IT{CHES}
ul

fr" rrd Fr+ET ( f\i 5C nnrr.rrnrrrr+)
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-051
PAGE I OF 7

REV. DEO # DATE BY: CFIECK TITLE:

ADAPTER A.5
0 o t L// 4.1<.1o \li,& AGF*

BY: W Bilynslq DEW.:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: Vs9049

PURPOSE:
Evaluate flanges/plates for exlernal pressure loading due to non-standard spool
to flange,/plate fitup. Verify acceptance of 1'" plate.

METTIOD:
Hand calculations utilizins Roark and Youns's Formulas for Stress and Strain

ASSI]MPTIONS: ( See Attached )

IMUTS: l. Vacuum pressure : 14.7 psr
2. Design Temperature : 400 F.

REFERENCES:
1 .

5

4.

Doc. No. V049-1-066 - LIGO Vacuum Equipment Structural Design Criteria
ASME Boiler & Pressure Vessel Code, Section MII, Div. l, Pressure Vessels.
Roark and Young's Formulas for Stress and Strain fifth edition
D a e .  l a ,  r ' d + r ' / ' D . <  -  4 a ' t P . < , 2 -  ' * - /

CALCIILATIONS:
( See Attached )

CONCLUSIONS:
l" thick adapter plates for transition spool pieces 60" x 30" are acceptable.

NOTES: Spool piece A-5 has been voided . 72"' ('4'<: /! '-P/z '/3"!s/i

F . . , ' L .  t 23 la . , t . . . 1  , / 4  , . r t d4e  ea - . . .  e , i  4  ) - o ' ?  4  444
e 7 4 e L  / Z E a /  c . a - 4 s .
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGTL MA

ENGINEERING
CALCI.}LATIONS

NO: V049-l-052
PACE I OF 43

REV. DEO # DATE BY: CI{ECK TITLE:

ADAPTER A-7
ooN P{JMP 72IN X 60IN)

0 013 l 4n9t96 WDB RDC
I oz9 3 Slqlsv u.,D8 Q,Dt- '

BY: W. BILYNSKY DEW.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

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

METHOD: Thickness requirements per the ASME codq Section VItr, Division I,
are derived using the COMPRESS computer progra.rn, version 5.3 l.

ASSTJMPTIONS:
See Calculation

IMUTS:
l. Design Temperature = 400o F.
2. Vacuum preszure : 14.7 psi
3. 16"CF Nozzle Loads

Pn = 4354.0 lbf; Ir/c = Mr: 378.5inJbf; Vp: y"= 126.5 lbf
4. l2,,CF Nozzle Loads f,; 11 Dac . uo y'L.,l f - l-..r'r'

Pn = 1042'0 lbf

REFERENCES: l. ASME Boiler & Pressure Vessel Code, Section VItr, Div. l, Pressure Vessels.
2. COMPRESS 5.53, Computer Aided Pressure Vessel Desig4 Codeware Computer

Systems, Inc.
3. V049-l-066 LIGO Vacuum Equipment Structural Design Criteria

CALCULATIONS:
1. V049-l-062 Design Of Flexible Support For Adapter A-7

CONCLUSIONS:.
The requirements of the ASME Code are met for adapter A-7 outer shell

NOTES: Flanges were included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers v049-l-016, 017, 018, & 019.
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PROCESS SYSTEMS INTERNAIIONAL. INC.
WESIBONOUGH.MA

ENGINEERING
CALCI]LATIONS

NO: VM9-1452
Rev, No. 1
Pase 2 of 43

PROJECT: LIGO VACUIIM EOIIIPMENT PROJECTNO: V59049
CALCIJLATION TITLE: Desim of lon Pumo lt-7 (72.25"id r 60.25"id)

TABLE OF CONTENTS

Spool A-7 (72 in x 60 in ION PUMP)

Spool A-7 Revision History

Spool A-7 COMPRESS Plot

COMPRESS Output For Shell Desiga

hessute Suffnary

weight Sunmary

Nozzle Sunmary

Nozzle Schedule

Thickness Summary

60.50' ID Cylinder

Reducitrg Flange

72.25" ID Cylhder

. Nl l6"CF 04" od)
Applied Loads

N2 l2'CF (10" od)
Applied Ioads

Support Ring

Stiffener Rings

5

6

8

I

t0

T2

13

l5
23

27
35

39

4l
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH,MA

ENGINEERING
CALCI'LATIONS

NO: VO4ts1452
Rev. No' 1
Pase 3 of 43

PROJECT: LIGO VACIIIIM EOUIPMENT PR.OJECT NO: V59049
CALCUL,ATION TITLE: Ilesim of Io! PumD A-7 (72.25"id t 60.25'il)

REVISION HISTORY

Rw. 0 Original Issue
APril 19, 1996

Rw. I Issue Date
August 9, 1996

. Reduced the thickmss of the72' @ and 60" O shells to 0.250 in.

o Added reidorcing pads at the 16'CF and l2"CF nozzles

r Changpd the stifiener 'j';gs to 2'll2'x2-ll2'xl/4"

. Revised the nozzle loads to incorporare the vacuum force + valse $/eigbt

r Recalctlated the local and primary membrane stesses at the nozzles
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coMPRESS 5.53 C : \COMPRESS\PUMPS\A-7R t  .VSL

Pressure Summarv

A u g . 9 ,  1 9 9 6

I denti fi er desi gn

(ps i  )

desi 9n
deg F)

I XAgP

I
I{AP

(p€i )

extefnaI
(psi )

uG-99
Rat io

ucs-66 lcorrosionl
llt touarrcel

|  ( i n )  |

t-l
0.000
0.000
0.000

0.000
0.000
0.(x)0
0.(m

l,lDl.lT
(deg t)

Er€nption or
Str€ss Reduct!go

60.5'r LD. cyl. inde. I
Reducing Ftange I
70.25'r l �D. cyt i nde I
sti ffner Rings I
SlFport RirE I
[1 Xl 16"CF ('� l4"od) I
|r2 x2 lztrcF (lotrod) |
Ftenge I
ftange I

0 , 0
0 , 0
0 . 0

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

100.0
400.0
400.0

400.0
400.0
400.0
400.0

102.7
,07.3
85. I

10t .3
t 0 t . J

i )

116.7
576.3
97.4

|  15 .0
f i5 ,0

7 . 1
n )

27 ,5
290.5
22.1
11.7
14.7

14.7

t .136
t .1 t6
t .135

1 . 1 #
1 .156
1.000
1 .000

tlot sppt icabLe
Iot appl icabLe
Iot €ppt icabte

xot 8FFl,ieeb[e
[ot spplicabte
Iot appt icabl,e
tot aFpt icabl,e

Vessel MAWP hot & corroded is 0.26 psi @ 400 degrees F.

Vessel MAP new & cold is 0.26 psi @ 0 degrees F.

Vessel allowable external pressure is 14.7 psi @ 400 degrces F'

= L5 *Pe* I  = 22Psi

Vessel hydrotest pressure is 22 psi.

Revision No. I
Doc. No. V049-1452
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coMPRESS 5 .53 C : \COMPRESS\PUMPS\A-7R 1 .VSL A u g . 9 ,  1 9 9 6

Weisht  Su mmarv

Co|rponent ------- t leight (tbs) Contributed by Vesset Etefients -"-----.--- '--"--

Netat Metal lrays Packed Insut Lining Piping Ladder Rir€s oper Test llozrle

Ner Cort & sup Beds & ptat & l| isc Liqlid Liquid & ftg

60.t ', i .d. cyti 374 374
Reducing flange 1400 1400
70.?5'r i.d. cyt 2256 ?256
Ftange 1991 1991
flange 1243 1243

0

0
0
0

0
0

0

0
0
U

0
0

u
0
0
0

0
0
0
0
0

0
0

0

0
0
0
0
0

0
0

2E
0
0

0 2802
0 1 7
o 20224
0 0
0 0

275 o 230437264

vessel opersting reight, corroded: 7,593 tbs
Vessel, €opty reight, corroded: 7,593 tbs
vesset emty Height, nefl: 7,595 Lbs
vesael test reight, nei: 30,636 lbE

Yesse l  cen ter  o f  g rav i tv  loca t ion  ( f rom r igh t  we ld  seam)

Vessel
Cetrter

o
lift weight, new;
of gravity to seam:

7,593 lbs
99.3 in

Revision No l
Doo. No. V049-1{52
Page 6 of 43



COMPRESSS.53 C: \COMPRESS\PUMPS\A-7R1.VSL

Nozzle Sched u le

A u g .  9 ,  1 9 9 6

o
l lozzle Service

llaI'K

S iae fi€teria ls

llozrle l[pact? [om? Pad llpact? No.m? Flange

11 16trcf ( l4xod) 15.50 IDx0.25 SA 240 5041 l l I6H n n SA 240 f,041 {IG n n .

l l2 l2trcf ( lonod) 9.50 IDx0.25 sA 240 3041 HIGII n n sA 240 3041 HIG n n

Revision No. I
Doc. No. V049-l-052
Page 8 of43



COMPRESS 5 .53  C : \COMPRESS\PUMPS\A -7R1 .VSL  Aug .9 '  1996

Thickness Summarv

Coflponent lD Length lom t Req t Joint Governing Deftect

tdenti f ier ( in) ( ih) ( in) ( in) E Load Status Stress ( in)

60.5r' i.d. cytinder 60.50 27.00 0,2500 0.1679 0.85 external
Reducing ftsnge 51,00 1.50 5.8750 1.3215 0.85 externat
70.25'f i.d. cyl. inde 72.25 136.62 0.2500 0.1991 0.85 extemat

Nom t - ve$sel wall thickness
Req t - requir€d ves$el wall thickness due to governing loading
E - longitudinal seamjoint efficiency

Load:
internal - circ stress due to internal pressure govertrs
ext€rnal - external pressure governs
wind - combined long shess due to STATUS + wind govems
seismic - combined long stress due to STATUS + seismic governs

REvisionNo. 1
Doc. No. V049-1452
Page 9 of43



C O M P R E S S  5 . 5 3  C r \ C O M P R E S S \ P U M P S \ A - 7 R 1 . V S L  A u g . 9 ,  1 9 9 6

6 0 . 5  "  I . D .  C v l i n d e r

= 4+5052.4t (3+6 L I O.25)
= 27.6087 psi

Revision No. I
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coMPRESS 5.53 C : \COMPRESS\PUMPS\A-7R I  .VSL

Reducing Flanqe

Component: Transition
Material specification: SA 240 304L HIGH

Extemal design pressure: Pe= 14.7 psi @ 400

Corrosion allowance: hner C =0 Outer= 0

PWHT is oot performed

Radiography: Category A joiuts - FullUW-ll(a) type I
Category B joints . Full UW- I l(a) type I

deg F

i -

lb
US ga

Aug.  9 ,  1996

Revision No. I
Doo. No. V049-l-052

Estimat€d weight:
capzcity:

new = 1399.7 corr  = 1399.7
n e w = 2

Axial Lc= 1.5 big end OD = 72.75
Cone tc = 5,875

MAP: (Ncw & at  0 des F)

corr = 2

small end OD = 6f ln

in (min)

Aooend ix  1 -4(e l

P = 2*S {'E*t*sos(alpha)/(Do - 0.E *t*cos(alpha)) - Ps
= 2* 16700'i0.85 *5.875 *cos(75.6773)l (72.75 - 0.8*5.875*cos(75.6773)) -
= 576.3782 psi

MAWP: (Corroded & at  400 i les F)  Aooendlx 1-4(e )

P = 2*S *E*t*cos(alpha)/(Do - 0.8 *t+cos(alpha)) - Ps
= 2:.14700*0.85 r'5.875 *cos(75.6773)l (72.75 - 0.8 *5.875 *cos(75.6773)) -
= 507.3509 psi

Design th ickness for  external  pr€ssure Pa = 14.7 ps i :

NOTE: As alpha > 60 use UG-34 see UG-33(fl(2)

t = d+Sqr(C+Pa/(S+E)) + Corrosion
= 72.75*Sqr(0.33*14.7/ (  r4700* 1))  + 0
=  1 . 3 2 1 5 6 9  i n

Al lowrble external  oressur€

Pa = (S+E/C)*(Ud)^2
- ( 14700* 1/0.3 3)*(5 .875t72.75\'2

= 290.5047 osi



coMPRESS 5.53 C r \COMPRESS\PUMPS\A-7R 1  .VSL

7 0 , 2 5 "  I . D .  C v l i n d e r

Compotrent: Cylinder
Material specification: SA 240 304L HIGH

External design pressur€: Pe= 14.7 psi @ 400 degF

Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

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

Estimated weight: new = 2256.1 corr = 2256.1 lb
caeacity: new = 2424.84? cotr = 24?4.842 US ga

lD = 72.25 length Lc= 136.625 t = 0.25 in (new)

M A P :  ( N e w  &  a t  0  d e q  F )  U G - 2 7 ( c l ( 1 )

P = S:r'E*t/(R + O.6*t) - Ps
= 16700+0.85*0.251(36.125 + 0.6*0.25)  -  0
= 97.82909 psi

lAwP: 
(corrodei t  & at  400 deg Ft  UG-27(c l (1r

P = S*E+U(R + 0.6* t )  -  Ps
= 14700+0.85*0.251(36.125 + 0.6+0.25)  -  0
=  8 6 . I 1 3 0 3  p s i

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

I-lDo = 46.64583t72.75 =O.6412 Dott = 12.751O.19757 = 36a.2239

Aug .  9 ,  1996

Revision No. I
Doc. No V049-1452
Page 13 of43

From table G:
Fron table HA-3:

Pa= 4*B/(3 +Do/t)
= 4*4060.8/(3 *72.7510. 19757)
=  1 4 . 7 0 4 1 p s i

Design th ickness for  external  pressure Pa = 14.7041 os i :

= t + Corrosion
= O.19757 + O
= 0.  19757 in

Mrx imum Al lowable External  Pressure:  (Corroded @ 400 i leq F)

L/Do = 46.6458317?.75 =A.641? Dolr  = 72.75t0.25 = ?91

A = 0.00030?
B = 4060.8

From table G:
From table HA-3:

A = 0.000427
B =  483  8 .6

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



coMPRESS 5.53 C : \COMPRESS\PU MPS\A-7R I  .VSL

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

Located on:
Local vessel thickness :
Liquid static head included:
Flange description;

Nozzle material specification :

Pad material specificatioD:

Nozzle orientation:
End ofnozzle to shell center:
Nozzle offset from center Lo:
Projection oLtside vessel Lpr:

70.25' LD . Cylinder
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

SA 240 3O4L HIGH

0 degrees
39.375 in
0 i a
3 i n

cn ->

dp->

-*l
* l ,

< - d - >

tw3

l < -
t w 1  |

, l
l < - l

l \

<tw?

a . - s - y l
Reinforcerrent  Calculat ions t r 'or  Nozzle MAWP

Limits of reinforcement UG-40

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

Nozzlc  resui red th lcknGss

trn = P*Rn/(Sn*E -0.6*P)
= 101.3094+6.751( l47OO+| -  0 .6*  10l  '3094)
= 0.0467 in

R.eoul red th ickness t r  f rom UG-37(a l

r- PrrR/(S*E - 0.6*P)
= 101.3094*36.1251(L4700* l  -  0 .6+ 101 .3094)
= 0.25 in

Arer  reoui red

lA owable stxesses: Sn = 14700, Sv = 14700, Sp = 14700 psi
v

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

corros ion a l low =
noz lh ick new tn=
nozzle id .  new d=
pad diamecer dp =
pad th ickness te=
fillet weld tw1 =
fitl-eE weld tw2 =
groove weld !w3 =

To datum L= 60 in

0  i n
. 2 5  i n
' 1 3 . 5  i n
2 0  i n

q n E  i  n

. 2 5  i n

. 3 1 2 5  i n

. 2 5  i n

A u g . 9 ,  1 9 9 6

Revision No. r
Doc. No. V049-1{52
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COMPRESS 5 .53  C: \COMPRESS\PUMPS\A-7Rr .VSL Aug.  9 '  1996

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

dr3 = lesser of fr2 or Sp/Sv so fr3 = 1

|}4 = lesser of I or S1/Sv so fr4 = I

A = d+tr+F + 2* tn, rF*F*( l  -  f r l )
=  1 3 , 5 * 0 . 2 5 * l  +  2 + 0 . 2 5 * 0 . 2 5 { ' 1 { ' ( l  -  1 )
= 3 .375 in^2

Area avai lab le

A I = larger of the following = 0 in^2

= d+(E 1*t-F*tr) - 2+tn+(E I +r-F*tr) *( I -fr 1)
= 13.5 +(  I  { ,0 .25-  I  *0.25)  -  2  ' }0 .25 *(  I  *0.25-  1xg.2J;* (  l  -  l )
= 0 in^2

= 2*(t+ t!) *(E 1*t-F +tr) - 2*tn*(E 1*t-F*tr) *( 1-fr l)
=  2+(0.25 +O.25)*(1x '0.25-  1*0.25)  -  2*0.25r ' (  1{ '0 .25- l *0.25)+(  1- l )
= 0 in^2

A2 = smaller of the following = O.254 in'Z

= 5+(rn - trn) *frz *t
= 5 +(0.25 -  0 .0467;*1+6.25
= .254 in^Z

= 2+(tn - trn)*(2.5*tll + te)*frz
= 2*(0.25 -  0 .0467)*(2.5*0.25 + 0.505)* I
= .459 in^Z

A4l = Leg'?*fr3
=0.12'2*l = .Ol4 in^2 (Part of weld is outside of limits)

A42 = Leg^Z+ft4
=  0 . 3 1 2 5 ^ 2 * 1  =  . 0 9 8  i n ^ ?

A5 = (Dp - d - 2*tn)*te*fr4
= (20 -  13.5 -  2*0.25)*0.505*1
= 3.03 in-Z

Area = Al + A2 + A4l + A42 + A5
=  0  +  0 . 2 5 4  +  0 . 0 1 4  +  0 . 0 9 8  +  3 . 0 3
= 3.396 in-Z

As Area > A the reinforcement is adequate for MAWP = 101.3094 at 400 Deg F

Check the welds -  From UlV-16(c){?)

Inner Fillet: tmin = lesser of 0,75 or tn or le, tmin = 0.25 in
rw{min) = o.7*tmin = 0.175 in
tw(actual) = 0.7*Leg = O.7*0.25 = 0.175 in

Outer Fillet: tmin = lesser of 0.75 or te or t, tmin = 0 25 in
tw(min)  = 0.5+tmin = 0 '125 in
tw(actual )  = 0.7*Leg = O.7*0.3125 = 0.21875 in

Rer1sron NO. !
Doc. No. V049_l{52
page 16 of43



UG-45 Nozzle Neck Thickusg el!!k

Wall thickness per UG45(a):

COMPRESS 5 .53 C : \COM PRESS\PUMPS\A-7R I  . vSL A u g . 9 ,  1 9 9 6

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

wall thickness per UG-45(b)( 1)'
Wall tbickness per UG- 16(b):
Srd pipe wall per UG-a50)(4):
Th€ great€r of tr2 or tI3 :
The lesser of tr4 or tr5 :

tr1 = 0.0467 i! (E =
tr2 = 0.25 in
13 = 0.0625 iu
t r4 = 0.328125 in
tr5 = 0.25 in
tr6 - 0.25 in

l )

Req'd per UG45 is the larger of trl or tr6 = 0.25 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate fot MAWP.

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

Groove weld in tension = 0.?4*14700 = 10878psi
Nozzle wall in shear = 0.7+14700 = 10290psi
Inner fillet weld in shear = 0.49* 147OO = 7203 psi
Outer fillet weld in shear = 0.49*74700 - 7203 psi

Strenrth of wclded ioints:

( 1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D . *Leg*Si = I .57* l4*0.25 *7203 = 3958O '49 lbf

(2) Outer fillet weld in sbear
(Pi/2;*p"6 O.O. *Leg*So = 1 .57+20*0.3125 *7203 = 70679.44lbf

(3) Nozzle wall in shear
(PilZ)*Mean nozzle dia.*tn*Sn = 1'57{t13.75*0.25410290 = 55533'84 lbf

(4) Groove weld in teDsjon
(Pi /2)*Nozzle O.D.+tw*Sg = 1.57+14+0.25*10878 -  59774.61 lb f

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

W = (A - Al + 2*tn*fr1*(E1'r't - F*tr))+Sv
=  ( 3 . 3 7 5  -  0  +  2 * 0 . 2 5 * 1 * ( 1 * 0 . 2 5  -  1 * 0 . 2 5 ) ) * 1 4 7 0 0
= 49612.5 lbt

V/ l - l  =  (A2 + A5 + A4l  + A42)*Sv
= (0.254 + 3.03 + 0.014 + 0.098)*14700
= 49921 .? tbf

n12-2 = (A2 + A3 + .A4 1 + A43 + 2'&tr*t*fr l) +Sv
= (0.254 + 0 + 0.014 + 0 + 2*0.25*0.25+l)+14700
= 5777 .l lbf

1y3-3 = (A2 + A3 +,q5 + A4l + A42 + A43 + 2'�Ittr*t*frl)*sv
^ -  =  ( 0 . 2 5 4 + O  +  3 . 0 3  + 0 . 0 1 4 + 0 . 0 9 8 + 0 +  2 * 0 . 2 5 * 0 . 2 5 * l ) + 1 4 7 0 0

u =  s1758.7  lb f

Load foroath l-1 lesser of W orWl-l = 49612.5 lbf
Revision No. 1
Doc. No, V049-1452
Page 17 of43



CoMPRESS 5.53 C : \COMPRESS\PUMPS\A-7R I  .VSL

N1 1  6 "CF  (  14 "od )

ath l-l Thru (2\ & (3) = 70679.44 + 55533.84 = 126213.3 lbf
ath 1-l is stronger than W so it is acceptable per UG-41(bX?).

Load for path 2-2 lesser of W ot W2-2 = 5777 .l lbt
Paft 2-2 Thru (l), (4) = 39580.49 + 59774.6r = 99355.1lbf
Path 2-2 is stronger than W2-2 so it is acceptable per UG-41(b)( l).

Load for path 3-3 lesser of W or W3-3 = 49612.5lbt
Path 3-3 Thru (2\, (4) = 70679.44 + 59774.61 = 130454 lbf
Path 3-3 is sEonger tban W so it is acceptable per UG-41(bXZ).

Prd strengtb = A5+Sp - 44541 lbf
Outer fillet weld strength is adequate.

Reinforcement  Calculat ions For  Nozzle MAP

Llmits of reinforcement UG-40

Parallel to ttre vessel wall d = 13.5 in
Normal to the vessel wall outside 2.5*(t-C) = .625 in
Normal to the vessel wall inside ?.5*(tn-Cn-C) = .625 in

Nozzle recui red th ic  kness

trn = P+Rn/(Sn*E - 0,6*P)
= I15.0931+6.75l (16700* I  -  0 .6+ I  15.093 1)
= 0.0467 in

Reouired th lckness t r  f rom UG-37(a)

r= P:'.R/(S +E - 0.6+P)
=  I  1 5 . 0 9 3 1 + 3 6 .  1 2 5 1 ( 1 6 7 0 0 *  L  - 0 . 6 * I 1 5 . 0 9 3 1 )
= 0.25 in

Area reoui red

Allowable stresses: Sn = 16700, sv = 16700, Sp = 16700 psi

frl = lesser of I or Sn/Sv so frl = I
fr2 = lesser of 1 or Sn/Sv so fr2 = I
fr3 = lesser of fr2 or Sp/Sv so fr3 = I
fr4 = lesser of I or Sp/Sv so fr4 = I

A = d* t r*F + 2* tn* t r*F*(1 -  f r l )
=  1 3 . 5 * 0 . 2 5 + 1  +  2 * 0 . 2 5 * 0 . 2 5 * 1 * ( l  -  l )
= 3.375 in^2

Area avai lab le

Al = larger of the following = 0 in^Z

= d*(E I *r-F+rr) - 2 r.tn*(E 1*r-F*tr)*( I -ft l)
-  13.5 * (  I  *0.25 -  1*0.25)  -  2+0.25 *(  1*0.25-  i  *0.25)  * (  l  -  1)
= 0 iu^2

A u g . 9 ,  1 9 9 6
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coMPRESS 5.53 C r \CoMPREss\PUMPS\A-7R 1 .VSL

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

Groove w€ld in tensibn = Q .74* 16700 = 12358 psi
Nozzle wall in shear = 0.7+i6700 = 11690psi
Inner fil let weld in shear = 0.49*16700 = 8183 Psi
Outer fil let weld in shear = 0.49+ 16700 = 8183 psi

Strenqth of  welded io ints :

( 1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg+$i = 1.57'*14*0.?'5*8183 = 44965.59 lbf

(2) Outer fillet weld in shear
(Pi/2; +pu4 O.O. *Leg*So = 1.57 +20+0.3125+ 8 r 83 = 80?95.69 lbf

(3) Nozzle wall in shear
(Pil2\aMean tozzle dia. *tn*Sn = I .57+ I 3.75 *0.25 * 1 1690 = 63089.47 lbf

(4) Groove weld in t€nsion
(Pi/2) +Nozzle O.D. *tw*Sg = 1 .57* 14*0.25 * L2358 = 67907 .2 1 lbf

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

W = ( A - A l  +  2 * t n + f r l * ( E l * t  -  F ' i t r ) ) * S v
=  ( 3 . 3 7 5  - 0  +  2 + 0 . 2 5 + 1 * ( 1 * 0 . 2 5  -  l * 0 . 2 5 ) ) + 1 6 7 0 0
= 56362.5 lbf

Wl- l  =  (A2 + A5 + A41 + A42)*Sv
= (0.254 + 3.03 + 0.014 + 0.098)*16700
= 56713.2 lb f

Wz-Z = (A2 + A3 + A41 + A43 + 2+tn*t*frl)*Sv
= (0.254 + 0 + 0.014 + 0 + 2*0.25*0.25+l )+16700
= 6563. I lbf

W3-3 = (A2 + A3 + A5 + A41 + A42 + A43 + 2*tn*t*frl)+Sv
= (0.254 + 0 + 3.03 + 0.0 14 + 0.098 + 0 + ? ' *O.25*O.25 ' t  1)*  16700
= 58800.7 lbf

Load forpath 1-l lesser of W or W1-l = 56362.5 lbf
Patb I-I Thhru Q) A Q) = 80295.69 + 63089.47 = 143385.2 lbf
Path l- l is stronger than W so it is acc€ptable per UG-41(bXZ).

Load for path 2-2 lesser of W or W2-2 = 6563 . 1 lbf
Path 2-2 Tbnr (r), (4) = 44965.59 + 679O7.?1 = 112872'8lbt
Path 2-2 is stroDger than W2-2 so it is accePtable Per UG-4 I (bX l).

Load for path 3-3 lesser ofW or W3-3 - 56362.5 lbf
Path 3-3 Thru (?), (a) = 80295.69 + 67907.21 = 148202.9lbt
Path 3-3 is stronger tban w so it is acceptable per UG-4 1(b)(2) '

Pad strength = A5 *Sp = 50601 lbf
Outer fillet weld strength is adequate.

A u g . 9 ,  1 9 9 6

Rerasl6n D1s. I
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ln i ts  of  re inforcement  UG-40

Parallel to the vessel wall d = 13,5 in

C O M P R E S S  5 . 5 3 C : \COMPRESS\PUMPS\A-7R I  .VsL

N 1  1  6 " C F  f  1 4 " o d )

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

Nozzle resui red th ickness

LlDo = 3ll4 = .2143 Dolt = 1410.O2965 = 472.1'754
From table G: A = 0.000668
From table HA-3: B = 5234.9

Pa= 4*B/(3+Do/t)
= 4*5234.91 (3 * L4l 0.0?965)
= 14.7824 ps i

Nozzle required thickness trn = .02965 in

R e o u i r e d  t h i c k n e s s  t r  f r o m  U G - 3 7 ( d ) ( l )  -  . 1 9 7 6  i n

Are& resui rcd

Allowable str€sses: Sn = 14700, Sv = 14799, Sp = 14700 psi

frl = lesser of 1 or Sn/Sv so frl = I
fr2 = lesser of 1 or Sn/Sv so fr2 = I
fr3 = lesser of fr2 or Sp/Sv so fr3 = I
fr4 = lesser of 1 or Sp/Sv so fr4 = I

f ,  =  Q.J+(d+6+F *  2+h+h+p*( l  - f t1) )
=  0 . 5 * ( 1 3 . 5 * 0 . 1 9 7 6 * l  +  2 * 0 . 2 5 * 0 . 1 9 7 6 * l * ( l  -  l ) )
=  1 . 3 3 3 8  i n ^ 2

Ares avai lab le

Al = larger of rhe following = .7Q7 in'?

= d*(E I *r-F+rr) - 2 +tn+(E 1+t-F*tr)*( 1-fr l)
=  1 3.5*(  I  *0.25-  I  +0.  1976)  -  2*0.25*(  1 *0.25-  1 *0.  1976)r . (  I  -  l )
= .7O7 ir^?

= 2 *(r + tn)*(E I *t-F*tr) - 2,rtn+(E 1+1-p+6) *( 1-fr l)
=  2*(0.25+0.25) , ' (  1+0.25 -  1*0.  1976)  -  2*0.?5*( l ' *0 .25-  l  ' t0 .  1976)*(  1-  r )
= .052 in-Z

A2 = smaller of tbe following

= 5*(tn - trn) +fr2+t
= 5 +(0.25 -  0 .02965)*1*0.25
= .275 in^?

= 2*(tn - trn)*(2.5*tn + te)+frz
= 2*(0.25 -  0 .02965)  * (2.5 +0.25
= .498 in^?

= O.275 in^ 2

A u g . 9 ,  1 9 9 6
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coMPRESS 5.53 C : \COMPRESS\PUMPS\A-7R 1  .VSL

Nl 1 6"CF {  14"od)

A4L = Leg^2+fr3
= 0.12'2* | = .014 in^2 (Part of w€ld is outside of limits)

442 = Leg^ 2atr4
= 0.3t25^2+L = .098 in^z

A5 = (Dp - d - Z*tn)*te*fr4
= (20 -  13.5 -  2*0.25)*0.505* I
= 3.03 i r^2

A r e a  =  A l  +  A 2 +  A 4 l  + A 4 2  + A 5
= O.707 + 0.275 + 0.014 + 0.098 + 3.03
= 4.124 in^ 2

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

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a):
Wall thickness per UG-45(b)(2):
Wall thickness per UG- l6(b) :
Std pipe wau per UG-45(bX4) :
The greater of tr2 or tr3 :
The less€r of tr4 or tr5 :

trl = 0.02965 in (E = 1)
t r2 = 0.0361 in
13 = 0.0625 iu
r r4 = 0.328125 in
tr5 = 0.0625 iu
tr6 = 0.0625 in

A u g . 9 ,  1 9 9 6

Revisioa No. I
Doc. No. V049_1.052
vage 22 of 43

Req'd per UG45 is the larger of 1r1 or 16 = 0.0625 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.



coMPRESS 5.53 C : \CoMPRESS\PUM PS\A-7R I  .VSL

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

- \blo5. '15 pst

zl3l,5 ?6t + 4-c _

Aug.  9 ,  1996

Z\3\.5 esr (z.zr+\

4719.\4 esr

Circumferential moment
Circumferential shear
Longitudinal moment
Longiodinal shear
Torsion monent
Internal pressure

Pr = 4354 lbf
Mc = 378.5 lbf-ft
Vc = 126.5 lbf
ML = 378.5 lbf-ft
VL = 126.5 lbf
Mt = 0 lbf-ft
P  =  O p s i

Stresses at  the nozzle OD oer  WRC bul le t in  107 (  os l )

Mean radius Rm = 36.25 in
Rm/t = 48.0 r 324

Stress concentralion factor Kn (tension) = I
Sbess concentralion factor Kb (bending) = I

Pressure stress iutensity factor, Farr €quation 11.5

I = .25*(4 + 3a'Glx)'2 a l*(1/x)^4)
= .25*(4 + 3*(6.75t7.?5)^2 a 3+1$.7517 .25)'4)
= 2.214

Local circ. pressure stress = I*P*Rm/t =.irEFF 4'?\9.\4 ?tt

fLocaf 
long. presswe stress = P+Rm/2t = EIEF lDL5"?5 est

Maximum combired s11ss5 = -GEEF \Dl"gLc. e5\
Allowable combined stress = +-3*S = +- 214100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stess = -iEAtgF -1o53. t
Allowable primary membrane stress = +-1.5+S = +- 22050 psi

The naxinum primary membrane stress is within allowable limits.

o-1 : f r+l es)fau,es) -
.?-E rn

Itoo0r*4,"=s3ru..e-- 49ot pst + 41t9rc'r + \D['t" ecr

ll:'LbblEr

D[\(ex?s,*A(-t \t onennr.4rr.ra:: llJb6, +- 4-(t9psr+-\Dblzesr - 1D54.e+t

Revision No. I
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coMPRESS 5.53 C : \COMPRESS\PUMPS\A-7R 1  .VSL

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

A u g . 9 ,  1 9 9 6

From I  Value I
F i g . l  r e a d  t

beta I
A1 D1B IB U

3 c *  1 4 . 9 9 9 2
4 c +  l 7 . 0 9 0  l
i c  1 0 . 0 7 5 1
2 c - ' r  1 0 . 0 4 1 4
3 a *  1 1 . 9 4 9 1
1 A  1 0 . 0 7 8 3
3 s *  1 5 .  1 7 2 0
1 B - 1 1 0 . 0 2 8 5

0 . 1 6 9
0 . 1 6 9
0 . 1 5 9
0 . 1 6 9
0 . 1 6 9
0 . 1 5 9
0 . 1 6 9
0 , ' t 5 9

oressure st ress '

- t t z 6  - t t l a  - t t z t l

-1897 1897 -1897

-  1 4 0  -  1 4 0  1 4 0
- 2 2 2  2 2 2  2 2 2

-  41t9.  -  41t9.  -  4 '119

- 7  9 5
-1128

-3442

1 8 9 7

- b  t  I

1 4 0
- 2 2 2

-4'l19 t 4'll9

-795 -795 -795

3442 -3442 3442

-53
o t l 6 1 1  - 6 1 1

- 
41C r 41lq - 4.-lrg

ToEal  c i rc  s t ress
Pr inary nenbrane
cj . rc  s t ress*

-&\ob '5A.9 -1tCz '4Dbz, -5t"zD 't5�t4, 'eztz. -2t s

-69A1. - 5)91 -g7o-7, '51e1. ' jsdi'. -5€L'?. - s4t \ -54{-1.

I

3c*
4C*

2c

4 B *

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

0 . 1 5 9
0 . 1 6 9
0 . 1 5 9
0 . 1 6 9
0 . 1 6 9
0 . 1 6 9
0 . 1 5 9
0 . 1 6 9

oressure st ress*

- 7 9 5

- J . t t o

-53

-795 -795

3 4 5 5  - 3 4 5 5

- 5 3  5 3

- 7 9  5
- ' t12A -1128 - ' l '128 -112A

3456
- 2 0 0 3  2 0 0 3  - 2 0 0 3  2 0 0 3

-97 -97 97 97
- 3 1 1  3 ' 1 1  3 1 1  - 3 ' � 1  1

5 J

-329

- lo(&,  - to( ,G.  -  \OGL. - lo t r , "  -  loc{a,- tOt'L,. - tor'b, 
- lo[dr.

Tota l  long st ress
Pr imary membrane
long sEress*

-st4g ts1t, -4j75.

- 19 rt - r)r +, - @oe.

)319, -4r"o5,

'rb&, -?27\,

23, -?1b- -4os.

'279\. 'Le71 -lltccrl

Eors ion moment  Mt
Circ  shear  f rom Vc
Long ahear  f rom VL

- 6- 8
- 8- 8

Totsal  Shear  s t ress - 8- 8- 8

conbined sEress -g\ob - 6791 -1tb2. -57D1. -1ar-o, '5',0;7. '6Lcfl, -g(.1,

Atswwa;x-fuw#######�- -i -- gog -Joe6- 
-1.�.'L- - tob,- -'Y 

- Y- 
-'"?: 

]o-!o'rr,':.*:--'_
lMl*0o*Brrrecr {xfldz5 i 

-9rtz, -'tosz, 'O41b, -t'115, ')Wt -ut"\ ' '15ab,'baz1

!{$rl&M&"t3e? - l-*q -:52o1'- 
-:1! 

:n:1'--a1;- ::Y:a+'L -!!L
l , :

L&${Af,j-t{atqhreStpllll 
- )o!v 't2!b -9!Y- --t"y-'g* 

: IEGL. -\a'''' -\oct''

l-t{r""-T-X[!1!u.ryr^qq{sgaE :1ft. -'1€,L 
- o11.. -t'11?-, -ob5t 

-- w7\' -6a?!'gL
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coMPRESS s.s3 C : \COMPRESS\PUMPS\A-7R I  .VSL

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

',.
Z\3\ ,5  t5 \  - �+  !C - -

A u g . 9 ,  1 9 9 6

1,459 Lzrbr,s P5,\
3\ \b .  Ps \

Mean radius Rn
Rm/t = 145

Stress concentration factor Kn (tensi6n) = I
Stress concentratiotr factor Kb (bending) = I

Pres$ure stress intensity factor, Farr equation I1.5

I = .25*(4 a 3*(1lx)^? + 3*(r/x)^4)
= .25+ (4 + 3*(6.751lO.3 L25) '2  + 3*(6.75/  10.3125) '4)
= I .459

Local circ. pressure stress = I+P*Rm/t = q* al \ O . E4\

Local loug. pressure stress = P*Rm/2t = EF 1066 Pet.

Maxinum combined stess =€ 33955. Psr
Allowable conbined stress = +-3+S = +- 214100 psi

The naximun combined stress is within allowable limits.

Maximum pr.imary membrane shess = GIEEIE! lDt b) B\
Allowable primary membrane stress = +-1.5+S = +- 22050 psi

ir}e maximum primary membraae stress is withitr allowable limits.

= 36.25 in

cr- = 1r+.tt-)!+.zs) - \Droc".

o-.: (r+r ar) [gb as) -
.2s,-r

Fsr

1"1*Ax. &*u*r.r3-*t.u - L9119pz\ + lotl' "5\ +-3\\c'es\'

:  3a955 rct '

|4o,.-k*te.i t{.*o*r't 
"J.r{ss-- b4b1r'r t 3\iD ?t'r t lD{'l'Pt'r

:  lDbV? P*t .

Rwision No. I
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coMPRESS 5.53 C r \COMPRESS\PUMPS\A-7R I 'VSL

N l  1 6 " C F  { 1 4 " o i l )

Aug.  9 ,

I  Froml Value I
I  F i s .  I  r ead  I
t _ t _ t

beta I
D1DuB u

3Ci

4C*
1 c

3A*
1 A
3 B *
' l B - 1

4 . 0 5 6 9
' I  1  . 9 8 3
0 . 0 6 0 0
0 . 0 0 9 7
3 . 4 9 0 0
0 , 0 5 1 2
7 . 2 1 4 4
0 . 0 0 8 5

0 . 2 4 1
0 , 2 4 1
0 . 2 4 1
0 . ? 4 1
0  . 2 4 1
0 .241
0 .241
0 , 2 4 1

oressure sE' ress-

-5757

-4054

-1949
- 5 1 5 t  - 5 / 5 /  - J t 5 l

-25079

4 0 5 4  - 4 0 5 4  4 0 5 4
-200

- z a a  I

4 1 3  4 1 3
429 -429

-  1 9 4  9  - 1 9 4 9  - 1 9 4 9

25079 -25079 25079

- 2 0 0  2 0 0  2 0 0
2551 25s1 -2551

- 4 1 3  - 4 1 3
-429 429

- ? r t o  - 3 \ \ o  -  3 \ t o  - 3 \ \ o  - 3 1 t O  - 3 t t o  -  3 t 1 9  - ? \ l c )

Tota l  c i rc  s t ress
Pr imary membrane
ci rc  s t ress*

't\1t?t, '4111, -\ZD:F.' '4b29 -32W, U.t1\ '213b1' l1tib1,

-92U. -92W. '4:.+. 's'454' -52F.2 ' 'sL51' - 4bs2 -4a52

3 c *  1 4 . 0 5 5 9
4 c r  1 1 1 . 9 8 3
1 c - 1 1 0 . 0 2 7 5
2 c  1 0 . 0 3 2 3
4 A *  1 1 2 . 3 1 8
2 A  1 0 . 0 2 1 1
4 B r  |  3  . 4 7 5 1

0 . 2 4 1
0 . 2 4 1
0  . 2 4 1
0 . 2 4 1
0 . 2 4 ' l
0 . 2 4 1
0 . 2 4 1

2 8 -  t  1 0 . 0 r 3 2  1 0 . 2 4 1
pregSure  s t ressr

-  1 9 4 9  - 1 9 4 9  -  1 9 4 9

- 1 1 4 9 5  1 1 4 9 5  - 1 1 4 9 5

-1949
-5757 -5757 -5757 -5757

1 1 4 9 5
-  l  3 5 0  ' l  1 3 5 0  1  -  1 3 5 0  1  1 3 5 0 1

-706 -706 706 705
- 1 0 5 1  1 0 5 1  1 0 5 1  - 1 0 5 1

- 1 9 9  - 1 9 9
- 5 5 8  6 5 8

1 9 9  1 9 9
5 5 8  - 6 5 8

- \ ob t  ' l abb  - tDbc '  - l o ( , , .  - \ o (e  ' \ obb  - l c l ' l '  - \ c f r b '

Tota l  long st ress
Pr imary membrane
long sEressa

- rSlrr'l 493), -I3a'53, @L\' - zTob\ 1oLa. 'EAA Q172.

-aZ\ , -3?-t4. -zbtb,, ^Zbtto -15L9 -'t529. -c,l\1. -L r11,

tors ion moment  Mt
Circ  shear  f rom Vc
Long shear  f rom VL

t o1 5
1 6-  l D

Tota l -  Shear  s t reas I 1 6

combined stress | - t5rb1. \5??c.. - rlrr9. r\95o.'3L6b1, 'L2a1l. - 2'136?' llbt'r,

lrterlge.qre *te*

1 51 6- 1 5-  l o-  l ot b

I ra.{ Frr-AFrlt rtE-F72 |

r - - - - - - - T
thr.G'1goeO atrr: I
T,- -^-dr*G'1 --rr-*.-

' ,LW
l31l':-1t'7!4 J?q;o:

zry. :w\ -e/i's+.

_- log_0 , _- jgu,j - 1,ol9r,:_-!q,(,:

:35}6-LU-. 
'1ery. -\t'!9'

-15L9. "1:,9-�. -art'I. -o\\1.
nl+* VeMML.t :rdea I

r - - - ; - - - r
f e \\4A91 \E{ g0!.€-lmF?'

i l

d{$-1"*s8srr!AA}{E$*4U'

- 3 t t o -3 r \o  -  3 \ \o - ? $ o .

-t>(,si_'tob6sssssssssssssss� 
_-1U jY,,
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enine N2 Reinf orcemsDL ee&rrhfions l!

Located on: 70.25" \.D .

coMPRESS 5.53 C : \COMPRESS\PUMPS\A-7R I  .VSL

N2 r2 "CF  (  1  0 "od )

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 = 16 in
pad th ickness !e= .5 in
f i l le t  weld twl  = .25 in
f i l le t  weld tv /2 = .3125 in
groove weld tw3 = .25 in

T o  d a t u m  L =  1 4 1 . 6 2 5  i n

Aug.  9 ,  1996

Revision No. 1
Doc. No. V049-1-052
Page?7 of 43

Local vessel thickness:
Liquid static head included:
Flaage de scription:

Nozzle material specification:

Pad material specification:

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

.25 in
0 psi
Not installed

SA ?40 3O4L HIGH

SA 240 3O4L HIGH

90 degrees
38 in
0 i n
I .625 iu

**l
->l  l<tw2
- l  - l
t e l z l

l .-
< - o - >

lv/3

l .-rYt I
l < - l

t \

tn ->

O . - s - 2 1

Rcinforcement  Celculat ions For  Nozzle MAWP

Limi ts  of  rc in forcement  UG-40

Prallel to the vessel wall d = 9.5 in
Normal ro the vessel wall outside 2.5+1t-C) = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle rGquired th ickness

trn = P*Rn/(Sn*E - 0.6*P)
= 101.3094*4.75l (14700*1 -  0 .6*  101.3094)
= 0.0329 in

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

r r= P*R/(S+E -  0.6:*P)
= 101.3094*36.  1251(14 '100* |  -0 .6*101.3094)
= 0.25 in

Area requi red

Allowable stresses; Sn = 14?00, Sv = 14700, Sp = 14?00psi

frl = lesser of I or Sn/Sv so frl = 1
frz = lesser of I or Sr./Sv so fr2 = 1



C O M P R E S S 5 . 5 3  C : \ C O M P R E S S \ P U M P S \ A - 7 R 1 . V S L

N 2  1 2 " C F  (  1 O " o d )

)ft3 = lesser of fr2 or Sp/Sv so fr3 = I

!h4 = lesser of I or Sp/Sv so fr4 = I

A = d*tr*F + 2*tn*tr*F*(l - frl)
=  9 . 5 * 0 , 2 5 * l  +  2 * 0 . 2 5 * 0 . 2 5 + 1 * ( 1  -  1 )
= 2.375 in^ 2

Area avai lab le

Al = larger of the following = U l n  Z

= d+(E I +r-F*rr) - 2*rnt(E I *t-F*r) +( 1-fr l)
=  9.5{ , (  I  *0.25-  I  +0.25)  -2r !0.25*( I*0.25-1+0.25) t ( I -1)
= 0 in-Z

= 2*(t+ tn)*(E I *t-F*tr) - z*tn*(E 1*1-3*6;r'( I -fr i)
=  Z*(Q .25 +O .25)  + (  I  *0 .25 -  1  *0.25 )  -  2*0.25 *(  l  *0.25-  1*0.25)*(  l  -  l )
= 0 in'2

A u g .  9 ,  1 9 9 6

Reu$ron No. I
Doo. No. V049-1452
Page 28 of 43

A2 = smaller of the following

= 5 *(tn - trn) +fr2*t
= 5 * (0.25 -  0 .0329)* l *0.25
= .27 L in'2

= O.27 L in^2

= 2*(ttr - trn)*(2.5+tn + te)*fr?
= 2. (0.25 -  0 .0329)*(2.5*0.25 + 0.5)* I
= .488 in^2

A4L = Le9^2+ft3
= 0.125^2*l = ,016 in'2 (Part of weld is outside of limits)

A42 = Leg^2*ft4
= Q.3125^2+L = .098 in-Z

e5 = (Dp - d - 2*tn) *te *ft4
=  ( 1 6  -  9 . 5  -  2 + 0 . 2 5 ) r ' 0 . 5 * 1
= 3 in^2

A r e a  =  A l  +  L 2 + A 4 L  +  A 4 2  + 4 5
=  0  +  0 . 2 7 1  +  0 . 0 1 6  +  0 . 0 9 8  +  3
= 3.385 in-2

As Area > A the reinforcement is adequate for MAWP = 101.3094 at 400 Deg F

C h e c k  t h e  w e l d s  -  F r o m  U W - 1 6 ( c ) ( 2 )

Inner Fillet: imin = lesser of 0.75 or ln or te, tmin = 0.25 in
tw(min)  = 0.7* tmiD = 0.175 in
tw(actual )  = 0.7*Leg = 0.?+0.25 = 0.175 in

Outer Fillet: tmiu = lesser of 0.75 or te or t, tmin = 0 '25 in
tw(n in)  = o.5* tmin = 0.125 in
tw(actual )  = 0.7*Leg = 0.7*0.3125 = 0 '218?5 in
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N 2  1 2 " C F  (  1 o " o d )

1-l Thru (2) & (3) = 56543'55 + 39378.55 = 95922.09lbt
1-1 is stronger than W so it is acceptable per UG-41(bX2).c$

Load for path 2-2 lesser of W or W2-? = 6056.4 lbf
Path 2-2 Thru (1), (4) = 28271.78 + 42696.15 = 70967.93lbt
Path 2-2 is stronger than W2-2 so it is acceptable per UG-41(bX l).

Load for path 3-3 lesser ofW or W3-3 = 34912'5 lbf
Path 3-3 Thnr (2), (4) = 56543 .55 + 42696 . 15 = 99?39 .7 rbt
Path 3-3 is stronger thau W so it is acceptable per UG-4lO)(2).

Pad strength = A5*Sp = 44f00 lbf
Outer fillet weld strength is adequate.

Reinforcement  Calculat ions For  Nozzle MAP

Limits of reinforcement UG-40

Parallel to the vessel wall d = 9.5 in
Normal to the vessel wall outsid€ 2.5*(t-C) = .625 in
Normal to the vessel wall inside 2.5*1tn-Cn-C) = .625 in

Nozzle reoui rcd th ic  kness

t r n = P * R l / ( S n * E - 0 . 6 * P )
= I  15.093 I  +4.75l (  16700* 1 -  0 .6*r  15.093 l )
= 0.0329 in

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

tr= P+R/(S+E - 0.6'*P)
=  1 1 5 . 0 9 3 1 * 3 6 . 1 2 5 / ( 1 6 7 0 0 * 1  - 0 . 6 + r 1 5  0 9 3 1 )
= 0.25 in

Arca reoui red

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

frl = lesser of I or Sn/Sv so frl = I
fr2 = lesser of I or Sn/Sv so fr? = I
fr3 = lesser of fr? or Sp/Sv so fr3 = I
ft4 = lesser of 1 or Sp/Sv so fr4 = I

A =d+r+F + 2* tn+tr*F{ ' (1  - f r l )
=  9 . 5 r . 0 . 2 5 * l  +  2 * 0 . 2 5 * 0 . 2 5 * l t ( l  -  1 )
= 2.375 in^2

Area avai leb lc

A 1 = larger of the followirg = 0 in^2

= d+(E I  +t -F*r r )  -  2* tn+(E1*r-F* t r )* ( l - f r l )
= 9.5*(  1 *0.25-  1 ' rO.25)  -  2+0.25*(  I  *0.25-  1 +0.?5)*(  1-  l )
= 0 in^2



COMPRESS 5 .53 C : \COMPRESS\PUMPS\A-7R 1  .VSL

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

Groove weld in tension = 0.74* 16700 = 12358 psi
Nozzle wall in shear = 0.7+16700 = I 1690psi
Inner fil let weld in shear = 0.49+16700 = 8183 psi
Outer fil let weld iu shear = 0.49+16700 = 8183 psi

Strenqth of  welded io ints  r

( 1) Inner fillet weld in shear
(Pi /2)*Nozzle O.D.*Leg*Si  = 1.57*10*0.25*8183 = 32118,28 lb f

(2) Outer fillet weld in shear
(Pi /2)*Pad O.D.*Leg*So = 1.57*16*0.3125*8183 = 64236.55 lb f

(3) Nozzle wall in shear
(Pil?)*Men nozzle dia.*tn*Sn = 1.57+9.75*0.25+11690 = 44736,17 lbt

(4) Groove weld in tension
(Pi /2)*Nozzle O.D.* tw*Sg = 1.57*10+0.25*f2358 = 48505,15 lb f

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

W = (A -  A l  + z* tn* f r l * (81*t  -  F* t r ) )*Sv
= (2.375 -  0  + 2+0.25+1*(1r0.25 -  1*0.25))*16700
= 39662.5 lbt

Wl- l  =  (A2 + A5 + A4l  + A42)+Sv
= (O.27 |  + 3 + 0.016 + 0.098)*16700
= 56529.5 lbf

W 2 - 2 = ( L ? + A 3 + A 4 1  +  A 4 3  +  2 + r n + r + f r 1 ) * S v
=  ( 0 . 2 7 1  +  0  +  0 . 0 1 6  +  0  +  2 * 0 . 2 5 * 0 . 2 5 + l ) * 1 6 7 0 0
= 6880.4 lbf

w3-3 = (A2 + A3 +,{5 +A41 + A.42 + A43 + 2:*tn*tr'ft1)*Sv
=  ( 0 . 2 7 1 +  0  +  3  +  0 . 0 1 6  +  0 . 0 9 8  + 0  +  2 * 0 . 2 5 * 0 . 2 5 * l ) + 1 6 7 0 0
- 58617lbf

Load forpath l-l lesser of W orWl-1 = 39662.5 lbt
Path l-l Thru (2) & (3) = 64236.55 + 44736.17 = 10897?.7 lbt
Path 1- 1 is stronger than W so it is acceptable per UG-4 I (bX2).

Load for path 2-2 lesser ofW or W?-2 = 6880.4 lbf
Path2-2 Thru ( l ) ,  (4)  = 32118.28 +48505.15 = 80623.43 lb f
Path 2-2 is stroDger tban W2-2 so it is acceptsble per UG4l(bxl).

Load for path 3-3 lesser ofW or W3-3 = 39662.5 lbf
Path 3-3 Thru (2'), (4) = 64236.55 + 48505.15 = ll2'741.7 lbt
Path 3-3 is strotrger tban w so it is acceptable per UG4 I OX2).

Pad strength = A5*Sp = 50100 lbf
Outer fillet weld strength is adequale,

A u g . 9 ,  1 9 9 6

Ker'rsrql No. I
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Reinforcement  Catculat ions for  External  Pressure



coMPRESS s.s3 C r \COMPRESS\PUMPS\A-7R 1 .VSL A u g . 9 ,  1 9 9 6

N 2  1  2 ' C F  (  1 O " o d )

Parallel to the vessel wall d = 9.5 in
Normal to tle vessel wall outside 2.5*(t-C) = -6?5 in
Normal to the vessel wall inside 2.5*(tn-Cu-C) = .625 in

Nozzle requi red th lckness

LlDo = r.6251 l0 = .L625 Do/t = 10/0.02026 = 493 .5834
From table G: A = 0.000838
From table HA-3; B = 5447 .9

Pa= 4'FB/(3 *Do/t)
= 4+5447 .9t (3* tOtO .02026)
= 14.7166 ps i

Nozzle required thickness trn.= .02O26 in

R e o u i r e d  i h i c k n e s s  t r  f r o m  U G - 3 7 ( d ) ( l )  =  . 1 9 7 6  i n

Area reoui red

Allo$'able stnesses: Sn = 14?00, Sv = 14700, Sp = 14700 psi

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

]rZ = lesser of fr2 or Sp/Sv so fr3 = I
-fr4 = lesser of I or Sp/Sv so fr4 = I

A = 0.5*{d* t r*F + 2+tn+rr*F*( l  - f r l ) )
-  0 . 5 * ( 9 . 5 * 0 . 1 9 7 6 * 1  +  2 + 0 . 2 5 * 0 . 1 9 7 6 * l * ( l  -  l ) )
= .9386 in'2

Area ava i lab le

A I = larger of tbe following = .498 in^2

= d*(Elr.r-F*tr) - 2+rn*(E l*t-F*r)"(l-frl)
= 9.5*( l *0.25-  l+0.  1976)  -  2*0.25*(  l *0.25-1*0.  1976)*(1-1)
= .498 it^Z

= 2+(t+ tn)*(E I *t-F *tr) - 2+h+(E 1*r-F*tr) *( l -fr t)
= 2*(0.25 +O.25)r , { l  *0.25- l  *0.  1976)  -  2*0.25*(1*0-25-1*0.  1976)*(  1-  1)
= .052 in'2

A2 = smaller of the following

- 5*(tn ' tm)*fr2*t
= 5*(0.25 -  0 .02026)*  1*0.25
= .287 it^2

= O.287 in^ ?

= 2*(tn - trn)*(2.5+tn + te)*fr2
= 2*(Q.25 -  0 .02026)  * (2.5 *0.25
= .517 in^2

Revision No. I
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coMPRESS s.53 C : \COMPRESS\PUMPS\A-7R I  .VSL A u g . 9 ,  1 9 9 6

N2 t  2"CF (  I  0"od)

4l = Leg^2afr3
= O.125^2*l = .016 iu'2 (Part of weld is outside of l imits)

L4? = Leg'Z*fr4
=  0 . 3 1 2 5 ^ 2 * l  =  . 0 9 8  i u - 2

A5 = (DP -d - 2*tn)*te*fr4
-  ( 1 6  -  9 . 5  -  2 * 0 . 2 5 ) + 0 , 5 * 1
- 3 in^2

Area = Al + A,2 + A4l + A42 +45
= 0.498 + 0.287 + 0.016 + 0.098 + 3
= 3.899 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 thictness per UG-45(b)(2):
Wall thickness per UG- l6(b);
Std pipe wall per UG-45(b)(a):
Th€ greater of tr2 or tr3 ;
The lesser of tr4 or tr5 :

trl = 0.02026 in (B = 1)
rr2 = 0.0361 in
rr3 = 0.0625 in
tr4 = 0.319375 in
tr5 = 0.0625 in
116 = 0.0625 in

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

VAvailable nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

Revision No. I
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coMPRE,SS s.s3 C r \COMPRESS\PUMPS\A-7R I  .VSL

N 2  I  2 ' C F  (  I  0 " o d l

Aug.  9 ,  1996

Radisl load
Circumf€rential moment
Circumferential shear
Longitudinal mometrt
Longitudinal shear
TorsioD moment
Internal pressure

Pr = 1042 lbf
Mc = 0 lbf-ft
Vc = 0 lbf
ML = 0 lbf-ft
vL -  0 lbf
Mt = 0 lbf-ft
P  =  0 p s i

Stresses at  the nozzle OD per  WRC bul le t in  107 (  ps i )

Meaa radius Rm = 36.25 in
Rr/ t  = 48.33 3 33

Stress concentration factor Kn (tension) = I
Stress concertation factor Kb (bending) = I

Pressure $tress intensity factor, Fafi equation 11.5

I = .25*(4 a 3*(rtx)^2 1 3+(r/x)^4)
= .25*(4 + 3+(4.7515.?5)^2 + 3+(4.7515.25) '4)

Local circ. pressure stress = J*P+Rm/t = f!* 45 \Z , P5\ .

-Local long. pressure stress = P*Rn/2t = s! IO(-oL. ?5\.
v

Maximum combined stress =€FF F -{.t'978. ear .
Allowable combined stress = +-3*S = +- 44l00Dsi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =!!EEF! '5bb3. ar
Allowable prinary membrane stress = + - 1.5*S = + - 22050 psi

The naxinun primary nembrane stress is within allowable limits.

6- = (t 4.t e.Jf au ,er,,)
- ,  ^ -  \
Z  L .  Z >  r A  l

rt4. '1ra ).3b e5,,J)

lbtr, P5

: Zl5\5esr --------* €
,L5,,t

: e.rrr(etl.sp\
- €\2.?5,

f1o,.C-*,t**nu€nPs* = l4oD(sr +4r6t2.e:r +- lOL(o(€r

:  L914. 951

MA.?. e.vt*eq t:-,eE5a '- -M ?5\ + - to("(, e5\ + -451?-' ?6t

I
Reusron No l
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COMPRESS 5 .53 C : \COMPRESS\PUMPS\A-7R 1  .VSL

N 2  I 2 " C F  (  l  0 " o d )

Aug.  9 ,  1996

Froml value I  beta I
Fis.  I  read |  | A1 D1B u

4c*

3A*
1 A
3 B *
'I B-'l

b . ) / u v

7 . 9 7 0 0
0 . 1 0 1 0
0 . 0 5 6 7
I  7 E 1 2

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

0 . 1 2 1
0 . 1 2 1
Q  . 1 2 1
0 . 1 2 1
0 . 1 2 1
0 . 1 2 1

oressure at ress '

- 3 0 5 - 3 0 5

7 4 1

- 3 0 5

- 7  4 1

-  1 4 2  -  Z a Z  -  Z ) Z

- ' 1  1 2 3  1 1 2 3  - 1 1 ? 3

7  4 1

-43\Z '+5|?. -4Sr?. -45n. -45\2.

- t 5 t

1123

-45t2 -4512

Tota l  c i rc  s t ress
Pr i rnary membrane
ci rc  s t ress*

'5554 . :4o'lt/ '.

-4b\1 -49fi

- 5554 
-4o1r,,

-4411 -+b\1

-so81. -tAl

-41r.4 -41t4

-w1. '*A\,

-41t"4. -41(4,

q

3 c *  1 6 . 5 7 8 9  l 0  .  1 2 1
4 c *  1 7 . 9 7 0 0  1 0 . 1 2 1
1 c - 1  1 0 .  1 0 3 3  1 0 . 1 2 1
2 c  1 0 . 0 6 7 1  |  0 .  1 2 1
4 A *  1 2 . 7 3 3 5  1 0 . 1 2 1
2 A  1 0 . 0 4 7 8  l 0  .  1 2 1
4 B r  1 1 . 5 9 4 8  1 0 . 1 2 1
2 8 - 1 1 0 . 0 5 9 1  1 0 . 1 2 1
pressure scress*

- z a z

- 1 1 4 8
-305

746

-252 -252 -252
- 3 0 5

1  1 4 8  - 1 1 4 8  1 1 4 8
- 7  4 5

- 3 0 5  - 3 0 5

-746 746

' lol , /g,.  ' tol , 'O, -\ote'.  -  lotot-,  
-  

toUl ' , ,  
- lo(d'.  - toca',  -  to(,{ ' .

Total long sEress
Pr imary  membrane
long s t ress*

'z+tt' - t'lo '2+t b

-  l3 \g  - l j t6 .  -  \b \9 .

-  \1o  -A ! .1 ,  - t  Z5 .  -Z . \ \1 .  - t  LS,

-r3la, -t3'1\ 'r l ' ] t - t31 1 - rh(

torsion moment Mt
Circ  ahear  f rom Vc
Long shear  f rom VL

Tota l -  Shear  s t ress

combined Btress -z4bL' - &1v. -Z4leL, -4o'1b. - *Ft, '34\ -54'�1, '3L{(.

f f . l

$ilocJ.Ie5grr: - t--EtL, -to1' JS!z' 
-tot'u 'tou' -\22 '$aa-LV

Me*suss€.fu4t _ I 3Ao.: 
-?t4z: 

:brttq:,_t)+: _4!5_ J."r 
-('I3:_ -4p_r,

f - r  ^  - ^ a t |  - l . . t A  - r - t  Ajx3e${a&taee: -,-4411 --34[ -9,f --91- 
-4lS--114 

:4Y :4Y:
' ^ t / l

t&$Ad-qdsrip€-:ttr#I 
- lot,t _ :iogb -: Ior?L--lcet'- -fct- -jc',L -(Y 

39 -
t l

M6lL-rsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss+?e.{set:k4i :-#$. 58Ep --{P -59 -eV --W :s? -3b?

Jlevlslon I\o. I
Doc. No. V049-1452
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tr€sses et thc

Mean radius Rm
Rm/t = 145

coMPRESS s.s3 C : \COMPRESS\PUMPS\A-7R I  .VSL

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

= 36.25 in

Stress concentration factor Ku (tension) = I
Stress concentration factor Kb Oending) = I

Pressure stress intensity factor, Feff equation 11.5

| = .25*(4 13+(r/t)'2 + 3*(r/x)-4)
= ,25* (4 + 3+(4.75t8.3125)^2 + 3*<4.75t8.3125) 4)
= | .325

Local circ. pressure stress = I+P+Rm/r = +i ZgL+. "ar

Local long. pressnre stress = P+Rm/2t =F I66L. Ptr

Maximum combined stress = -l!E!s$ \DEbB Ae-t
Allowable combined stress = +-3*S = +- 44100 psi

The maximum combined stress is within sllowable limits,

Maximun primary nembraue stress = -eEb 5549 P:t .
Allowable primary membrane stress = +-1.5*S - +- 22050 psi

lhe maximum primary me mbrane stress is within allowable limits,
-

A u g . 9 ,  1 9 9 6

: '1874. eat

R-v c = /t+.r..J(3i,.2i'J : 213).5por -----> ac- - LlSl'seaIr'em)
.2-5r ' . r .

6'r-: (t4reuYru.eaJ
Z- L.L6,\

lDtli {zet

Mr.*G((e,,s=o 3rE"c -- lotjlb*t + LbL4ea + \o(& ?5\

\D5trg €i5t

M.M1* ?e,t16c-i {w\otx-e.tnfr6a = \1a59rc'. + Lb?-4 eat * \CIJzer

RevisionNo. I
Doc. No. V049-l{52
Page 37 of43
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CoMPRESS 5.53 C : \COMPRESS\PUMPS\a-7R I  . vSL

N 2  1  2 " C F  (  1 O " o d )

A u g . 9 ,  1 9 9 6

Froml Value I  beLa I
F i s . l  r e a d  |  | DICIt t rBu

3 c *  1 5 . 8 8 0 0  |
4c* 114.427 |
l c  1 0 . 0 6 0 0  |

34" I
0 . 0 t 5 7
4 . 3 6 2 4
0 . 0 5 5 3
9 . 3 4 2 2
0 . 0 1 1 8

0 . 1 9 3
0 . 1 9 3
n  1 q ?

0 . 1 9 3
0 . 1 9 3
0 . 1 9 3
0 . 1 9 3
0 . 1 9 3

1 A
3 B *

pressure st ress '

- 1 5 5 9  - 1 5 5 9  - 1 5 5 9

-  1 5 7  1  1 5 7 1  - 1 5 7 1

-676
-  1 6 5 9

-5002
t ) ,  I

-675 -676 -67 5

6 0 0 2  - 6 0 0 2  6 0 0 2

-2-az4 -ZU4 'W+ -?P+ -2b24 -zu4 -?b4 -?sAr

Tota l  c i rc  s t ress
Pr imary membr ane
ci rc  s t ress+

-teo* '21\2, -t o54 '?j\?, -9502 Z*L '1VZ zgz,

- 44b1 446t -46) -*s, -3sc.o - 3sco -}scD -7scE

3 c *  1 5 . 8 8 0 0
4c* 114.427
1 c - 1 1 0 . 0 3 8 7
2 c  1 0 . 0 3 4 3
4 4 *  1 1 2 . 5 6 0
2 A  1 0 . 0 2 4 0
4 s *  1 4 . 1 6 2 5
2 8 - 1 1 0 . 0 1 5 2

0 . 1 9 3
0 . 1 9 3
0 . 1 9 3
n  1 q ' l

0 . 1 9 3
0 . ' 1 9 3
0 . 1 9 3
n  1 q ?

pressure aEress '

-576 -676 -676

- 3 8 7 1  3 5 7 1  - 3  e 7 1

-67 6
- 1 5 5 9  - 1 5 5 9  - 1 6 5 9  - 1 5 5 9

387' � r
-3431 343 r  -343 1 343 1

-\ot,b -\obb. -toeb. - \dd' 
-tO(&. 194' - lo(,L. ' \e(&,

Tota l  long st ress
Pr imary membr ane
long st ress*

-s6\3 Z\Zq,  -3Pt3

- t'wz- - n4L - t14Z

Z\L', '(,t4a

'o12, 'h2<

lo t t  'c ' r3 . ,  lob.

-?tL< -211,< -Afl<

torsion moment l' lt
c i rc  shear  f rom Vc
Long sh€ar  f rom vL

Tota l  shear  s t ress

combined st ress -LoS4 '23\1- 'teo* -29\2. -992, 2p- -9SoZ' Z3oL

l l l

nqeVi.l= \e1*?- - t- rooe 'lobb_ - ldeG_- lvb - \d2

'3116�, '1\2e. -3nt 'ro'5La

-rqf j r.o(,i'_

t4b" 
-tc6bg r+x', , -:; j-?rl!4qQqqog\)_:qtr?_i:rgq:flA(br49\DtD 4lE4) i

l{*rPe"a*ata-tgz- |--da,lg+, | -44el). '4%a '4403 -144 -1<oe -)<ao '\<oo - %.a

- 
\or1' - \6,6 

- t,clh - i0(* ' \d,'o ' }d.bI ?a,Vne'{ t{e,n.:tee*a | - Lot v- - - : -
t ,

ti&-r-'o3o!',&f t{E(gA- !s42

- 1 D{,1"

-654' -ss4?, -4s,L -4<t4, -45a. 'A<bv

Revision No. I
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I
COMPRESS 5.53 C: \COMPRESS\PUMPS\A-7R1.VSL Aug.  9 '  1996

Suooor t  R inq

Neutral axi6 of combined section

NA = As+Y2l(A1 + As)
=  1 . 6 9 * 2 . 8 8 5 / ( 1 . 1 7 2 7 8 7  +  |  . 6 9 )
=  1 . 7 0 3 1  1 3  i n

Inertia of the shell about the combined sectiou NA

1 1  =  W * t s ^ 3 / 1 2  +  A l * N A ' 2
= 4.691 149*0.25^ 31 12 + 1.  172787* 1.703 1 13^2
= 3.407887 in^ 4

Inertia of the ring about lhe combined section NA

7 2 = f u + A 3 + ( N A . Y 2 ) ' 2
=  ? . 7 7  +  1 . 6 9 * ( 1 . 7 0 3 1 1 3  - 2 . 8 8 5 ) - ?
= 5.  130688 in^4

Total available I = I1 + 12 = 8.538576 in^4

The 4x3x 1/4 Un Equal Ang vacuum stiffener is satisfactory.

l(euslon No. I
Doc. No. V049-1452
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o 
= 1.e08in

Neutral axis of conbined section

NA = As+Y2l(Al  + As)
=  1 . 1 9 * 1 . 9 0 8 / ( 1  . 1 7 2 7 a 7  +  1 . 1 9 \
= .9609499 in

Inertia of the shell about lhe conbined section NA

I l  =  W t t s ^ 3 / 1 2  +  A l * N A - z
= 4.691149*O.25^ 3l 12 + | .172787*0.9609499^2
= 1.089089 in^4

Inertia of the ring about the combined s€ction NA

12 = Ir + As{.(NA -Y2)-2
= 0.703 + l . l9*(0.9609499 -  1 .908)^2
= 1.770316 in-4

Total available I = Il + 12 = ?,859405 in^ 4

T\e 2.5x2.5xL14 Equal A vacuum stiffener is satisfactory.

Calculat ions for  r ing 40 ln  f rom datum

R.eoul red moment  of  iner t ia  of  the combined r ins 'shel l  sect ion

Is= (Do'2*Ls*(t + As/Ls)*A)/10.9
= (72.7 5 '  2a 4 1.37 5 + (0.  197 57 + |  .  19 1 4 1.37 5)*2.682585E-04) /  10.9
-- 1.2L9764 it^ 4

Avai lab le moment  of  lner t ia  of  thc combined r ins-shel l  sect ion

Shell width contributing smaller of = 4'691149

W = 1.1*Sqr(Do+ts)
al = l. I +Sqr(72.75*0.25)

U = 4.691149 in

W  =  L s  =  4 1 . 3 7 5  i q

CoMPRESS 5 .53 C : \COMPRESS\PUMPS\A-7R I  .VSL

St i f fner  Rinqs

A u g . 9 ,  1 9 9 6

Revision No- I
Doc. No. V049-1452
Page 42 of 43

Dhell Eaterial specification:
VReauired shell thickness:

Co.roacA shell thickless r
Shell outer diameter:
D€sign temperature:
External design pressure :
Stiffener supported length :

B = .75*(P+Do/(t + As/Ls))
-  .7  5+( t4.7 +72.7 5t  (0.  197 57
= 3543.781

From table HA-3 (ring)

SA 240 3O4L HIGH
t = 0.19757 in
ts = 0.25 in
Do = 72.75 in

= 400 deg F
P = 14.7 ps i
L s  =  4 l . 3 7 5  i n

+ L 19/41.375))

A = 2.6825858-04



coMPRESS 5.53 C : \COMPRESS\PUMPS\A-7R 1  .VSL

Sti f fner Rings

ftnett areaAl = w*rs = 1.172787 in^2
v

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
= 1.783 + O.Z5I2
= 1.908 in

Neulral axis of combined sectiou

N A = A s * Y 2 l ( A l + A s )
=  1 . 1 9 * 1 . 9 0 8 / ( 1  . 1 7 2 7 8 7  +  L . 1 9 )
= .9609499 in

Inertia of the shell about the combined section NA

I l  =  W t t s ^ 3 / 1 2  +  A 1 * N A ^ 2
= 4.691149*0.?5^ 3l 12 + 1 .17?-787 *O.9609499^2
= L089089 in^4

Inertia of the ring about the combined section NA

1 2 = I r + A S + ( N A _ Y 2 ) ^ 2
= 0.703 + l . l9+(0.9609499 -  1 .908)-2
= 1.770316 in^4

fr*t 
available I = Ir + 12 = 2.BS94o5 in^4

T\e 2.5x2.5x114 Equal A vacuum stiffen€r is satisfactory.

Aug.  9 ,  1996
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1- o5J
PAGE 1OF lt-)

REV. DEO# DATE BY: CIIECK TITLE: SPOOL B-r (72 in)
o D t  7 l LJDE t( D z---

nv. rrl. R.\, - I l t.. DFF''f ' ?r'4

PROJECT: LIGO Vacuum Equipment
t \

PROJECTNO: V59049

PURPOSE: Determhe spoovadapter shell thickness. Additionally when applicable, evaluate
nozzle opening(s), calculate size and spacing ofstiffener rings and support
nngs.

METHOD: Thickness requirements per tle ASME code, Section VItr, Dvision I,
are derived using the COMPRESS computer progra{4 version 5-31.

ASSUMPTIONS:

IMUTS: l .
2.

Vacuum pressure : 14.7 psi
Design Temperature : 400 F.

REFERENCES:l .

?

ASME Boiler & Pressre Vessel Codq Seclion VIII, Div. I, Pressure Vessels.
COMPRESS 5.31, Computer Aided Preszure Vessel Desig4 Codeware Computer
Svstems. Inc.
i 'ei t  - ' t - i t t  L/aD y'.4au'/ ] tEet,r Car,,-.  DE,,a.,,r  ( .-are,.. .e

CALCIILATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements oftle ASME Code are met for spool B-l outer shell.

NOTES: Flanges were included in the COMPRESS model simulating radial stitreners at the cylinders
open end(s), For flange desigrr and analysis see calculation numbers V049-1-016, 017, 018, & 019.
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COMPRESS 5.53 C :\COMPRESS\MANIFOLD\B- l. VSL Apr. 19, 1996

Pressure Summary

- l

I P I r I ltNsp I r|AP I Pe luc-ee I

I desiqr I destqD I le*te4a1i [atio

( p s i )  l ( d e g  F )  |  ( F i )  |  ( F i )  ( p s i |  |  |

ucs-66 |

xD T lr€lptror o! |
(d€g F) strB3 R.ahrctton I

I spool B-1 "2' dia

72,25" iar fla'lge

I 72-25tr td Frange

I sut4to-t Riags

r{ot aPpltc.bre

I rfot al>plicablo

I rIot applicaltlc

i

I o.ooo I

t _ l

o . o  I  o . o  I  e 7 . d  I  e 7 , a  1  2 2 . a  |  1 - o o o  I

o . o  I  o . o  I  1 7 . 5  r 7 . 5  L
o - o  I  o . o  I  L 7 . 5  |  1 7 - 5  |

1-OOO I

I  r .@a  I
I  r 4 . 7  i

Vessel MAWP hot & corroded is 17.53 psi @ 0 degrees F.

Vessel MAP new & cold is 17.53 psi @ 0 degrees F.

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

: I.S*(MAWP + Operating Liquid Head)*l :26.3 psi

Vessel hydrotest pressure is 26.3 psi.

Note: vessel MAP rating not valid unless hydrotest oressure based on MAP.

Revision No. 0
Doc. No. V049-1453
Pase 4 of lo
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CoMPRESS 5.53 C :\COMPRESS\MANIFOLD\B-l.VSL Apr. 19, 1996

Weight Summarv

lrelgrrt (Ibs) contllbuted by vessel EleDsts -----

tlay3 Pacraed Insut llnlnq Pipitg Lldde R1nqB

& sup Aeds & Fl-ai & xisc

t€t Ifoa.Ie

l,lquid & ffg

sPooJ- b-a 72" d

72.25"  l .d  f la .g

72.25"  \A  f laDg aao

ve€se1 opdatlng leight, corloated. 3.391 1ba

vesel elpty oeigbt. corroded: 3.a9r lDs

ve.set €4rt!, r'eigDt, ,er: 3.a9t- llrs

veBse1 test veigbt. nec: 2I,554 lbs

Vessel center of gravity location (from right weld seam)

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

229

tJoral

3,891 lbs
60 in

Fur....lt e $"**- b et'rJeo ao A 3u t^L F\^'\('g

[.t ,r*- it-A^rr.e TF{\z-crtEb5 vJ\tL e€ t€':A'

Revision No. 0
Doc- No. V0491-053
Pase 5 of lO
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COMPRESS 5.53 C : \COMPRESS\MANIFOLD\B- 1.VSL Apr. 19, 1996

Thickness Sumnary

rD Lerqttr lfou t treq

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

Govelritrg

Load statG sttess

stbot b-1 72" alia l ,20 .oo  0 . r€69 0 .45

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to goveming loading
E 

- - longitudinal seam joint efficiency

l,oad:
internal - circ stress due to intemal pressure govems
extemal - external pressure governs
wind - combined lonq stress due to STATUS * wind governs
seismic - combined lon! stress due to STATUS * seismic governs

Revision No. 0
Doc. No. Vo49-1453
Pase 6 of l0
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COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-I.VSL Apr. 19, 1996

Spool B-l 72" dia

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

Comoonent: Cvlinder
Mateiial specification: SA 240 304L HIGH

Extemal design pressure: Pe: 14.7 psi @ 400 deg F

Corrosion allowance: Inner C : 0 Outer: 0 in

PWHT is not performed

Radioeraohv: Catesory A ioints - Spot UW-l l(b) type I
Catelory B joins - Silot UW-l1(b) 6/i,e I

Estirnated weieht: new : 1981.6 corr : 1981.6 lb
capaEity: new :2129.779 corr : 2129.779 US ga

ID :72.25 lengtl lr: 120 t:0.25 in (new)

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

P : Sr.E*r/(R + 0.6*t) - Ps
: 16700*0.85*0.251(36.125 + 0.6*0.25) - 0
:97.82909psi

MAgrP: (Corroded & at 0 deg F) UG-27(cXl)

P :S *E* I / (R+0 .6 * t ) -Ps
: 16700*0.85*0.251(36.125 + 0.6*0.2fl - 0
:97.82909psi

External Pressure: (Corroded & at 4(D deg F�l UG-2E

L/Do : Nn2J5:0.5498 Do/r:72.7510,18693 : 3E9.1831
From table G: A : 0.000325
From table HA-3: B : a301.3

Pa: 4*B/(3*Doit)
: 4* 4301.3 | 6*72.'1 5 | O. 18693\
: 14.7362 pii

Design thiclmess for external messure Pa : 14.7362 psi:

: t * Corrosion
:0.18693 + 0
= 0.18693 in

Maximum Allowable External Pressure: (Corroded @ 4{X) deg Fl

L/Do = 40172-75:0.5498 Dolt:72.7510.25 -- 29t
From able G:
From table HA-3:

A = 0.000503
B = a980

Revision No. 0
Doc. No. V049-1453
Pase 7 of l0O i.2r.rss6



C0MPRESS 5.53 C :\COMPRESS\MANIFOLD\B- 1. VSL

Spool B-1 72' dia

Apr. 19, 1996

Rwision No. 0
Doc. No. V049-1-053
Paee 8 of l0

Pa: 4*Bi (3 *Do/r)
: 4* 4980 I (3*7 2.7 5 | O.25')
:22.8179 psi

O 3.zr.rss6



COMPRESS5-53 C:\COMPRESS\MANIFOLD\B-I.VSL

Support Rings

ASME Section VIII Diyision 1, 1992 Edition. A94 Adde

Suooort Rinss
s4240 304t HrGH
2
40 itr
40 in

4x3xll4 Un Eoual Ans
lee in (hard way)
r:69 n^2
2.77 n^4

Calculations for ring 40 in from datum

A S :
I r :

SA 240 3(XL HIGH
0.18693 in
0.25 in
72.75 n
,100 deg F
14.7 psi
210 in^

O Stiffening Ring Calculations Per UG-29

Identifier:
Ring material specification:
Number of rinss in this erouo:
Distance fust frne to datim ffne:
Ring spacing:

Rine descriDtion:
Rin! is rollbd:
Ring cross sectional area:
RinE moment of inertia:

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Desigr temperature:
External desiqn oressure:
Stiffener supforied length:

t :
t s :
D o :

P :
L s :

B:.75*(P*Do( t+As/ ls)

= {;;\\t1",,.7 
5 t (o - 186e3 + 1. 6el40)

From table HA-3 (ring) A = 2.6495568-Aa

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Lsx(t + AYtr)*A)/10.9
: (72.7 5^ /*!Qx(0. 18693 +'1.69 I 40)x2.64s556E44y10.9
: 1.179368 in^4

Available momeot of iaertia of the combined ring-shell section

Shell width contributitrg smaller of : 4.691149

W = l.l*Sor(Do*ts)
:1.1*sqr(72.75*0.25)
: 4,691149 in

W = l s : 4 0 i n

Shell area Al : W*ts = 1.172787 n'2

Distatrce to the ring neutral axis

Apr. 19, 1996

Revision No. 0
Poc. No. V049_r _0s3
Pase 9 of lOI 3.zr.rss6



COMPRESS 5.53 C:\COMPRESS\MANIFOLD\B-1.VSL Apr. 19, 1996

Support Rings

Y2 : Rins NA + ts/z
= 2.76 + 0.25t2
: 2.885 in

Neutal axis of combined section

NA:As*Y2l (A l  +As)
: 1.69*2.885/(1.172787 + r.69)
: 1.703113 in

Inertia of the shell about the combined section NA

11 :W*ts^3/12+A1*NA^2
: 4.691149+0.25^ 3l 12 + 1.fin87*l.7D3ll3^ 2
:3.407887 n^4

Inertia of the ring about the combined section NA

12 : Ir + AS*(NA -Y2)^2
: 2.77 + 1.69*(1.703113 - 2.885)^2
: 5.130688 in^4

Total available I : Il + 12 = 8.538576 in^4

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

Calcs for ring 80 in from daurm identical to ring 40 in from datum.

O 3.2r.rss6
Revision No. 0
Doc. No. V049-l{53
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGFI, MA

ENGINEERING
CALCIJ'LATIONS

NO: V049-1-054
PAGE 1 OF 34

REV. DEO# DATE BY: CIIECK TITLE:

SPOOL F2 (30 in)
0 Dt.\l u//r,/96 WDB RD(-

BYtA,  iT , rvu  t - , DEW..74+

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PUMOSE: Determine spooVadapter shell thickness. Additionally when applicablg 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,
axe derived using the COMPRESS computer progranl version 5.3 1-

ASSIIMPTIONS: None

INPUTS: 1. VacuumPressure : 14.7 psi
2. Design Temperature = 400 F.
3. Ion Pump Nozzle Loads

Pr = 2250.0 lbs
Mc:  M:4542.0 in lbs
V c : \ 4 : 1 2 6 . 5 1 b s

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VI[, Div. 1, Pressure Vessels.
2. COMPRESS 5-31, Computer Aided Pressure Vessel Design, Codeware Computer

Systems, Inc.
3,Voq?' t -a/6 lJz ' t t  y 'aa,  ' iqv '4  Crc "e ' - '  D<t '+-  ( /z t r ' :a ' '4

CALCULATIONS : (SEE ATTACIIED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-2 outer shell.

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

Revision No. 0
Doc. No. V049-r454
PAee I of 34
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COMPRESS 5.53 C :\COMPRESS\MODECLNR\B-2. vSL

Pressure Summarlr

Apr. 19, 1996

O Pressure summarJr for pressure chamber I

l P l r l a w p

I design I desien l

|  (pst)  l (deg F) |  (p6i ' )

xrP I sc--e9 |

I le'teral l Ra€io

I  {p. i )  (p6i)  |  |

('cs--€6 lcorro6l6n I

EDttT EaelptloD or Allocece

(.res F) stles nedqctlon | (in) I

1 1 . 7  |  I

L . - - z  I  I

I not appal€bre

I Not appllcabre

I

l|ot at'l'].lcabte

I not apPltcabre

I

l

l l

_ l

cF cI' v/1an od tubel

I stiff6n€! alttgs

3o-1l2itd FlaDge I

3o-al2tr iat Fleg€

I sut)t'ort R'Dgs I

o . o  |  2 3 o . 4  i  2 3 O . a  I

o - o  o . o  I  o - o  I

o . o  a o . 2  I  a o - 2  |

o - o  |  1 o . 2  |  1 o . 2  l

t l

I

I
t _

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

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

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

Hydrotest pressure calculation based on Pe

: 1.5tPe*1 - 22psi

Vessel hydrotest pressure is 22 psi.

lTillH3-'"*
Prse 5 of343-21-1996
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Weight Summary

?e.iglrt ('lbs) cortf-it'uteat by vessel El.DeDts

xe€al l{€tal r'liys Pacried InsEI Liting Pltring ra.td€ rinqs oltd l€st llor.re

r.@ & sup Beds & PIat 6 ).li& l,lquid Liquid & flg

Spool b-2 3075

3o-1 /?r id  f ldq  1539

3o-r/2tr id fl'.n 1539

Ve63el op€rattnq retftht. cotroded: 6"400 lbs

v*el elpty oeiqDt . corrotled : 6 , 4oo 1bs

vessel cDpt! rciqbt, ret: 6,400 Lbs

v*I teet ce.tglrt, new: L7,9ao lbB

Vessel center of gravi8 location (from riglt weld seam)

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

6,400 lbs
219.9 in

o o o

o o o

o o

ll5ao

Revision No. 0
Doc. No. V049-1454
Paee 6 of 343.21.1996
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Nozzle Summary

(1h)  ( in )  A !?  12?

Nor t Reg t ftser t

{ : n )  ( i n )  ( 1 D )

coF aalrr

1a .oo  o-25oo o .0625 y y  o .25OO O- la rs  O.25OO O.OOOO LAO.1

tn - nozzle thickness
Req tn - nozzle thickness required per UG-45/16
Nom t - vessel wall thickness
Req t - requhed vessel wall thickness due to pressure * corr per UG-37
User t - local vessel wall thickness (near opening)
Aa - area available per UG-37. qovernins condition
Ar - area required fer UG-37, gbverninf condition
Corr - corrosion allowance on nozzle id.

Revision No. 0
Doc. No. V049-1454
Paee 7 of 34O 
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Nozzle Schedule

rl.!€ia13

rfor.Ic hpact? xo.E? Pad

13.50 rDro,2s SA 240 304L ErGS

Revision No. 0
Doc. No. V049-1454
Pase 8 of 34O 3.zr.rss6
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Thickness Summary

( i r )
ID I.eDgth lrot t neq

( i n l  ( i n )  (  I n )

Gov6DDg

I-oad statE strBs

o . 2 5 0 0  0 .  r a a a  o - s s

Nom t - vessel wall thickness
Req t - required vessel wall thiclness due to governing loading
E - longitudinal seam joint efEciency

had:
internal - circ stress due to internal pressure governs
external - external Dressure govems
wind - combined lons str-ess due to STATUS * wind governs
seismic - combined lon-g stress due to STATUS + seismic governs

Revision No. 0
Doc. No. V049-1{54
Paee 9 of 34
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coMPREss 5.53 C :\COMPRESS\MODECLNR\B-2. VSL Apr- 19, 1996

Spool B-2

new :3M4.7 con - 3074.7
new: 138E.487 con: 1388.487

lb
US ga

p :S*E+ t / (R+0 .6 * t ) - ps
: 16700*0.85*0.251(15.25 + 0.6*0.25) - 0

L/Do : 7ll3l :2.2903
From table G:
From table HA-3:

L/Do: 7ll3l --2.290'3
From table G:
From table HA-3:

O ASME Section VIII Division l. 1992 Edition. A94 Addenda

Component: Cylinder
Matei'ial specification: SA 240 304L HIGH

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

Corrosion allowance: Inner Q:0 Outer: 0 in

PWHT is not performed

Radiography: Category A joints - Spot Uw-llO) type I
Category B joints - Spot UW-l 1(b) typ€ 1

Estimated weight:
capacny:

ID : 30.5 lenglh.I*: 439 t: 0.25 in (new)

MAP: (New & at 0 deg F) UG-27(cX1)

: 230.43E3 psi

MAWP: (Corroded & at 0 des F) UG-27(c)(l)

I t  P:  S*E*V(R+0.6* t ) -Ps
: 16700*0.85*0.251(15.25 + 0.6*0.25) - 0
: 230.4383 psi

External Pressure: (Corroded & at 4fi) deg F) UG-2E

Dalt : 3110.14445 : 214.5923
A = 0.000181

B :2382.1

Dol t=3110.25:124
A:0.000104

B : 419t.6

Pa: 4*B/(3*Do/t)
-- 4*2382. I I G*3 | | 0. | 4446\
: 14.8008 psi

Design thickness for extemal pressure Pa : 14.8008 psi:

: t * Corrosion
:0.14446 + O
: 0.14446 in

Maximum Allowable External Prqssure: (Coiloded @ z!00 deg El

Rwision No. 0
Doc. No. V049-I-OS4
Pase '10 

of 34O 3.2r.rss6
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Spool B-2

Pa= 4*B/(3'FDo/t)
: 4* 47 91 .6 | (3*31 I 0.25)
- 51.5226 psi

Revision No. 0
Doc. No. V049-1454
Pase ll of34O 3.2r.rss6



COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL Apr- 19, 1996

CF w/14" od tube

^ Opening CF Reinforcement Calculations Per UG-37

!, Located on: Spool B-2
User input vessel thickness: .25 in
Liquid static head included: 0 psi
Flange description: N6t installed

Nozzle material specification: SA 240 304L HIGH

Nozzle orientation: 0 desrees
End of nozzle to shell center: 18.125 in
Nozzle offset from center [n: 0 in
hojection outside vessel Lpr: 2.625 in

tn -> l
c o r r o s i o n a l l o w = 0 i n
noz thick net,J 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 weld tw2 = .175 in

To datum L= 48 in

twt-> 
l,

< _ L

tw?

-> l

Reinforcement Calculations For Nozzle MAWP

O 3.zr.rss6

O Limitsofreinforcement UG-40

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

Nozzle required thickness

tn: P*Rni(Sn*E - 0.6*P)
: 0*6.75(16700*l - 0.6*0)
= 0 i n

Required thickness tr from UG-37(a)

t: P*R/(S*E - 0.6*P)
= 0*15.251(167@*l - 0.6*0)
: 0 i n

Area required

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

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

Rwision No. 0
Doc. No. V049-l{54
P^ee 12 (f 34
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CF w/14' od tube

A : d*tr*F + 2*m*f{.F,F(l _ frl)
: 13.5*0{.1 + 2*0.25*0*1*(1 - 1)
: 0 in^2

Area available

A1 : larger of the following :3 .375 n^2

: d*(E1*t-F*tr) - 2*!r*(81*t-F*tr)*(1-fr 1)
: 13.5*(1*0.25-1*0) - 21.0.25*(1*0.25-1*0)*(l-1)
:3.375 1n^2

: 2*(t + ur)*(El *t-F+t) - 2*tn*(El '.t-F*tr)*(l -frl)
= 2*(0.25 +O.25)*(l *0.25-l *0) - 2*{.25*(l*0.25-1 *0)*(1-1)
: .25 in^z

A2 = smaller of the following

- 5*(h - trn)i'fr2*t
= 5*(0.25 _ 0)*l*0.25
: .313 in^2

: 5*(tn - fn)*frz*tt
: 5*(0.25 - 0)*1*0.25
: .373 in^2

: 0.313 in^z

t r l  : 0 i n ( E :  l )
t r 2 : 0 i n
tr3 : 0.0625 in
E4 : 0.328125 in
tr5 : 0.0625 in
tf : 0.0625 in

A4l : Les."2*frZ
: 0.25*2*l: .063 in^2

Area: A1 + A2 + A41
: 3.375 + 0.313 + 0.063
: 3.751 in^Z

As Area ) A the reinforcement is adequafe 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 O.7*tmin, tl (nin) : 0. 175 in
tl(actual) : 0.7*I.es : 0.7*0.25: 0.175 in
t2lacnrali : 0.175 ii
t l '+ t2 = 0.35 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thiclmess Check

Wall thickness per UG-45(a):
Wall thickness per UG-a5ft)(l):
Wall thickness ber UG-I6O):
Std pipe wa[ par UG45(b)(4):
The'gieater oft2 or tr3:' 

-'

The lesser of tr4 or tr5:

3.21.1996
Revision No. 0
Doc. No. V049-l{54
Pase | 3 of34



COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-2.VSL

CF w/14" od tube

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

Available nozzle wall thiclness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) ard tlW-l5(c)

Groove weld in tension - 0.74*167N = 12358 psi
Nozzle wall in shear : 0.7*16700 : 11690 psi 

-

Inner fillet weld in shear = 0.49*16700 : E183 psi

Srength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozde O.D.*Leg*Si : 1.57tF14*0.25*81E3 : ,14965.59 lbf

(3) Nozde wall in shear
(Pi/2)*Mean nozde 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!114*0.175*12358 : 47535.05 lbf

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

W : (A - (d - 2*tn)*(Elt - F*tr))*Sv
: (O- (13.5 - 2+0.25)*(1*0.25' j  1*0))*16700
:-54275 tbf

W1-1 : (A2 + A5 + A41 + A42)*Sv
= (0.313 + 0 + 0.(b3 + 0)*16700-- 6279.2tbf

w2-2 : (A2 + A3 + A41 + A43 + 2,r,mt*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*1)*16700
: 8366.7 lbf

load for path l-l lesser of W or Wl-l :-54275 lbt
Path l-1 i'ttru (1) & (3) = 4965.59 + 63089.47 : 108055.1 lbf
Path 1-l is stronger than w so it is acceptable per UGal(b)(2).

Load for wrh 2-2 lesser of W or W2-2 :-5a275 lbt
Path?-2lln (1), (4\ : aA965-59 + 47535.05 : 92500.64 lbf
Wh 2-2 is stronger tir,an W so it is acce,ptable per UG-4 I OX2) .

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*(h-Cn) + te : .625 in
Normal to the vessel wall inside 2.5*(tr-Cn-C) : .625 tL

Apr. 19,1996
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COMPRESS5.53 C:\COMPRESS\MODECLNR\B-2.VSL

CF w/14" od tube

1f Nozzle required thickness
-

L/Do = 2.625114 = .1875 Do/t : Ml0-029M = 482.0937
From table G: A : 0.000746
From table HA-3: B : 5337.6

Pa: 4*B/(3*Do/t)
: 4* 5337 .6t (3* 1410.02904)
: 14.7623 psi

Apr. 19, 1996

Revision No. 0
?oc. No. V049_l-054
Pase I5 of34

Nozzle required thickness tm = .02904 in

Requircd thickness tr from UG-37(dXl) : .1,f45 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 : 1

A:0.5*(d*u.*F + 2*m,'.t +Ft!(l -fr l)
= 0.5*(13.5*0.145*1 + 2*0.25*0.1445*1,'.(l - 1))
= .9754n^2

Area available

Al : larger of the following : 1 . 424n^2

: 0.276 n^2

: d*(El*t-Ftr) - 2{.h*(El *t-F*tr)*(l-fr1)
: 1 3. 5 *( I *0.25_ I *0. 1445) _ 2*0.25+ (ll*0.25_ 1 *0. I 445)*( 1- 1)
: 1 . 424n^2

= 2#(t+h)*(E1*t-F*tr) - 2*tn*(E l *t-F*r)*( l-frl)
: 2*(O.25 +0.25)*(l*0.25-1 *0. l,{45) - 2*0.25+(l *0.25-l*0. 1,145)+( 1- l)
: .105 in^2

A2 = smaller of the following

: 5*(tn - tm)*fr2*t
= 5*(0.25 - 0.02904)*1*0.25
: .2 '16 in^2

: 5*(tn - trn)*frz*tn
: 5*(0.25 - 0.02904)*l*0.25
: .276 in^2

A4l -- I*s.^2*fr?-- 0.25*2*l: .063 in^2

Area: Al + A2 + A4l
: l.A4 + 0.276 + 0.063
: 1.763 n^2

O 3-2r.rss6



^ As Area > A the reinfoncement is adequate for Pe : 14.7 at 400 Deg F
tr

UG-45 Nozzle Neck Thickness Check

Wall thiclmess per UG-45(a):
wall rhlckness irer UG451b)121:
Wall thickness per UG-16(b):
!!d pipe wall per UG-45(b)(4):
The'gieater of trz or tr3:' 

' '

The lesser of tr4 or t5:

Req'd per UG-45 is the larger of f I or

CoMPRESS 5.53 C : \COMPRESS\MODECLNR\B-2. VSL

CF w/14' od tube

tr1 : 0.02904 in (E : l)
b2 : 0.0153 in
tr3 : 0.0625 in
tr4 : 0.328125 in
tr5 : 0.0625 in
tr6 : 0.0625 in

tr6 : 0.0625 in

Available nozzle wall thictness new, tn : 0.25 in

The nozde neck thickness is adequate for Pe.

Apr. 19, 1996
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offiffi
Circumferential moment
Circumferential shear
lfisitudinal moment
LonEitudinal shear
Torsion moment
Intemal nressure

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

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

Shess concentration factor Kn (tension) : 1
Stress concentration factor Kb (bending) : I

Pressure stess intensity factor, Farr equation 1 1.5

| = .25*(4 t 3*(rlx\^2 + 3*(rix)^4)
: .25* (4 + 3* (6.7 5 I 7 .25)^ 2 +' 3* (6.7 5 I 7 .25) ̂ 4)
:2 .214

Local circ. pressure stress : I*P*Rnr-/t : 0 psi

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

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

The maximum combined shess is within allowable limits.

Maximum primarv membnrne stress :-3663 osi
Allowable iftitati membrane stress : +-1.5*S = +- 25050 psi

The maximum prfunary membrirne stress is within allowable fmits.

COMPRESS 5.53 C : \COMPRESS\MODECLNR\B-2. VSL

CF w/14" od tube

Apr. 19,1996

Revision No. 0
Doc. No. V049-l{54
Paee l7 of 34

Pr = 2250 lbf
Mc : 378.5 lbf-ft
Vc : 126.5 lbf
ML :378.5 lbf-ft
W : 126.5 lbf
Mt = 0lbf-ft
P :  0 p s i

O 3-2t.rss6
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CF d14" od tube

Froml  Value
AIFig.  I  read

rc*  l i sssz  lo .g98-
4C*  14 .3911  10 .398
1C  10 .0648  10 .398
2C-110 .0065  10 .398
34*  11 .3830  I 0 . 398
lA  10 .0573  I 0 . 398
38*  12 .5018  10 .398
rB -110 .0079  10 .398

tors i on moment l'lt
Circ shear from Vc
Long shear from VL

-Etel 
sh-ear stress

-fi6ined stress

2570 -2570

1404 -1404- 1404

-483
-56?

-483
562

c1CuB lBu

483 483
562 -562

-2570
-13997 i3997 -13997 13997

1404
-267 -267 267 ?67

-4079 4079 4079 -4079

pressure stress*

ToTeTTIiilffi;s
Primary membrane
circ stress*

4c- lA:Ieii lo:IeE
i c - 110 .0160  10 .398 -3456 3456 -3456
?c  10 .0300  I 0 . 398
4A* 15.6652 10.398
2A  10 .0227  10 .398
4 8 *  1 i . 4 4 8 7  I 0 . 3 9 8 -279 -279 279

-1 i 25  1125  l l 252B-110 .01s8  10 .398
pressure stress*

-foffilo-ngliress
Primary membrane
long stress*

-3053 -3053 -2087 -2087 -1178 -1I78 -644 -644

-?570
3456

-6480
- 1093
-  1616

279
- r125

-2570 -?570 -2570

6480 -6480 6480
-1093 1093 1093
1616 1616 -1616

-1190 -1190 -63? -632 -3663 -3663 -1477 -1477

-23
-23 -23 23 23

-23 23 23

-?323t5

-2570 -2570

-?570 -2570

Revision No. 0
Doc. No. V049-1454
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Stiffener Rings

AS!{E Section VIII Division 1. 1992

Stiffener Rings
sA 240 304rHrGH
4
60 in
119 in

2x2x1l4 Eoual Ansle
lee in ftard wav) 

-

0.-938 in^2
0,348 in^4

Calculations for ring 6i0 in from datum

SA 2,!0 304L HIGH
0.14446 il
0.25 in
31 in
,{00 deg F
14.7 osi
54 in'

A S :
I r :

O Stiffening Rirg C4lculations Per UG-29

Identifier:
Rine material specifi cation:
Nufrber of rinel in this rouo:
Distance fust frng to dafrm fine:
Ring spacing:

Rine descriDtion:
RinE is rollid:
Rin! cross sectional area:
Rins moment of inertia:

Shell material specification:
Required shell thickness:
Conoded shell thickness:
Shell outer diameter:
Design temperature:
External desiql oressure:
Stiffener supforted length:

B = .75*(P*Do(t + Asil-s))
: .7s\.74.7*3y (0.t4M6 + 0.938/54))

t :
t s =
D o :

p :
L s =

From table HA-3 (ring) A = 1.606581E-O4

Required moment of inertia of the combined ring-shell section

Is= (Do^2+Ls{.(t + As/ts)*A)/10.9
: (3 1 ̂  2*54*(0. 14446 + 0,938/54)* 1 . 60658 1E-04)/ 10. 9
: .1237808 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

W - 1,l+Sor(Do*ts)
:1.1*sqr(31*0.25)
:3.06227 n

W :  L s  : 5 4 l u l .

Shell area A1 : Wxts : 0.7655676 n"2

Distance to the ring neutral axis
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COMPRESS 5.53

Stiffener Rings

Y2 : Rine NA + ts/2
: 1.408-+ 0.2512
: 1.533 in

Neutral axis of combined section

NA: As*Y2i(Al + As)
: O938*1533i(0.7655676 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

11 :W*ts^3/12+A1*NA^2
: 3.06227*0.25 ^ 3 | L2 + 0.7 65567 6*0.840839^ 2
: .5494371 n^4

lnertia of the ring about the combined section NA

12 :h+As* (NA-Y2 \ ^2
: 0.3a8 + 0.938*(0.8440839 - r.533)^2
: .7931799 n^4

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

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 179 in from datum

C :\COMPRESS\MODECLNR\B-2. VSL Apr. 19, 1996

Shell material sDecification:
Required shell thickness:
Corroded shell thiclness:
Shell outer diameter:
Design temperature:
External desi$ pressure:
Stiffener supfurted length:

SA 240 3O4L HIGH
t : 0.14446 it
ts : 0.25 in
D o : 3 1  i n

: 400deg F
P = 14.7 psi
Ls = 68 in-

B : .75*(P*Do/(t + As/Ls))
: .751(J4.7*3rI (0.14446 + 0.938/68)
= 2t59.659

From table HA-3 (ring) A = 1.6a2538E-04

Required noment of inertia of the combined ring-shell section

Is: (Do^2xl-sx(t + As/Ls)*A)/ 10.9
: (3 I ̂ 2*68*(0. 14446 + 0. 938i68)* 1. 642538E-04y 10.9
: .155E39in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.MZn

W: l.l *Sqr(Do*ts)
Revision No. 0
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COMPRESS 5.53 C : \COMPR-ESS\MODECLNR\B-2. vSL

Stiffener Rings

:1.1*Sqr(31*0.25)
:3.O6227 n

W = L s : 6 E i n

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

Distance to the ring neutral axis

Y2 = Rins NA + ts/2
: r.&8"+ 0.25t2
: r.533 in

Neuhal axis of combined section

NA=As*Y2l (A l  +As)
: 0.938*1.533/(0.7655676 + 0.938)
: .8,{40839 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 + 0.7 65567 6x0.8440839^ 2
: .5494371 n^4

Inertia of the ring about the combined section NA

t2 __ tr + As*(NA _ Y2\^2
= 0.348 + 0.938*(0.8't00839 - 1.533)^2
: .7931799 n^4

Total available I : 11 + 12 = 1.342617 in^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 29E in from datun

SA 240 3O4L HIGH
0.14446 n
0.25 in
3l in
400 dee F
14.7 psi
52u.-

Apr. 19, t996

Revision No. 0
Doc. No. V049-1{54
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Shell material specificatiotr:
Required shell thickness:
Coimded shell thickness :
Shell outer dianeter:
Desien temD€rature:
Extefoal deiign pressure:
Stiffener supported length:

B = .75*(P"Doi(t + As/Ls))
: .7 5*(14.7 +3i I (0.14+g' + 0.938/52))
:2103.251

t =
t s :
D o :

P :
L s :

From table HA-3 (ring) A: 1.600038E-Oa

Required noment of inertia of the combined ring-shell section

O 3.2r.rss6
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Stiffener Rings

Is: (Do^2*Lsx(t + As/Ls)*A)/10.9
= (3 1 ̂  2*52*(0. 1 4M6 + 0. 938/52),', 1 . 600038E{4y 1 0.9
-- .Ll920l n^4

Available moment of inertia of the combined ring-shell section

Shell width contibuting smaller of : 3.M227

W = 1.l*Sqr(Do*ts)
:1.1*Sqr(31*0.25)
:3 .M227 n

W :  Ls  : 52 l n

Shell area A1 : W*ts : 0.7655676 in^2

Distance to the ring neutal axis

Y2 : Rins NA + ts/2
: 1.408-+ 0.2512
: 1.533 in

Neutral axis of conrbined section

NA=As*Y2l (A l  +As)
: 0.938*1.533/(03655676 + 0.938)
= .8aa0839 in

Inertia of the shell about the combined section NA

I l =W* t s^3 /12+A1*NA^2
= 3.06227*0.25" 3 | L2 + 0.7 65567 6*g.g+44839 ^ 2
: .5494371 tn^4

Inertia of the ring about the combined section NA

t2 __ h + As*(NA _y?)^z
: 0.348 + 0.938*(0.8440839 - 1.533)^2
: .7931799 n^4

Total available I : Il + 12 : 1.3426fl n^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 417 in from datrm

Shell material sDecification: SA 240 304L HIGH
Required shell thic}ness: t : 0. 14446 in
Coroded shell thickness: ts : 0.25 in
Shell outer diameter: Do : 3l in
Desisn temDerature: : 400 dee F
Ext€inal deiign pressure: P = 14.7 psf
Stiffener supported length: Ix = 45.5 in

Revisiot No. 0
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(l "; ir{ll"p."i{td.,1yld4 0.e38i45 5))
:2070.418

From table HA-3 (ring)

Required moment of inertia of the combined ring-shell section

Is: (Do^2xl-sx(t + As/Ls)*A)/ 10.9
: (3 I ̂  2*45. 5*(0. | 4 746 + 0.938/45.5)* 1.57 52968-M\ I 10.9
:.1M3164in^A

Available moment of inertia of the conbined ring-shell section

Shell width contributing smaller of : 3.46227

W : 1.1+Sqr(Do*ts)
: l .  1*Sqr(31"0.25)
:3.M227 in

W : L s : 4 5 . 5 i n

Shell area A1 = W*ts : 0.7655676 n^2

Dishnce to the ring neutral axis

Y2 = Rins NA + ts/2
: 1.4D8-+ O.2512
: 1.533 in

Neutal axis of combined section

NA: As*Y2l(Al + As)
: 0.938*1.533/(0.7655676 + 0.938)
: .8440839 in

Inertia of the shell about the combined section NA

I l =w* t s ^3 /12+A I *NA^2-- 3.M2n*0.25^ 3 | t2 + 0.7 65567 6*0.8440839 ^ 2
: .5494371ln'4

Inertia of the ring about the combined section NA

12: lr + As*(NA -Y2\^2
:0.348 + 0.93E*(0.8440839 - r.533) 2
: .7931799 n^4

Total available I : 11 + 12 : 1.342617 n^4

T\e ZvJxll4 Equal Angle vacuum stiffener is satisfactory.

3-21.1996
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Stiffener Rings

A -- 1.575296844
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O Stiffening Ring Calculations Per UG-29

Identifier:
Ring material specification r

ASME Section VIII D1ision 1. 1992 Edition. A94 Adft

Calculations for ring 108 in from datum

Number of rines in this crouo:
Distance fust frng to dadm line:
RJng qpacing:

Rins descriDtion:
Rin! is rolltd:
Rins cross sectional area:
Rin! moment of inertia:

Shell material specification:
Required shell ttrickness:
Corroded shell thickness:
Shell outer diameter:
Desisn temDerat[e:
Extefoal deiisn Dressure:
Stiffener supfurted lengttr:

B = .75*(P*Do/(t + Asils))
: .75*(14.7*31t (0.1M46 +
:202639a

From table HA-3 (ring)

t :
t s :
D o :

P =
L s :

Required moment of inertia of the combined ring-shell section

Is: (Do^2*Ls*(t + As/t s)*A)/10.9
: (3 I ̂  2*59. 5 *(0 . 14446 + t -44 I 59.5)* t.5421 t5E-04)/ 10.9
: .1364417 ra^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of -- 3.06227

W : 1 .1+Sqr(Do*ts)
: l.1"Sqr(31*0.25)
:3.46227 n

W = l s : 5 9 . 5 i n

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

Distance to the ring neutral axis

3.21.1996

CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-2.VSL

Support Rings

SA 240 3(XL HIGH
0.14446 in
0.25 in
3l in
400 dee F
14.7 o{r
59.5 itr

Apr- 19,1996
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A S :
I r =

Suooort Rinss
SA 2.'O 3O4t HIGH
2
108 in
136 in

3x3x1/4 Equal Angle
leg in (hanl way)
l-4r'.llt^^z
l .A 'n^4

r.Mt59.s))

A = 1.542115844



CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-2. VSL

Support Rings

SA 2,+0 304L HIGH
0.14446ln
0.25 in
31 in
400 deg F
14.7 Dsi
59-5 in

Apr. 19, 1996

Revision No. 0
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Y2 : Rine NA + ts/2
:2.158-+ 0.25t2
= 2.283 n

Neutral axis of combined section

NA: As*Y2l(Al + As)
: r.44!2.283t(O.765s676 + 1.44)
: 1.490555 in

Inenia of the shell about the combined section NA

I l :W* t s ^3 /12+A1*NA^2
: 3.M227 *0.25 ̂ 3 / 12 + 0 -7 65567 6* 1.4X)555^ 2
: 1.70489 n^4

Inertia of the ring about the combined secdon NA

12 : lr + As*(NA -Y2)^2
: t.M + 1.44*(1.490555 -2.283)^2
:2.1442'15 n^4

Total available I : I1 + 12 = 3.84976 n^4

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

Calculations fon ring 2,14 ia from datum

Shell material specifi cation :
Re4uired shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design temperature:
External desim oressure:
Stiffener supfurted length:

B: .75*(P*Do/(t + As/h))

7 {i}ul\t]-rt 
t (0. 14446 + r.44t 5e.5))

t :
t s :
Oo::

P :
L s :

From table HA-3 (ring) A : 1.542115E44

Required moment of inertia of the combined ring-shell section

ls: (Do^2*Ls*(t + As/Ls)*A)/10.9
= (1 1,2*59.f *(0 .t 4446 + t.4t 59.5)* r.5421 158-@y10.9
= .1364417 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing srraller of : 3.062n

W = 1.1*Sqr(Do*ts)

O 3.zr.rss6



COMPRESS 5.53

Support Rings

: 1.1*Sqr(31*0.25)
= 3.M227 in

W : l x : 5 9 . 5 i n

Shell area A1 : W*ts : 0.7655676 n^2

Distance to the ring neutral axis

Y2 = Rine NA + ts/2-- 2.158"+ O.2st2
:2.283 in

Neutral axis of combined section

N A = A s * Y 2 l ( A t + A s )-- 1.44+2.283t(0.7655676 + 1.M)
: 1.490555 in

Inenia of the shell about the combined section NA

I1 =W*ts^3/12+Al*NA^2
: 3.06227 *0.25' 3 | 12 + 0.7 65567 6*1.4W555^ 2
: 1.704E9 in^4

lnertia of the ring about the combined s€ction NA

t2= t r+AS* (NA_yz \ ^z
: 1.24 + 1.,14*(1.490555 - 2.283)^2
:2.14275 n^4

Total available I : I1 + A : 3.8a9166 n^ 4

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

C : \COMPRESS\MODECLNR\B-2. vSL Apr. 19, 1996
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Support Ring

I Stiffening Ring Calculatioas Per UG-29

ASME Spc

Identifier:
Ring material specification: SA

Suooort Rine
s,{ 240 304r HrcH

Number of rinss in this srouo: I
Distance first frne to datim fine: 348 in

Ring description t tx3xli4 Equal Angle
Rine is rolled: lee in (hard wav)
RinE cross sectional area: es : l.-44 iri^2
Rin! moment of inertia : Ir : | .24 ir'^ 4

Calculations for ring 348 in fron datum

Shell material specification: SA 2.!0 304L HIGH
Required shell ftrickness: t = 0.14446 n
Corroded shell thiclness: ts = 0.25 in
Shell outer diameter: Do : 3t in
Desisn temDerature
Extetr,al d*im nressure: P = 14.7 os-i
Stiffener zupfroried length: Ls = 59.5 in

B : .75x(P*Do/(t + As/tr))
= .7 5*(14.7*3i | (0.14446' + 1.44t 59.5\)
= 202639a

From table HA-3 (ring) A - l.542ll5E-04

Required noment of inertia of the combined ring-shell section

Is: (Do^2*Lsx(t + AsA.s)*A)/ 10.9
: (3 1 ̂  2*J!. 5*(0.14446 + 1.4 | 59.5)* 1 .5421 lsE-M) I lO.9
: .1364417 in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing snaller of : 3.M227

W: 1.1*Sqr(Do*ts)
: 1.1*Sqr(31*0.25)
= 3.M227'in

W : L s : 5 9 . 5 i r

Shell area A1 : W*ts -- 0.7655676 n^2

Distance to the ring neutml a)ds

Y2 : Ring NA + ts/2

O 3.2r.rss6
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SuPoort Ring

-- 2.t58 + 0.25t2
: 2.283 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: 1.44*2.2831(0.7655676 + 1.44)
: 1.490555 in

Inertia of the shell about the combined section NA

11 :W*rs^3/12+A1*NA^2
: 3.06227 *0.25 ̂ 3 | 12 + 0.7 65567 6*1.490555^ 2
: 1.70489 in^4

Inertia of the ring about the combined section NA

12: Ir + As*(NA -Y2)^2
:1.24 + 1.,14*(1.490555 -2.283)^2
:2.144275 n^4

Total available I : Il + 12 - 3.849166 n^4

The 3x3xl/4 Equal Angle vacuum stiffen€r is satisfactory.
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Lue material soecification
Lu[ allowable'stress
Top plate width
BaSe plate width
Top plate thickness
Ba3e plate thickness
Lus lensth circ. direction
Gulset i-eisht
Gusset thicliiness
Number of luss
Aneular Dositi:on. fust lue
Fillet weld size
Force bearing width
Distance to load

Bellows Lugs

= SA Z0 304L Hieh
= 2,1000 psi

l v p : 2 i n
wb =  6 in
t :  0 .375 in

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

te : 0.375 in-  - a

: 90 degrees
tw : 0-25 ii
F b : 3 i n
d : 4 . 5 i n

/ ( a ' " ' n

V  c  r g  -

B E t t ? - , , t

r J (4 a I .tc't: '""" ' l

l - O e * / '  E c t 4 '

,>6 3.' .\.! C) -:

L . ,  t - S  ,

Lug top plate required thickness, Bednar pg 153

ta = 0.75*(VL*6x1;715x*ryp^2xh)
= 0.75*( 1604*4 .5*6\l (240@'*2' 2*6\
: 0.25 in

Lug gusset required thickness

Sc : 180ffi/(l + (l/18000)*ft/(0.289*ts))^2 )
: I 8000(i + (i/l 8000)*(6 t Q.289*o3i 5))^2 )= 15380.89 psi

- tg : vt-x(3*d - wb)i(sc+wb'2*SIN(Alpha)^2)v -= 
i#;Ir# 

s - 6)7(15380.8e{.6^)*SrN(56:31)^2)

Lug base plate required thickness

From Escoe table 4-8

fc : W(Fb*L) : 89.11111 psi

Mx : Cx*fc*Gs^2
: 0. 1085*89. I I lll*5.25^ 2 = 266.4896

Mv : Cv*fc*wb^2
L -.1t4"B9.llttt*6^ 2 : -397 .792

tb: Sqr(6*Mmax / Sa)
: sqi(6*397.792 t24cfD)
: 0.3is+ in

Check lug attachment stresses

Pr : 0lbf
Mc : 0lbf-ft
Vc = 0lbf

Radial load
Circumferential moment
Circumferential shear
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Longitudinal moment
Lonsitudinal shear
Inteiral pressure

Bellows Lugs

ML :0lbf-ft
VL : 1604 lbf
P :  O p s i

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

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

c l  :  3 ,  C2 :3 .375 in

Stress concentradon factor Kn (tension) : 1
Sfess concentration factor Kb (bending) : t

Local circ. pressure stress : P*Rnr/t : 0 psi

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

Maximum combined stress = 950 psi
Allowable combined stress : +-1.5"S : +- 25050 psi

The maximum combined sfess is within allowable limits.

Maximum primarv membrane stress : 0 osi
Allowable i,rirati membrane shess = +:1.5*S : +- 25050 psi

The maximum primary membrane sfi'ess is within allowable limits.
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CoMPRESS 5.53

rom a tue
F  i g . read

3F-l3.eo-s-tl0.nZ
4C*  17 .5544  I 0 . 213
l c  t 0 . 0648  t 0 . 203
2C-110 .0257  t 0 . 203
3A*  12 .3818  10 .203
tA  10 .0649  I 0 . 223
3 8 *  1 5 . 3 6 2 3  1 0 . 2 1 i
1 B - | 0 . 0 1 9 1  I 0 . 2 0 8
Dressure stress*

Total circ stress
Primary nembrane
circ stress*

4Cx 17.3854 10.222
1 C - 1 1 0 . 0 5 0 0  1 0 . 2 1 s
?c  I 0 . 0334  10 .21s
4A*  15 .3293  10 .203
2A t0.0?74 t0.237
48*  12 .3936  10 .211
28 - r  I 0 . 0268  10 .226
pressure stress*

C :\COMPRESS\MODECLNR\B-2.VSL Apr. 19, 1996

Bellows Lugs

Total long stress
Primary enbrane
long stress*

-Toisio-;-mdent 
M-t

Circ shear from Vc
Long shear from VL -475 -47s 475 475

Total Shear stres s
-ed6ined'lTress -

-475 -47s 475 475
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Lue material soecification
Lu[ allowable 

^stess

Top plate width
Base-plate width
f6p plate thickness
Base plate thickness
Lue lensth circ. direction
Guiset fi'eight
Gusset thickness
Number of lugs
Aneular position. fust lus
Fifet weld size 

'

Force bearing width
Distance to load

Bellows Lugs

: SA 2,{0 304L Hieh
- 24000psi

r w = 2 i n
w b : 6 i n
t = 0.375 in

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

tg : 0.375 in
: 4
: 90 deerees

tw : 0-25 ii
F b : 3 i n
d : 4 . 5 i n

Ea rtn .r (*t

y 'e  vs  -  / -  Dt r '
/= tt!'! L t2€ g '

E € t c o , , - t g  L

C .  r A  t y '  " ' A )

r a 4

At/=

d G l

Lug top plate required thickness- Bednar pg 153

: 0.25 in

Lug gusset required thickness

Sc : 18000/(1 + (l/18000)*ft/(0.289*ts))^2 )
: 18000/(J + (l/r8000)k(6/(0.289*0.T7s))'2 ): 15380.89 psi

tq = \Zltr(3*d - wb)/(Scrwb^2*SlN(Aloha) 
^2)

- : 16M,i (3*4.5 - 6)7(15380.89*6^2*SrN(56:3 I ) 
^2)

: 0-0314 in

Lug base plate required thickness

From Escoe table 4-8

fc :  VL/(Fb*U :89.1l l l1psi

Mx : Cx*fc*Gs^2
: 0.1085*89. I 11ll*5.25^2 : 266.4896

Mv: Cv*fc'rwb ^2
': -.1/4*89.1,1111*6 2 :-397.792

tb = Sqr(6*Mmax / Sa)
: Sqr(6*397.792 | 24{f0\
= 0.3I5a in

Check lug attachment stresses

ta : 0.75x(VL*d*L)/(Sa*wD^2xh)
: 0.7 5* 0 6A4* 4. 5* 6) | Q4m*T 2* 6')

Radial load
Circumferential moment
Circumferential shear

Pr : 0lbf
Mc :0lbf-ft
Vc : 0lbf
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Bellows Lugs

ML :0 lbf-ft
vL = 1604lbf
p :  O p s i

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

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

Cl  :  3 .  C2 :3 .375 n

Stess concentation factor Kn (tension) : 1
Stress concentration factor Kb (bending) : I

Local circ. pressur€ stress : P*Rm/t : 0 psi

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

Maximum combined stress : 950 psi
Allowable combined shess : +-1.5*S : +- 25050 psi

The maximum combined sfess is within allowable limits.

Maximum Drimarv membratre stress : 0 osi
Allowable irirati membftme stress : +:1.5*S : +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Lonsitudinal moment
Lonlitudinal shear
Inteiual pressure

Apr. 19, 1996
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Bellows Lugs

from
F i g .

3C* 13.9083 10122
4C*  t 7 . 5544  t 0 . 213
I C  1 0 . 0 6 4 8  1 0 . 2 0 3
2C- t  10 .0257  10 .203
3A*  12 .3818  10 .203
I A  1 0 . 0 6 4 9  1 0 . 2 2 3
38*  15 .3623  10 .211
1B-1  t 0 . 0191  t 0 . 208
pressure stress*

Total circ stress
Primary membrane
circ stress*

4C* I7 .3854

va lue
read

1C-1  t 0 . 0500
2 C  I 0 . 0 3 3 4
4A* 15.3293
2A 10.0274
48*  12 .3936
2B- i l0 .0268
pressure

0 .222
0 .215
0 .  2 I 5
0.  203
0.237
0 . 2 1 1
0 .?26

Total long stress
Primary membrane
long stress*

toision moment l4t
Circ shear from Vc
Long shear from VL

=TotaTT[ear 
str€ss

Combined siress

-475 -475 475 475

-475 -475 475 475

950 950 950950
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PROCESS SYSTEMS ITITERNATIONAL, INC-
WESTBOROUGFI. MA

ENGINEERING
CALCULATIONS

NO: V049-1-055
PAGE 1 OF 41

REV. DEO # DATE BY: CI{ECK TITLE:

SPOOL B-3 (30 in)
0 o  r v t ///9n4 WDB /?au

BY: t^,,|\L^-l_ DEPI.:744

PROJECT: LIG0 Vacuum Equipment PROJECTNO: V59049

PIIRPOSE: Determine spooVadapter shell thickness. Mditionally when applicable, evaluate
nozzle opening(s), calculate size and spacing of stiffener rings and support
rines.

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

ASSUMPTIONS: None

INPUTS: I

2.
J .

Vacuum Pressure : 14.7 psr
Design Ternperature = 400 F.
Ion Pump Nozde Loads

Pr : 2250.0 lbs
M c =  M : 4 5 4 2 . 0 i n l b s
Vc : Vl = 126.5 lbs

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII Div. 1, Pressure Vesseis.
2. COMPRESS 5.31, Computer Aided Pressure Vessel Desig4 Codeware Computer

Svstems. Inc.
g,  /bq2-) -oa6,  I  /a-o y ' ,+ . ' t  " ,  u  / ;q / ,?  J-at . ; :  b .=t tc" ]  (a , , -sa,a

CALCIILATIONS: (SEE MTACI{ED)

CONCLUSIONS: The requirements of the ASME Code are met for spool B-3 outef, shell.

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

Revision No- 0
Doc. No. V049-1-055
Prse I of 41
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CoMPRESS 5.53

Total Pages In This Report

C :\COMPR-ESS\MODECLNR\B-3.VSL
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C0MPRESS 5-53 C :\COMPRESS\MODECLNR\B-3. vSL Apr- 19, 1996

Pressure Summary

I Presswe summarv for pressure chamber 1

l P l r l x a o F

I d€igr I d*isD I

:  (psi )  l (d€s F) |  (psl )

naP I Pe I EG--ae I ocs-€6 cor6ron I

levtetbal i R.i.io I r,E*rT ExeDPtIoD o! larloEo@l

(p€i) | (Ft) I j (d€s F) st!€s Re.tEctton I (in) |

t - l

| 3o.son.td FrJrC

30.50nid FIJuG

I Dr r6-1l2rod cF

I  a2  16-1 /2nod CF

I stlfftd RrDgs

I support RtnqB

2 3 o - 4  L  2 3 o . 4  |

1 O - 2  |  r O - 2  |

o . o  o - o  I

o . o  I  o - o  I

t i
l

rrot .ppli.altle I o-ooo I

I xot appl,icabre I o-ooo

L r.ot apPlicaDle I o-ooo I

I not apl)1tcabre I o'ooo I

| l|ot appr.tc5.bre I o.ooo ]

i i iI
l

o . o  I

I

I  1 ,ooo  I

r . . ?  I  I
a 4  - ?  |  |

t - t - l

Vessel MAWP hot & conoded 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 deefees F.

Hydrotest Dressure calculation based on Pe

: 1.5{.Pe*1 = 22 psi

Vessel hy&otest pressure is 22 psi.

Revision No. 0

Doc. No. V049-1455
Pase 5 of4l3-2L.1996



COMPRESS 5-53 C :\COMPRESS\MODECLNR\B-3. vSL Apr. 19, 1996

Weight Summary

tteight (tbe) aotrtllrruted by vesset Elenents

ll€ta1 l{etal rlays Facl<e<t rnsul LiniDq ptpi.g L.aLd4

cort & sup Beds

O'ps 1c6t lloa zle

Llguid tiquid & f1q

1539 1539

1539 1539

vessel ol'gaiing vetght, co*ded: 6,409 .Ibs

v*set cipty qeiqiht. corroded: 6.!109 llrs

ves*l ertrty ret!|trt. ner. 6,.ao9 lbs

ve3_<el t€3t r€tgibt? Dec: l?.9a9 1bB

Vessel center of gravity locatioa (from right weld sean)

6,410 lbs
219.5 n

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

Revision No. 0
Doc. No. V049-l{55
Pae€ 5 of 4l3.2t-1996



COMPRESS 5.53 C :\COMPRESS\MODECLNR\B-3. VSL Apr. 19, 1996

Nozzle Summary

(1n)  ( in )  Aa? A2?

lroD t Reg t Itaer t

( 1 D )  ( t r l  ( 1 t )

colr ^a/Lx

o .25OO 0.0625 y

0 . ( )625 y

0 .2500 0 .1450 0 ,2500 0 .oooo r?9 .5

O.25OO O- l , r5o  O.25OO O-OOOO 1 ' r9 -s

tn - nozzle thickness
Req tn - nozde thichress required per UG-45i l6
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 ooening)
Aa - area available Der UG-37. ebvernihe co;aition
Ar - area reouired rfur UG-37.'slverains-condition
Corr - corrosibn alloiwance on io:zzle id. 

-

Revisiol No. 0
Doc. No. V049-l-055
Pa'.e 7 of 4l
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C0MPRESS 5.53 C : \COMPRESS\MODECLNR\B-3. VSL Apr. 19, 1996

Nozzle Schedule

U.t€rial3

norrle lrpact? no!n" Pad rEtEct? lIol!?

13.50  rDto .2s  5  2 {O 3( )a r .  s fGB

13.50 IDXO-23 SA 2,rO 3OaL EIGS

Revision No. o
Doc. No. V049-1{55
Paee 8 of 4lO 3.2r.rss6



COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Thictness Summarv

coipon4t rD LeDqth llob t Req t Joint Govdn.tng lleflect

Identif.!* (ir) (in) (tnl (int E I6ad status stresa (rn)

sp6o1 b-3  3O-5O t l39 .OO O-25OO O- tar9  O-45 er te r4 l

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E - Iongitudinal seam joint efficiency

Load:
internal - circ stess due to internal pressure governs
external - extemal pressure govems
wind - combined lons stress due to STATUS f wind soverns
seismic - combhed lon! sress due !o STATUS + seismic govems

Revision No. 0
Doc. No. V049-1455
Pase 9 of4lO 3.2r.rss6



CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-3. vSL Apr. 19, 1996

Spool B-3

Component:
Mateiial specifi cation:

External design pressure:

Corrosion allowance: Inner C

psi@ 400

Outer:0

deg F

in

Estimated weight:
capacrty:

ID : 30.5 length Ir: 439 t : 0.25 in (new)

MAP: (New & at0 deg F) UG-27(cXl)

Pa: 4*B/(3*Do/t)
: 4*2395.31 G*31 10.14496\
= 14.9343 psi

Design thiclmess for external D'ressure Pa : 14.9343 psi:

: t * Corrosion
:0.14496 + 0
: 0.14496 in

Maximum Allowable External Pressure: (Corroded @

Dolt = 3110.14r';96 :213.8521
A :0.000182

B :2395.3

Dolt:3110.25 -- 124
A :0.000404

B:  4791.6
Revision No. 0
Doc. No. V049-1455
Paee lO of4l

I ASME Section VIII Division l. 1992 Edition. A94 Addenda

P :S*E* t f (R+0 .6 * t ) -Ps
: 16700*0.85t0.251(15.25 + 0.6*0.25) - 0
: 230.4383 psi

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

O t: f;#&i.oo,6sl'l;li + 0.6*0.25) - 0
: 230.4383 psi

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

LlDo :7ll3l :2.2903
From table G:
From table HA-3:

L/Do : 7ll3l:2.29O3
From table G:
From table HA-3:

3.21.1996

PWHT is not performed

Radiography: Category Ajoints - Spot IIW-I1(b) type I
Category B joitrts - Spot UW-ll(b) type I

new :3074.7 corr :3M4.7 lb
new = 1388.487 corr : 1388.487 US ga

Cvlinder
SA 240 3O4L HIGH

Pe:14.7

= 0



COMPRESS5-53 C:\COMPRESS\MODECLNR\B-3-VSL Apr- 19, 1996

Spool B-3

Pa: 4*B/(3*Doit)
: 4* 47 9 1 .6 I (3*1 | 10.25\
:51.5226pii

t

Revision No. 0
Doc. No. V049-1{55
Paee 1l of 4lO 3-2r.rss6



CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-3. VSL

16-l/2"od CF

Apr. 19, 1996

Revision No. 0
Doc- No. V049-l-055
P^se 12 of 4l

ll Opening n1 Reinforcement Calculations Per UG-37

Located on: Spool B-3
User input vessel thickness: .25 in
Liquid static head included: 0 psi
Flange description: Not installed

Nozzle material specification: SA 2,10 3(XL HIGH

Nozde orientation: 0 decrees
End of nozzle to shell center: 18.25 in
Nozzle offset from center l,o: 0 in
Projection outside vessel Lpr: 2.75 n

tn -> l<-

twt-> 
l,

< - d

-l-*z t;
a- _>lL

Reinforcement Calculations For Nozzle MAWP

O Limits of reinforcement UG-40

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

Nozzle resuired thickness

trn = P*Rn/(Sn*E - 0.6*P)
: O*6.75|Q67N*1 - 0.6*0)
: 0 i n

Required thickness t from UG-37(a)

tr: PrrR/(S*E - 0.6*P)
: O*15.251(16700*1 - 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

c o r r o s i o n a l l o w = 0 i n
noz thick new tn= .25 in
nozz le  id .  new d= I3 .5  in
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove weld tw2 = .1875 in

To datum L= 48 in

O t.2r.res6



COMPRESS 5.53 C : \COMPRESS\MODECLNR\B-3. vSL

16-112odCF

: 0.313 in'2

t r l  : 0 i n ( E :  l )
t r 2 : 0 i n
tr3 : 0.0625 in
tr4 : 0.328125 in
15 : 0.0625 in
tr6 : 0.0625 in

Apr- 19, 1996

Revision No. 0
Doc. No. VO49-i-055
Pase 13 of4l

A : d*t*F + 2*tn*tr*F*(l _ frl)
= 13.5*0*1 + 2iq0.25*0*1*(1 _ 1)
: 0 in^2

Area available

A1 : larger of the following = 3.375 ilr"2

: d*(El t-F*tr) - 2*tn*.(E1*t-F*rr)*(1-fr1)
: 13.5*(l*0.25- I *0) - 2*0.25*(1*0.25-t *0)*(l- 1)-- 3.375 n^2

: 2*(t+ ul)*(E I *t-F*tr) - 2*tl*(El *t-F*rr)*(l-fr1)
: 2*(O.25 +O.25)*(l *0.25-l*0) - 2*g -2J*(t*0.25-t*0)*(1-l)
: .25 n^2

A2 : smaller of the following

: 5*(trr - trn)*fr2x1
: 5*(0.25 - 0)*1*0.25
: .313 n^2

: 5*(m - m)*fr2*tn
: 5*(0.25 - 0)*1*0.25-- .313 n^2

A4l : Lee.^2*frZ
: O.25"2*l: .063 in^2

Area: A1 + A2 + A4l
: 3.375 + 0.313 + 0.063
-- 3.751 n^2

As Area ) A the reinforcement is adeqMte for MAWP : 0 at 0 Deg F

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

in : lesser of 0.75 or tn or t. tmin : 0.25 in
tl or t2(min) : lesser of 0.25 or O-7*tujn, tl(nin) : 0.175 in
tl(achral) : 0.7*Les : 0.7+0.25 = 0.175 in
t2(acnrali :0.1875in
t l  + Q:0.3625 >: 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozde Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45(bXl):
Wall thickness per UG-I6O):
Std prpe wall per UG-45@)(a):
The-eieater of tr2 or tr3:- 

'

The lesser of tr4 or tr5:

O i.2r.rss6



COMPR.ESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

16-l/2"od CF

Req'd per UG45 is the larger of trl or tr6 : 0.0625 in

Available nozde wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in joints UG-[5(c) and LISI-IS(c)

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

-

krner fillet weld in shear : 0.49*16700 : 8183 psi

Strength of welded joints:

(l) Imer fillet weld in shear
(Pi/2)*Nozde O.D. *I-eg*Si = 1.5'1 * 14fi .25*8 183 = 44965.59 lbt

(3) Nozzle wall in shear
ipt/2)"tr,tean nozzle dia.*tn*Sn : 1.57*73.75*0.25*11690 : 630E9.47 lbf

(4) Groove weld in tension
@/2)*Nozde O.D.*tw*Sg : 1.57:"14*0. 187 5* 12358 : 50930.4I lbf

Loading on welds p€r UG4l(bXl)

W : (A - (d - 2*tn)*(El*t - F{'b'))*Sv
: (0 - (13.5 - 2*0.25)*(1*0.25 - l*0))*16700
=-54/75lbt

wl-t : (A2 + A5 + A4l + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
= 6279.21bf

W2-2: (N + A3 + A4l + A43 + 2*tn*t'Ffr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*1)'*16700
= 8366.7 lbf

l,oad for path l-1 lesser of W or Wl-l =-54215 lbf
path r-l fhlu 0) & (3) = 44965.59 + 63089.47: 108055.1 lbf
Path 1-1 is strohger tfoin W so it is acceptable per UG-al(b)(2).

Ioad for Dath 2-2 lesser of W ot Wz-Z : -5427 5 lbf
Path2-2 Tbru (l). @\ = aa965-59 + 50930.41 = 95E96 lbf
Path 2-2 is stroirgbr than W so it is acceptable per UG-4IOX2).

Reinforceme,nt Calculations for External Pressure

Limi8 of reinforcement UG40

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

Revision No. 0
Doc. No. V049-1-055
Pa-se l4 0f 4lO 3.zr.rss6



CoMPRESS 5.53 C : \COMPR"ESS\MODECLNR\B-3. VSL

16-1/2'od CF

' Do/t = 1410.02915 : 480.77M
A:0.000712

B:  5294

Apr. 19,1996

Revision No. 0
Doc. No. V049-1{55
Paee | 5 of4l

,l Nozzle required thickness

!7 L/Do: 2.75114 = .196/.
From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
: 4x 5294 | (3* 74/0.029 1 5)
:14.6972psi

Nozzle required thickness trn : .02915 in

Required thickness tr from UG-37(0(l) : .145 in

Area required

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

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

A : 0.5*(d*t*F + 24.tr*tiFF*(1 _ frl))
: 0-5*(13.5{.145*1 + 2*0.25*0.145*l*(l - 1))
: -9787 n^2

Area available

Al : larger of the following : 1.418 in^2

: 0.276 n^2

: d*(El t-FrE) - 2rtn*(El t-F*tr)*(l-frl)
: 13.5*(t *0.25_ I *0. 145) _ 2xg.)Jx (l*0.25_ I *0. 145)*( l - 1)
: 1.418 in^2

: 2*(t+tn)+(El *t-F*tr) - 2*tnx(El*t-Fxtr)*( l-frl)
= 2* (0.25 + 0.25)*( I *0. 25- I *0 . | 45) - 2*6.25*( I ,o.25- I *0. 145)*( I - l)
: .105 in^2

4! : sma sp of the followinq

= 5*(tn - trn)*fr2{'t
: 5*(0.25 - 0.02915)*1"0.25
: .276 in^2

: 5*(tn - hn)*fr2*Ur
: 5*(0.25 - 0.02915)*1*0.25
: . n 6 n ^ 2

A41 = I*e"2*ftz
: 0.25'2*l : .O63 n^2

A r e a = A l + M + A 4 l
: 1.41E + 0.n6 + 0.063
: I.757 n^2

O 3.zl.rss6



CoMPRESS 5_53 C :\COMPRESS\MODECLNR\B-3. VSL

lGl/2"od CF

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

UG-45 Nozzle Neck Thickness Check

Apr- 19, 1996

Revision No. 0
Doc. No. V049-l-055
P? se 16 of 4l

Wall thickness Der UG-45(a):
wall thickness irer UC-+SO)(Z):
Wall thickness fer UG-16(b):
Std prpe wall per UG45(b)(4):
The sreatef, of tr2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or

t r l : 0 . 0 2 9 i 5 i n p : 1 ;
tr2 : 0.0153 in
t3 : 0.0625 in
tr4 : 0.328125 in
t5 : 0.0625 in
ffi : 0.0625 in

tr6 : 0.0625 in

Available nozzle wall thickness new. Er : 0.25 in

The nozde neck thickness is adequate ftr Pe.

O 3.2l.rss6



COMPRESS 5.53

off i
Circumferential moment
Circumferential shear
Ioneitudinal moment
Ianfitudinal shear
Torsion moment
Intemal pressure

Stresses at tle nozzle OD per WRC bulletitr 107 ( psi)

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

Stess concenbation factor Kn (tension) : I
Stess concentration factor Kb Oendingl : 1

Pressure stress intensity factof, Farr equation 1 I -5

I = .25*(4 + 3*(r/x)^2 + 3*(r/x)^4)
= .25*(4 + 3*(6.7517.25)^2 + 3*16.7517.2tt^0,
:2 .214

Local circ. pressure stress : I*P*Rm.it : 0 psi

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

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

The maximum combined stress is within allowable limits.

Maximum Drimarv menbflme stress :-3663 psi
Allowable irrimarjr membrane shess = +-1.5"'S : +- 25050 psi

The maximum primanr membrane stress is within allowable limis.

C : \COMPRESS\MODECLNR\B-3. VSL Apr. 19, 1996

t6-u2'odcF

h -- 2250lbf
Mc : 378.5 lbf-ft
Vc = 126.5 lbf
ML :378.5lbf-ft
W = 126.5lbf
Mt : 0lbf-ft
P :  O p s i

O 3.zr.rss6
Revision No. 0
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COMPRESS 5-53 C : \COMPRESS\MODECLNR\B-3.VSL Apr- 19, 1996

r6-U2'�dCF

romt  va  tue
A lFig.  I  read

gc*  11 .s557  10 .398-
4C*  t 4 . 39 I t  10 .398
1C  t 0 .0648  t 0 . 398
2C- r10 .006s  10 .398
3A*  11 .3830  10 .398
1A  t 0 .0573  t 0 . 398
3 B i  1 2 . 5 0 1 8  1 0 . 3 9 8
l B - r 10 .0079  10 .398
pressure stres s*

-TotaT 
cT;-lTress

Pr inrary membrane
circ stress*

Tota l long stress
Primary membrane
long stress*

-Toillon 
moment-frt

Circ shear fron Vc
Long shear fron VL

TotaTTfrAr stress
-aomEfieA-aTress

-?570 -2s70 -2570
- 13997

1404 -1404 i404
-267

-4079

13997 -13997 13997

-267 267 267
4079 4079 -4079

-2570

- 1404

-483 -483
-562 562

-3053 -3053 -2087 -2087 -1178 -1178 -644 -644

483 483
562 -562

-911  -911  -9 r I  - 911

-3456 3456 -3456 3456
-2s70 -2570

-6480 6480
-1093 -1093
- 1 6 1 6  1 6 1 6

-?570 -2570

-6480 6480
1093 1093
16 i6  - 1616

-?79
-1125

-279 279 279
1125  1125  - r 125

-1190 -1190 -632 -632 -3663 -3663 -1477 -1477

-23
-23-232323

-23

4C*  14 .3911  10 .398
1C- t  10 .0 I50  I 0 . 398
2C  10 .0300  10 .398
4A* 15.6652 10.398
2A  10 .0227  10 .398
48*  l t . 4487  10 .398
28 - I 10 .0 t58  10 .398
presiure stress*
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16-l/2"od CF

Nozde orientation:
End of nozde to shell center:
Nozzle offset from center L,o:
i+;jecdil;i6idJ viiiil I-p' :

tn ->

twt-> 
l,

'll;
I

c o r r o s i o n a l l o w = 0 i n
noz thick net,J tn= .25 in
nozz le  id .  new d= 13 .5  in
f i l l e t  we ld  tw l  =  .25  in
groove vreld twz = .1875 jn

To datum L= 96 in

Apr. 19, 1996

ReYision No- 0
Doc. No. V049-l{55
Paee 19 of4l

^- Opening n2 Reinforcenent Calculations Per UG-37
- Located on: Spool B-3

User input vessel thickness: .25 n
Liquid itatic head included: 0 psi
Flange description: Not installed

Nozzle material specification: SA 24O 304L HIGH

0 deprees
18.25 in
0 i n
2.75 n

twz
-> l<_

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG40

Parallel to the vessel wall d : 13.5 in
Normal to the vessel wall outside 2.s*(tn-Ctr) + te : .625 in
Normal to the vessel wall inside 2.5+(h-Cn-C) : .625 n

Nozzle required thiclmess

trn : P*Rn/(Sn*E - 0.6*P)
: 0*6.75(16700x1 - 0.6*0)
: 0 i n

Required thictaess tr from UG-37(a)

tr: P*R/(S*E - O.6*P)
: Oxl5.25l(16700*1 - 0.6*0)
: 0 i n

Area required

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

fr1 : lesser of 1 or Sn/Sv so frl :1
fr2 : lesser of 1 or Sn/Sv so fr2 :I

O 3.zr.rss6
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16-ll2'od CF

-- 0.313 n^2

t r l  : 0 i n ( E : 1 )
f r 2 : 0 i n
h3 = 0.0625 in
t4 : 0.328125 in
tr5 : 0.(b25 in
ffi : 0.0625 in

Apr. 19,1996

Rwisiol No. 0
Doc. No. V049-1-055
Pase 20 of 4l

Al : larger of the following : 3 . 375  n^2

A = d*tr*F 4 2*1n*6xp+(l - fr1)
: 13.5*0*1 + 2*0.25{.0*l*(1 _ 1)
= 0 in^2

Area available

Wall thickness per UG-45(a):
Wall thickness per UGa5@Xl):
Wall thickness per UG-166):
Std pipe wall per UG45(b)(4):
The^deater of tr2 or tr3 :' 

' '

The Iesser of tr4 or tr5:

3-2r.1996

= d+(El +t-F+tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 13.5*(1*0.25_l *0) _ 2*0.25*( 1,,0.25_ I *0)*(l_1)
:3 .375 n^2

= 2*(t + tn) *(E 1 t-F*tr) - 2*tn*(E I *t-F*tr)*( l -fr I )
- 2*(0.25 +0.25)*(1*0.25-1*0) - 2*0.25*(l*0.25-1*0)'*(1-l)
-- .25 n^2

A2 : smaller of the following

: 5*(tn - fn)*fr2*t
:5*0.25 - 0)*l*0.25
: .3i3 it^2 

'

= 5*(fi1 - tn)*fr2*tn
: 5*(0.25 - 0)*l*0.25
= .313 in^2

A41 : l*s.^2*f0
= 0.25-2xl: .063 in^2

A r e a : A 1  + A 2 + A 4 l-- 3.375 + 0.313 + 0.063-- 3.751 tl�^2

As Area > A tie rehforcement is adequate for MAWP : 0 at 0 Deg F

Check the welds - From LIW-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(mfu) : 0.175 itr
tl(actual) : 0.7*Lee = 0.7*o.25 = 0.175 in
t2(actual) : 0.1875in
tl + Q :0-3625 >: 1.25*rmin

The weld sizes for tl aad A are satisfactory.

UG45 Nozzle Neck Thickne.ss Check
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lG1/2'od CF

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 -- 0.25 it

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and tIW-IS(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

Streagth of welded ioints:

(1) Inner fillet weld in shear
(Pi/2)*Nozde O. D. *Leg*Si : 1.57* 14{.25 *8 I 83 : 44965.59 lbt

(3) Nozzle wall in shear
(Fi/2)+Mean nozzle dia. *tnts n : L.57 * L3.7 5*0.25* 1 1690 : 63089.,17 lbf

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

Loading on welds per UG-41OXI)

w : (A - (d - 2*rn)*(El*t - F*r.))*Sv
: (O- (13.5 - 2*0.25)*(1*0.25 j l*0))*16700
:-54275 lbf

Wl-l : (M + A5 + A4l + A42)*Sv
: (0.313 + 0 + 0.063 + 0)+16700-- 6279.21bf

W2-2: (A2 + A3 + A4l + A43 + 2*rn*t*frl)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*1)*16700
= 8366.7lbt

t oad for path l-1 lesser of W or Wl-l :-54275 lbt
Path l-t Thru (1) & (3) : M965.59 + 63089.47 : 10E055.1 lbf
Path 1-l is shonger than W so it is acceptable per UG41OX2).

Load for De;th 2-2 lesser of W or W2-2 = -5427 5 lbf
Path2-Z thru (l), @) : M965.55 + 5(D30.41 : 95896 lbf
Path2-2 is stonger than W so it is acceptable per UG-41OX2).

Rehforcement Calculatioos for External Plessure

Limits of reinforcement UG-40

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

O 3-2r.tss6
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16-1/2'od CF

. Doit : 14/0.02915 : 480.2744
A:0.000712

B : 5 2 9 a

- Nozzle required thickness
- L/Do = 2.75114: . lgf/

From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
: 4* 5294 I (3* | 4 I 0.029 l5)
- 14.6972psi

Nozzle required thickness trn : .02915 in

Required thickness tr from UG-37(dXl) : .145 itr

Area required

Allowable stress€s: Sn : 14700, Sv : 14700, psr

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

A : 0.5*(d*tr+F + 2*tn+t+F+(l - frl)
= 0.5*(13.5*0.145*l + 2+0.25+0.145{' l+(1 - l))
: .9787 n^2

Area available

Al : larger of the following : 1.41E in^2

: 0.276 tn^z

: d*(El *t-F*f) - 21n*Bl+t-F*tr)*(l-fr1)
: 13.5*(1*0.25_1*0.145) _ 2x6.25x(1*0.25_1*0. 145)*(1_1)
:1 .418ln^z

= 2"(t + tn)*(E I *t-F*tr) - 2fui*(El *r-F*tr)*( I -fr I ): 2+(0.25+0.25)+(l *0.25-l*0. 145) - 2+0.25*(l*0.25-1"0. 145)*(l-l)
: .105 in^2

A2 - smaller of the following

: 5*(tn - tm)*frzt
: 5*(0.25 - 0.02915)*1*0.25
= .276n^2

: 5*(tn - trn)*fr2*tr
: 5*(0.25 - 0.02915)*1*0.25
: .276 n^2

A4l : lns.^Z+tr2
= o.25'2*l : .063 in^2

Area: Al + A2 + A4l
: 1.418 + 0.276 + 0.063-- 1.757 n^2

Rwision No. 0
Doc. No. V049-1455
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16-l/2"od CF

trl : 0.02915 in (E : l)
tr2 : 0.0153 in
t3 = 0.0625 in
f4:0328125 n
15 : 0.0625 in
ffi : 0.0625 in

-, As Area > A the refuforcement is adequate for Pe : 14.7 at 400 Deg F
- UG-45 Nozzle Neck Thickness Check

Req'd per UG45 is the larger of hl or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for Pe.

WaIl thickness per UG-45(a):
Wall thiclness per UG45@)(2):
Wall thickness per UG-16(b):
Std pipe wall per UG-a5OXa):
The-gieater of tr2 or tr3:
The lesser of tr4 or d:

Revision No, 0
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Pr : 2250 lbf
Circumferential moment Mc : 378.5 lbf-ft

vc = 126.5 lbf
ML :378.5lbift
vL : 126.5 lbf
Mt : 0lbf-ft
P :  O p s i

t: .25*(4 1 3x1r/x)"2 + 3*(r/x)"4)
: .25*(4 + 3*(6.75t7.25)^2 + 3*(6.7517.25\^4)
:2 .214

l ff i*
Circumferential shear
Loneitudinal moment
Inn$hrdinal shear
Torsion moment
Internal pressure

Stresses at the nozzle OD per SIRC bulletir 107 ( psi)

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

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

Preszure stress intensity factor, Farr equation 11.5

Local circ. pres$re sfress = I{'P*Rm/rt = 0 psi

local long. pressure shess : P*Rm/2t : 0 psi

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

The maximum combined shess is within allowable limia.

Maxim'm Drimarv membfirne stress =-3663 osi
Allowable ininad membrane stress: +-1.5*S : +- 25050psi

The maximum primary membmne shass is within allowable limits.

Revision No. 0
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t ron l  va rue
Fig.  I  read

3C-  11 .5557  t 0 . 398
4 C *  1 4 . 3 9 1 1  1 0 . 3 9 8
l c  10 .0648  10 .398
2C- r  10 .0065  10 .398
3A*  I I .3830 I0 .398
1A  10 .0573  10 .398
38*  12 .5018  10 .398

48*  [ .4487 I0 .398
2B- r  10 .0 r58  10 .398
presiure stress*

Total long stress
Prinary mernbrane
iong stress*

tors i on monent l,lt
Circ shear from Vc
Long shear from VL

Total Sttear stress
---=_.i------.---i--

LOmDrneo sf,res s

-2570 -?570 -?s70 -2570
- 13997

-1404 t404 -1404 1404
-267

-4079

DuCuB1BuAIAu ct
- 9 1 1

13997

-267
4079

-13997 13997

267 ?67
4079 -4079

-483 -483
-562 562

483 483
562 -5621B- l 10 .0079  10 .398

pressure stress*

ToIeT;iE-stress
Primary membrane
circ stress*

ft- lA:i;i i lo:5ei
l c - l 10 .0160  10 .398 -3456
?c  10 .0300  10 .398
4A* I5 .6652 10.398
2A  10 .0227  10 .398

-2570 -2s70
3456 -3456 3456

-6480 6480
-1093 -1093
-  1616 1616

-279 279 279
1125  1125  -1 r25

-3053 -3053 -2087 -2087 -1178 -1178 -644 -644

-2570 -2570

-6480 6480
1093 1093
16 r6  - 1616

-279
-  1 l 2s

-1190 -1190 -632 -632 -3663 -3663 -1477 -1477

23 23 -?3 -23
-23 -?3 23 ?3
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Stifter Rings

A S :
k :

Stiffoer Rinss
SA 240 3ML HIGH
i

60 in
119 in

2x2xll4 Equal Anele
leg in (bard way) 

-

0.938 h^2
0.348 in^4

SA 240 3O4L HIGH
0.14496m
0.25 in
31 in
4O0 deg F
14.7 wi
56-27083 n

I Stiffening Ring Calculations Per UG-29

Identifier:
Ring material specifi cation:

ASME Section VIII Division 1, 1992 Edition, A94 Addenda

Number of rinss in this souo:
Distance first frng to datim fne:
Ring spacing:

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

Shell material specification:
Requircd shell thickness:
Carroded shell thickness:
Shell outer diameter:
Desig! temperai'e:
External desieon oressure:
Stiffener supforied length:

Calculations for ring 60 itr fron datum

t s :
D O :

P :
L s :

B : .75*(P*Ib/(t + As/Ir))
: .7 5* (14.7*3t | (0. | 4/;96 + 0.938/56.27083)-- 21,14.56

From table HA-3 (ring) A: 1.60856E-0a

Required moment of inertia of the combined ring-shell section

Is= (Do^2+Ls*(t + As/Ls)*A)/10.9
: (31 ̂ 2* 56.27 083 *(0. 1,1496. + 0.938 I 56.27 083)x t. *tt6t Or rr t0.n
:.1289846in^4

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 3.M227

1ry = l. ! +gq1(Do*ts)
: 1.1*Sqr(31*0.25)--3.M227 m

W = Ls : 56.27083 in

Shell area Al : W*ts :0.7655676n'2

Distance to the ring neutral axis

Apr. 19, 1996
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Stiffner Rings

Y2 = Rine NA + ts/2
: 1.408-+ 0.2512
: 1.533 in

Neutral axis of combined section

NA=As*Y2l (A1 +As)
: 0.93qi1 Ji3l(0.7 65567 6 + 0.938)
: .8440839 in

Inertia of the shell about the combitred section NA

11 :W*a^3112+A1*NA^2
: 3.46227*0.25^ 3 | t2 + 0.7 65567 6*0.844839^ 2
: .5494i71n"4

Inertia of the ring about the combined section NA

t2 :1 r+As* (NA_Y2)^2
: 0.348 + 0.938*(0.8440839 - 1.533)^2
: .7931799 n^4

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

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 179 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.14496 in
Coroded shell thickness:
Shell outer diameter:
Desig! temperature:
External design pressure:
Stiffener supforied length:

ts : 0.25 in
D o = 3 1  i n

: 400 deg F
P : 14.7 psi
k : 6 8 i n -

B: .75*(P*Ilo(t + As/Ls)
-- .7 5* (14 3 *31 | (0. 1496 + 0.93E/68)
:2t52.857

From table HA-3 (ring) A: 1.637414E-M

Required moment of inertia of tle combined ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)/ 10,9
= (3 1 l?*0q*(0. 1 aa;96 + 0.938/68)* 1. 637 414844) | rO.9
: ,1558437 in^4

Available moment of ilertia of the combined ring-shell section

Shell width contributing smaller of = 3.A6227

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

) z.zr.lsse
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Stitrer Rings

:1.1*Sqr(31*0.25)
:3 .062n n

W : L s = 6 8 i n

Shell area A1 : W*ts : 0.7655676 n^2

Distance to the ring neutral ds

Y2 = Rine NA + ts/2
: 1.4O8-+ O.2512
: 1.533 in

Neuhal axis of combined section

NA:As*YZi (Al  +As)
: 0.938*1.533t(O.7655676 + 0.93E)
: -8440839 in

Inertia of the shell about the combined section NA

11 :w*ts^3/12+A1*NA^z
: 3.6227*0.25" 3 I 12 + 0.7 65567 6*0.8440839^ 2
: .5494371 n^4

Inertia of the ring about the combined section NA

12=b+As* (NA-YZ)^z
: 0.148 + 0.938*(0.8440839 - 1.s33)^2
: .7931799 n^4

Total available I : Il + 12 : 1.342617 n^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations fon ring 298 in from datum

C :\COMPRESS\MODECLNR\B-3. VSL Apr. 19, 1996

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Desiqn temoerature:
Extefoal de3im pressure:
Stiffener zupfortld length :

t :
t s :
D o :

P :
L s :

sA 240 304L HI6H
0.1,1496 in
0.25 in
3l in
4O0 deg F
14.7 psi
52ln,'

B = .75*(P*Doi(t + As/Ls))
= .7 5*(14.7*311 (0.144;96 + 0.938/52)
:209,6.799

From table HA-3 (ring) A = 1.595176E-04

Required moment of inertia of the combined ring-shell section

3-2r_r996
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Stiffner Rings

Is: (Do^2xls*(t + As/I-s)*A)/ 10.9
= (3 I " 2*52*(0. 14496 + 0.938/52)* 1.59 517 6E-04) | 10.9
: .1192M5 in^4

Available moment of inertia of tle combined ring-shell section

Shell width contributing smaller of : 3.06227

W: l.l*Sqr(Do*ts)
: 1.1*Sor(31*0.25)
= 3.M227'n

W : L s : 5 2 i n

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

Distance to the riog neutral axis

Y2 : Rine NA + ts/z
= 1.408-+ 0.2512
: 1.533 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
= 0.938x 1.533/(0.7 6556't 6 + 0.938)
: .8440839 in

lnertia of the shell about the combined section NA

I l :w * t s ^3 /12+A1*NA^2
: 3.O6227*O.25^ 3 | t2 + O.' 65567 6*6.94+0839^ 2
: .5494371 in^4

Inertia of the ring about the combined section NA

12:b + As*(NA -Y2\^2
: 0.348 + 0.938*(0.8440839 - 1.533) 2
: .7931799 n^4

Total available I : 11 + 12 : l34?5fi n^4

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory.

Calculations for ring 417 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thiclness: t : 0.14496 n
Conoded shell thiclness: ts : 0.25 in
Shell outer diameter:
Desisn temDerafi[e:
Extfral de3ign pressure:
Stiffener supported length:

3-21.1996

D o : 3 1  i n
: 4ff) dee F

P : 14.7 psl
k : 45.5 in

C : \COMPRESS\MODECLNR\B-3. VSL Apr. 19, 1996
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Stiffner Rings

O *=: ;ti!t*.Pg,9ril.,1#o'4 0.e38/45.5))
:206a.M6

From table HA-3 (ring) A: 1.5705848-44

Required moment of inertia of tfre combined ring-shell section

Is= (Do^2*Ls*(t + As/Ls)*A)/10.9
= (3 1 ̂  2*45.5*(0. 11,r'J96 + 0.938/45.5)*1.570584E-04y10,9
: .1Oa3195 in'4

Available moment of inertia of the conbined ring-shell section

Shell width contributing smaller of : 3.46227

W = 1.1*Sor(Do*ts)
= 1.1*sqrt3l*0.25)
:3 .M227'n

W : L s : 4 5 . 5 i n

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

Distance to the ring neutral axis

Y2 = Rine NA + ts/2
= 1.4O8-+ 0-2512
: 1.533 in

Neutal axis of combined section

NA: As*Y2l(Al + As)
: 0.938*1.533/(0.7655676 + 0.93E)
: .8aa0839 in

lnertia of the shell about the combined section NA

11 :W*ts^3/12+A1*NA^2
: 3.O6227 *0.25^ 3 | lZ + 0,7655676*0.8440839^2
: .5494371 n^4

Inertia of the ring about the combined section NA

12 :h+AS* , (NA_y2 ) ^2
: 0.348 + 0.93E*(0.8440839 - 1.533)^2
: .7931799 m^4

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

The 2x2xll4 Equal Angle vacuum stiffener is satisfactory-
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Support Rings

Apr. 19,1ry6

ASI{E Section'[III Division 1, 1992 Edition, A94 Addenda

Suooort Rings
SA2,IO 3O4t HIGH
2
108 in
136 in

3x3xll4 Equal Angle
leg in (hard way)
1.44ln^z
L24tn^4

Calculations for ring lOE in fron datum

A s :
k :

SA 2,10 3OtL HIGH
0.1,1496 in
0.25 n
3l in
400 deg F
14.7 psi
59.5 in

Rwision No. 0
Doc. No. V049-l-055
Paee 3l of41

O Sdffening Ring Calculations Per UG-29

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

Ring description:
Rin! is rollld:
Ring cross sectional a.rea:
Ring moment of inertia:

Shell material soecification:
Required shell tihickness:
Corroded shell thickness:
Shell outer diameter:
Design temperau.re:
External desim pressure:
Stiffener supi'oried length :

B: .75*(P*Do(t + As[.s))

= l;#.rfo|.tt 
| (o.t+.e6 + r.ut se -5))

t :
t s :
D o :

P :
L s :

From table HA-3 (ring) A: 1.5376E44

Required moment of inertia of the combined ring-shell section

ls: (Do^2*Ls*(t + As/[s)*A)/10.9
: (3 1 ̂ 2*59. 5 *(0 . t4496 + t'.4 | 59.5\* t.537 6E.M) I 10.9
: .t:O++:S inz

Available moment of inertia of the combined ring-shell section

Shell width contributitrs smaller of : 3.06227

1Y = l.It$qr(Do*ts)
: 1.1*Sqr(31*0.25)
: 3 .M2n 'n

W : L s : 5 9 . 5 n

Shell area A1 : W*ts : 0.7655676 n^2

Distance to the ring neutrl axis

O 3.2r.rss6



COMPRESS 5.53

Support Rings

Y2 : Rine NA + ts/2
= 2-158-+ A.2512
: 2.283 in

Neutral axis of combined section

NA:As*Y2l(Al +As)
= l.M*2.2831(0.7655676 + 1.44)
= 1.490555 in

Inertia of the shell about the combined section NA

I l :w * t s ^3 /12+A l xNA^2
= 3.06227 *O.25 " 3 | 12 + 0.7 65567 6* 1.490555^ 2
: 1.7M89 in^4

Inertia of the ring about the combined section NA

12 :h+As* (NA_Y2)^2
= 1.24 + 1.44*(1.490555 _2.2E3)-z
:2.t44275 n^4

Total available I : Il + 12 = 3.84916 n^4

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

Calculations for ring 2rg in from datrm

C :\COMPRESS\MODECLNR\B-3. vSL

SA 240 3O4L HIGH
0.1,1496 in
0.25 in
31 in
400 deg F
14.7 psi
59-5 itr

Apr- 19, 1996

Shelt material specification :
Required sbell ihickness:
Corroded shell thickness:
Shell outer diameter:
Desigr temperatrre:
External design oressure:
Stiffener supforied length:

B = .75*(P*Do/(t + As/Ls))
= .75*(14.7*3ll (0.14/;96 + LMI 59.5))
:2O2O.4M

t =
t s :
D o :

P :
L s -

From table He-3 (ring) A : 1.5376E44

Required monent of inertia of the conbined ring-shell section

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
- (3 1 ̂  2*59. J*(0. 14496 + t.44 I 59.5)* 1.537 6F.44) | lO.9
-- .1364455 ln'4

Available moment of inertia of the combined ritrg-shcll section

Shell width contributing srnaller of : 3.M227

W: 1.l*Sqr(Do*ts)
Revision No. 0
Doc. No. V049-1455
Pase 32 of 4lO 3.zr.Lss6



CoMPRESS 5.53

Support Rings

: 1 .l *Sqr(31*0.25)
:3 .062h n

W : L s : 5 9 . 5 i n

Shell area A1 : W*ts = 0.7655676 it^2

Distance to the ring neutral axis

Y2 : Rins NA + ts/2
:2.t58-+ 0.25t2
:2.283 n

Neutral axis of combined section

NA:As*Y2l (A l+As)
: LM*2.2831(0.7655676 + 1.44)
: 1.490555 in'

lnertia of the shell about the combined section NA

11 :W*ts"3/12+A1*NA^2
: 3.M227*0.25^ 3 | t2 + 0.7 65567 6* t.490555^ 2
: 1.70489 itr^4

Inertia of the ring about the combined section NA

D: k + As*(NA _Y2) 2
: 1.24 t 1.,{4*(1.490555 - 2.283r^2
: 2.144275 n^4

Total available I = 11 + 12 : 3.M9166 m^a

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

C : \COMPRESS\MODECLNR\B-3 -VSL Apr. 19, 1996

Rex/ision No. 0
Doc. No. V049-l{55
Pase 33 of4lO 3.zr.rss6



I
CoMPRESS 5.53 C :\COMPRESS\MODECLNR\B-3.vSL

Support Ring

A s :
I I :

I
348 in

3x3x1l4 Equal Angle
les in (hard wav)
r:44:l[fi^z
L .Un^4

SA 2,10 304L HIGH
0.1,1496 in
0.25 in
31 in
400 dee F
14.7 pii
59.5 in

Calculations for ring 348 in from datum

t -
t s :
D o :

P :
L s =

O Stiffening Ring Calculations Per UG-29

a$AElesls4 rql Dilision l, 1992 Edition. A94 Adden&

Identifier: Suooort Rine
SA 240 3MT HIGHRing raaterial specifi cation:

Number of rinss in this qrouo:
Distance first frng to dat[m fine:

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

Shell material sDecifi cation :
Required shell &ickness:
Corroded shell thickness:
Shell outer diameter:
Desim temperanre:
Extefoal de-siga pressure :
Stiffener sup'ported length :

B : .75*(p*Do/(t + Asilr))

= l#.rkl-trt(o.r4e6 
+ |-Atse.s))

From table HA-3 (ring) A: 1.5376E-04

Required moment of iaertia of the combined ring-shell sectiol

Is: (Do^2*Ls*(t + As/Ls)*A)/10.9
: (3 I ̂  2*59.5*(0. 14496 + 1.441 59.5)* L 5376E-04y 10.9
= .1364455 ln'4

Available moment of inertia of the combined rilg-shell section

Shell width contributing smaller of : 3.06227

W = l.l*Sq(Do*a)
: l. l*sqr(31*0.25)
=3.M2h-n

W : L s : 5 9 . 5 i n

Shell area A1 : W*ts : 0.7655676 n^2

Distance to the ring neufal axis

Y2 : Ring NA + ts/2

3.21-1996

Apr. 19, 1996

R€vision No. 0
Doc. No. V049-1455
Pase34 of 4l



COMPRESS 5.53 C :\COMPRESS\MODECLNR\B-3. VSL Apr. 19, 1996

Support Ring

: 2.158 + 0.25/2-- 2.283 n

Neutral axis of combircd section

NA:As*Y2l(Al  +As)-- t.44*2.28Jt(0.7655676 + 1,.44)
: 1.490555 in

lnertia of the shell about the combined section NA

I1 :W*ts^3/12+A1*NA^2
: 3.M227 *O.25^ 3 I 12 + 0.7 65567 6*1,.490555 ^ 2
: 1.70a89 in^a

Inertia of the ring about the combitred section NA

t2 :b+As* (NA_Y2)^2
: t.24 + 1.44*(1.490555 -2.283)^2
: 2.144275 in^4

Total available I : 11 + 12 : 3.8419166 ta^4

The 3x3xli4 Equal Angle vacuum stiffener is satisfactory.

Revision No. 0
Doc. No. V049-1{55
Pase 35of 4lO 
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COMPRESS5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Lus material specification
LuE allowable 

-stress

Toi plate width
Baie plate width
Top plate thickness
Ba3e-plate thiclness
Lus lansth circ. direction
Gufset i'eisht
Gusset thic-kness
Number of lugs
Ansular Dosition. fust lue
FilIet weld size
Force bearing width
Distance to load

Bellows Lugs

: lA?94340LHigh Qr-,,Eo ,o (att . ' t4"r ' t4
' = 2tffi0 osi
w p = - Z ' i i - ' - -  y ' d . / 9 -  t - a t {  E 1 4 -  + t l l <
wb :^6^in- 

. i> .i ! ' b n) oF ,?E c ecu'! ! lt l
t : 0.375 in

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

te : 0.375 in-  : 4
: 90 desees

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

Lug top plarc required thiclness, Bednar og 153

Revision No 0 ---
Doc. No. V049-l'0J)

Pase 36 of4l

ta : 0.75*(VL*d*L)/(Sa*wp^2*h)
: 0. 75 * (l 604*4 . 5 * 6) I (24T00*2" 2* 6)-- 0.25 rt

Lug gusset required thickness

Sc : 18000/(1 + (l/18000)*ft/(0.289*ts))^2 ): 18000(i + (i/r8000)+(6| @.289*o3in^2 )
: 15380.89 psi

O'* : ffilQl*;ye,ltiiH8o61'#$3,Kli?),,r^a
: 0.0314 in

Lug base plate required thiclmess

From Escoe table 4-8

fc : W(Fb*L) : 89.11111 psi

Mx: Cx*fc*Gs^2
: 0. 1085*E9. I llll*5.25^2 : 2ffi .a896

Mv : CY+fc*wb^ 2': -.t24*89.11111*6^ 2 : -397.792

tb:Sqr(6*MmaxiSa)
: Sqr(6*397.792 / 2{n0)
: o.3is+ in

Check lug attachment stresses

Radialload Pr = 0lbf
Circumferential moment Mc : 0 lbf-ft
Circumferential shear Vc : 0 lbf

O 3-2r.rss6



CoMPRESS 5.53 C : \COMPRESS\MODECLNR\B-3.vSL

Bellows Lugs

ML :0lbf-ft
W : 1604 lbf' P :  0 p s i

Apr. 19,1996

Revision No- 0
Doc. No. V049-1{55
Pase 37 of4l

Longitudinal moment
l,oneitudinal shear
Lnteftral pressure

$tresses at the lug edge per WRC bulletin 107 ( psi)

Mean radius Rm : 15.375 in
Rn/t : 61.5

c l : 3 , e : 3 . 3 7 5 l n

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

Lncal circ. pressue stress : P*Rm/t = 0 psi

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

Maximum combined stress = 950 psi
Allowable combined stress : +-l:5*S : +- 25050 psi

The maximum combined sffess is within allowable limits.

Maximum orimarv membnme stress = 0 psi
Allowable ini*ati membrane stress : +:1.5*S = +- 25050 psi

The maximum primary membraoe shess is within allowable limits.

O 3.zr.rss6



CoMPRESS 5.53 C : \COMPRESS\MODECLNR\B-3. VSL

Bellows Lugs

from
F i g .

3 C *  1 3 . 9 0 8 3  1 0 . 2 2 2
4C*  17 .5544  10 .213
1C  t 0 .0648  t 0 . 203
2 C - 1 1 0 . 0 2 5 7  1 0 . 2 0 3
3 A *  t 2 . 3 8 1 8  t 0 . 2 0 3
1A  t 0 .0649  t 0 . 223
38*  t 5 . 3623  |  0 . 2 I 1
l B - 1 t 0 . 0 1 9 1  t 0 . 2 0 8
Dressure stres s*

Tota l circ stress
Prinary membrane
circ stress*

4 C *  1 7 . 3 8 5 4

Apr. 19, 1996

va lue
reao

1 C - 1 t 0 . 0 5 0 0
?c  t 0 . 0334
4A* 15.3293
2A  t 0 .0274
48*  12 .3936
2 8 - I t 0 . 0 2 6 8
pressure st

0 .22?
0 . 2 1 5
0 .  215
0.  203
0.237
0 . 2 1 1
0.226
ss*

Total long stress
Primary nembrane
long stress*

torsion moment l{t
Circ shear fron Vc
Long shear fron VL

TotaT shearutress

Combined stress

-475 -475 475 475

Revision No. 0
Doc. No. V049-1455
Paee 38 of4lI r.zr.reso



COMPRESS 5.53 C:\COMPRESS\MODECLNR\B-3.VSL Apr. 19, 1996

Lue material sDecification
Lu! allowable'sness
Top plate width
Baie-plate width
Top dlate thickness
Base plate thickness
Lue lensth circ. directiotr
Gu-sset h]eieht
Gusset thic-kness
Number of lugs
Ansular Dosition. fust lue
Fillet weld size 

'

Force bearing width
Distance to load

Bellows lugs

: SA 204 340L Hish' = 24000 psi
u , p : 2 i n
w b : 6 i n
t = 0.375 in

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

tg = 0.375 in
_ A

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

y' 8,19 -
I L I D /  L

fra ri rl ,o (rlto'ttn-":n)

/ -  O ? *  E ' a ' z t

l ) , i s  i 4 /  4 E  L ' j t t

Lug top plate required thiclmess, Bednar pg 153

ta : 0.75*(VL*d*L)/(Sa+wp^2*h)
= 0.75 *( 1 604*4 .5* 6\ | (240[0*2^ 2* 6)
: 0.25 in

Lug gussct required thickness

Sc : 18000/(l + (l/180m)*ft/(0.289*ts))^2 )
= 18000/(l + (l/18000)*(6/(0.289*0.375)^2 ):15380.89psi

tq : \y'L*(3*d - wb)/(sc*wb^2*slN(Aloha)^2)- = 1604,*(3+4.5 - 6)7(15380.89*6^2*SrN(56:3 t) ̂  2)
= 0-0314 in

Lug base plate required thickness

From Escoe table 4-8

fc : W(Fb*L) : 89.11111 psi

Mx : Cx*fc*Gs^2
: 0. 1085*89. I 1 lll*5.25^ 2 : 266.4896

Mv : Cvl'fc*wb^z': -.tt4*B9.ttttt*6^ Z = -397 .792

tb :Sqr (6*Mmax/Sa)

= 85lgo'ff t'2 | 2,*)

Check lug attachment stresses

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

Revision No. 0
Doc. No. V049-l{55
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CoMPRESS 5.53 C : \COMPRESS\MODECLNR\B-3. VSL

Bellows lugs

ML :0lbf-ft
vL = 160a lbfp :  O p s i

Apr. 19, 1996

Revision No. 0
Doc. No. V049-l-O55
Paee 4O of4l

Longitudinal moment
Lonsitudinal shear
Inteinal pressure

Stresses at the lug edge Der WRC bulletitr 1(I7 ( psi)

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

Cl  = 3.  C2 :3 .375 n

Stress concentration factor Kn (lension) : I
Stress concentration factor Kb (bending) : t

Local circ. pressure stress = P*Rr/t : Opsi

Iocal long. pressur€ stress : P+Rm/2t : 0 psi

Maximum combined stress : 950 psi
Allowable combined sfiess : +-1:5*S = +- 25050 psi

The maximum combined stress is within allowable linrits.

Maximum primary membrane stress = 0 psi
Allowable ir.ilnari' membrane stess = +:1.5*S : +- 25050 psi

The maximum primary membrane stess is within allowable limits.

O 
3.2l.lee6



CoMPRESS 5-53 C :\COMPRESS\MODECLNR\B-3.VSL

Bellows lugs

I rom
F i g '

a  l u e
read

3F-15:508 
"ld:222

4C*  17 .5544  10 .213
l c  10 .0648  10 .203
2 C - l 1 0 . 0 2 5 7  1 0 . 2 0 3
3A*  l 2 . 3B l8  10 .203
rA  10 .0649  10 .223
38*  15 .3623  10 .211
IB - r  10 .0 t91  10 .208
pressure stress*

Apr. 19, 1996

Total circ stress
Prinary menbrane
circ stress*

-Toffi-long 
sTress

Primary membrane
long stress*

-Torllon 
momA;fTf

Circ shear from Vc
Long shear fron VL

--+----i--;i---_-
to l 'a |  ]near stress

-e 
fib i ned stress

-475 -475 475

-475 -475 475 475

ffi

475

4Ct 17.3854 10.??2
1 C - 1 1 0 . 0 5 0 0  1 0 . 2 1 5
2C  10 .0334  10 .215
4A*  15 .3293  10 .203
?A 10.0?74 10.?37
48*  I  2 . 3936  10 .21 I
28 -110 .0268  I 0 . 226
pressure stress*

Revision No. 0
Doc. No. V049-l{55
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PROCESS SYSTEMS INTERNATIONAI, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-056
PAGE I OF 20

REV. DEO # DATE BY: CHECK TITLE:

SPOOL B-4 (a8 in)
0 0136 4t23t96 WDB RPC
I 0223 bl$l \iJDB A D U

BY: W. Bilynsky DEPT.: 7tl4

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: Determine spool shell thickness. Additionally, evaluate the nozzle opening,
additionally, check the adequacy ofthe bolted flange oonnection at the
sate valve

METHOD:
Thickness requirements per the ASME code, Seaion VItr, DMsion I'
are derived using the COMPRESS computer prograrn, version 5.53.

ASSUMPTIONS: None

INPUTL
1. Vacuum Pressure - 14.7 Psi
2. Design TemPerature = 4000 F.
3. Ion Pump 16"CF Nozde Loads

Pn = 4354.0 lbf; Mc : Mr = 378.5inJbf; V6 = \,r"- 126.5 lbf
R"  r :  )2a  / )o  i  " / ' - / -  a / ) '

REFERENCES:
1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels
Z. COMPRESS 5.53, Computer Aided Pressure Vessel DesigL Codeware Computer

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

CALCULATIONS: (sEE ATTACHED)

CONCLUSIONS:
The requirements of the ASME Code are met for spool B-4's outer shell'

The bolted flange connection at the gate valve is acceptable.

-ded in the COMPRESS model simulating radial stifeners at the cylinders

op.*"41.1. For flange design and analysis see calculation numbers V049-1-016, O17,018, & 019.

Revision No. I
Doc. No. V049-1{56
Page I of20



PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH,MA

ENCINEERING
CALCIII,ATIONS

NO: Vl)49-1-055
Re% No. 1
PAs. 2 of 20

PROJECT: LIGO VACWM EQUIPMENT PROJECTNO: V59M9
CALCIILATION TIILE: Spool &4 (48 in) Beam Manifold Tube Desilp

TABLE OFCONTENTS

Revision History

Spool B-4 (4E in dia)

Spool B-4-48 h (Conceptual Drawing)

Spool B-4 (48 in dia) COMPRESS Plot

COMPRESS Output For Shell Design

Presore Summary

weight Sumntary

Nozzle Summary

Nozzle Schedule

Thickness Summary

SPool 84

Flaage Connection
Check Bolts at the fue Valve's Flange Cornection

6

7

I

9

10

l l

z0

Revision No. 1
Doc. No. V049-l-056
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PROCESS SYSIEMS INTERNATIONAL, INC.
WtrSTBOROUCE,MA

ENGINEERING
CALCI]LATIONS

NO: V049-1-056
Re* No. 1
Pase 3 of 20

PROJECT: LIGO VACWM EQUIPMNNI PROJECTNO: V5904J-

CALCULATION TffLE3 SpoolE4 (48 in) Beam Marifold Tube l-

REVISION HISTORY

Rev. 0 Original Issue
April 23, 1996

Rev. I Issue Date
August 15, 1996

o Revised the loadiag on the l6"CF nozde, incorporating;
valve weigh,t + vacuum force

r Recalculated the local and primary membrane stresses at the nozzle

. Rwised the calculation which checked the bolting at the gare valve's
flange connection.

Revision No- I
Doc. No. V049-1456
Page 3 of20
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COMPRESS 5 .53 C ;\COM PRESS\MANIF'OLD\B-4.VSL A u g .  1 5 ,  1 9 9 6

Pressure Su mmarv

Fressure summsrv for  pressure chamber I

P I T
des ign  l des ign
(pei )  l (des F)

IIAlJP

(psi )

r.rAP I Pe I uG-49
lexterna l, I R€tiq

( p6 i )  |  ( p6 i )  |

ucH6 lcorrosionl
ldenti f ief }ID||T

(deg F)

Ex€lption or l^t lorlancel
stress Rd.Etion | ( in) |

t-l
s p o o L  B - 4  |  o . o  |  0 . 0  |  1 4 6 ' 1  l t 4 6 . l l  3 2 . 6  l 1 ' 0 0 0  |  | I o t  e p p t i c a b t e  |  0 . 0 0 0

xl  N1 16.cF (14xod) l  0 .0 I  0 .0 I  0 .0 I  0 ,0 |  14.7 11,000 |  l i lo t  appt icabte |  0 .000

48.25 !  id  F tanse |  0 .0  |  0 .0  |  5 .2  I  5 .2  |  11 .000 |  | i l o t  apPl ic€b le  |  0 .000

48.25"  id  F l .anse |  0 .0  |  0 .0  |  5 '2  |  5 .2  |  11 .000 |  |  l l o t  spp t icab te  |  0 .000

l_t_t_t_t-t-r-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 nressure calculation based on Pe

= l.J+Pg* | = 2,! ps!

V€ssel hydrotest pressure is 22 psi.

Revision No. I
Doc. No. V049-l-056
Page 6 of20



coMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-4 .VSL Aug .  15 ,  1996

Weight  Summarv

cqponent - - - - - ' - - - - '.' ' ' - -: - - - - - - - : geight (tb€) contributed by vessel. Ete ents
lletat l.tetal Trays Pscked Insul Lining Piping Ladder Rings oper Test llozzte

tle{ Corr & sup Beds & plat & Iisc Liquid Liqtl id & ftg

spooL b-4
48.25rr id ftsng
48.25" id ftang

63
118
444

63
118
444

U 0
0

0
0

0
0
0

0
0
0 0

90 3961
0 0

1559

vessel operating reight, corroded: 1,568 tbs
Vessel qpty reight, corroded: 1,568 Lbs
Vessel q|pty reight. neHi 1,568 lbs
Vesset test reight. ner: 5,529 tb€

Yessel center of srrvltv locatlon (from risht weld 6€am)

3961

Revision No. I
Doc. No. V049-1-056
Page 7 of 20

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

I ,568 lbs
30 in



coMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-4 .VSL A u g .  1 5 ,  1 9 9 6

Nozzle Summary

t lozzte
[Erk

(D
( i n )

Req t
(  in )

user t
(  i n )

tn Req tn
( in) ( in) A1?

o m t

A21 ( in)

Corr AalAr
( in )  (z )

14.00 0.2500 0.0625 y y 0.?500 0.1n7 0.0000 113.?

tn - nozzle tlickness
Req tn - nozzle thickness required per UG-45/ 16
Nom t - vessel wall thickless
Req t - required vessel wall thickness due to pressure + corr per UG-37
User t - local vessel wall thicktress (near opening)
Aa - area available per UG-37, governing conditioq
Ar - area required per UG-37, governing condition
Cor - corrosion allowance on nozzle id.

Redsion No. I
Doc. No. V049-1{56
Page 8 of20



COMPRESS 5 .53  Cr \COMPRESS\MANIFOLD\B-4 .VSL Aug.  15 '  1996

Nozzle Schei lu le

Q";;;.Serv ice  S ize-  € te r iaLs
tlorzle hpact? No.m? PEd llP€ct? lorm? ttange

xl t6rcf  4xod) 13.50 tDx0.25 sa 240 3041 Ht6ll n n

Revisior No. I
Doc. No, V049-1456
Page 9 of20



coMPRESS 5,53 C : \COMPRESS\MANIFOLD\B-4 .VSL A u g .  1 5 ,  1 9 9 6

Thickness Summarv

Coflponent

Identi  f ier

Length
( i n )

t  Jo in t

E

D€ftect
(  i n )

I D
(  in )

ilon t Req
( i n )  (  i n )

Governing
Load Status Stress

Spoo[ b-4 0.?500 0.1756 0.85 externat

NoB t - vessel wall thickness
R€q t - required vessel wall thickness due to governitrg loading
E - longitudinal ceamjoint efficiency

Load:
internal - circ stress due to intemal pressure govems
external - external pressue governs
wind - combined long sress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic goeems

Revision No. I
Doc. No. V049-1456
Page I0 of20



coMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-4 .VSL A u g .  1 5 ,  1 9 9 6

Spoo l  B-4

Component: Cylinder
Material specification: SA 240 304L HIGH

External design pressure: Pe= 14 ,7 psi @ 400

Corrosion allowance: Inner C = 0 Outer= 0

PWHT is uot performed

Radiography: Category A joints - Spot UW-ll(b) tne I
Category B joints - Spot UW- I I O) type I

deg F

in

Estimated weight:
capacity:

uew = 662.8 cort = 662.8 lb
new = 474.923 con = 474.923 US ga

ID = 48.25 length Lc= 60 t = 0.25 in (new)

MAP: (New & at 0 drll EL UG-27(c ) (  r  )

P = S + E * I / ( R + 0 . 6 * t ) - P s
= 16700*0.85*0.251(24.125 + 0.6*0.25) -  0
= 146.1895 psi

P = S * E + r / ( R + 0 . 6 * t ) - P s
= 16700*0.85+0.251(24.125 + 0.6r0.25)  -  0
= 146.  1895 ps i

Externr l  Pressur€3 (Corrodrd & at  400 deq F)  UG-28

L/Do = 60/48.75 = 1.2308 Do/r  = 48.7510.17569 = 277.4774
Fron table G: A = 0.000234
From table HA-3: B = 3087.2

Pa= 4*B/(3 *Do/t)
= 4*3087 .21(3*48.7510. 17569)
= 14.8346 psi

Dcslgn th ickness for  external  nressure Pa = 14.8346 ns i :

= t + Corro$ion
= 0. 17569 + 0
= 0. 17569 in

Maximum Al lowable External  Pressurer  (Corroded @ 400 dec F)

LlDo = 60148.75 = 1.2308 Do/t = 48.7510.25 = 195
From table G: A = 0.000398
From table HA-3: B = 4779

Revision No. I
Doc. No. V049-l{56
Page 1l of20



COMPRESS5 .53  C : \COMPRESS\MANIFOLD\B -4 .VSL  Aug .  15 '  1996

SDool  B-4

Pa= 4*B/(3*Do/t)
= 4* 477 9l (l a48.75 /O'25)
= 32.6769 psi

Revision No. I
Doc. No. V049-1456
Page 12 of20



COMPRESS

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

Nozzle material specification:

Nozzle orientationr
End ofnozzle to shell center:
Nozzle offset from center Lo:
Projection outside vessel Lpr:

tn ->

C : \COMPRESS\MANIFOLD\B-4 .VSL

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

Spool B-4
.25 in
0 psi
Not installed

SA 240 3O4L I{IGH

0 degrees
27 .375 in
0 i n
3 i n

corros ion a l low =
noz th ick new tn=
nozzle id .  new d=
f i1 let  weld twl  =
graove weld !!,/2 =

Aug .  15 ,  1996

Rwision No. I
Doc. No. V049-1456
Page l3 of20

d - >
0  i n
, 2 5  i n
1 3 . 5  i n
. 2 5  i n
. I 8 7 5  i n

rw1-> 
I ,

_EW Z

To datum L= 36 in

Limits of relnforcement UG-40

Parallel to the vessel wall d = 13,5 in
Normal to the vessel wall outside 2.s+(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle rcsui red th ickness

tm = P*Itn//(Sn,tE -0.6,*P)
= 0*6.75/(  16700* I  -  0 .6*0)
= 0 i n

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

t r= P+R/(S+B -  0.6+P)
= ox24.125l (167 00+ I  -  0 .6*0)
=  0 i n

Area reoui red

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

A = d* t r+F *  2*1o+6*p*( l  -  f r1)

ent  Calculat ions For  Nozzle MAWP



COMPRESS 5 .53  Cr \COMPRESS\MANIFOLD\B-4 .VSL Aug .  15 ,  1996

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

=  1 3 . 5 * 0 + 1  +  2 * 0 . 2 5 * 0 , r . 1 * ( 1 -  l )

Arca available

A1 = larger of the following

A'2 = smaller of the following

= 5 *(tn - trn)*fr2+t
-  5 * ( 0 . 2 5  -  0 ) * 1 * 0 . 2 5
=  . 3 1 3  i n ^ 2

= 5 *(tn - tm)*fr2*tn
= 5*(0.25 -  0)*  1*6. t t
=  . 5  1 5  r f  I

A4l = Les.^2+fr2
- = o.zs: z* l  = .063 iu^2
-

A r e a  =  A 1  + A 2 +  A 4 L
=  3  . 3 7 5  +  0 . 3  l 3  +  0 . 0 6 3
= 3.751 in '2

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)( 1):
Wall thickness per UG- 16(b) :
Std pipe wall per UGa5 0)(a);
The creater of tr2 or tr3 r

= 3.375 in '?

t r l  =  0 i D ( E  =  1 )
t r2 = 0 in
tr3 = 0.0625 in
t r4 = 0.328125 in
tr5 = 0.0625 iu

= d*(E 1* t -F* t r )  -  2*rn*(E 1+r-F+h;  +11- f t  1)
=  1 3 . 5 , r ( I + 0 . 2 5 - i * 0 )  -  2 + 0 . 2 5  * (  1 * 0 . 2 5 -  I  * 0 )  * (  1 -  1 )
= 3 .375 in�^Z

= 2t(r +tn)*(E I *t-F *tr) - Z*ln$(E I *t-F*tr) *( I -fr 1)
= 2*(O,25 +Q,25)*(  1*0.25-  1*0)  -  2+0.25+( 1*0.25-  1*g;* (  l  -  l )
= .25 in'z

= 0.3 i3  in^2

As Area > A the reinforcement i$ adequate for MAWP = 0 at 0 Deg F

Check the welds -  From UW- 1 6 (d)  :

tmin = less€r of 0.75 or tn or t, tnin = 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+Leg = 0.7*0.25 = 0.175 in
t2(actual) = 0. 1875 in
l l  +  t 2  =  0 . 3 6 2 5  > =  1 . 2 5 * t m i n

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

or,lt. 
lesser of u4 or tr5 : tr6 = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0-0625 iu

RwisionNo. I
Doc. No. V049-1456
Page l4 of20



coMPRESS 5.s3 C : \COM PRESS\MANIFOLD\B-4 .VSL A u g .  1 5 ,  1 9 9 6

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

Available nozzle wall thickness new, m = 0.25 in

The nozzle neck thickness is adequate for MAWP.

Al lowable s t resses in  io in ts  UG-45(c)  and UW- l  5{c)

Groove weld in tensiotr = 0.74*16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690 psi
Inner fil let weld in shear = 0.49*16700 = 8183 psi

Strength of  welded io lnts :

( 1) Inner fillet weld in sh€ar
(Pi/2)+Nozzle O.D.*Leg+Si = I .57+ 14*0.25'r8183 = 44965.59lbf

(3) Nozzle wall in shear
(Pi /2)*Mcan nozzle d ia.* tn*Sn = 1.57*13.75*0.25*11690 = 63089.47 lb f

(4) Groove weld in tension
(Pi /2)*Nozzle O.D.* tw*Sg = 1.57+14*0.  1875*12358 = 50930.41 lb f

Loadins on welds oe r  UG-4 I  (b)  (  I  )

W = (A - (d - Z*tn)*(E | *t - F*tr))+SY
= (0 -  (13.5 -  2*0.25)+(r*0.25 -  1+0))+16700
= -54275 lbf

W1-1 = (A2 + 45 + A4l  + A42)*Sv
=  ( 0 . 3 1 3  +  0  +  0 . 0 6 3  +  0 ) * 1 6 7 0 0
= 6?79.2 lbt

Wz-Z = (A2 + A3 + 441 + A43 + 2*tn:tt*fr1)*Sv
=  ( 0 . 3 1 3  +  0  +  0 . 0 6 3  +  0  +  2 * 0 . 2 5 * 0 . 2 5 * 1 ) * 1 6 7 0 0
= 8366.7 lb f

Load for path l-1 lesser ofW orWl-1 =-54275 lbf
Path 1-l Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 lbf
Path 1-1 is stronger tha:r W so it is acceptable per UG-41(b)(2).

Load for pati 2-2 lesser of W or W2-2 = -54?75 lbt
Path2-2 Thru (f), (4) = 44965.59 + 50930.41 = 95896 lbf
Path 2-2 is stronger than W so it is acceptable per UG-4 I O)(2).

R.e inforcement  Calculat ions for  External  Pressure

Limi ts  of  re inforcement  UG-40

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

Revision No. I
Doc. No. V049-1456
Page l5 of20

Nozzle reau ired thiclncss

L l D o = 3 1 1 4 = . 7 1 4 3 Do/t = l4l0.02957 = 473.452E



coMPRESS 5 .53 C r \COMPRESS\MANIFOLD\B-4 .vSL

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

A u g .  1 5 ,  1 9 9 6

Rwision No. I
Doc. No. VO49-1456
Page 16 of20

From table G:
From table HA-3:

Pa= 4+B/(3*Do/t)
= 4+5?30.El (3* 1410.02957)
= 14.7309 ps i

Nozzlc required thickness tm = .02957 in

R e o u i r e d  t h i c k n e s s  t r  f r o m  U G - 3 7 { d ) ( 1 1  =  . 1 7 5 7  i n

Area reoui red

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

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

A = 0.5+(d*h*F + 2* tn* t r*F*(1 - f r l ) )
=  0 . 5 * ( 1 3 . 5 * 0 . 1 7 5 7 * t  +  2 * 0 . 2 5 * O . 1 7 5 7 " .  |  * (  I  _  l ) )
=  1 . 1 8 6  i n - 2

Area avaihble

A1 = larger of the following = l .uu j  ln  z

= d*(E 1*t-F*tr) - z*tn*(E I +t-F+rr) +( I -ft l)
= 13.5 *(  1*0.25- t*0.1757) -  2*Q.25*(14,0.25- 1*0. 1757) +( 1- l )
= I .003 in^2

= 2*(r + tn) *(E I *r.F*tr) - 2 *tn+(E I +r-F+tr) +( 1 -fr l)
= 2+(0.25 + 0.25)*(  1*0.25- 1*0. 1757\ -  2*0.25*(1*0.25- I  *0.  1757)*(  1- 1)
= .O74 in'z

A2 = smaller of the following = 0,276 in^Z

= 5 +(rn - trn)*fr2*t
-  5  +19.25 -  0 .02957)*1,&0.25
= .276 il�'2

= 5 *(tn - tr[) *fr2 *tD
= 5 * (0.25 -  0 .02957)+l+0.25
= .276 in^2

A4l = Leg^2'ftZ
= o.25^24 L = .063 in '2

A r e a = A l + A 2 + A 4 l
= 1.003 + 0.276 + 0.063
= 1.342 in^2

As Area > A the reinforcement is adequate fot Pe = l4.7 at 400 Deg F

A = 0.000665
B =  5230 .8

UG-45 Nozzle Neck Thickness Check



COMPRESS 5 .53  C: \COMPRESS\MANIFOLD\B-4 .VSL A u g .  1 5 ,  1 9 9 6

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

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(2) :
Wall thickness per UG- l6(b):
Std pipe wall per UG-45(b)(a) :
Tte gr€ater of tr2 or tr3:
The lesser of tr4 or tr5:

trl = 0.02957 in (E =
t r 2  =  0 . 0 2 4 1 i n
tr3 = 0.0625 in
t r4 = 0.328125 in
tr5 = 0.0625 in
u6 = 0.0625 iu

r)

Req'd per UG-45 is the larger of trl or 116 = 0.0625 in

Available nozzle wall thickness new, tn = 0.25 iD

The nozzle neck thickness is adequate for Pe.

o
Revision No. I
Doc. No. V049-l{56
Page 17 of 20



Annl ied Loads

coMPRESS 5.53 C : \COMPRESS\MANIFOLD\B-4 .vSL A u g .  1 5 ,  1 9 9 6

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

P,.le \r\a*r + Vrc,r,rra EaacE
Circumferential mom€nt
Circumferential shear
Longitudinal rnouenr
Longitudinal shear
Torsion moment
Internal pressure

Pr = 4354 lbf +

Mc = 387.5 lbf-ft
Vc = 126.5 lbf
ML = 387.5 lbf-ft
VL = 126.5 lbf
Mt = 0 lbf-ft
P  =  O p s i

Strcsses r t  the nozzle OD per  WRC bul lc t in  107 (  ps i )

Mean radius Rm = 24.25 in
Rm/t = 97

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

Pressure stress iDtensity factor, Farr equation 11,5

|  -  .254(4 + 3 j /G/x)^21 3*(1/x)^4)
= .25*(4 + 3*(6 .75t7 .?5)^Z + 3*(6.7517 .25)^ 4)
= ?.214

Local circ. pressure stress = I*P+Rm/t = ef* $t!-l 731

Local long. pressure stress = P+Rm/2t = t*F 1t3 eSr

Maximum combined stress = -.rr.tsF* - 3lol4\ eb\
Allowable combined stress = +-3*S = +- 50100 psi

The maxinum combined shess is within allowable limits.

Maxinun primary nembrane stress =ffi - t 1549 P5\
Allowable primary m€mbrane stress = +-1.5*S = +- 25050 Ps:

The maximum primary membrane slress is within allowabl€ limits.

v < _ : 1r+r es,Yz4l5-rJ : 14L5;^ Fat ------>- 6e -- z.zt+frazs':t")
- 3t5'l ?s\,25

n-= -(14Lr..x€?s,) : 713,est

\'\u G*at"'st Sttcto+ : 
- 322-11esr+- 3l5lpEr +-' l13' ?5\ ---3t4l4l Ps\

l "
il,n*?e,,raei t{atAeruE AW,: 

--161}ez\ + -315-i€a! + -'iib€1i: -11549 esr

RevisionNo. 1
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coMPRESS 5 .53 C : \COMPRESS\MANIFOLD\B-4 .VSL Au ! .  15 ,  1996

N1 1 6"CF (  t  4 ' �od)

t,
D1AU AI  BU BI  CU C]  DU

From I  Value I  beta l
F i s . l  r e a d  |  |

4C*

2c- l
3A*
'lA

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

0  . 2 5 3  I
u .  z 9 J  I

0  . 2 s 3  |
0 . 2 5 3  |
0  . 2 5 3
U .  Z J J

u .  t t 3

0  . 2 5 3

-2563 -2s63 -2563 -2563
-6562 -6562 -6562 -6562

-25497 2s497
-4640 4540 -4540 4640

-34 ' � |  -341
- 3 8 7 0  3 8 7 0

-730  -730  730  730
-729 729 729 -729

-3\5'i - 315-1 -315-1, -3\5-l -5(51 -}rt1, -at51. -3r5'l

-25497 25497

3 4 1  3 4 1
3 8 7 0  - 3 8 7 0

3 8 *  |  5 .  8 2 5 5
1 B -  1  1 0 . 0 1 0 0
oressure st ressa

Tota l  c i rc  s t ress
Pr imary membrane
ci -  rc  s t ress*

- t54rb ' S0gO. - tzgoa -5o1&. - 35+29' ?5e,otc. 'Z'Iw^ \t'Zqb

- ro449. - ro4q9. -49e9, fiW. -ta..\. -(p@t. - s319, -5 ?.

3c*  13 .5588
4 s *  ; 9 .  t 3 7 1
1 c - 1  |  0  . 0 2 9 3
2 c  1 0 . 0 3 1 9
4 A *  1 8 . 9 2 0 9
2A 10.0222
4 8 *  1 3 . 0 0 6 7

0  .253
u - z a J

u - 1 ] 5 5

u - l a 5

v .  t a 5

0 . 2 5 3
9 . 2 > 5

2 8 - 1 1 0 . 0 1 5 4  1 0 . 2 5 3
oressure stress*

- Z 5 O J

-12247

- 1 5 ( , J  - 2 5 0 5  - l t o J

-5s62 -6552 -5562 -5s52

12247 -12247 12247
- 1 3 3 3 4  1 3 3 3 4  - 1 3 3 3 4  1 3 3 3 4

- 1 ' � i  1 7  - 1 1 1 7  1 1 1 7  1 1 1 7
- ' 1 5 1 8  1 5 1 8  1 6 1 8  - 1 5 1 8

-377 -377 377 377
-1122 11?2 112? -1122

- - l t b  - 1 t5  - ' l l b  - " t r b  - ' l r 1 -  1 r 1  - 1  r 1  - ' l t ]

Total long stress
Pr imary  menbrane
long s t ress*

- \16L2, 91lt' - \qOZ+, 6L2r..'zr#'

-3r,isb, - Vt 35. -?6D. -2A99. -g5JL,

6sao. -r'1914, 555a

-e4n7. -|jtsg., -btgb.

tors ion moment  Mt
c i rc  shear  f rom Vc
Long shear  f rom VL

-  z J23 - t 5

2 3- 2 5- z J

Tota l  Shear  s t ress 2 323- 2 3-23-  z JZ J

combined st ress - \1oLL, 2o1ta5, 
' rto21 t'lz\s, -3s428. ztlota - L1oot,, \t!2t6,

, , 1  A  a  |  - ^ .
l\rcfbuod1-9g>foqi#, - ; ry\Y 3oy<- 

-\1tb\' 1126 _149!e -zll\9i- lge!\'
-6rnZ. _bt6b, -t,t&.

ta'dl

'{g&ur*ttJtae,r,x -l :fq1+r- :g,41).,- - s>E2.' qq:
l �

:{0Mat-t_\{d&Fte _i 
-1r} 

_-l_B_ 
-'l(5_ -)r}_

i{^r-tJ&"u{**^vi rtr,z -r\tt- :re? -Td:-
161 _l'a,
-us9 :$g?

-3f1: 
-3LsL

93rS 9315.
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uJ -- rrb3 ibsha'
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r't --

! ( =
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PROCESS SYSTEMS INTERNATIONAL, INC. ENGINEERING
CALCULATIONS

NO: V049-1-057
WESTBOROUGE MA PAGE I OF 63

REV. DEO # DATE BY: CIIECK TITLE:

SPOOL Fs (30 in)
Mode Cleaner Tube

0 0 l 3 l 4n9t96 WDB RDC
I nz '1 3 a/ulsoKJD6 Ra (-.

BY: W. Bilynsky DEFI.:744

PROJECT: LIGO Vacuum Equipment PROJECT NO; V59O49

PIJRPOSE: Determine spooyadapter 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 VItr, DMsion I,
are derived using the COMPRESS computer prograrL version 5.53.

ASSIJMPTIONS: None

IMUTS:
1 .
2.

Design Temperature = 400" F.
Ion Pump 16 in. @ Nozzle Loads

Pn : 4354.0 lbf ; IvIc - ldr.
Vacuum Pressure = 14.7 psi
D " t u  t / 1 5 4 7  - ' {  - B t +

378.5ftlbf; Vc YL= r26.5lbf i?er:
y'o?7- | -a(:(

J .

REFERENCES: l .

)
ASME Boiler & Pressure Vessel Code, Section VItr, Div. l, Pressure Vessels.
COMPRESS 5.53, Computer Aided Pressure Vessel Design, Codeware Computer
Systems, Inc.
Doc. No. V049-l-066 LIGO Vacuum Equipment Structural Design Criteria5 .

CALCULATIONS: (SEE ATTACTIED)

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

NOTES: Flanges are included in the COMPRESS model simulating radial stiffeners at the cylinders
open end(s). For flange design and analysis see calculation numbers V049-1-016, 017,018, 019.& 051
12" CF Nozzle is a hillside nozzle offset 4" above B-5's CL. Unbalanced vacuum load at 8" nozzle
(382. lbs) is omiued
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PROCESS SYSTEMS INTTRNATIONAL. INC. ENGINEERING
CALCT'LATIONS

NO3 V049-1-057

WESTBOROUGE,MA Rev, No 1
Pace 3 of 63

PROJECT: LIGO VACUIJM EOIIIPMENT PROJECTNO: V59049
CALCIILA'TION ITILE: Soool B-5 (30 in) Mode Cleaner T[be llesign

o

REVISION HISTORY

Rev. 0 Original Issue
APril 19, 1996

Rev. I Issue Date
Septunber 20, 1996

o Revised E"CF & l2"CF nozzles to hillside nozzles

. Added unbalanced vaouum load ai l2"CF aoz-Ae

. Recaloulared local and primary membrane stress€s at the nozdes

. Revised the loading at the 16" CF nozdes, incorporathg;
valve weight + vacuum force

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

e Rwissd location of 12"CF nozde and narby 2" x2" x U4" stifter ring.

I Rwised stifrrer ring at anchor suppofta 3" x3" x ll2''
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coMPRESS 5.53 C: \CoMPRESS\MoDECLNR\85-REVl .VSLD;q

Pressu re Su mmarv

Pressure summarv for  pressure chamber I

I dent i t ier

spool B-5
il4 il4 16n cF (14"od

ll2 ll2 16trcF (r4rrod)

x3 {5 8'r CF (6ood)

Xl l l l  1?rrCF ( 1o{od)
Stiffner Rings (A)

support Rines (A)

Stpport Rirtg (B)

9t{Al.t-s E}tD co{N,
t fiAfi-6 Et{D COtr{.
stiftener Rings (B)

P  l r  I  i r A U P
design I design I
l ps i  )  | (des F) | (p6i )

I.IAP

(psi )

Pe
extefnal
(psi )

uG-99
Ratio

ucw lcorrosi on I
llt tor.rancel
I  t i n )  |
t - l

0.000
0.000
0.000
0.000
0.000

HD T
(deg F)

Exerption or
Stress Redrtion

l - l
I  0 . 0
|  0 . 0
I  0 . 0
|  0 . 0

I  0 . 0

400.0 | 202.8
400.0  |  130.5
100.0  |  130. t
4oo.o  I  119.9
400.0  I  135.9

a n t

9 . 0

Ma.2
148.?
136.2
154.1

1 0 . 2
9 . 0

14.7

14.7
14.7
t4,7
14,7

14.7

1 .136

1. t36
1.136
1.136
1 . 1 3 6

1 ,000
1 ,000

Iot appt ic€ble

tlot €ppl icabte

ot aFpt icabte

lot appl, icable

lot appl, icabl,e

tot appt icable
ilot appticable

0 . 0
0 . 0

0.0
0 . 0

t l t- l-t- l- l- l- l

Vessel MAWP hot & corroded is 9.O3 psi @ 0 degrees F.

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

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

!t'-
= 1.5+pe* 1 = ?2psi

Vessel hydrotest pressure is 22 psi.

Revisiqr No. I
Doa. No. V049-l-057
Page 5 of 63



cOMPRESS 5 .53  Cr \COMPRESS\MODEcLNR\B5-REVl .VSLDiq

Weisht  Su mmrry

U comonent '------ leight (lbs) contributed by vesrel E teqents - - - - - - '  : '  '  '  '  '  - - - - -

i letat t letal Trays Packed lnsu[ Lining Piping Ladder Rings Oper lest l lozzte

ller Coff & sup Beds & ptat & [isc Liquid Liquid & Jtg

spool. b-5 3075 3075 0 O 0 0 0 0 27a 0 11580 26

llham-5 endcorn 1539 1559 0 0 O 0 O 0 0 0 0 0
ghdn-6 erd corh 1539 1539 0 0 o 0 o o 0 0 0 0

6 1 5 3 5 1 1 3 0 0 0 0 0 0 2 7 8 0 1 1 5 8 0 2 6

Vesset op€rating xeight, co.roded: 6,457 tb6
Vesset enpty reight, corrodedi 6,457 |bs

Vessel erpty ieight, ner: 6.457 tbs
Vessel test reight, ner: 18,037 Lbs

Vesse l  cen ter  o f  q rav i ty  loca t ion  ( f rom r igh t  we ld  sean)

Vessel lift weight, new: 6,456 lbs
Center of gravity to seam: 219.'7 irr

Revision No. I
Doc. No. V049-l{57
Page 6 of63
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t lozzte
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COMPRESS 5 .53  C: \COMPRESS\MODECLNR\Bs-REVl 'VSLD;q

Nozzle Summarv

O tn Req tn |lom t Req t user t Corr AalAr

( in )  ( in )  ( in )  A '12  A22 ( in )  ( in )  ( in )  ( in )  (X)

tl4 14.00 0'2500 0.1361 v v 0'2500 0 -1428 0'2500 0-0000 100'0

|1l2 14.00 0.2500 0.1361 v v 0.2500 0.1428 0.2500 0.0000 100'0

x3 6.00 0.1250 0.1250 y '/ 0.2500 o.kza 0.0000 '117'6

ll1 10.00 0.e500 0.1418 y v 0.2500 0.1428 0-0000 '|00'l

tn - nozzle thickness
Req tn - nozzle thickness required per UG45/ 16
Nom t - vessel wall thickness
Req t - required vessel wall thickness due to pressure + corr Per UG-37
User t - local vessel wall thickness (near oPening)
Aa - ar€a available per UG-37, governing condition
Ar - area required per UG-37, governing condition
Corr - corrosion allowance on uozzle id.

Revision No. I
Doc. No. V049-1{57
PzgeT of 63



CoMPRESS 5 .53  Cr \COMPRESS\MODECLNR\BS-REVI .VSLD;q

Nozz le  Schedu le

No?zte

[ETK

Service s iae xater ia ts
Iflpact? lofln? Pad llpact? Iorm?l {ozzle tL€nge

I4

[2
|13
x'l

15n cf (14"ad)

16'rcf (l4trod)

8( cf (6trod)

12{cf ( lotrod) 9 . 5 0

lDx0.25 sA 240 3041 Hlctl n n

IDx0.25 sA 240 3041 HIGH n n
tDx0.12 sA 240 304t HIGH n n
lDx0.25 SA 240 30/.1 HIGH n n

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



COMPRESS 5.53 C: \COMPRESS\MODECLNR\85-REVI.VSLD;q

Thickness Summarv

CodiporEnt lD Length Nom t Req t Joint Governing Deftect

tdenti f ier ( in) ( in) ( in) ( in) E Load Status Stress ( in)

spooL b-5 30.50 439.00 0.2500 0.1428 0.85 extertEl

Nom t - vessel wall thickness
Req t - required vessel wall thickness due to governing loading
E - lorgitudinal seamjoint efficiency

Load:
intertral - circ stress due lo internal pressure governs
external - external pressure governs
wind - combined long stress due to STATUS + wind governs
s€ismic - combined long stress due to STATUS + seismic governs

RwisionNo' I
Doc. No. V049-1{57
Page 9 of63



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

Spool  B-5

Component:
Material specification :

External design pressnre :

Cylinder
SA 240 3O4L HIGH

Pe= 14.7 psi @ 400

Outer = 0

deg F

ln

PWHT is not performed

Radiogrephy: Category A joints - Spot UW-11(b) type 1
Cztegory B joints - Spo! UW- 1 1(b) tyPe I

Corrosion allowance: Inner C = 0

Estimated w€ight:
capacity:

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

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

M A P :  ( N e w  &  a t  0  d e e  F )  U G - 2 7 ( c ) {  1 )

P = S * E * I / ( R + 0 . 6 + t ) - P s
= 16700*0.85 *0 .251(15.25 + 0.6*0.25)  -  0
= 230.4383 ps i

P = 5*B*171p + 0.6*t)  -  Ps
= 14700*0.85+0 .ZSl(15.25 + 0.6*0.25) -  0
= 202 .8409 p si

Externrl Pressure: (Corroded & at 400 jcg-EI-----UG:2-E

L/Do = 69/3 1 =2.2?58
From lable G:
From table IIA-3:

PL= 4*B/(3*Do/t)
= 4*2408.61(3*3 LlO.1428 L\
= 14.7945 psi

Desiqn th ickness for  external  nressure Pa = 14.7945 ns i :

= t + Corrosion
=  0 . 1 4 2 8 1  +  0
= 0.  14281 in

Msximum Al lowable External  Pressure:  (Corroded @ 400 deg F)

LtDo = 69131 =2.2258
From table G:
From table FIA-3:

D o l t =  3 l l 0 . L 4 ? 8 1  =  2 1 7 . 0 7 1 6
A  =  0 . 0 0 0 1 8 3

B = 2408.6

Dolt = 3LlO.25 = 124
A = 0.000416

B  =  4 8 1 6 . 4

Revisio,n No. I
Doc. No. V049-1457
Page l0 of63

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



CoMPRESS 5.53 C: \COMPRESS\MODECLNR\85-REVI.vSLD;q

= 4 * 48 16.41 (3*3 I l O.25)
=  5 1 . 7 8 9 2 p s i

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



C a l c u l a t i o n s  P e r  U G  - 3 7

CoMPRESS 5 .53  C: \COMPRESS\MODECLNR\85-REV 1 .VSLD;q

N r  1  2 " C F  (  l o " o d )

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

Nozzle material specification :

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

Not installed

SA 240 3O4L HIGH

75.5 degrees
1 8 . 1 2 5  i n
4 i n
3 . 1 5 i n

tw1->
< - d - >

t n  - t l
c o r r o s i o n a l l o w = 0 i n
noz th ick new tn= ,25 i -n
n o z z l e  i d .  n e w  d =  9 . 5  i n
f i l le t  weld tw1 = ,25 i -n
groove weld tw2 = ,1875 in

To datum L= 309 in1- 1 -;l

Llmi ts  of  re inf  orcement  UG -40

Parallel lo th€ vess€l wall d = 9.883 in
Normal to the vessel wall outside 2.5+(tn-Ca) + te = .625 in
NorEal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Deternination of Chord Leugth

Thetal = Arccos((Lo + Rn)/Rm)
= ArcCos((4 + 4.75)l 15 .3249)
= 55 .17227

Thetz2 = ArcCos((Lo - Rn)/Rm)
= ArcCos((4 - 4.75)l 15.3209)
= 92.80641

d = 2 *Rm*sin(('Ihe.a2 - TheLal)|z)
= 2*15.3209*Sin((92.8064 I  -  55.  l7?27) tZ)
=  9 . 8 8 3  i n

Nozzle reoul red th ickness

t m = P * R n / ( S n * E - 0 . 6 * P )
I  = r35.92?'544.75/(14700*1 -  0 .6*135.9?25)
lt = 0.0442 in

Reouir€d th ickness t r  f rom UG-37 ( r )
Rwision No. 1
Doc. No. V049-1457
Page 12 of63

einforcemcnt  Calculat ions For  Nozzle MAWP



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

N t  1 2 " C F  (  1 O " o d )

rr= P*R/(S*E -  0.6*P)
= 135.9225* L5'25i  (  14700* 1 -  0.6* 135.9225)
=  0 . 1 4 1 8  i n

Area requi red

Allowable stressesr Sn = 14700, Sv = 14700, psi

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

A = 6*6*P + 2* tn* t r ' *F*(1 -  f r l )
=  9 . 8 8 3 * 0 .  1 4  I 8 * 0 . 5  +  2 * 0 . 2 5 * 0 .  t 4 1 9 * 9 ' 5 * 1  1  -  l )
= .7OO7 in^2

Are a avai lsb le

A I = larger of the followiug = t .77 in'Z

= d+(E 1* t -F* t r )  -  2+tn*(E1*t -F* t r )+( I - f t1)
= 9.  E83+( I  *0.25-0.5 *0.  14 1 8)  -  2{ .0,25*(  I  *0.25-0.5 *0.  14 l8)* (  1  -  l )
= | ,77 ir'2

= 2+(r  + rn)*(E 1*r -F* t f )  -  2 ' * tn*(E1*t -F+r)* (1- f r1)
= 2 * ( 0 , ? 5 + O . 2 5 ) i ' ( l * 0 . 2 5 - 0 . 5 + 0 . 1 4 1 8 ) - 2 * 0 . 2 5 * ( l * 0 . 2 5 - 0 . 5 * 0 . 1 4 1 8 ) * ( l - l )
= . l 7 9 i n ' Z

A2 = smaller of the following

= 5 *(tn - Im)*fr2*t
=  5  * ( 0 . 2 5  -  0 . 0 4 4 2 ) * i + 0 , 2 5
=  . L ) l  l \  Z

- 5 +(tn - trn)*frz*tn
= 5*(0.25 -  O.O4421* 1*9.25
= .257 in^2

A4l = Leg^Z*fr?
= 0.25^2*!  = .063 in '2

A r e a = A l + 4 2 + A 4 l
=  1 . 7 7  +  0 . 2 5 7  +  0 . 0 6 3

= 0 .257 in^Z

= 2.O9 ia'?

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

Reinforcement  check in  the o lane oara l le l  to  the long.  ax is

Area recui red

A = d* t r*F + 2* tn* t r*F+( l  -  f r l )
=  9 . 5 i 0 . 1 4 1 8 * l  +  2 x 0 . 2 5 * 0 . 1 4 l 8 + 1 r ' � 1 1  -  1 )
= r .3471i r .^z.

Area aYai la  b le Revision No. I
Doc. No. V049-1-057
Page 13 of63



C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M O D E C L N R \ 8 5 - R E V  l . V S L D ; q

I = larger of the following

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

= I  .028 in-Z

= d*(E I  +t-F+tr)  -  2*rn*(El*r-F*tr)*(1-fr l )
= 9.5+( 1 *0.25- I  *0.  l4 I  8) -  2*0.25+ (L+0,25- l  *0.  14 l  8)*(  l  -  I  )
= I  .028 in-2

= 2*(r+tn)*(E I *t-F*rr) - 2+rn4(E I *r-F+rr)*( 1-fr 1)
= 2* (0.25 + O.?5)*(  I  *0.25- I  +0. 14 l8) -  2*0.25'*(  I  *0.25- I  *0.  14 I  8)+( I  -  l )
= .  108 in^2

A r e a = A l + L 2 + A 4 1
= 1.028 + 0.257 + 0.063
= 1.348 in-2

As Area > A the reinforcement is adequate for MAWP = 135.9725 at 400 IJeg F

Check the welds -  From UW- I  6( i l ) :

lmin = lesser of 0.75 or tn or t, tmin = 0.25 in
t l  or  t2(min)  = lesser  of  0 .25 or  0.?* tmin,  t  l (min)  = 0.  175 in
t l (actual )  = 0.7*Leg = O.7*0.25 = 0.175 in
t2(actual) = 0. 1875 in
t l  +  t2  = 0.3625 > = 1.25*tu in

Wall thickuess per UG-45(a): trl = 0.0442 iu (E = r)
Wall thickuess per UG-45(b)(1): tr2 = 0.1418 in
Wall thickness per UG-16(b): ti3 = 0.0625 in
Std pipe wall per UG-45 (b)(4): tr4 = 0.319375 in
The greater  of  t rzor t r3:  t r5  = 0.1418in
The lesser of tr4 or tr5 i tr6 = 0. 1418 in

Req'd per UG-45 is tbe larger of tr1 or tr6 = 0.1418 in

Available nozzle wall thickness new, tD = 0.25 in

The nozzle neck thickness is adequate for MAWP.

Al lowable s t resses in  io in ts  UG-45(c l  and UW- 1 5(c)

Groove weld in tension = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0 .7 * L47OO = 10290 psi
Inner fil let weld in shear = 0.49*14700 = 72O3 psi

Stren qth of  welded io ints l

( 1) Inner fillet weld in sh€ar
(Pi lz)*Nozzle O.D.*Leg*Si  = 1.57*10+0.25+7203 = 2827L '78 lbf

-3) Nozzle wall in shear-  
(Pi /2)*Mean nozzle d ia,* tn*Sn = 1.57*9.75+0."5*10290 = 3937& 55 lb f

Revision No. I
Doc. No, V049-l-057
Page 14 of63

Tbe weld sizes for t I and t2 are satisfactory.
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COMPRESS 5 .53  C r \COMPRESS\MODECLNR\85-REV 1  .VSLD;q

N 1  1  2 " C F  (  1 O " o d )

4) Groove weld in tension
(Pi/2)*Nozzle O.D. +tw+Sg = 1.57r. 10*0. 1 E75 * 10878 = 32022, 1 1 lbf

L o a d i n q  o n  \ r e l d s  p e r  U G - 4 1 ( b ) ( 1 )

W = (A -  (d  -  2 ' t tn)* (El+t  -  F+tr ) )*Sv
= (1.347|  -  (9 .5 -  2+0.25)*(1. l ,0 .25 -  l  *0.  1418)) ' � |  14700
= 5487.5 I lbf

W 1 - 1  = ( A 2 + A 5  + A 4 1  +  A 4 2 ) * S v
= (O.257 + 0 + 0.063 + 0)*14700
= 4704 tbf

1p2-2 = (A2 + A3 + A'41 + A43 + 2*tn*t*frl)*Sv
= (O.257 + 0 + 0.063 + 0 + 2*0.25+0.25+1)+14700
= 654 L5 lbf

Load forpath 1-l lesser of W orWl-l = 4704 lbf
Path 1- l  Thru ( l )  & (3)  = 78271.78 + 39378.55 = 67650.33 lbr
Path 1-1 is stronger than W1-1 so it is acceptable per UG-41(b)(l).

Load for pzth 2-2lesser of W or W2-2 = 5487.51 lbf
Path 2-2 Thru ( 1), (4) = 2827l.'78 + 3ZOZZ.Il = 60293.E9 lbf
Path 2-2 is stronger thatr W so it is acceptable per UG-a l(b)(2)-

Parallel to the vessel wall d = 9.883 itr
Normal to the vessel wall outside 2.5*(tn-Cn) + te
Normal to the vessel wall inside 2.5*(tn-Cn-C) =

Determinat ion of  Chord Lensth

Thetal = ArcCos((Lo + Rn)/Rm)
= ArcCos((4 + 4.75\l 15 .3209)
= 55 .172?7

Theta2 = Arccos((Lo - Rn)/Rm)
= ArcCos((4 - +.75)l 15 .3209,
= 92.8O641

d = 2 *Rm*Sin((Thett2 - TheLLl)|z)
= 2* 15.3209*Sitr((92.80641 - 55. r72?7JlZ)
=  9 . 8 8 3  i n

Nozzle requi red th ic  kness

rm = P*ttr/(sn*E - 0.6*P)
= 154.4704*4.75l (  16700x I  -0 .6*154.4704)

- = 0.0,142 in
-

Required th ickness t r  f rorn UG-37(a)

= .625 in
.625 it

Revision No. I
Doc. No. V049-l{5?
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COMPRESS 5 .53  C : \CoMPRESS\MODECLNR\Bs -REVr  .VSLD;q

N 1  l 2 ' C F  (  1 O " o d )

= P*R/(S+E -  0.6*P)
= 154.47Q4* 15 .25l (  16700* I  -  0 .6*154.4704)
=  0 . 1 4 1 8  i n

Arca reoui red

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

frl = lesser of 1 or Sn/Sv so ti1 = 1
fr2 = lesser of 1 or Sn/Sv so fr? = 1

A = 4*1r*P + 2*tn+f *F *( l - fr l)
=  9 . 8 8 3 + 0 . 1 4 1 8 * 0 . 5  +  2 * O . 2 5 * 0 . 1 4 1 8 * 6 . 5 * 1 t  -  l )
- .7OO7 in^ 2

Area aval lab le

A I = larger of the following = 1 .77 in^Z

= d*(E I  +r-F* t r )  -  2* tn*(81*r-F*r r )* (1- f r l )
=  9 . 8 8 3 r (  1  * 0 . 2 5 - 0 . 5 + 0 .  1 4  1 8 )  -  2 * 0 . 2 5 * (  l * 0 . 2 5 . 0 . 5 + 0 .  1 4  l 8 ) * ( 1 - l )
= I .77 ir^2

= 2+(t+tn)*(E I *t-F*tr) - 2*tnr,(E l ' it-F*tr) *( I -fr l)
=  Z*(0.25 +O.25) ' t (  1*0.25-0.5 *0 .14!8,  -  2+O.25*(  I  *0.25-0.5 +0 '  14 r8)*(  1-  l )
= .179 in^?

A2 = smaller of the following

= 5 *(tn - trn)*fr2*t
= 5*(0.25 -  O.0442)*  l *O.25
= .257 in'?

= 5{.(tn - trn) *frz*tD
= 5*(0.25 -  0 .0442) t '  1*9.25
= .257 in'?

A4l = Leg^2*fr2
= 0.25^2+l  = .063 in^2

Area = Al + .{2 + A41
= 1.77 + 0.257 + 0.Q63
= 2.O9 in'2

=  u . ! >  |  t \  L

As Area > A the reinforcement is adequate for MAP = 154 '4704 at 0 Deg F

Leinforcernent  check in  the phne Dars l l€ l  to  the lons.  ax is

Area reoui red

A -  d, r t r *F + z* tn* t r+F*( l  -  f r1)
=  9 . 5  * 0 .  1 4 1 8  +  I  +  2 * 0 . 2 5 + 0 .  t O 1 3 * 1 + ( l
= | .3471 in^2

r)

Revision No. 1

Doc. No. VO49l45?
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C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M o D E C L N R \ 8 5 - R E V I . V S L D ; q

I = larger of the following

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

= I .028 in^ 2

= d{.(E I +r-F*tr) - 2'*tn*(El*t-F*rr)*(i-frl)
-  9 . 5 * ( 1 * 0 . 2 5 -  l * 0 .  1 4  l 8 )  -  2 * 0 . 2 5 * (  I  * 0 . 2 5 - 1  + 0 .  1 4  1 8 ) * (  l -  l )
= | .028 in^2

= 2*(t+ tn)*(E I *r-F*n) - 2*rn,r(E I *t-F+rr) *( t -fr 1)
= 2*(0.25 +0.25) ' ' (  I  *0.25-  I  +0.  14 18)  -  2*0.25 ' i (  I  *0.25-  I  +0.  14 18)  * (  l  -  I  )
= .  108 in^2

A r e a = A i + L 2 + A 4 l
=  1 . 0 2 8  +  0 . 2 5 7  +  0 . 0 6 3
= 1.348 in-z

As Area > A the reinforcement is adequate for MAP = 154.4704. at 0 Deg F

Check th€ w€lds -  From Uw- 1 6(d)  :

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in
t l  or  t2(min)  = lesser  of  0 .25 or  0.7+tmin,  t1(min)  = 0.175 in
t l (actual )  = O.1aLeg = Q.7*Q.25 = 0 175 in
t2(actual) = 0. 1875 in
t l  +  t2  = 0.3625 > = 1.25*tmin

Wall thickness per UG-45(a):
Wall thickness pe r UG-45(b)( I):
Wall thickress per UG- 16(b):
std pipe wall per uG-45(b)(a):
The gr€ater of tr2 or tr3:
The lesser of tr4 or tr5 :

ttl = 0.0442 iu (E = 1)
t rz  = 0.  l4 l8  in
tr3 = 0.0625 in
t r4 = 0.3 19375 in
r r 5  =  0 . 1 4 1 8  i n
t r6 = 0.  14 18 in

Req'd per UG-45 is the larger of tr1 or tr6 = 0. 1418 in

Available nozzle wall thickness new, tu = 0.25 in

The nozzle neck thickness is adequat€ for MAP.

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

Groove weld in tension = 0,74*16700 = 12358 psi
Nozzle wal l  in  shear  = 0.7*16700 = I1690 ps i
Imer fil let weld in shear = 0.49* 16700 = 8183 psi

Stren gth of  welded io ints :

( 1) Inner fillet weld in shear
(Pi /2)*Nozzle O.D.+Leg+Si  = 1.57{ '10: r0.25*8183 = 32118.28 lb f

(3) Nozzle wall itr shear
(Pi /2)*Mean nozzle d ia.+tn*Sn = 1-57*9. '15+0.25*11690 = 44736.17 lb l

Revision No- I
Doc. No. V04;_t {57

The weld sizes for t I and t2 are satisfactory.

G-45 Nozzle Neck Thickness Check



CoMPRESS 5 .53  C : \CoMPRESS\MoDECLNR\85 -REV I .VSLD;q

N l  1 2 " C F  (  1 O " o d )

4) Groove weld in tension
Pil2)*Nozzle O.D.+tw+Sg = 1.57*10*0.1875*12358 = 36378.86 lbf

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

W = (A -  (d  -  2* tn)+(E l+t  -  F* t r ) ;+5u
=  ( 1 . 3 4 7  L  -  ( 9 . 5  -  2 * 0 . 2 5 ) * ( 1 * 0 . 2 5  -  1 * 0 . l 4 1 8 ) ) * 1 6 7 0 0
= 6234. 1 1 lbf

Wl- l  =  (A2 + A5 + A41 + A42)*Sv
= (0.257 + 0 + 0.063 + 0)+16700
= 5344 lbf

WZ-z = (42 + A3 + A4l + .443 + 2+tn*t+fr1)*Sv
= (O.257 + 0 + 0.063 + 0 + 2*0.25*0.25* l )+16700
= 7431.5 lbf

Load for path l - l lesser of W or W 1- I = 5344 lbf
Path l -1Tbf l  (1)  & (3)  = 32118.28 + 44736.17 = 76854.45 lb f
Path 1-1 is  sronger  thanWl-1 so i t  is  acceptable per  UG-41(b)( l ) .

Load for path 2-2 lesser ofW or W2-2 = 6234.1 I lbf
Path 2-2 Tbru (1), (4) = 32118.28 + 36378.86 = 6849'1 .14lbf
Path 2-2 is stroDger tha.n W so it is acceptable per UG-4 1(b)(2).

Normal to the vessel wall outside 2.5*(tu-Cn) + te = .625 in
Normal to the vessel wall insid€ 2.5+(tn-Cn-C) = .625 in

Determinat ion of  Chord Lensth

Thetal = ArcCos((Lo + Rn)/Rm)
= ArcCos((4 + 4.75)/ 75.3214)
= 55.17357

T\.eta2 = ArcCos((Lo - Rn)/Rm)
= ArcCos((4 - 4.75)/ 75 .3214)
= 92.84632

d = 2*Rm*Sin((Theta - Thetal)/z)
= 2{' 15.32 14 *Sin((92.80632 - 55 .17357r/?,
=  9 . 8  8 3  i n

Nozzle requi red th ic  kness

L/Do = 3.15/10 = .315 Dol .  = 1Ot0.O2239 = 446.628
From tabl€ G: A = 0.000481

.L From table HA_3: B = 4941

-
Pa= 4*B/(3 {'Do/t)

= 4*  494 |  |  (3  *  l0 l  O.OZZ39)
Revision No. I
Doc. No. V049-l{57
Page l8 of63

Reinforcement  Calculat ious for  External  Pressure

imi ts  of  re inforcement  UG-40

Parallel to the vessel wall d = 9.883 in



C O M P R E S S  5 . 5 3  C : \ C o M P R E S S \ M O D E C L N R \ B s - R E V l . V S L D ; q

N 1  l 2 ' � C F  (  1 o " o d )

= 14.7505 psi

Nozzle required thickness trn = .ij2239 in

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

Area reoui red

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

ftl = lesser of I or Sn/Sv so frl = I
ft2 = lesser of I or Sn/Sv so ti2 = I

A = 0.5*(d* t r*F + 2"" rn* t r+F+( l  -  f r l ) )
=  0 . 5 * ( 9 . 8 8 3 * 0 . 1 4 2 8 * 0 . 5  +  Z + A . 2 5 * 0 .  t 4 2 3 + 6 . 5 * 1 t  .  l ) )
= .3528 in^2

Aroa avai lab le

A 1 = larger of the following = 1 .765 in^2

= d*(E I *t-F*rr) - 2*tn*(E I {.t-F+rr) +( l -fr l)
=  9.883 *(  I  *0.25 -0.5 +0.  1428)  -  2+O.254( t*0.25-0.5 *0.  1428)  * (  l  -  l )
-  l .?65 in^2

= 2,1( t+ tn)  * (E I  * r -F* t r )  -  2+tn+(EI+r-F*r r )* ( l - f r1)
= 2 + ( 0 . 2 5 + 0 . 2 5 ) * ' ( l * 0 . 2 5 - 0 . 5 + 0 . 1 4 2 8 ) - 2 + 0 . 2 5 4 ( l + 0 . 2 5 - 0 . 5 * 0 . 1 4 2 8 ) * ( l - l )
= .179 in'2

A2 = smaller of the followiug = 0.285 in^2

= 5 *(rn - trn)*frz*t
= 5 * (0.25 -  0 .02239)*  1*0.25
= .285 in^2

= 5+(tn - trn)*fr2*tn
=  5  * ( 0 . 2 5  -  0 . 0 2 2 3 9 ) * 1 * 0 . 2 5
- .285 in'Z

A4l = LeE 2*fr2
-  0.25^Z* |  =  .063 in^2

A r e a  =  A 1  + A 2  + A 4 1
= 1.765 + 0.285 + 0.063
= 2. I13 in '?

As Area > A fte reinforcement is adequate for Pe = 14,7 at 400 Deg F

Reinforcement  check in  the n lane para l le l  to  the long.  ax is

Area resui red

I tA = 0,5*(d*h*F + 2* tn* t r*F*( l  - f r l ) )
=  0 . 5 * ( 9 . 5 * 0 . 1 4 2 8 * 1  +  Z 4 Q . Z 5 4 O . 1 4 2 8 *  1 * ( l  -  1 ) )
= .6783 in'2 Revision No. 1

Doa. No. V049-1457
Page l9 of63



C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M o D E C L N R \ 8 5 - R E V l . V S L D ; q

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

A I = larger of the following =  1 . 0 1 8  i n ^ 2

= d*(E 1+t-F*r r )  -  2* tn*(El* t -F+rr )+( t - f r1)
=  9 . 5  + (  1 * 0 . 2 5 -  1 * 0 .  1 4 2 8 )  - 2 * O . 2 5 4 ( L + 0 . 2 5 - I + 0 . 1 4 2 8 ) * ( l - 1 )
=  1 . 0 1 8  i n ' 2

= 2*( r+ tn)+(E I  +t -F+r)  -  z* tn*(EI* t -F* t r )* (1- f r1)
= 2*  (O.25 +O.?5)*(  I  +0.25-  I  *0.  1428)  -  2+0.25 *(  1  *0.25-  1 { '0 .  142E)*(  l  -  l )
= .107 ir�^2

A r e a = A l + 4 2 + A 4 l
=  1 . 0 1 8  +  0 . 2 8 5  +  0 . 0 6 3
= I .366 in^2

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

UG-45 Nozzle Neck Thickness Check

Wall lhickness per UG-45(a):
Wall thickness per UG45(b)(2):
Wall thickness per UG- l6(b):
Std pipe wall per UG-45(b)(4):
The great€r of tr2 or tr3 :
The lesser of tr4 or tr5 :

r l  =  0.02239 in  (E = l )
t r2  = 0.0153 in
tr3 = 0.0625 in
t r4 = 0.319375 in
tr5 = 0,0625 in
116 = 0.0625 ir

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

Available nozzle wa'll thickness new, tn = 0,25 in

The lozzle neck thickness is adequate for Pe.

Revision No. I
Doc. No. V049-1{57
Page 20 of63



COMPRESS 5 .53  C: \COMPRESS\MODECLNR\8S-REV1.VSL

N 1  1 2 " C F  (  1 o " o d )

Radial load
Circumferent.ial momeDt
Cicumferential shear
Longitudinal moment
Longitudinal shear
Torsion moment
Internal oressure

: Vurr,,r Tro"r (e...' &c r-roJ

?z=

F5\

a..l

457-, pst

: 9o4ear ->

Pr = 1042 lbf
Mc = 0 lbf-ft
V c  =  0 l b f
ML = 0 lbf-ft
VL -  0 lbf
Mt = 0 lbf-ft
P  =  O p s i

r rL (r+r)

Stresses at  thc nozzle OD oer  WRC bul le t in  107 (  ns i )

Mean radius Rm = 15.375 in
Rn/ t  = 61.5

Stress concentation factor Kn (tension) = I
Shess concentration factor Kb (bending) = 1

Pressure stress .iatensi ly factor, Farr equation 11.5

I = .25*(4.1 3*(r/x)^2 -'1- 3+(r/x)^4)
= .25*(4 + 3*(4.7515 .25)^2 + 3'$(4.7515.25)^ 4)
=  2 .117

Local circ. pressure stress = Ii'P*Rmr/t =-cEl* 1914.

f,o""f 
long. pressure stress = P*Rm/2t =6E ta'L

Maximum combined stress = -=:GF& 958t. gSr
Allowable combined stress = +-3*S = +- zt4l00 psi

The maxinum combin€d stress is withiu allowable limits.

Maximum primary DeDbrane stress = '# 4043 . ?51
Allowabl€ primary membrane stress = +-1.5*S = +-22050psi

The maximum primary membrane stress is within allowable limits.

(r+: pai) (rs.trs.J

. 25 r
G-: (so+e5l [z.rn\

:  r9 \4?: r

MAv. trr{Br*e) S-e=ss -- 1'I-16 esr + 452 ?ar + \9\rr ?,::^,

)5&\ ,  e<r

\t"11 prr + 452.er + \1r4err - 4o4aear

Revision No. I
Doc. No. V049-l{57
Page 2l of63
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CoMPRESS 5.53 Cr\COMPRESS\MoDEcLNR\Bs-REv I  .vs l ,

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

Froml Value I  beta I
F i g . l  r e a d  |  | D1BuI  F i g .  I  r e a d  I

3c*
4C*

3A*
I A
3 B *
1 B -  1

2 . 7 0 3 0

0 . 0 5 4 8
0 . 0 1 3 5
' I  .  8945
0  . 0 5 9 1
3 . 9 8 ' 1 7
0 . 0 1 2 5

u . z 5 t

0 .285
0 . 2 8 5
0  . 2 8 5
0  . 2 8 5
0  . 2 8 5
0  , 2 8 5
0  . 2 8 5

pressure st ress-

-733
-1677 -1677 -1577 -157 7

-6482
-  1 3 5 0  1 3 5 0  - 1 3 5 0  1 3 5 0

-733 -733 -733

54A2 -6482 64a2

-  t9 14. -  r914. -  \9r4. -  rgt* ,  - rqr*,  - t9 14. -  r9rr t  - l?t{

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

- 4 s 4 r .  - 7 2 4 \ . ' & 4 \

-3s9\ -3591 -391

-274\, -9t79, +\bX -n0-? nb*.

-.,39r. 'Zt'41 'Zb4'1' -7.1'41. -LtA'

a

3c*
4C*

4 B *
28-  1

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

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

oressure scress '

-  1 3 5

- 3 2 0 1

- , 5 5  - I J J

3 2 0 1  - 3 2 0 1

-733
-1677 - '1577 -1677 -1677

3 2 0 1
- 3 0 6 1  3 0 5 1  - 3 0 6 1  3 0 5 1

-452. -4s2, -4.2. -45?. - 4s2. -432. -452. '152.

Total- long stress
Pr imary membrane
Iong sEresg i

-+\At,  zDw. -4Zbb. 2D\I '  -5\9o,

- l lA5 ,  ' 1 t8 ,5 .  - l lB5 ,  - r165 .  -2 t21

932. -3ro. 9\L,

'7121 -?-\7c . -Z\z.t.

torsion moment MU
Circ shear  f rom Vc
Long shear  f ron VL

Tota l  Shear  s t ress

combined stress '4.94\ '35)l  -4%l ,  -  3s>1 -?121' agbs -9\L1 3b)<

lbsnse€{ i - 4 s ? ,  - 4 < 7  - 4 ( 2 -d<2. '4s2, - 4s2. -4s?,

lilq.Cr,ne*.rtoq,a/, j -e:>: -404) -s\95. -ao+5, -95t1 1b8) -r56Bt. 35D5

^  , lf Mk- Vg'*r"i-{ \€ra epo€. | - 361t - 35)\ - 3s9) -tsn\, -z'41 -Luq -LA1, -7l,1

'{52. 4{2. -4sL

Revision No- I
Doc. No. v049-1457
Page 22 of 63
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C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M O D E C L N R \ 8 5 - R E V l . V S L D ; q

N 2  1  6 " C F  (  1 4 " o d )

Located on:
User inqrut vessel thickness:
Liquid static head included:
Flatrge description:

Nozzle material specihcation:

Nozzle orieDtation:
End ofuozzle to shell cetrter:
Nozzle offset from center Lo:
ProjectioD outside vessel Lpr:

.25 in
0 psi
Not installed

SA 240 3O4L HIGH

0 degrees
18 .  125 in
0 i n
2.625 in

tn -> l

r*,-' 
| ,

< - d - >
cor ros ion  a l low =

noz  Lh ick  ne ! , /  tn=
nozz le  id .  new d=
fil let \,reld twl =
groove weld tv2 =

To da tum L= 98  in

0  i n
. 2 5  i n
l J . )  l n

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

<-  L  -> l

Limi ts  of  re inforcement  UG-40

Parallel to the vessel wall d = I3.5 in
Normal to the vessel wall outside 2.5+(tn-Cn) + te = .625
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle reoui red th ickness

trn = P*Rn/(Sn+E - 0.6+P)
= 130.5334*6.751( l47OO+I -  0 .6*  130.5334)
= 0.0603 in

R€auired th ickness t r  f rom UG-37 (a)

r r= P*R/(S*E -  0 .6+P)
=  1 3 0 . 5 3 3 4 *  1 5 . 2 5 l ( 1 4 7 0 0 *  I  -  0 . 6 + 1 3 0 . 5 3 3 4 )
=  0 . 1 3 6 1  i n

Area rccI i red

Allowable sresses: Sn = 14700, Sv = 14799, nti

frl = lesser of 1 or Sn/Sv so ti1 = 1
fr2 = lesser of 1 or Sn/Sv so fr2 = 1

A = d* t r+F + 2* tn* t r*F*(1 -  f r l )
=  1 3 . 5 * 0 . 1 3 6 1 + I  +  2 * 0 . 2 5 + 0 . 1 3 6 1 + l + ( 1 -  1 )

ln

Revision No. I
Doc. No. V049-1457
Page 23 of63

einforcement  ca lcu lat ions For  Nozzle MAWP



coMPRESS 5 .53C r \COMPRESS\MODECLNR\85-REV r  .VSLD;q

N 2  l 6 " C F  (  1 4 " o d )

f;"=*J
=  1 . 5 3 8  i n ' 2

= d*(E 1 *t-F*tr) - z{,rn'N(E 1 *r-F*tr) *( I -fr 1)
=  13 .5 * (  1 *0 .25 -  I  *0 .  l 36 l )  -  2 *0 .25* (  l *0 .25 -  1  *0 .  136  l )+ (  r - l )
=  r . 538  i n^2

= 2+(r +rn)*(E I *t-F*tr) - 2*tn*(E I *t-F+tr) *( t -fr l)
= 2+ (0.25 +0.25) '*(  I  +0.25- 1 +0. 136 1) -  2*0.25 +( I  *0.25- 1 *0.  136 1)*(  l  -  l )
= . L l 4 i n ^ Z

A I = larger of the following

A2 = smaller of the following

= 5+(ln - trn)+fr2*t
= 5 +(0.25 -  0 .0603)*1+0.25
=  . ! 5 1  t i  z

= 5*(tn - trn)*fr2*tn
= 5 * (0.25 -  0 .0603;*1 ' t9 .25
= .237 ir^Z

A41 = LeE 2*ft2
= 0.25-2* l  = .063 in-2

= O.237 in^ 2

A r e a = A l + A 2 + A 4 l
=  1 . 5 3 8  +  0 . 2 3 7  +  0 . 0 6 3
= 1.838 in 'Z

As Area > A the reiuforcemenl is adequate for MAWP = f 30.5334 at 400 D€g 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(uin) = 0. 175 in
t l (actual )  = o.7t leg = 0 '7*0.25 = 0.175 in
t2(actual) = 0. 1875 in
t l  +  12 = 0.3625 > = 1.Z5*tmin

The weld sizes for t I 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(b)(1): tr2 = 0.1361 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG45(b)(4): tr4 = 0.328125 iD'
The greater of tr2 or tr3 : tr5 = 0. 136 I in

_ 
The lesser of tr4 or tr5 I tr6 = 0. 136 I in

nec 'd oer  UG-45 is  the larser  of  t r  I  or  t r6  = 0-  l36 l  in-

Available nozzle wall thickness new, tn = 0.25 in Revision No. I
Doc. No. V049-1457
Page 24 of63



COMPRESS 5 ' 53  C : \COMPRESS\MoDECLNR\Bs -REV I . vSLD ;q

N2 r  6"CF (  14 ' �od l

AThe nozzle neck thickness is adequate for MAWP.

U
Al lowable s t rcsses in  io ip ts  UG-45fc) .nd UW-15(c)

Groove weld in tensiou = O.'14* f47OO = 10878 psi
Nozzle wall in shear = o.7* 14700 = 10290 psi
Inner fillet weld in shear = 0.49* 14700 = 7203 psi

Strensth of  welde d io in ts :

( 1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D. *Leg*Si = 1 .57 * 14*0.25 *7 203 = 39580.49 lbf

(3) Nozzle wall in shear
(Pil?)*Meat nozzle dia.*tn*Sn = 1.5?*13.75*0.25*LO79O = 55533.84 lbf

(4) Groove weld in tension
(Pi l2)*Nozzle O.D.* tw*Sg = 1.57+14+0.1875*10878 = 44830.96 lb f

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

W = (e - (d - 2*tn) *(E | *1 - F*tr)) +Sv
=  ( 1 . 8 3 7 3  -  ( 1 3 . 5  -  2 * 0 . 2 5 ) * ( 1 * 0 . 2 5  -  1 + 0 . 1 3 6 1 ) ) * 1 4 7 0 0
= 5242.018 lb f

$ / 1 - 1  = ( A 2 + A 5 + A 4 1  +  A 4 2 ) * S v
= (0.237 + 0 + 0.063 + 0)*14700
= 4410 lbf

y12-2 = (LZ + A3 + ,{4l + A43 + 2*tn*t*fr1)*Sv
= (0.237 + 0 + 0.063 + 0 + 2*0.25*0.25*1)*14700
= 6247 .5 lbf

Load for  path 1-1 lesserof  WorWl- l  =  4410 lb f
Path l -1  Thru (  1)  & (3)  = 39580.49 + 55533.84 = 95 114'33 lb f
Path 1-1 is stronger than W l- 1 so it is acceptable per UG-4lOX1).

Lo^d for parb ?-zlesser of W or W2-2 = 524?.018lbt
Path 2-2 Thru (1), (4) = 39580 49 + '14830.96 = 8441 I '45 lbf
Path 2-2 is strorg€r tla! W so it is acceptable per UG-4 1(b)(2).

Reinforcement  Calculat ions For  Nozzle MAP

Limi ts  of  re inforcement  UG-40

Parallel to the vessel wall d = i3.5 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = -625 in

Nozzle reaui red th ic  kn ess

trn = P *Rr,i (Sn*E - 0.6*P)
= 148.2763+6 '75 l (  16700* I  -  0 .6*148.2763)
= 0.0603 in Rwision No. I

Doo. No. V049-1457
Page 25 of63



COMPRESS 5 .53  C: \COMPRESS\MoDECLNR\85-REVl .VSLD;q

N 2  I 6 " C F  (  l 4 ' � o d l

tf= P{.R/(S:r'E - 0.6*P)
= 148.2763* 15.25i  (  16700* 1 -  0 .6*  148.2763)
=  0 . 1 3 6 1  i n

Arca reo u i red

Allowable stress€s: Sn = 16700, Sv = 16700, psi

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

A = d+tr*F + 2 ' t tn* t r*F*( l  .  f r l )
=  1 3 . 5 * 0 . 1 3 6 1 * t  +  2 + 0 . 2 5 * O . 1 3 6 1 * 1 * 1 t  -  1 )
= 1 .8373 in^2

Area avai lab le

A I = larger of the following =  1 . 5 3 E  i n ' 2

= d*(E I *t-F*tr) - 2*tn*(E1*t-F*tr;*11-frl)
=  1 3 . 5 + (  t + 0 . 2 5 -  I  * 0 .  1 3 6  1 )  -  2 * 0 . 2 5 + (  l * 0 . 2 5 -  I  * 0 .  l 3 6 l ) + ( 1 - 1 )
= I  .538 in^2

.r. = 2*(t + tn) *(E I *t-F*u) - 2*rn*(E I +t-F+tr) *( 1-fr l)
I  =  2 * ( 0 . 2 5  + 0 . 2 5 ) * (  I  * 0 . 2 5 - t * 0 .  1 3 6 1 )  -  2 * 0 . 2 5 * (  l * 0 . 2 5 - 1  * 0 .  1 3 6  1 ) * (  l - 1 )

= . l l4  in 'Z

= 0,23'7 in'ZA2 = smaller of the following

- 5 *(tn - trn)*fr2*t
= 5 * (0.25 -  0 .0603)*1*0.25
= .237 in'Z

= 5+(tn - trn) *frz*iD
=  5  + ( 0 . 2 5  - 0 . 0 6 0 3 ) + l * 0 . 2 5
= .237 it'2

A4L = Leg^Z*fr2
= O.25^2*7 = .063 in^2

A r e a = A l + A 2 + A 4 l
=  1 . 5 3 8  +  0 . 2 3 7  +  0 . 0 6 3
=  1 . E 3 8  i n ^ 2

As Area > A the reinforcement is adequate for MAP = 148 '2'163 at 0 Deg F

Check the welds -  From UW- l  6(d) :

tmin = lesser of 0.75 or tn or 1, 16i1 = 0.25 in
t1 or  t2(min)  = lesser  of  0 .25 or  0.7* tmin,  t1( rn in)  = 0.175 in
t1(actual )  = O.1*Leg = 0.7*Q.25 = 0.  175 in
t2(actual) = 0. 1875 in

Revision No. I
Doc. No. V049-l{57
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COMPRESS 5 .53  Cr \COMPRESS\MODECLNR\BS-REVI .VSLD;q

N 2  1 6 " C F  (  1 4 " o d )

The weld sizes for t I and t2 are satisfactory.

Wall thickness per UG-45(a) r
Wall thickness per UG-45(b)( l):
Wall thickness per UG- l6(b):
Std pipe wall per UG-45(b)(4) :
The greater of tr2 or tr3 :
Tte less€r of tr4 or tr5 :

t r l  =  0.0603 in  (E =
t r2 = 0.  136 1 iD
tr3 = 0.0625 in
t r4 = 0.3281?5 in
t r 5  =  0 .  1 3 6 1  i n
t r6 = 0.  1361 in

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

Available nozzle wall thickness new, tn = 0.25 in

T\e nozzle neck thicktress is adequate for MAP.

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

Groove weld in tension = O.74*L67OO = 12358 psi
Nozzle wall in shear = O .7* 1670Q = I 1690 psi
Inner fil let weld in shear = 0.49* 16700 = 8 183 psi

Strenqth of  weldei l  jo in ts ;

( l) Inner fillet weld in shear
(Pi l?)*Nozzle O.D.*Leg*Si  = 1.57*14+0.25rr8183 = 44965.59 lb f

(3) Nozzle wall in shear
(Pi /2)*Mean uozzle d ia.+tn*Sn = 1.57*13.75+0.25*11690 = 63089.47 lb f

(4) Groove weld in tensiou
(Pi lz)+Nozzle O.D.* tw*Sg = 1.57 '*14*0.  1875*12358 = 50930.41 lb f

Loadins on welds per  UG-41(b)(  I  )

w = (A -  (d  -  2* tn)*(E1*t  -F* t r ) )*Sv
=  (  1 . 8 3 7 3  -  ( 1 3 . 5  -  2 + 0 . 2 5 ) * (  1 * 0 . 2 5  -  I  + 0 .  1 3 6  l ) ) +  1 6 7 0 0
= 5955.218 lb f

Y Y 1 - 1  = ( A 2 + A ' 5  + A 4 1  +  A 4 2 ) * S v
= (0.237 + 0 + 0.063 + 0)+ i6700
= 5010 lb f

W2-2 = 62 + A3 + 441 + A43 + 2+tn+t+f r l ) *Sv
= (O.237 + 0 + 0,063 + 0 + 2+0.25*0.25*1)*16700
= 7097.5 lbf

Load for path l-1 lesser of W or W1-1 = 5010 lbf
Path 1-l Thru (1) & (3) = 44965.59 + 63089.47 = 108055.1 lbf
Path 1 - I is stronger than W I - 1 so it is acceptable per UG-4 f (bX l).

Load for path 2-2 lesser of W or W2-2 = 5955.2 18 lbf
Path ?-2 Ttru (1), (4) = 44965.59 + 50930.41 = 95896 lbf
Path 2-2 is stronger tha! W so it is acceptable per UG-41(bX2). Revision No. I
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einforcement  Calculat ions for  External  Pressure

COMPRESS 5 .53  C : \COMPRESS\MODECLNR\BS-REV l .VSLD;q

N 2  1 6 " C F  (  1 4 " o d l

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

Nozzle reoui red th ic  kness

LlDo = 2.6251 14 = .1875 Dott = 1410.02907 = 481 .596?
From table G: A = 0.000747
From rabl€ HA-3:  B = 5338.9

Pa= 4*B/(3 *Do/t)
= 4*5338 .9/(3 * I 4lO.O29O7)
=  1 4 . 7 8 1 1  p s i

Nozzl€ requir€d thickness trn = ,02907 in

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

Area requi red

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

lrt = lesser of I or Sn/Sv so frl = 1
Jfu2 = lesser of 1 or Sn/Sv so fr2 = I

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

Area avai lab le

A I = larger of rhe following = 1 .447 in^ 2

= d*(E I *t-F*tr) - 2*tni'(E I *t-F*tr) *( l -fr l)
=  I  3 .5*(  l ' *0 .25-  I  *0.  l42E) -  2*0.25*(  1 *0.25-  1 *0.  1428)*(  1  -  l )
= I .447 in^2

= 2+(r  +rn)  * (E 1* t -F* t r )  -  2+rnr ' (EI* r -F* t r )+( I - f r1)
- -  2 . ' (Q.25+0.25)s(  1*0.25 -  1*0.  1428)  -  2*0.25 *(  I  *0.25-  I  +0 '  1428)  * (  l ' l )
= .107 ir�^2

A2 = smaller of the followiug

= 5*(tn - trn) *fr2+t
-  5+(0.25 -  0 .02907)+I*0.25
= .?76 in'Z

= 5*(tn - trn)+fr2 *tn
= 5*(0.25 -  0 .02907)*  l  *0.25
=  . z l o  t \  z

= 0.276 it^ 2

Revision No. I
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N 2  1 6 " C F  (  l 4 " o d )

A4l = Leg^ 2*fr2
= o.25^2*L = .063 in^2

Area = Al  + A2 + A4l
= 1.447 + 0.276 + O.Q63
= I  .786 in^2

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

UG-45 Nozzle Neck Thlckness Check

coMPRESS s.s3

Wall thickness per UG-45(a):
Walt thickness per UG-45(b)(2):
Wall thickness per UG- l6(b):
Std pipe wall per UG-45(b)(4):
The greater of tr2 or tr3 :
The lesser of tr4 or tr5:

C : \COMPRESS\M ODECLNR\85-REV 1  .VSLD;q

rr1 = 0.02907 in (E = 1)
t r2 = 0.0153 in
13 = 0,0625 in
r r4 = 0.328125 in
tr5 = 0.0625 in
116 = 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 uozzle neck thickness is adequate for Pe.

Revi$lon No. I
Doc. No. V049-l{5?
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COMPRESS 5.53 C: \COMPRESS\MODECLNR\85-REVl .VSL

Radial load
Circumferential moment
Circumferential $hear
Longitudinal moment.
IrngitudiDal shear
Torsion moment
Int€mal pressure

Slresscs at the nozzle OD

N 2  1 6 " C F  (  1 4 " o d )

Pr : 4354 lbf : ?rr.re a*r-
Mc = 378.5 lbf-ft
Vc = 126.5 lbf
ML = 378.5 lbf-ft
VL - 126.5 lbf
Mt = 0 lbf-ft
P  =  0 p s i

oer  WRC bul le t in  1O7 {  os i )

+ Vna.r,r"^ AelE

RsF C\" Voqi-r -06

Mean radius Rm = 15.375 in
Rm./ t  = 61.5

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

Pressure stress intensity factor, Faxr €quation 11.5

| = .25*(4.r. 3r,(r/x)^2 + 3*(r/x)^4)
= .25*(4 a J*(g.l5l7 .25)^? + 3*6.7517 .25)'4)
=  2 . 2 t 4

Local circ. preasure stress = I*P+Rm/t - +t ZOO?- e$r

Jocal long. pressure sress = P+Rm/Zt =$ 452. PSr
-

Maximum combined stless
Allowable combined stres$ = +-3*S = +-44100psi

The maxinum combined stress is within allowable limits.

Maximum primary membrane stre$s = GFF BSZI e:r
Allowable primary membrane stess = +-1.5*S = +- 22050psi

The maximum primary membrane stress is within allowable limits.

0+r er)liE.315,J
z ( ,zs,J

(r4.-T.i[ r53'?s,"r\
. 25 , *

452.O psr

: )O+,Os Psr ->

PtL^ Gqgrt e., tree-ss --

c-c: e.er+L9o+.osegl
: zDOZ. r,5\

33\93esr + 4E,2, er + ZDD?-e<r

3594'1 eer

Ma* ?e,r,ra.et il=ue,* -r.\.=o = !4{iT *t + rti3Z.rsr + 2DDZa\

Revision No. I
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COMPRESS 5 .53  Cr \COMPRESS\MODECLNR\85-REVl .VSL

N2 1 6"CF (  14"od)

D1AU AI Bu 81 CU
I  F r o m l  V a l u e  I  b e t a l
I  F i s .  I  r e a d  I  I

4C*

3A*
I A
3 B *

1 . 5 5 5 7  1 0 . 3 9 8
4 . 3 9 1 1  |  0 . 3 9 8
0 . 0 6 4 8  1 0 . 3 9 8
0 . 0 0 5 5  I 0 . 3 9 8
1 . 3 8 3 0  1 0 . 3 9 8
0 . 0 5 7 3  1 0 . 3 9 8
2 . 5 0 1 8  1 0 . 3 9 8
0 . 0 0 7 9  1 0 . 3 9 8
ure st ressrpress

-4974 -4974 -4974 -497 4

-2717 2 ' t  17 -2717 2717

-1762 -1762 -1762 -1762

-?7085 27085 -27085 27085

-267 -257 267 257
-4079 40't9 4079 -4079

-483 -483 483 483
-562 562 562 -562

- zcD?', -?@z- -2.c'.2. -2Do2. -7Do2' '2oo2, '?8d2, 'Zoo7-

Tota l  c i rc  s t ress
Pr imary membrane
ci rc  s l res3*

-\o-?39 -4rao, -tu4b, -43b, -76\nt 21t11' -2t b3.

-7+559, -l+59 't'44a 1e+9V -4011. -4o31' -3+91-

\9p

3 c *  1 1 . 5 5 5 7  |0 , 3 9 8
0 . 3 9 8
0 . 3 9 8
0 . 3 9 8
0 . 3 9 8
0 . 3 9 8
0 . 3 9 8
0 . 3 9 8

4 c *  1 4 . 3 9 1  1
1 c -  1  1 0 . 0 1 5 0
2 c  1 0 . 0 3 0 0
4 A *  1 5 . 5 5 5 2
2A t0.0227
4 8 *  r 1 . 4 4 8 7
? B - 1 t 0 . 0 1 5 8
pressure st ress*

- t t l j l  - t t o z  - t t o t  - t t o z

- 6 6 8 8  5 5 8 8  - 5 5 8 8  5 6 8 8

-4914 -4974

- '1254 0 12540
- 1 0 9 3  - 1 0 9 3
-  t b  l o  t o  r o

-4974

- 1 2 5 4 0

1 0 9 3
1 5 1 5

-4974

12540
1 0 9 3

-1516

- 1 1 2 5

-4€a

-279 279 279
1125 112s -"t125

^+s2. -414, -+5't. -452. -45'�t. -152.

Tota l  long st ress
Pr imary membrane
long st ress*

'\opb 5'a2o, '14c?^e,, 1uLg. - 2.ob15 ''�1b3'?. -15?51, b59t.

'24L, '74f,5 't+35, - ie35 't '519 'Lestq '4..a7'

torsion moment ME
Circ shear  f rom vc
Long shear  f rom VL

-23- 2 5z )
-23- 2 3

Tota l  shear  s t ress 2 323- z J-232 J

combined st ress - f D'13E, -1459. -Ac4B -C"4t3 - 35 \15. L1t35.

l'\evre,eA-cE GeEtt ; -451, -4€L. -45?, -4s2.
r r \Est<,,t aas,E r\tE-, I a >' a JLr

f . l  / \  A  I  ,

$t!efq"a>_t^lZ L 
- t\qo_: J,1, 3": :b:E

r ^ l l
r!r"?el1'14{Ude4€ l-152. 

- 749, :-t4%.''@'
r r i
,_cr-9o,qr+.{_t{Waei_ 

-4?, 
_-g _ -3s2,_-4s?'

i . - \ l

i\^o6IroA-,(er$ef 4aryx+ 
-1qtt, -'19rt. -t 9+5 -be{s.

-ns: 
-

w
-1*__13 _
Lut'gl,-'?J.% l905?,

-r,€\9 -bS\9,_

-2b2, '2d2,

- 4333, -4}}3

-'Zoox, -2@2-,

_-!q. -eg._Q71s

Revisioq No. 1
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e n i n c  N 3  R e i n f o r c e m e n t  C a l c u l a t i o n s  P c r  U G - 3 7

C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M O D E C L N R \ 8 5 - R E V l . V S L D i q

N 3  8 "  C F  (  6 " o d )

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

Nozzle material specification:

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

Spool B-5
.25 in
0 psi
Not installed

SA 240 3O4L HIGH

75.5 degrees
1 8 . 1 2 5  i n
4 i n
J . l ) r n

tn ->

""t-'1,< - d - >
corros ion a l low =
noz th ick new t ,n=
n o z z l e  i d .  n e w  d =
f iuet wel-d twl =
groove weld Ew2 =

0  i n
.  t 2 5  t n

5 -  / 5  l n

. 2 5  i n

. 1 8 7 5  i n

<-  L -> l

trn = P*Rn/(Su+E - 0.6*P)

O = |l;#n,?.r 
t t,(14700*1 - 0.6*I re.ezee)

Reauired th ickness t r  f roru UG-37(a)

To datsum L= 74  in

Limi ts  of  re inforcement  UG-40

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

Determinrtion of ChoFd Le|rsth

Thetal = ArcCos((Lo + Rn)/Rm)
= ArcCos((4 + 2.875)115.3lZ5,
= 63 .3221r

Theraz = ArcCos((Lo - nn)inm)
= ArcCos((4 - 2.875)l15.3125)
= 85.787 l9

d = 2 *Rm*Sin((Theta.2 - ^fherll)lz)

= 2 * 15 . 3 125 '* Sin ((85 .787 19 ' 63 '32211)12)
= 5 .965 in

Nozzle reoui red th ickn ess

Revision No. I
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t

C O M P R E S S  5 . 5 3  C r \ C O M P R E S S \ M o D E C L N R \ B 5 - R E V l . V S L D ; q

N3 8"  CF (6"od)

r= P*R/(S*E -  0.6 *P)
= 119.9299*L5 .25l(  14700* I  -  0 '6* 119.9299)
= 0.  125 in

Area requi rcd

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

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

A = d* t r*F + 2+tn+tr*F+( l  -  f r1)
=  5 . 9 6 5 * 0 . 1 2 5 * 0 . 5  +  2 t 0 . 1 2 5 * 0 . 1 2 5 + 0 . 5 * ( 1 -  1 )
= .3728 in'Z

Area avai lab le

A I = larger of the following =  1 . 1 1 8  i n ^ 2

= d*(E I  * r -F* ! r )  -  2+tn*(81*t -F*r r )+(1- f r l )
=  5 . 9 6 5 * (  1  * 0 . 2 5 . 0 . 5  x 0 .  1 2 5 )  -  2 * 0 .  1 2 5  * (  I  * 0 . 2 5 - 0 . 5 * 0 .  1 2 5 ) * (  1 -  l )
=  1 . 1 1 8  i n ^ 2

= 2*( t  + tn)  +(E 1* t -F*r f )  -  2*rn*(El* t -F+tr )+(1- f r l )
= 2a(0.25+Q.125)  * (  1*0.25 -0.5 *0.  125)  -  2*0,  125 *(  I  *0.25-0.5*0.  125)  * (  l  -  l )
=  . l 4 l  i n - 2

A2 = smaller of the following = 0.063 iu^2

= 5*(tn - trtr)*fr2+t
= 5r , (0.125 -  0 .0236)*  r  *0.25

= .  ) ,z t  l t  I

= 5*(tn - trn)*fr2*tn
= 5*(0.125 -  0 .0236)*  l+0.  125
= .Q63 in^ 2

A4l = Leg^ 2+fr2
= Q.25^2*L = .063 in '2

Area = A1 + L2+ L4l
=  1 . 1 1 8  +  0 . 0 6 3  +  0 . 0 6 3
= 1.744 in^Z

As Area > A the reinforcement is adequate for MAWP = 1I9.9299 at 400 Deg F

Reinforccment  check in  the p l rne para l le l  to  the long.  ax is

Area reoui red

A = 6*11+5 + 2*mxtr*F*( l  -  f r l )
=  5 . 7 5 * 0 . 1 2 5 * 1  +  2 + 0 . 1 2 5 + 0 . 1 2 5 { ' 1 ' * ( 1 -  1 )
= .71875 iu '2
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C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M O D E C L N R \ 8 5 - R E V l . V S L D ; q

1 = larger of the following

N 3  8 "  C F  (  6 " o d l

-  , 7 t o  i h ^ t

= d*(E I  * t -F* t r )  -  2* tu*(E1*t -F+tr )+( f - f r l )
=  5 . 7 5 * (  1 * 0 . 2 5 -  l * 0 .  1 2 5 )  -  2 + 0 .  1 2 5 * ( l  * 0 . 2 5 -  I  * 0 .  1 2 5 ) * ( 1 - 1 )
= .7l9 in^Z

= 2+( t+ tn)  +(E 1* t -F* t r )  -  2* tn+(EI t t -F+tr )+(1- f r l )
= 2*(0.25 +0.  125)*(  I  *0.25-  1 *0.  l?5)  -  2*0.  1?5*(  I  +0.25-  I  *0.  125)*(  I  -  l )
= .094 in'2

A r e a = A l + , A . 2 + 4 4 1
= 0.719 + 0.063 + 0.063
= .845 io-2

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

C h e c k  t h e  w e l d s  -  F r o m  U W - 1 6 ( d ) :

tmin = lesserof  0.75 or  tn  or  t ,  tmin = 0.125 in
tl or t2(min) = lesser of 0.25 or 0.7+tmin, tl(min)
t l (actual )  = 0.1*Leg = 0.7*0.25 = 0.175 in
t2(actual) = 0. 1875 in
t l  +  tZ = 0.3625 > = 1.25*rmin

= 0.0875 in

Wall thickuess per UG-45(a):
Wall thickness per UG-45(bX f ):
Wall thickness per UG- 16O) :
Std pipe wall per UG-45(b)(4) :
The greater of tr2 or tr3 :
The lesser of tr4 or tr5 :

t r l  =  0.0236 iu  (E = 1)
trz = 0. 125 iu
tr3 = 0.0625 iD
tr4 = 0.245 in
t r5 = 0.125 in
tr6 = 0. 125 in

Req'd per UG-45 is lhe larger of tr1 or tr6 = 0. 125 in

Available nozzle wall thickness n€w, tn = 0. 125 in

The nozzle neck thickness is adequate for MAWP

Al lowable s t resses in  io in ts  UG-45(c)  and UW- 1 5(c)

Groove weld in tension = 0.?4+14700 = 10878psi
Nozzle wall in shear = 0.7* 14?00 = 10290 psi
Inner fil let weld in shear = 0.49+ 14700 = 7203 psi

Strencth of  welded io ints  I

( l) Inaer fillet weld in sbear
(Pi /2)*Nozzle O.D.*Leg*Si  = 1.57 *6t t } .?5*7 203 = f  6963.06 lb f

(3) Nozzle wall in shear
(Pi l2)*Mean nozzle d ia.* tn*Sn = 1.57*5.875*0-  125+10290 = 11E64.05 lb f
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COMPRESS 5 .53  C: \COMPRESS\MODECLNR\8S-REVl .VSLD;q

N3 E"  CF (6"od |

4) Groove weld in tension
Pi /2 )+Nozz le  O.D.* tw*Sg =  1 .57*6*0 .1875+10878 =  19213.27  b f

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

W = (A -  (d  -  2* tn)*(El* t  -  F* t r ) )*Sv
=  ( 0 . 7 1 8 7 5  -  ( 5 . 7 5  -  2 * 0 .  1 2 5 ) * (  I  * 0 . 2 5  -  1 * 0 . 1 2 5 ) ) *  1 4 7 0 0
= 459.375 lbt

Wl- l  =  (A2 + A5 + A4l  + A42)*Sv
= (0.063 + 0 + 0.063 + 0)x14700
= 1852.2 lb f

N 2 - 2 = ( L 2 + A 3 + A 4 1  +  A 4 3  +  2 * t n * t * f r l ) * S v
= (O,A$ + 0 + 0.063 + O + 2*O.125*0.25*1)*14700
= 2770 .95 lbt

Load for path 1- 1 lesser ofW or W l- I = 459.375 lbf
Path 1- l  Thru (1)  & (3)  = 16963.06 + I1864.05 = 2882?. l1 lbf
Path l- I is stronger than W so it is acceptable per UG4 l(bX2).

Load forpath 2-2 lesser of W ot W2-2 - 459.375 lbf
Path 2-2 Thru (1), (4) = 16963.06 + 192r3.2'l = 36176.33lbf
Path 2-2 is strorger than w so it is acceptable per UG-4 I (b)(2),

Parallel to the vessel wall d = 5 .965 in
Normal to tbe vessel wall outside 2.5+(tn-Cn) + te
Normal to the vessel wall inside 2.5*(tn-Cn-C.1 =

Deterrn inat ion of  Chord Lensth

Thetal = ArcCos((Lo + Rn)/Rm)
= ArcCos((4 + 2.875)t 15.3125)
= 63 .322r L

Theta2 = ArcCos((Lo - Rn)/Rm)
= ArcCos((4 - 2 .87 5)l 15 .3 125)
=  8 5 . 7 8 7 1 9

d = 2*Rm*Sin((Thet^2 - 
'l\etal)|z)

= 2+ 15.3125+Sin(85.78719 -  63 .3221l ) tz)
=  ) .YO)  l n

Nozzle recui red th ickness

trn = P*Rn/(Sn+E - 0.6*P)
= 136.243 L*2.875I  (16700+ I  -  0 .6 + 136.243 l )
= 0.0236 in

= .3 125 in
.3 125 in
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COMPRESS 5 .53  C r \COMPRESS\MODECLNR\85-REY I  .VSLD;q

N 3  8 "  C F  ( 6 " o d )

= P*R/(S +E - 0,6:*P)
=  1 3 6 . 2 4 3 1 +  i 5 ' 2 5 l ( 1 6 7 0 0 *  1  -  0 . 6 *  1 3 6 . 2 4 3  l )
= 0.  125 in

Area resui red

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

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

A = d*tr*F + 2*tn'ttr*F'*( I - frl)
=  5 . 9 6 5 * 0 . 1 2 5 * 0 . 5  +  2 * 0 . 1 2 5 * 0 . 1 2 5 + 0 ' 5 * ( l  -  l )
= .3778 in^Z

Arer  aYai lab le

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

= d+(E 1*t-F*tr) - 2trn*(E I *t-F+tr) +( l-fr 1)
-  5 .965*(  I  *0.25-0.5*0.  125)  -  2*0.  125 *(  I  *0.25-0.5 +0.  125)  +(  r -  l )
=  1 . 1 1 8 i n ' Z

= 2+(r+tD)*(E I  +t -F* t r )  -  z* tn*(EI+t -F* t r )* (1- f r1)
=  2 * ( 0 . 2 5  + 0 .  I 2 5 ) N ( 1  * 0 . 2 5 - 0 , 5 * 0 .  1 2 5 )  -  2 * 0 .  1 2 5 * (  1  * 0 . 2 5 - 0 . 5 * 0 .  1 2 5 ) * ( 1 - l )
=  . l . t l  l l l  z

A2 = smaller of the following

= 5*(tD - trn) *fr2 *t
=  5 * ( 0 . 1 2 5  -  0 . 0 2 3 6 )  *  1  + 0 . 2 5

= .127 iu '2

= 0.063 in^2

= 5 *(tn - trn)*fr2*tn
= 5*(0.125 -  0.0236)* I  *0.  125
=  .UOJ  l n  z

1'4L = Leg^Z+tr2
=  0 . 2 5 ' 2 * l  =  . 0 6 3  i n ^ 2

A r e a = A l + A 2 + A 4 l
=  L i l S  +  0 . 0 6 3  +  0 . 0 6 3
= | .244 in^Z

As Area > A the reinforcement is adequale for MAP = 136.?43I at 0 Deg F

Reinforcement  check in  the p lane oara l le l  to  the lonq.  ax is

Area recui red

A = d*r*F + Z*tn* t r*F*(1 -  f r l )
=  5 . 7 5 + 0 . 1 2 5 * 1  +  2 * 0 . 1 2 5 * 0 . 1 2 5 * 1 * ( 1 -  l )
= .'11875 in^z

Sevision No. I
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C O M P R E S S  5 . 5 3  C r \ C O M P R E S S \ M o D E C L N R \ B s - R E v  l . V S L D ; q

I = larger of the following

N 3  8 "  C F  ( 6 " o d )

= .7 19 in^Z

= d+(E I  +r-F*h)  -  2* tn*(El* t -F* t r )* ( l - f r1)
=  5 . 7 5 * (  t * 0 . 2 5 - 1  * 0 .  1 2 5 )  -  2 * 0 .  1 2 5 * (  1 * 0 . 2 5 - 1  * 0 .  1 2 5 ) * (  l - 1 )
= .7 L9 in^2

= 2 * ( t  +  tn)  * (E I  * t -F*r r )  -  2+rn+(E1*t -F+tr )* (1- f r1)
= 2*(O.25+0.125)+(  I  +0.25-  t  *0.  125)  -  2{ '0 .  125;N( 1*0.25- l  +0.125)"(  1-  l )
= .094 in^2

A r e a = A l + A 2 + A 4 l
=  0 . 7 1 9  +  0 . 0 6 3  +  0 . 0 6 3
= .845 in'2

As Area > A the reinforcement is adequate for MAP = 136.243 1 at 0 Deg F

Check the welds -  From UW- 1 6(d) :

tmin = lesser of 0.75 or tn or t, tmin = 0. l?5 in
t I or tz(min) = lesser of 0.25 or 0.7*tmin, t 1(nrin) = 0.0875 in
t l (actual )  = 0.?+Leg = 0.7*0.25 = 0.175 iu
tz(actual) = 0. 1875 in
r l  +  t 2  =  0 . 3 6 2 5  >  =  1 . 2 5 + t m i n

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

trl = 0.0236 in (E = l)
t tz  = 0.125 in
tr3 = 0.0625 in
tr4 = 0.245 in
t r5 = 0.125 in
116 = 0.125 in

Req'd per UG-45 is the larger of trl or tr6 = 0.125 in

Available nozzle wall thickness n€w, tn = 0.125 in

The nozzle neck thickness is adequate for MAP.

Al lowable s t resses in  io in ts  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 fil let weld in shear = 0.49* 16700 = 8183 psi

Streneth of  wela led jo i  n ts :

( l) Inner fillet weld in shear

_ (Pi /2)*Nozzle O.D,  *Leg*Si  = 1.57*6*0.25+8183 = 19270.96 lb f

J3) Nozzle wall in shear
(Pi l2)*Mean nozzle d ia.* tn*Sn = 1.57 ' r5.875*0.125*11690 = 1347E.21 lb f

Rwisiorr No. I
Doc. No. V049-t-057
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G-45 Nozzle Neck Thickness Check



coMPRESs  5 .53  C : \COMPRESS\MoDECLNR\85 -REV l 'VSLD ;q

N 3  8 "  C F  ( 6 " o d )

(4) Groove weld in tension
(Pi /2)*Nozzle O.D.  * tw*Sg = 1,5?*6*0.1875+12358 = ?1827.321bf

Loading on welds ner  UG-41 (b)(  I  )

w = (A -  (d  -  2* tn)*(E1*t  -  F*r r ) )*Sv
=  ( 0 . 7 1 8 7 5  -  ( 5 . 7 5  - 2 * O . 1 2 5 ) * ( 1 * 0 . 2 5  -  l * 0 . 1 2 5 ) ) * 1 6 7 0 0
= 52 I .875 lbf

rY1-1 = (A2 + A5 + A4l  + A42)+Sv
= (0.063 + 0 + 0.063 + 0)*16700
= 2104.2 lb f

W?-Z = (A2 + A3 + 441 + A43 + 2*tn*'t"fr1)*Sv
= (0.063 + 0 + 0.063 + 0 + 2+0.125*0 '25*1)*16700
= 3147.95 lb f

Load for  path l -1  lesserofW orWl- l  =  52 f .875 lb f
Path 1-1 Thru (l) & (3) = 19270.96 + 13478'21 = 32749 '17 lbf

Path 1- 1 is stronger than w so it is acceptable per UG'41(b)(2).

Load for path 2-2 lesser of W or W2-2 = 521 .875 lbf
Path 2-2 Thru (1), (4) = l9z7a 96 + 21827 '32 = 41098 28 lbf

Path 2-2 is strotrger than W so it is acceptable per UG-4 I (bX2) .

^  Reinforcement  Calcula i ions for  External  Pressure

1",-
Parallel to the vessel wall d = 5 .965 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = 3125 iu
Normal to ttre vessel wall inside 2'5*(tn-Cn-C) = '3125 in

Determinat ion of  Chord Length

Thetal = ArcCos((Lo + Rn)/Rm)
= ArcCos((4 + 7.875\115 .3214)
=  6 3 . 3  3  E E 3

Theta2 = ArcCos((Lo - Rn)/Rn)
= ArcCos((4 - 2.875)l L5 .3?14,
= 85 '7E963

d = 2+Rm*Sin((T'hetlz - TheL^l)/z)
= 2*  15.3214 *Sin((85 .78963 -  63.33883y2)
= 5.965 iu

Nozzle recui red th ic  kness

L/Do = 3.15/6 = .525 Do/ t  = 6/0.01523 = 393.9593
From table G; A = 0'000333
From table HA-3: B = 4408.2

Pa= 4*B/(3 *Do/t)
= 4*44O8.21(3*6/0 ,0L5?3, 

Revision No. I
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COMPRESS 5 .53  C : \CoMPRESS\MoDEcLNR\85 -REV I .VSLD;q

N 3  E "  C F  (  6 " o d )

t  = 14.9193 Psi

-Nozzle reouired thictness trn = .01523 in

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

Area reoui red

Allowable stresses: Sn = 14700, Sv = 14739, ntt

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

{  = Q.J*(d*11*p + 2* tD*t r*F+(1 -  f r l ) )
=  0 . 5 * ( 5 . 9 6 5 * 0 .  1 4 2 8 * 0 . 5  +  2 * 0 . 1 2 5 * 0 . 1 4 2 8 * 0 . 5 * (  I  -  l ) )
= .213 in^?

Areg aval lab le

A I = larger of the following = l �065 in-Z

= d*(E I *t-F*tr) - 2*tn*(E 1 *t-F*tr)*( 1-fr l)
=  5 . 9 6 5 + ( l  + 0 . 2 5 - 0 . 5 * 0 .  l 4 ? 8 )  -  2 * 0 .  1 2 5 * (  l  + 0 . 2 5 - 0 . 5 * 0 .  1 4 2 8 ) * (  I  -  l )
=  1.065 in^2

= 2t(r + tn) r.(E I *t-F*rr) - 2*tn+(EI+r-F*tr)+(I-fr1)
= 2a(0.25 +O.125)  * (  I  *0.25 -0.5 +0.  1428)  -  2*0. lZ5 '4( l+0.25-0.5+0.  1428)*(  l -  l )
=  .  134 in^2

A2 = smaller of the followiug = 0.069 in^Z

= 5*(tn - trn)*fr2*t
=  5 + ( 0 . 1 2 5  -  0 . 0  t 5 2 3 ;  *  1 * 9 . 2 5
= .137 ir'Z

= 5 *(tn - tru)+fr2*tn
-  5  t ( 0 .  1 2 5  -  0 . 0 t 5 2 S 1 + 1 * 6 . 1 2 5
= .069 in'2

A4l = Leg'Z*ft2
= 0.25^2*1 = .063 in^2

Area = Al + A2 + A4l
= 1.065 + 0.069 + 0.063
=  1 . 1 9 7  i n - Z

As Area > A the reinforcem€ut is adequate for Pe = 14.7 at400Deg F

Reinforcement  check in  the p lan€ par&l le l  to  the lon! .  ax is

_ Aeg-rgsrdr e d

IA = 0.5*(d ' * t r *F + 2* tn* t r*F*( l  - f r l ) )
-  =  0 . 5 * ( 5 . 7 5 * 0 . 1 4 2 8 * 1  +  2 * O . 1 2 5 * 0 .  t 4 2 3 * 1 * ( 1 -  1 ) )

= .41055 in-2
Revisiou No, I
Doo. No. V049-l-05?
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N 3  E "  C F  ( 6 " o d )

A I = larger of the following =  . 6 1 6  i n ' ?

= d '* (E I  * t -F*r r )  -  2* tn*(El* r -F+r)* (1- f r1)
=  5 . 7 5 + (  l * 0 . 2 5 -  I  * 0 .  1 4 2 8 )  -  2 * 0 .  1 2 5 * ( 1  * 0 . 2 5 -  I * 0 .  1 4 2 8 ) * (  l - l )
=  .616 in^2

= 2*  ( r  + tn)*  (E I  * r -F* t r )  -  2+tn*(E1*t -F*r r )* (1- f r1)
= 2* (0.25 + O. l?5 ) *( I *0.25- i *0. 1428) - 2+O. 125 *( I *0. 25- 1 *0. 1428) *( 1' 1)
= .08 in-Z

A r e a = A l + A 2 + A 4 l
=  0 . 6 1 6  +  0 . 0 6 9  +  0 , 0 6 3
= .748 in^?

As Area > A the reinforcetnent is adequate for Pe = 14 7 at 400 Deg F

UG-45 Nozzle Nec k Thickness Ch€ck

Wall tbickness per UG-45(a): t r l  =  0.01523 in  (E = 1)
Wall thictness per UG-45(b)(2): tr2 = 0.0153 in
Wall thickness per UG- l6(b):
Std pip€ wall per UG-45(b)(4) :
The greater of tr? or tr3 :
The lesser of tr4 or tr5 :

t r3 = 0,0625 in
tr4 = 0.245 in
tr5 = 0.0625 in
tr6 = 0,0625 in

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

Available aozzle wall thickness new, tl = 0. 125 in

The nozzle neck thickness is adequate for Pe.

*L*'
*\.

/ \ t

Z4 ce Lc,'"c) r'\ct?-r-€
',e- Q;,14-rfrc.i: 

'ri *\! *t'

*gc rol Jo {ut'*=t-

J*r-* aJ+JAqloJ \'> {z€ab,
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enins N4 Reinforcement  Calculat ions Per  UG-37

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

N 4  1 6 "  C F  {  l 4 " o d )

Located on:
User i[put vessel thickness:
Liquid static bead inchded:
Flange description:

Nozzle material specification:

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

E n  - > l

.25 in
0 ps i
Not installed

SA 240 3O4L HIGH

0 degrees
18.  125 in
0 i n
2.625 it

art-r 
| ,

< - d - >

_E\t2

0  i n
t E  i  ^

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

corrosion allow =

noz  th ick  new tn=
nozz le  id .  ne t ,  d=
f i l l e t  we ld  tv1  =
groove weld tw2 =

q- L -2 1 To datum L= 50 in

L lmi ts  of  re inforcement  UG-40

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

Nozzle reoul red th ickness

trn = P*RD/(Sn+E - 0.6*P)
= 13O.5334*6.75I (14700* | - 0.6+ 130.53 34)
= 0.0603 in

Reoulred th ickness t r  f rom UG-37{a)

6= p* tu(g* f ,  -  0 .6*P)
= 130.5334+ 15.25l (  14700+ I  -  0 .6*  130.5334)
=  0 . t 3 6 1 i n

Area reo u i r td

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

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

A = d$tr*F + 2i.tn*trr,F,r(1 - frl)
=  1 3 . 5 * 0 . 1 3 6 1 * l  +  2 + 0 . 2 5 * 0 .  t 3 6 1 * 1 * ( 1  -  l )

Revision No. I
Doc. No. V049-I457
Page 4l of 63

einforeernent  Calculat ions For  Nozzle MAWP



C O M P R E S S  5 . 5 3  C r \ C O M P R E S S \ M o D E C L N R \ 8 5 - R E V l . V S L D ; q

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

= 1.8373 in'?

Area avs l lsb le

Al = larger of the following = l'538 in-2

= d*(E 1*r -F*r r )  -  2* tn*(81*t -F+tr )* (1- f r1)
=  1 3 . 5 + ( l ' * 0 . 2 5 - 1 * 0 . 1 3 6 1 )  -  2  + 0 . 2 5  * (  I  * 0 . 2 5  -  I  * 0 .  i  3 6 1 )  + (  I  -  l )
=  l . ) J d  l n  - 4

= 2*(t+tn)t(E I *t-F*tr) - 2*tn+(E 1*1-p*6; *( 1-fr l)
=  ! * ( S . ! 5  + 0 . 2 5 ) ' ' ( 1  * 0 . 2 5 -  f  i 0 .  I 3 6 1 )  -  2 * 0 . 2 5 * ( 1  * 0 . 2 5 -  I  * 0 .  1 3 6 1 ) * (  l -  l )
= ,ll4 ir�^Z

A2 = snaller of the following = O.237 it^ 2

= 5 +(tn - trn)*fr2*t
= 5,* (0.25 -  0 .0603)*  1*0.25
= .237 in'2

= 5+(tn - trn)*fr2*tn
= 5 * (0.25 -  0 .0603)*  1*0.25
= .237 it'?

A41 = Leg^Z*tr?
= 0.25^2* |  =  .063 in^2

Area = Al  + 42 + A4l
=  r . 5 3 8  +  0 . 2 3 7  +  0 . 0 6 3
=  1 . 8 3 8  i n ^ 2

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

Check the welds -  From UW- I  6  (d)  :

tnin = lesser of 0.75 or tn or t, tmin = 0.25 in
t1 or t?(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0, 175 in
t  I  (actual )  = 0.7*Leg = 0.7*0.25 = 0.175 in
tz(actual) = 0. 1E75 in
r l  +  t2  = 0,3625 > = 1.zs* tmin

The weld siz€s for t I and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): 11 = 0 0603 in (E = 1)
Wal l  th ickness per  UG-45(b)( i ) :  t r2  = 0 '1361in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG45(b)(4) : tr4 = 0.328 125 iu
The sreater  of  t r2or t r3:  t r5  = 0.1361in
The lesser of tr4 or tr5 : 116 =  0 .  136 l  in

Req'd perUG-45 is the larger of trl or tr6 = 0.1361 in

Available nozzle wall thickness new, tn = 0.25 in 
ltuvision No. I
Doc No. VM9-1457
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C o M P R E S S  5 . 5 3  C : \ C o M P R E S S \ M o D E C L N R \ 8 5 - R E V l . V S L D ; q

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

The nozzle neck tbickness is adequate for MAWP.

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

Groove weld in tensiou = O.74* l47OO = 10878 psi
Nozzle wall in shear = O.7*l47OO = 10290 psi
bner fil let weld iu shear = 0.49+14700 = 7203 psi

Strenqth of  welded io ints :

( 1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1 .57* l4*0.25 *7203 = 39580.49 lbf

(3) Nozzle wall in shear
(Pi /2)*Mean nozzle d ia.+tn*Sn = 1.57{ '13.75*0.25*10290 = 55533.84 lb f

(4) Groove weld in tension
(Pi /2)*Nozzle O.D.* tw' rSg = 1.57+14+0.1875*10878 = 214830.96 lb f

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

W = (A -  (d  -  2* tn)+(El+t  -  F* t r ; )+5u
=  ( 1 . 8 3 7 3  -  ( 1 3 . 5  -  2 * 0 . 2 5 ) * ( l * 0 . 2 5  -  l * 0 . 1 3 6 1 ) ) * 1 4 7 0 0
= 5242.018lbf

-  Wl- l  =  (A2 + A5 + A4l  + A42)*Sv
I  = (0.237 + 0 + 0.063 + 0)*14700
- = 4410 lbf

W 2 - 2 =  ( A 2  + A 3  + A 4 1  +  A 4 3  +  2 * t u * t * f r l ) + S v
= (0.237 + 0 + 0.063 + 0 + 2*0.25t0.25{ '1)*14700
= 6247 .5 lbf

Load for path l-1 lesser of W orWl-l = .1410 lbf
Path l -1  Thru (1)  & (3)  = 39580.49 + 55533.84 = 95 114.33 lb f
Path l- I is stronger than W l- l so it is acc€Ptable perUG'41(b)(l).

Load for path 2-2 lesser of W or W2-2 = 5242.018 lbf
Path 2-2 Thm ( l), (4) = 39580.49 + 44830.96 = 84411'45 lbf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

B,c inforcement  Calculat ions For  Nozzle MAP

Limi ts  of  re inforcement  UG-40

Parallel to tle vessel wall d = 13,5 in
Normal to the vessel wall outside 2.5+1tn-Cn) + te = .625 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle resui red th ickuess

trn = P*Rn/(Sn+E - 0.6*P)
= 148.2763*6.75l( 16700* I ' O'6+148.2763)
= 0.0603 in

Revision No- 1
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coMPRESS 5.53 C: \CoMPRESS\MoDECLNR\85-REVI.VSLD;q

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

tr= P*R/(S*E - 0.6*P)
= 148.2763*15.25l (16700*1 -  0 .6*148'2763)
=  0 .  1 3 6 1  i n

Area reoul red

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

frl = lesser of I or Sn-/Sv so fr1 = I
fr2 = lesser of i or Sn/Sv so fr2 = I

A = d*tr{'F + 2*m*tr*F*(1 - frl)
=  1 3 . 5 * 0 . 1 3 6 I * 1  +  2 * 0 . 2 5 * 0 . 1 3 6 1 * 1 * q 1  -  1 )
= 1.8373 in^2

Area avai lab le

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

= d*(E 1*t-F'|tr) - 2{'tn*(E I *t-F*tr) +( l -fr 1)
=  1 3 . 5 + (  l + 0 . 2 5 - 1  * 0 .  t 3 6 1 )  -  2 * 0 . 2 5 + (  1 * 0 . 2 5 -  1  * 0 .  l 3 6  l ) * (  l -  l )
-  I  .538 in^2

- 2+(t+ rn)*(E I *r-F*rr) - 2*tn*(E 1*1-p*6; *( I -fr l)
=  ?+(0.25 +O.25)*(  I  *0.25-  I  *0.  136 l )  -  2*0.25 *(  1  *0.25-  I  *0 '  136 1)+(  1 -  1)
=  . l  1 4  i n ^ 2

42 = smaller of the following = O.237 in'Z

= 5 *(tn - rn) *fr2*t
= 5 +(0.25 -  0 .0603)*1+0.25
= .237 in^ 2

= 5*(tn - trn)*fr2*t!
=  5  * ( 0 . 2 5  -  0 . 0 6 0 3 ) * 1 * 0 . 2 5
= ,237 it^Z

A4l = Leg^ ?*fr?
= o,25^2+l  = .063 iu^2

A r e a = A l + 4 2 + A 4 1
= 1.538 + 0.237 + 0.063
=  1 . E 3 8  i n ' Z

As Area > A the reinforcement is adequate for MAP = 148 '2763 at 0 Deg F

Check the welds -  From UW- I  6(d) :

tmin = lesser of 0.75 or tn or t, rmin = 0.25 in
tl or tz(min) = lesser of 0.25 or 0.7*tmin, t1(ntin) = 0.175 in
t l (actual )  = O.1*Leg = O.7*O.25 = O.175 iu
t2(actual) = 0. 1875 in
t l  +  t2  = 0.3625 > = 1.25*tmrn Revision No. I
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C O M P R E S S  5 . 5 3  C r \ C o M P R E S S \ M O D E C L N R \ 8 5 - R E V l . V S L D ; q

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

e weld sizes for t I and t? are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a) r
Wall thickness per UG-45(b)( I):
Wall tbickne ss per UG- l6(b);
Std pipe wall per UG-45(bX4):
The greater of trz or tr3 :
The lesser of tr4 or tr5 :

t r l  =  0.0603 in  (E = 1)
t r2 = 0.  136l  in
13 = 0.0625 in
t r4 = 0.328125 in
t r 5  =  0 . 1 3 6 1  i n
t r6 = 0.  1361 in

Req'd per UG-45 is tbe larger of ft 1 or tr6 = 0. 1361 in

Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAP.

Al lowable s t resses in  io in ts  UG-45(c)  and UIV-15{c)

Groove weld in tension = 0.?4*16?00 = f2358 psi
Nozzle wall in shear = 0.7+16700 = I1690 psi
Inner fil let weld in shear = 0.49* 16700 = 8183 psi

Strensth of  welded io ints :

^ ( l) Inner fil let weld in shear
fp iz t*Norr le  O.D.*Leg+Si  = 1.57*14*0.25*8183 = 44965.59 lb f
v

(3) Nozzle wall in shear
(Pi /2)*Mean nozzle d ia.  * tn*Sn = 1.57*13.75+0.25*11690 = 630E9.47 lb f

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

Loadins on rf,elds ocr UG-4 I (b) ( 1 )

W = (A -  (d  -  2* tn)*(E1*t  -F* t r ) )*Sv
=  ( 1 . 8 3 7 3  -  ( 1 3 . 5  -  2 * 0 . 2 5 ) * ( l * 0 . 2 5  -  l * 0  1 3 6 l ) ) + 1 6 7 0 0
=  5 9 5 5 . 2 1 8  l b f

W1-r  = (A2 + A5 + A41 + A42)*Sv
= (O.237 + 0 + 0.063 + 0)+16700
= 5010 lb f

w 2 - 2 = ( A 2 + , { 3 + A 4 1  +  A 4 3  +  ? * t n * t * f r 1 ) * S v
=  ( 0 . 2 3 7  +  0  +  0 . 0 6 3  +  0  +  2 * 0 . 2 5 * 0 . 2 5 * I ) * 1 6 7 0 0
= 7097.5 lbf

Load for  path 1- l  lesser  of  WorWl-1 = 50 f0 lb f
Palh l -1Thru ( l )  & (3)  = 44965.59 + 63089.47 = 108055 1 lb f
Path 1- I is stronger than W 1- 1 so it is accePtable Per UG-4 I (b)( 1).

Vload fot patb.2-2lesser of W ot \N2-2 = 5955 218 lbf
Path 2-2 Thru (1), (4) = 44965 59 + 50930.41 = 95896 lbf
Path 2-2 is slronger than W so it is acceptable Per UG-41(b)(2) '
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COMPRESS 5 .53  C: \COMPRESS\MODECLNR\85-REV t .VSLD;q

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

Limi ts  of  re inforcement  UG-40

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

Nozzle reou i  red th ickness

LlDo = 2.625114 = .1875 Dolt = l4/0 .O?907 = 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 * 141O.02907)
= 14.781 I  ps i

Nozzle required thickness trn = .02907 iu

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

Area reoui rcd

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

lrt = lesser of I or Sn/Sv so frl = I
-ftz = lesser of I or Sn/Sv so fr? = I

A = 0.5*(d* t r*F + 2* tn* t r*F*(1- f t1) )
= 0.5 * (  13.5 *0.  14?8* 1 + ?*0.75*Q,1428* 1 ' *11 -  1) )
= .9639 in^ 2

Area avai lab le

A1 = Iarger of the following

= dr , (E I  * t -F* t r )  -  2* tn+(El* t -F+tr )+( l - f r1)
= I  3 .5 * (  I  *0.25-  I  *0.  1428)  -  2*0.25*( t+O.25-  1 *0.  1428)*(  l -  l )
= | .447 ill^2

= 2*(r + tn) +(E I *r-F*rr) - 2*rn+(E I *t-F*tr) 8( I -fr I )
= 2*  (O.25 + O.25)*(  1  *0.25-  1, '0 .  1428,  -  2*0.25 *  (1 *0.25-  I  +0.  1428)*(  1  -  l )
= .  107 in^2

A2 = smaller of the following

= 5 +(tn - trn)*fr2*t
= 5 * (0.25 -  0 .02907) , .1*0.25
= .276 ir^?

= O.276 in^ 2

= 5*(tn - trn) *ftz *tn
= 5*(0.25 -  0.02907) *  1, f  0.25

= | .447 in^Z
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I CoMPRESS 5.s3 C r \COMPRESS\MODECLNR\85-REV I  .vSLD;q

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

A4l = Leg^2+ft2
=  0 .25 '2 * l  =  .063  i n ' 2

A r e a = A l + L ? + A 4 l
= 1.447 + 0.276 + 0.063
= 1.786 iu^Z

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

UG-45 Nozzle Neck Thickness Check

Wall tbickness per UG-.15(a):
Wall thickness per UG-{5(b)(2):
Wall thickness per UG- l6(b):
Srd pipe wall per UG-45(b)(a):
The greater of tr2 or tr3 :
The lesser of tr4 or rr5 :

t r l  =  0.02907 in  (E = l )
r r2 = 0.015 3 in
tr3 = 0.0625 in
t r4 = 0.328125 in
tr5 = 0.0625 in
tr6 = 0.0625 in

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

Available nozzle wall thickness new, tn = 0.25 in

Tte nozzle neck thickness is adequate for Pe.
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l ied Loads

COMPRESS 5 .53  C: \COMPRESS\MODECLNR\B5-REVI .vSLD;q

N 4  1 6 "  C F  ( 1 4 ' � o d )

Circumferential moment
Circumferential shear
Longitudinal moment
Longitudinal shear
Torsion moment
Internal pressure

Pr'= 4354 lbf
Mc = 378.5 lbf-ft
Vc = 126.5 lb f
ML = 378.5 lbf-ft
VL = 126.5 lbf
Mt = 0 lbf-ft
P  =  O p s i

Stresses at  the nozzle OD oer  WRC bul le t in  107 (  ps i )

Mean radius Rn = Ii.:25 in
Rm/r  = 61.5

Stress coucentration factor Kl (tension) = I
Stress concenration factor Kb (beudiug) = I

Pressure stress intensity factor, FarI equation 11.5

l - .25*(4 a 3*( x)^2 + 3*(r/x)'4)
= .25*(4 + 3*(6 .75t7 .25)'2 + 3+(6.7517 .25)'4)
= 2.214

Local circ. pressur€ shess = 1*p*R.a71 = @

Jocal 
lone. pressure stress = P*Rm/2t =+. 6+r) ( ts,ars)

d. t {

V1\vb+ zooL +q,cL= 3fa41 grr

= zDoL e5\

46:i- .?b\

x7'zr4

Maximum combined 611s33 = -3s:tgaT*i:
Allorvable combined sress = +-3tS = +-44100psi

The maximum combiDed stress is within allowable limits.

Itffilit"r:ii1?rl:?il"T',',"""-":==ffi = +-22050psi boo-l-t ?jog,z-* 4€z = &€2i 1:r

The maximum primary membranc stress is within allowable limits.

Revisrbn No_ |
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COMPRESS 5 .53  C: \COMPRESS\MODECLNR\85-REv l .VSL

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

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

_ l - l

beta I
D1C Utll-B uA1

t
I

I
I
I
I
I
I
I
I

I

3 c *  1 1 . 5 5 5 7  1 0 . 3 9 8
, / 4 c *  1 4 . 3 9 1 1  1 0 . 3 9 8

1 c  1  0 , 0 6 4 8  1  0 . 3 9 8
2 c -  1  I  0 . 0 0 5 5  t 0 . 3 9 8
3 4 *  |  I  . 3 8 3 0  1 0 . 3 9 8
' 1 A  t 0 . 0 5 7 3  t 0 . 3 9 8

/ 3 B r  1 2 . 5 0 1 8  1 0 . 3 9 8
1 B -  1  1 0 . 0 0 7 9  1 0 . 3 9 8
oresgure st ressr

Tota l  c i rc  s t ress
Prirnary membrane
ci rc  aEress*

-4974 -497 4

- 2 7 1 7  2 7 1 7

- 4 8 3
552

-2eo2-,
-4t8,o, -9(4).

-145), -b+v.

-  |  t o z

-4974 -4974
- 2 7 0 8 5

- 2 7 1 7  2 7 1 7
- z d t

-4079
4 8 3  4 8 3
562 -552

-2d,

-1752 -1752 -17 62

27085 -27085 270A5

-267 267 267
4079 4079 -4079

-Zu*l. \2502.

-q11, -34e1.

-483 '
-562

-to'i3a

-1+5r,

-4$b. -35tfr, ?:1172.

-649e. -403t. -403\.

3c*
4C*

2A
4 B *
28-  1
preasure  scresSr

1  . 5 5 s 7
4 . 3 9 1 1
0 . 0 1 5 0
0 . 0 3 0 0
5 .6652
0 .0227
1 .44A1
0 . 0 1 5 8

0 . 3 9 8
0 . 3 9 8
0 . 3 9 8
n  ? Q a

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

-1762 -1752 -17 62

- 6 6 e 8  6 5 8 8  - 5 6 8 8

-279 -279 27.9

- 1 7  6 2
- 4 9 ?  4

D 9 U V
-  |  za .+u

-  I  U ' J
-  t b , t b

279
-1125 1125 1125 -1125

- 45L. -451, -45a -4€. '452.

-4974 -4974 -4974

12540 -  12540 12540
-  1 0 9 3  1 0 9 3  1 0 9 3

1 6 1 5  1 6 1 5  - 1 5 1 5

'+s) '4a2. '452'

Tota l  long st ress
Pr imary membrane
long st re€s*

- roSb(,. SZL1. -198. ZQ-$.'?-Dt'15.

'242. -2+4. -tlf�. 't9t5,. 't'stJ.

1to31. - \5LA7. (,59i,

-t-a), -/r11b. -*7!\,

tors ion momenE Mt
c i rc  shear  f rom Vc
Long shear  f rom vL

23 I J -  2 5 -  z 5
-23 23 Z J

Tota1 Shear s t ress I Z J -23 -23 - 2 5 - t 5

combined stress | *ro'?38. -74s9. 'Zl.+ts. -(493, -35195' q\rz. '2ta5!>1. ]r^tt-
I
I

tt*lte?r-E 1ea6 i -5?. '+s3, -1Ez:_'a*_-".s3 
:YL _-Eu- -'13?

23

''t "^ ?o, 
-'191t. -9\oo. -{,946, '79/n 21,r.a�1, -2r.+,5' \9051'

, tr**Uo{greD -s[{.jgrf I lll(
L _ _

' 
ao- ?eune{ tJtaaoa[.> a l-t+:9 - "1459. -G49} - b49t -L�511 -G5r9 '4757. -avB.

L - -  -  -  i -  -  - -

i ?a,n*f {*u*o q d- 1 - 45'1. '451, '4€L, 'a5?- - 2.oa':.,, 'zDoz, 'Zoc2-' -Lool'

t - - -

'[tk*--\o.r.-?c,,arat{"-er.1| -?9tt, -19i1' 'b945, -b94t;' '}9f, 'gdA' -r.35s' -{"315'

- L - . . . . . - - - ! -

v
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t i f fen iuc Rine Calculat ions Per  UG-29

COMPRESS 5 .53  C r \COMPRESS\MODECLNR\B5 -REVT .VSLD;q

St i f fner  Rines (A)

ASME Sect ion VI I I  Div is ion l .  1992 Edi t ion.  A94 Addenda

Identifier: Sriffner Rings (A)
Ring material specification: SA 240 304L HIGH
Nunber ofriags in this group: 2
Distance first ring to datum line: 64 in
Ring spacing: 117 in

Ring description: 2x2xll4 Equal Angle
Ring is rolled: leg iu (hard way)
Ring cross sectioDal area: As = 0.938 in^2
Ring moment of inertia: Ir = 0.348 in^4

Calculat ions for  r ing 64 in  f rom datum

Sbell material specification
Required shell thickness :
Corroded shell thickness:
Shell outer diameter:
Design temperature;
External design pressure :

lStiffener supported length :

-B = .25.(p*Do/(r + As/Ls))
= .75*(74.7*3 U (0.14281
=  2  1 5 0 . 7 8 3

From table HA-3 (ring)

SA 240 3O4L HIGH
t  =  0 . 1 4 2 8 1  i n
ts  = 0.25 in
D o  =  3 1 i n

= 400 deg F
P = 14.7 ps i
Ls = 58.27083 in

+ 0.93 8/5 8.270E3))

A = L63585 rE-04

Reoulred moment  of  iner t ia  of  the combined r ine-ehel l  sect ion

Is= (Do-2*Ls{ . ( t  +  As/Ls)+A)/  i0 .9
= (3 I  ̂ 2+58.27083' r ' (0 .  1428 I  + O.93A158.2 ' l  083)*  1.63585 lE-04) /  10.9
= . 1 3 3 5 4 7 4 \ t ^ 4

Avai table moment  of  iner t ic  of  the combined r ing-shel l  sect ion

Shell width contributing smaller of = 3 -0622'7

w = I . I *sqr(Do+ts)
=  l .  1 * S q r ( 3 1 * 0 . 2 5 )
= 3 .06227 tn

W = Ls = 58.27083 iq

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

l)istance to the ring neulral axis
v

Y2 = Ring NA + ts/2
= 1.4O8 + Q.2517 RevisionNo. I
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C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M o D E C L N R \ B s - R E V I . V S L D ; q

St i f fner  Rings (A)

=  1 . 5 3 3  i n

Neutral axis of combiDed section

NA =  As+Y2l (A l  +  As)
= 0.938* I  .5  33/(0.7655676 + 0.938)
= .8,140839 in

Inertia of the shell about the combined section NA

I l  = W'r ' ts '3 /12 + Al*NA-2
= 3 .06227 *O .?5' 3l l2 + 0.765567 6 *0 ' 8440839 ^2

= .5494371in^4

Inertia of the ring about the combined s€ction NA

1 2 _ _ b  +  A S * ( N A _ y Z ) ^ 2
= 0.348 + 0.938*(0.8440839 -  1 .533) '2
= .7931799 ir^ 4

Total available I = Il + 12 = 1.342617 it'4

The 2x2xll4 Equal Angle vacuum stiffeaer is satisfactory.

Calculat ions for  r ing 1E1 in  f rom daturn

Jnett material specification: SA 240 304L HIGH
*eouired shell tbickness: t = 0.1428 I in

Coiroded shell thickness: rs = 0.25 in
Shell outer diameter: Do = 31 in
D€sigD temperature: = 400 deg F
External design pressure: P = 14 7 psi
Stlffener supported length: Ls = 66 in

B =,75+(P*Do/( t  + As/Ls))
= .75*(L4.74311(0.  1428 1 + 0.938i66))
= 2176.6O4

From table HA-3 (ring) A = 1.655302E'04

Reouired moment  of  iner t ia  of  the combined r ins-shel l  sect ion

Is= (Do^2*Ls*( t  + As/Ls)*A) /  10.9
= (3 I  ̂ 2*66+(0. 14281 + 0:938i 66) * I .65530?E-04)l lO.9
= .1512443 in^ 4

Avai lab le moment  of  iner t ia  of  the combined r inq-shel l  sect ion

Shell width contributing smaller of = 3 -06?27

w  =  l . l + S q r ( D o * t s )

O:i:J;#l'.'.' ' '
w = Ls = 66 in 

H i'?LY;'i-'"
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COMPRESS 5 .53  C : \CoMPRESS\MoDECLNR\Bs -REV1 'VSLD;q

St i f fner  Rinqs (A)

^.shell axea A1 = W*rs = 0.7655676 in-z
U

Distance to tte ring neutral axis

Y2 = Ring NA + ts/2
= 1.4O8 + 0.25/2
=  1 . 5 3 3  i n

Neutral axis of combined section

NA = As*Y2l(Al  + As)
= 0.938+ I  .533/(0.7655676 + 0.938)
= .8440839 in

Inertia of the shell tbout the combined sectiotr NA

I 1  =  W * t s ' 3 / 1 2  +  A 1 * N A - 2
= 3 .06227 aO .25'31 LZ + 0.765567 6 *0.8440839'2

= . 5 4 9 4 3 7 | \ n ^ 4

In€rtia of the ring about the courbined seciion NA

1 2 = k + A g * ( N A - Y 2 ) - 2
= 0.348 + 0.938, , (0.8440839 -  1 .533J"2
= .7931799 in^4

ITotal available I = Il + 12 = L.342617 in'4
-

The 2x2x 1/4 Equal Angle vacuum stiffener is satisfactory.
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t i f fen ing Rine CglculFf ions .Per  UG-29

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

st i f tener  Rings (B)

ASME Sect ion VI I I  Div is ion l .  1992 Edi t ion.  A94 Addenda

Identifier: Stiffener Rings (B)

Ring naterial specification: SA 240 304L HIGH
Number of rings in this group: 7
Distance first ring to datum line: 292 i\
Ring spacing; 108 in

Ring description: 2x2x l/4 Equal Angle
Ring is rolled: leg in (hard waY)
Ring cross sectional area: As = 0.938 in^Z
Ring rnoment of inertia: Ir = 0.348 in^4

Calculat ions for  r ins 292 in  f rom datum

Shell material sDecification: SA 240 3O4L HIGH
Required shell thickness: t = 0. 1428 I in
Corroded shell thickness: ts = 0.25 in
Shell out€r diameter: Do = 3l in
Design temperature: = 400 deg F
External design pressure: P = 14.7 psi
Stiffener supported length: Ls = 52 in

B = .75*(P*Do/(t + As/Ls))
= .75*(14.7*3 l l  (0 .  14281 + 0.938/52))
= ?r24 .826

Fron table HA-3 (ring) A = I  .6162958-04

Reouired moment  of  iner t is  of  the conbined r inq-shel l  sect ion

Is= (Do^2*Ls*( t  + As/Ls)*A) /  10.9
= (31^2*52*(0.14281 + 0.938/52)*  1.616295E-04) /  10 '9
= . 1 1 9 1 8 9 4 i n ' 4

Avai leb le moment  of  in€r t ia  of  the combined r inq-shel l  scct ion

Shell width contributitrg smaller of = 3.06727

W = 1.  1+Sqr(Do*ts)
= 1.  I  *Sqr(3 1*0.25)
= 3 .06227 ia

W = L s = 5 2 i n

Shell area Al = W*ts = 0.7655676 in^ ?

Distance to the ring neutral axis

Y2 = Ring NA + ts/2
=  L . 4 O t  + 0 . 2 5 1 2 Revision No. I
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C O M P R E S S  5 . 5 3  C : \ C O M P R E S S \ M O D E C L N R \ 8 5 - R E V l . V S L D ; q

St i f fener  Rinqs (B)

=  1 . 5 3 3  i n

Neutral axis of combined section

NA = As+Y2l(Al  + As)
= 0.938* I  .53 3/ (0 .76556'76 + 0.938)
= .8440839 in

Inertia of tbe shell about the cornbined section NA

I l  = Wtts^3i  12 + A I  *NA^2
= 3.06227*O.25^ 3t l? + 0.7655676*0.8440839^ ?
= .549437 L in^ 4

Inertia of the ring about the combined section NA

I 2 = I r + A 5 * ( N A - Y 2 ) ^ 2
= 0.348 + 0.938*(0.8440839 -  1 .533)^Z
= .7931799 in^ 4

Total available I = il + l? = I.342617 in^4

The 2x2x 1/4 Equal Angle vacuum stiffener is satisfactory.

Calculat ions for  r inE 400 in  f rom datum

Shell material specification: SA 240 304L HIGH
Required shell thickness; t = 0.14281 in
Corroded shell thickness: ts = 0.25 in
Shell outcr diameter: Do = 3l in
Design temperature: = 400 deg F
External design pressure: P = l4.7psi
Stiffener supported l€ngth: Ls = 45.5 in

B = .75 *(P*Do/(t + As/Ls))
.  - . 7 5 + ( 1 4 . 7 * 3 L t ( Q . 1 4 7 8 1 + 0 . 9 3 8 / 4 5 . 5 ) )

= 2O91.321

From tabl€ HA-3 (ring) A = f.591049E-04

Reduired moment  of  iner t ia  of  the combined r ins-shel l  $ect ion

Is= (Do^2*Lst( t  +  Asi ls)*A) /  10.9
= (3 1^2+45.5 * (0.  1428 I  + 0.938/45.5)*1.591049E-04) /10.9
= . 1043065 in'4

Avai lab le moment  of  iner t ia  of  the combined r ing-shel l  sect ion

Shell width coDtributing smaller of = 3.062?'l

W = 1.  1*Sqr(Do+ts)
=  1 .  I  * S q r ( 3 1 * 0 . 2 5 )
= 3 .Q62?7 in

W -  Ls = 45.5 in Revision No, I
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COMPRESS 5.53 C: \COMPRESS\MODECLNR\85-REvl .vSLD;q

St i f fener  Rinqs (B)

^t Shell area Al = W*ts = 0.7655676 in'2

Distance to tbe rins neutral axis

Y2 = Ring NA + ts/2
= r .4Ot + 0.2512
=  1 . 5 3 3  i n

Neural axis of combined section

NA = As*Y2I(Ai  + As)
= 0.938+ 1 .533/(0.76s5676 + 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 ^ z
= 3.06227+0.25'3/ 72 + 0.7655676*0.8440839^ Z
=.5494371in '4

Inertia of the ring about the coDbined section NA

1 2 = I r + A S * ( N A _ y 2 ) ^ 2
= 0.348 + 0.938' t (0 .8440839 -  1 .533) '2
=.7931799in^4

Total availsble I = I1 + 12 = 1.3426L7 in^ 4

The 2x2x l/4 Equal Angle vacuum stiffener is satisfactory.
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cOMPRESS 5 .53  Cr \COMPRESS\MODECLNRI85-REVI  .VSLD;q

Suppor t  R inqs  (A)

Bt i f fen ing Rinq Calculat ions Per  UG-29

ASME Sect ion VI I I  Div is lon 1.  1992 Edi t ion.  A94 Addenda

Identifier:
Ring material specification:
Number of rings in this group:
Distance first ring ao datum line:
Ring spacing:

Ring description:
Ring is rolled:
Ring cross sectiotral area:
Ring moment of inertia:

Support Rings (A)
SA 240 3O4L HIGH

l 1 2 i n
236 in

3x3x l/4 Equal Angle
leg iu (bard way)

As = 1.44 in^Z
Ir = l.Z4 Lrr'4

Calculat ions for  r ing I  l2  in  f rom datum

Shell material specification: SA 240 304L HIGH
Requiled shell thickness: t = 0. 14281 in
Corroded shell thickness: ts = 0.25 in
Shell onter diameter: Do = 31 in
D€sign temperature: = 400 deg F
External design pressnre: P = 14.7 psi
Stiffener supported length: Ls = 58.5 in

B = .75*(P*Do/(t + As/Ls))
-  .75*(14.7*3 l l (0 .  14281 + r .44158.5))
= 2O41.357

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

Recui re i l  moment  of  iner t ie  of  the combined r ins-shel l  sect ion

Js= (Do^2*Ls+(r  + As/Ls)*A) /  10.9
= (3 I  ̂ 2+58.5 * (0.  14281 + 1,44158.5)*1.5533948-44y10.9
=.1341392in '4

Avai lab le moment  of  iner t ia  of  th€ combined r ins-shel l  scct ion

Shell width contributing smaller of = 3.06227

W = I . l tSqr(Do*ts)
= L 1*Sqr(31+0.25)
= 3 .O6227 in

W = Ls = 58.5 iu

ShellareaAl = W*ts = 0.7655676 in'z

I 
li.t*." to the ring neurral axis

Y2 = Ring NA + ts/z
= 2. l5a + O.2512 Rwision No. I
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COMPRESS 5 '53  C: \COMPRESS\MODECLNR\85-REVT.VSLD;q

Su p  por t  R inss  (A)

- 2.283 in

Neutral axis of combined section

NA = As*Y2l(Al  + As)
= |.44*2.2831(O.7655676 + 1 .44)
= L490555 in

Inertia of the shell about the combined section NA

I l  =  W * t s - 3 / 1 2  +  A l + N A ^ 2
= 3.06227*0 .25^ 1t 12 + O.765567 6* I .490555 ^2

= I .70489 in^4

Inertia of the ring about the corobined section NA

1 2 = b  +  A s * ( N A - Y 2 ) ^ 2
= 1.24 + 1.44*(1.490555 -  ? .283) '2
= 2.144275 in'4

Toral available I = I1 + 12 = 3.849166 in-4

The 3x3x l/4 Equal Angle vacuum stiffener is satisfactory.

Cslcu lat ions for  r ing 34E in  f rom datum

hell material specification : SA 240 3O4L HIG}T
Required shell tbickness: t = 0. 14281 in
Coffoded shell thickness: ts = 0.25 in
Shell outer diameter;
Design temp€rature:

D o  =  3 l  i n
= 400 deg F

External design pressure: P = 14.7 psi
Stiffetrer supported length: Ls = 54 in

B = .75*(P*Do/(t + As/Ls))
= .754(74.7*371(0.  14281 + r .44154))
= 2O16.649

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

Rcsui red moment  of  iner t i r  o f  thc combined r ins-shel l  sect lon

Is= (Do^2*Ls*( t  + As/Ls)+A)/  10.9
= (31-2*54*(0.  14281 + l .44 l5q+r .534769E-04) /10.9
= .  123835 1 in-4

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

Shell width contributing smaller of = 3 -06227

W = 1.  I  *Sqr(Do*ts)
= I  .  1+Sqr(31*0.25)
= 3 .06227 in

W = L s = 5 4 i n Kevrsron No. l
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Support  Rinss (A ' l

lsnett area Al = w+rs = 0.7655676 in^2

-
Distance to the ring neutral axis

Y2 = Ring NA + ts/2
=  2 . 1 5 8  +  O . 2 5 1 2
= 2.283 in

Neutral axis of combined sectiorr

N A = A s * Y 2 l ( A l + A s )
= |.44*2.2831(O.7655676 + 1 .44)
= 1.490555 iu

Inertia of the shell about the cornbined section NA

I 1  =  W * t s ^ 3 / 1 2  +  A 1 + N A ' 2
= 3 .O6727 +O .25' 3l 12 + 0.765567 6+ I .490555 ^2

= 1.70489 in^4

Inertia of the ring about the combined section NA

1 2 - b + A s , * ( N A - Y 2 ) ^ 2
= l .?4 + 1.44*(1.490555 -  2 .283)^2
= ?.14j�275 in^ 4

Tota l  avai lab le I  = 11 + 12 = 3.849166in^4

The 3x3x 1/4 Equal Angle vacuurn stiffener is satisfactory
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S u  p p o r t  R i n q  ( B )

bt i f fen inq Rins Calculs t ions Per  UG-29

ASME Sect ion  VI I I  D iv is lo l r  l -  1992 Ed i t ion .  A94 Addenda

Identifier:
Ring material specification:
Number of rings in this group:
Distance first ring ro dalum Iine:

Ring description:
Ring is rolled:
Ring cross sectioDal ar€a: As =
Rins moment of inertia: Ir =

Support Ring (B)
SA 240 3O4L HIGH
I
244 in

3x3x 1/2 Equal Angle
leg in (hard way)
2.75 it^2
2.22 ir^ 4

Calculat ions for  r inq 244 ln  f rom datum

Shcll material specification;
Required shell thickness :
Co oded shell thickness:
Shell outer diameter:
Design temperatwe:
Exlemal design pressure:
Stiffener support€d length:

B = .75 *(P*Do/(t + As/Ls))
= .75 ' (14.7*3 l l  (0 .  14281
= 17'16.75r

From table HA-3 (ring)

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

= 400 deg F
P  =  1 4 . 7  p s i
L s  =  5 5 . 5  i n

+ ?.75155.5J)

A = 1.353823E-04

Requ i red  moment  o f - - i lqer t ia  o f  the  combined r ins -she l l  sec t ion

Is= (Do'2+Ls+(t  + As/Ls)*A) /  10.9
= (31^2*55.5*(0.14281 + 2.75155.5)  *  1 .353823E-04) t  lO.9
= .l?742a2 \n^ 4

Avai lab le moment  of  iner t ia  of  the combined r inq-shcl l  sect lon

Shell width contributing smaller of

W = 1.  I  *Sqr(Do*ts)
=  1 . 1 * S q r ( 3 1 * 0 . 2 5 )
= 3 .Q6227 in

W = L s = J ) . ) l n

Shell area A1 = W*ts = O.7655676 it^ 2

Distance to the ring n€utral axis

Y2 = Ring NA + ts/2
= 7.068 + Q.2512
=  2 . 1 9 3  i n

= 3 ,06227
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Su n oor t  Ring (B)

Neutral axis of combined section

N A = A s * Y 2 l ( A l + A s )
= 2.75*2.193/  (0.7655676 + 2.75)
= I  .715441 in

Inertia of the shell about the cornbined seclion NA

I l = W * t s ^ 3 / 1 2 + A l * N A ^ 2
= 3 .06227 +0 .25^ 3l LZ + O.7655676*1,715441^2
= 2.25685 3 in^4

Inertia of the ring about the cornbined section NA

1 2 = I r + A S + ( N A - Y 2 ) ^ 2
= 2.22 + 2.75*(1.715441 -  2 .193) '2
= 2.847 172 it^ 4

Total available I = Il + 12= 5.104024 in^4

The 3x3x l/2 Equal Augle vacuurn stiffener is satisfactory
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Jug ."r"riut specification
Lug allowable stress
Top plete width
Base plate width
Top plate tbickness
Base plate thickness
Lug length circ. direction
Guss€t beight
Gusset thickness
Number of lugs
Angular position, first lug
Fillet weld size
Force bearing width
Distarce to load

B E L L O W S  L U G S

= SA 206 340L HIGH
= 24000 psi

w P  =  2 i n
w b  =  6 i n
t  = 0.375 in

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

tg = 0.375 in
= 3
= 120 degrees

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

Lus top p late reoui red th ickness.  Bednar pg 153

ta = 0.75 *(VL+d *L)/(Sa*wp ̂ 2 *h)
= 0 .75 * ( 1604 *4 . 5*6)/ (24000+2'246)
= 0.25 in

Luq qusset  reoui red th ickness

S c =

- =v

18000/(1 + ( r/ 18000) *(h/(0.289 *tg)) ̂ 2 )
18000/( l  + ( l /  18000) *(6/(0.289*0.375))-2 )
15380.89 psi

tg = VLi(3 *d - wb)/(Sc+wb' 2xSIN(Alpha)^2)
= 1604r(3 *4.5 -  6) / (  15380.89+6^2+SIN(56.3 l )  ̂ 2)

= 0.03 14 in

Lug base p late reoui red th ickness

From Escoe table 4-8

fc  = VL/(Fb+L) = E9. l  I  t  I  I  ps i

\,t1 = Qp*fc*Gs'2
= 0. 1085 *E9. 1 I 1l!+5 25'2 = 266.4896

My = gY*6s*u/5^2
=  - . 1 2 4 * 8 9 . 1 I  I  I  l * 6 ^ 2  =  - 3 9 7  ' 7 9 2

tb = Sqr(6+Mmax / Sa)
= Sqt(6*397 .792 | 24O0O)
-  0 . 3 1 5 4  i n

Check lus at ta  chment  s t resse$

Radial load
Circumferential moment
Circumferential shear
Longitudinal moment
Longitudinal shear

P r =  0 l b f
Mc = 0 lbf-ft
V c  =  O l b f
ML = 0 lbf-ft
VL = 1604 lbf t(euslon No. I
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BELLOWS LUGS

nterual pressure P = 0 psi

Stresses at  the luq edge ner  WRC bul le t in  107 (  os i )

Mean radius Rm = 15 .375 in
Rm/t  = 61 .5

C 7 = 3 , C 2 = 3 . 3 7 5 i n

Stress coDcentration factor Kn (t€nsion) = I
She$s concentration factor Kb (bending) = 1

Local circ, pressure stress = P*Rm/t = 0 psi

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

Maximum combined stress = 950 psi
Al lowable coEbin€d st ress = +-1.5+S = +-22050psi

The maximun combined stress is within allowable limits.

Maximun primary membrane stress = 0 psi
Allowable prinary membrane stress = +-l'5*S = +- 22050 psi

The maximun primary membrane sftess i$ within allowable limils.
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BELLOWS LUGS

o,
Froml va lue I  beta
F i g .  I  r e a d  I D1DuclB uAI

3C*
4c*
1 c

3A*
1 A
3B*
' iB -1

3 . 9 0 8 3
7 , 5 5 4 4
0 . 0 6 4 8
0 . 0 2 5 7
2 . 3 8 1 8
0 . 0 6 4 9
5 . 3 5 2 3
0 . 0 ' t 9 ' l

0  . 2 2 2
0 . 2 1 3
0 . 2 0 3
0 . 2 0 3
0 . 2 0 3
0 . 2 2 3
0 . 2 1 1
0  . 2 0 8

pressure st resa*

Toia l  c i rc  s t ress
Pr imary membrane
ci rc  at ress '

3C*

1 C - 1

4 B *
28-'l

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

0 . 2 1 3
0 . 2 2 2
0 . 2 1 5
0 . 2 1 5
0 . 2 0 3

0 . 2 1 1
0 . 2 2 5

oresaure atsress*

Tota l  long st ress
Pr j .mary membrane
Iong at ress*

torsion moment
c i rc  shear  f rom
Long shear  f rom

M T

-47 5 -475 415 475

Tota l  Shear  sEress I -475 -475 475 475

combined st ress 9 5 0 9  5 0 9 5 0 9 5 0
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