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REV. DEO # DATE BY: CHECK TITLE: LIGO Vacuum Equipment
Structural Desisn Criteria0 0 1 3 6 4t24196 / t-2 (-- - b u d { J

BY: R. D. Ciatto DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: Establish structural design criteria for LIGO vacuum vessels and supports.

METHOD: Review LIGO vacuum equipment specification and design codes
to determine reouirements for structural intesritv.

ASSUMPTIONS: N/A

INPUTS: LIGO project drawings and sketches.
LIGO E940002-02-V, Vacuum Equipment Specification

REFERENCES: See INPUTS

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: These LIGO vacuum equipment structural design criteria conform to
project and code requirements.

NOTES:
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LIGO VACUUM EQUIPMENT
STRUCTURAL DESIGN CRITERIA

Design Code for Vessels: ASME Boiler & Pressure Vessel Code, Section VIII,
Pressure Vessels, Division 1, 1992 Edition through 1994 Addenda

Alternate Design Code for Vessels: ASME Boiler & Pressure Vessel Code,
Section VIII, Pressure Vessels, Division 2, 1992 Edition through 1994 Addenda

Internal Vacuum = -14.7 psig

Positive Intemal Pressure = 2 psig for vacuum chambers. Special conditions for
80K cryopumps (see Doc. No. V049-l-056).

Mechanical Loads

o Unbalanced Vacuum Loads - These loads are imposed at end components, and
at branches in the system.

r Component Interface Loads - Equipment shall be designed for loads from
adjacent components that are imposed when gate valves are closed and
portions of the system are vented. See Doc. No. V049-1-032.

Design Temperature = 400o F

Seismic Acceleration: .05625 G (ASCE 7-88) lateral only, single direction

Pressure Boundary Material = SA240, Type 3041304L stainless steel for shells
and SA182, Grade F Type 304L for flange forging. Other specification numbers
and product forms of Type 304/304L may be used for miscellaneous pressure
parts. Flange Bolting Material = SA193, Gr 87.

Basic Stress Limits (Section VIII, Div. l):

Type 304L
S = 14.7 ksi at 400o F for membrane stress
S = l.5S :22ksi at400o F for membrane + bendinq stress

Type 304
S = 16.2 ksi at 400o F for membrane stress
S = 1.5S : 24.3 ksi at 400o F for membrane + bendinq stress
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Basic Stress Limits (Section VIII, Div. 2):

Type 304L
Sm = 15.8 ksi at 400' F for Primary Membrane Stress Intensity
l.5Sm = 23.7 ksi at 400' F for Primary Bending Stress Intensity
3Sm = 47.4 ksi at 400" F for Secondary Membrane + Bending

Type 304
Sm: 18.7 ksi at 400' F for Primary Membrane Stress Intensity
1.5Sm: 28.0 ksi at 400" F for Primary Bending Stress Intensity
3Sm = 56.1 ksi at400'F for Secondary Membrane + Bending

O-Ring Seal Material = Viton (1/4 in)

Maximum Durometer = 90
Compression Range = .058 in to .080 in (2lo/o to 29 o/ol

Maximum Compression Force : 160 lb/in

Shipping Acceleration

Vertical Accel : lG
Horizontal Accel : .5G

Design Code for Supports: AISC Manual of Steel Construction, Allowable Stress
Design, Ninth Edition.

Material for Supports: A36 shapes and plate, A500 Gr B tube steel. See AISC
Code for allowable stresses.
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R-EV. DEO # DATE BY: CHECK TITLE: Beam Splitter Chamber - Finite Element
Analysis of Upper Section0 oo24 t z// /9 t- At.---- ttlrj),l,

BY: /1 2 .( , r1'. r ') DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: To evaluate the upper section ofthe beam splitter chamber for vacuum pressure and lifting
loads.

METHOD: Finite element analysis of vessel upper section including cylinder, head and lifting lugs.
563 nodes and 537 elements.

ASSUMPTIONS: Ring stiffener and nozzle omitted from analysis since area of interest is shell near
lus.

INPUTS: LIGO project sketches and drawings. The thickness ofthe cylinder is .25 in and the thickness
head is .375 in.

REFERENCES: l. ASME Boiler and Pressure Vessel Code, Section VIII, Pressure Vessels,
Division L
2. Images - 3D, Version 3.0, R.L. Cloud & Associates.
j , 1 ) a e . 1 l . . t ' / . l . , . ; - t - , , 5 : . L / ' . ' . . ' | . l ' l l F . ' . ' , , ? , , J . o , , . . b z ' � � � � � � � �

CALCULATIONS : (See Attachment.y

CONCLUSIONS: Stresses in head and shell in the area of the lifting lugs are within limits of ASME
Code. Section VIII. Div. l.
A spreader beam should be used when lifting vessel.

NOTES: See stress contour plots attached. See V049-l-015 for buckling analysis per the ASME Code.
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH.MA

ENGINEERING
CALCIJLATIONS

NO: V049-l-015
PAGE I OF 57

REV. DEO # DATE BY: CHECK TITLE: tseam Splitter Chamber - ASME Code
Calculations for Upper Section.0 -04tr..�_t z,/ Ef /Pc- FlUt Y

BY: 11 D (iza*-a DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: To determine if the upper section of the beam splitter chamber meets Section VIII, Div. 1
ofthe ASME Code for vacuum pressure.

METHOD: Equations for thickness requirements and pressure rating in the ASME Code, Section VIII,
Div.1 are evaluated using the COMPRESS computer program, Version 5.31.

ASSUMPTIONS:

INPUTS: Vacuum pressur,e: 14.7 psi
Design temperature = 400uF

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Division 1.
2. COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer Systems, Inc.
3 .  D g .  x l o .  / o , t 1 -  / -  a  4  4 /  L  / 6 D  / ' i r * , . , u  t d v , 1 . ,  l . / e  i r t " t i . t  a  D t t t a * ,

-, a ! u:,tr41 .4 /

CALCULATIONS: (See Attached)

CONCLUSIONS: Requirements of the ASME Code, Section VIII, Div. I me met for the BSC
upper section head and cylinder.

NOTES: Nozzle G_in lower section is included in this analysis. This nozde penetrate s the l/2 in. shell.
No reinforcing pad is required by code.
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CoMPR-ESS 5-51 C:\CS\BSCUPPER.VSL

Too Head - BSC

ASME Section VIII Division l- 1992 Edition- A93 Addenda

Cornponent: F&D head
Material specification: SA 240 304L HIGH

Internal design pressure: P : 2 psi @ 400 deg F
External designpressure: Pe: 14.7 psi @ 400 deg F

Corrosion allowance: Inner C : 0 Outer: 0 in

PWHT is not performed

Radiography: Category A joints - Spot UW-11(b) type 1
Head to shell seam - Spot UW-11(b) type 1

Estimated weisht: new : 1232j corr : 1232j lb
capadity: new - 468.96 corr : 468.96 US ga

lD : 104.25 crownl : 105 knuckler : 6.5 t: .375 in(min)

Straight flange : 2 forming allowance : 0 in

Design thickness: (At 4{D deg F) Ap'pendix 1-4(d) Eq 3

M : . 2 5 * ( 3 + ( L / r ) ^ . 5 )
-- .25"(3 + (105/6.5)^.5)
: 1.7548

t: P*L*M/(2*S*E - 0.2*P) * Corrosion * fa
: 2*105*1.754t1/(2*14700*0.85 - 0.2*2) + 0 + 0
: 0.0147 in

MAP: (New & at 0 deg F) Appendix l-4(d) Eq 3

P = 2*S*E*ti(L*M + 0.2*t) - Ps
: 2*16700*0.85*0.375l(105*1 .7548 + 0.2*0.375) - 0
: 57.75679 psi

MAWP: (Corroded & at,lfi) deg F) Ap'pendix l-4{d) Eq 3

P : 2*S*E*U(L*M + 0.2*t) - Ps
: 2*147@t.85*0.375l(105+l .7548 + 0.2*A37' - A
:50.83981 psi

External Pressure: LCorroded & at tl00 deg F) UG-33(e)

A: .125i$.oit)
: .r25 | (r05.37 5 10.32589)
: 0.000387

From table HA-3:

Dec. 19, 1995

i?u' o
2o-  1 , /O+?- t  - t " f

Page 6 c'" t7

B : 4755.5



COMPRESS 5.51 C:\C5\BSCUPPER.VSL

Top Head - BSC

Pa= B/(Ro/t)
: 4755.5/(105.37 Y A 32589)
-- l4.7ffi2psi

Check the external pressure per UG-33(a)(1)

t : 1.67*Pa*LoxM/(2*S*E + 1.67*Pa*(M4-2))
: 1.67*14.7072*lA5 37 5*1.75481 (2*1470fl'*1 + 1.67*14.7072*(1.7548-0.2))
:0.154277 in

Design thickness for external pressure Pa : 14-7072 psi:

: t *Co r ros i on f f a
= 0 . 3 2 5 8 9 + 0 + 0
: 0.32589 in

Maximum Allowable External Pressure: (Corroded @ zl{X} deg F)

A : .125i(Roit)
: .r2s r (r05.37 5 t0.37 5)
: 0.000445

From table HA-3: B : 4873.8

Pa= B/(Ro/t)
: a8873.8/(105.37 5 tc.37 5)
: 17.3445 psi

Check the Maximum External hessure: UG-33(aXl) & App. 1-4(d)

Pe= 2*S"E*I/((M*1, - t*(M4.2)j* 1.67)
: 2x14766*.pg 37 5 / ((".i 548*[05.37 5' - 0.37 5*(1.7 5484.2))*1.67)
: 35.81529 psi

The maximum allowable external pressure is 17.3'145 psi.

Dec. 19, 1995

/ ( '2" u

? e .  / J " .  V o / > - t - u t  -

PageT on 17
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couPREss 5.31 C:\cs\BSCt PPER.VSI

/un .  r . , , y' .A 7,4 / .8. . t  4 FJ

tsr z/2 2 
"

deg
deg

in

O 
Top Head _ BSC )2, i  D,a. : .

-As 
E sestion VIII Division L. 1992 Edition - A93 Addenda'

Component: F&D head
Material specif icat ion: sA 240 304L HIGH

In terna l  des ign  pressure :  P=2 ps i  €  40o
External- desigin pressure: Pe= 1-4.7 psi € 400

corrosion allowance: Inner c : 0 outer= o

F
r

PWIiT is not Perforned

Radiography: category A joints - spot uw-11(b) type 1
Head to shell seam - Spot uw-LL(b) type l-

Est inated weight:  new :  1L28.8 corr  = 1l-28.8 1b
capac i t y :  neh r  =  458 .96  co r r  =  468 .96  US ga

ID  =  l -04 .25  c rov tn  L  =  105  knuck le  r  =  6 .5  t  = .3+375  in  (m in )
= u/.? 2

straight flange = 2 forminq alLowance : o in

r ' a . a F  7 . . 1  4  :  / ) t
lflARllll{c ! F&D head qeometrv is not D€r UG-32(i) -

u : . 2 5 * ( 3 + ( L / r ) ^ . 5 )
=  . 2 5 : t ( 3  +  ( 1 0 s l 6 . 5 ) ^ . 5 )
=  r  .7  548

t  =  P*L* I I / (2*S*E -  0 .2*P)  +  Cor ros ion  +  fa
:  2 * 1 0 5 * 1 - 7 5 4 A / ( 2 * I 4 7 O O * O . 8 5  -  O . 2 * 2 )  +  0  +  0
-  0 . 0 1 4 7  i n

; ,  OO. /0 , /7e

rP-

P  =  2 *S*E* I / (L *M +  0 .2 * t )  -  Ps
:  2 * 1 6 7 0 0 * 0 . 8 5 * O . 3 4 3 7 5 / ( r O s * L . 7 5 4 8  +  0 . 2 * 0 . 3 4 3 7 5 1  -
:  5 2 , 9 4 5 5 1 -  p s i

P  :  2 *S*E* t / (L *M +  0 .2 * t )  -  Ps
=  2 * 1 4 7 0 0 * 0 . 8 5 ! t 0 . 3 4 3 7 5 / ( : - l s t ' a . 7 5 4 8  +  0 . 2 * 0 ' 3 4 3 7 5 )  -

= 46.60474 Psi

a = . I25/(F.o/ t- \
=  .L25  /  ( I o5 .343a  /o .  325ee  )

Revision 0
Doc No. V049-1-015
Pape E of 57



CoUPRESS 5-31 c:\C5\BSCUPPm-vsl,

Too llead - BSC

Nov. 9,  1995

=  0 . 0 0 0 3 8 7

Fron table HA-3: B = 4754.8

Pa= B/ ( Ro,/t )
=  4754 .8 /  (  105  .  3  438  /o  .3  2589  )
:  1 4 . 7 0 9 4  p s i

eheck the external  pressure per UG-33(a)(L)

t  =  I . 6 Z x p a * L o * M / ( 2 * S * E  +  1 . 6 7 * P a * ( M - 0 . 2 )  )
=  L . 6 7 t ' ) . 4 . 7 0 9 4 * 1 0 5 . 3 4 3 8 * 1 , . 7 5 4 8 / ( 2 * 1 4 7 0 0 * 1  +  L . 6 7 * L 4 . 7 0 9 4 * ( 1 . 7 5 4 8 - 0 . 2 ) \
:  0 .1 -54254  in

Desiqn thickness for external pressure Pa = 14.7094 Psi:

= t + C o r r o s i o n + f a
: 0 . 3 2 5 8 9 + 0 + 0
:  0 . 3 2 5 8 9  i n

tdaximum Alloeable External Pressure: ( corroded B 4OO deg F)

A  :  . L25 / (Ro / t )
:  . L 2 5 /  ( t o s . 3 4 3 a / o . 3 4 3 7 5 )
=  O .  O O O 4 0 8

Fron  tab le  HA-3 :  B  =  4797 .2

pa= B,/ ( Ro,/t )
=  4 7 9 7  . 2 /  ( ) . o 5 . 3 4 3 a / O . 3 4 3 7 5 \
=  1 5 . 6 5 3 9  p s i

check the l r taximurn External-  Pressure: UG-33(a) (L) & App. l - -4(d)

Pe: 2*S*E*t/(  (  l . l i t l ,o -  t*  (M-0.2 )  )  *1 .67 )
:  2 * 1 4 7  O O * I * O  . 3 4 3 7 5  /  (  ( l - . 7 5 4 8 ! t 1 , 0 5 . 3 4 3 8  -  0 . 3 4 3 7 5 *  (  1 . 7 5 4 8 - 0 . 2 )  ) * 1 . 6 7 )
=  3 2 . 8 3 1 7 9  P s i

The rnaximurn allowable external pressure is 15.6539 psi.

Revision 0
Doc No. V049-1-015
Page 9 of 57



COMPRESS 5.51 C:\C5\BSCUPPER.VSL

Upper Cylindrical Shell - BSC

ASME Section VIII Division l- 1992 Edition- A93 Addenda

Componeat: Cylinder
Material specification: SA 240 304L HIGH

Internal design pressure: P:2 psi@ 400
Extemal design pressure: Pe: 14.7 psi @ a00

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performed

Radiography: Category A joints - Spot UW-l1(b) type 1
Categori B joints - Spot Uw-l10) rype i

Dec- 19, 1995

t

deg F
deg F

in

Estimated weigbt:
capacny:

ID : 104.25 lengthlc:60 t : 0.25 in (new)

Design thickness: UG-27(cXl) Circ. saess

t = P"R/(S*E - 0.6xP) t Conosion
: 2*52.1251(14700*0.85 - 0.6*2) + 0
: 0.0083 in

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

P :S*E*U(R*0 .6 * t ) -Ps
: 16700x0.85*0-251(52.L25 + 0.6*0.25) - 0
: 67.88518 psi

MAWP: (Corroded & at4{X) deg F) UG-27(cXl)

P=S+E+ I / (R+0 .6 * t ) -Ps
: 14700*0.85*0.25/(52.125 + 0.6*C.25) - C
- 59.7561 psi

External Pressure: (Corroded & at 40O deg F) UG-2E

LlDo : 37.9013111M.75 :0.3618 Do/t : 104.7510.23897 :438.3395

new: 1428.1 con: 1428.1 lb
new = 22t7.078 corr : 2217.078 US ga

A:0. ( [O425
B : 4834.6

From table G:
From table HA-3:

Pa: 4*B/(3*Do/t)
: 4* 483 4.6 I (3* 104,7 5 | 0.23897 )
: 14.7058 psi

Design thickness for external pressure Pa : 14.705E psi:
ft'; "

Do.  Do

o
y ' 6 u j , ; - 4 "

Page te "o t1

: t * Corrosion
:0.23897 + 0



C0MPRESS 5-51 C:\C5\BSCUPPER.VSL

Upper Cylindrical Shell - BSC

-- 0.23897 n

Maximum Allowable External Pressure: (Corroded @ 4{X} deg F)

L/Do : 37.901311104.75 =0.3618 Dolt: 1M.751o.25 : 419

Dec. 19, 1995

From table G:
From table HA-3:

Pa= 4*B/(3*Do/t)
: 4* 4887 .21 Q* 104.7 5 | 0.25\
: 15.5519 psi

A:0.000452
B : 4887.2

/ r ' iv .

Q oe .  Ma-

c
y ' c< /9 -



COMPRESS 5.5I C:\CS\BSCUPPER.VSL

Shell Stiffeaer

Dec- 19, 1995

Doe.  t J "  y ' t t ' t 2 - r ' a t t '

Page n o. s7

Stiffening Ring Calculations Per UG-29

ASME Section VIII Division l- 1992 Edition- A93 Addenda

Identifier: Shell Stiffener
Ring material specification: SA 24O 304L HIGH
Number of rings in this group: I
Dist€nce first ring to datum line: 110 in
Ring spacing: 0 in

Ring description | 4x4xll4 Equal Angle
Rjng is rolled: leg out (easy way)
Rilg cross sectional area: As : 1.94 in^2
Ring moment of inertia: Ir : 3.04 in^4

Calculations for ring 110 in from darum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t : 0.23897 in
Corroded shell thiclmess: ts : 0.25 in
Shell outer diameter: Do : 104.75 in
Design temperature
External design pressure: P : 14.7 psi
Stiffener supported length: Ls : 33.95065 in

3 : .lJ*(P*Do/(t + As/Ls))
: ;7 5* (14.7 * 704J 5 I (0.23897 + 1.94i 33. 95065))
: 3 9 0 0 . 1 1 1

From table HA-3 (ring) A : 2.949634E44

Required moment of inertia of the combiaed rins-shell section

ts: (!e ^ l,*ls*(t + As/Ls)*A)/10.9
: (|M.7 5^2*33.95065*(0.23897 + 1.94133.95M5)*2.949634E-04y10.9
: 2.985063 in^a

Available moment of inertia of the combined ring-shell section

Shell width contributing smaller of : 5.62911

W: 1. l*Sqr(Dots)
: 1. 1*Sqr(1(X.7 5*0.25)
: 5.62911 in

W = Ls : 33.95065 in

Shell area A1 : W*ts -- 1.4O7277 in^2 
?,, u O

Distance to the ring neutral axis
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Shell Stiffener

Y2 : Ring NA + ts/2
: 1.09 + 0.25/2
: r.215 in

Neutral axis of combined section

NA: As*Y2l(Al + As)
: 1.94*t.215/(1.407277 + 1.94)
=.70418a2n

Inertia of the shell about the combined section NA

I l :W* t s ' 3 / 12+A1*NA^2
: 5.6291L*0.25^ 3 I 12 + 1.407277 *A.7041842^ 2
: .7051639 in^4

Inertia of the ring about the combined section NA

12 :h+AS* (NA-YZ)^z
: 3.04 + l. -94*(0-7A4$42 - 1.21'5j"2
:3 .54$21 n^4

Total available I : 11 + D: 4.251373 tn^4

Ttre 4x4xll4 Equat Angle vacuum stiffener is satisfactory.

Dec. 19, 1995
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I{ain Section Cyliader

ASME Section VIII Division l- 1992 Editioo- A93 Addcnda

Component:
Material specifi cation:

Estimated weight:
.capacity:

From table G:
From table HA-3:

Cylinder
SA 2,10 304L HIGH

new:3817.3 corr = 3817,3
new : 2956.104 corr : 2956.104

A : 0.000288
B :3807.2

Dec. 19, 1995
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Internal design pressure: P :2 psi @ 400
External design pressure: Pe-- l4;l psi @ 400

Corrosion allowance: Inner C : C Outer: 0

PWIIT is not perfonned

Radiography: Category A joints - Spot UW-l1(b) t'"e I
Category B join.a - Spot UW-l1(b) type I

deg F
deg F

Il.

US ga

ID : 104.25 length Ir: 80 t : 0.5 in (new)

Dcsigtr thickness: UG-2?(cXl) Circ. stress

t : P*R/(S*E-0.6"P) + Corrosion
: 2*52.1251 (14700*0.85 - 0.6x2) + 0
: 0-0083 in

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

P : S * E * I / ( R + 0 . 6 1 ) - P s
: 16700*0.85*0.51(52.125 + 0.6*0.5) - 0
: 135.3839 psi

MAWP: (Corroded & at 4fi) deg F) UG-27(cXl)

p : S*E*tj/(R + 0.6*t) _ ps
: 14700*0.85*0.5t(52.125 + 0.6*0.5) - 0
:119.1702ps i

External Presstre: (Corroded & at 4(n des F) UG-2E

LlDo :80/105.25 :0.7601 Do/t = 105.25103A47 = 3a23@8

Pa: 4*B/(3*Do/t)
: 4*tBM .21 (3*105.25 10.3M 47\
: 14.8295 psi

Design thickness for exteraal pressure Pa : 14-8295 psi:

: t t Corrosion
:0.30747 + 0
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Main Section Cylinder

:0.3c747 in

Maximum Allowable External Pressure: (Corroded @ 4{X} deg F)

UDo : 80i 105.25 :0.7601 Dolt: 105.2510.5 : 210.5
From table G: A : 0.000587
From table HA-3: B : 5ll7.2

Pa: 4*B/(3*Doit)
: 4* 51 l7 .21 Q* 1O5.25 I 0.5)
: 32.413 psi

Dec. 19, 1995
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Nozzle E

Ooeninq N-E Reinforcement Calculiations Per UG-37

Located on: Upper Cyliadrical Shell - BSC
Local vessel thickness: .25 

'n

Liquid satic head included: 0 psi
Flange descripdon: 74irch75# SO A?40304L
ANSI 816.47 flange rating MAP: 115 psi
ANSI B16.47 flange rating MAWP: 80 psi

Nozzle material specification: SA 240 304L HIGH

Pad material specification: SA 240 3O4L HIGH

Nozzle orientation: 45 degrees
End of nozzle to shell center: 55.875 in
Nozzle offset from center I-o: 0 in
I'rojection outside vessel Lpr: 3.5 in

Dec. 19, 1995
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<- L ->l To datum L= 124 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 13.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .55 in
Normal to the vessel wall inside 2,5*{tn-Cn-C) : .3 ia

Nozzle required thickness

trn: P*Rn/(Sn*E - 0.6*P)
: 2x6.87 5l (1470C*l - 0.6*2)
: 0.0009 in

Required thickae.ss tr from UG-37(al

tr: P*FJ(S*E - 0.6*P)
: 2*52.1251 (14700*1 - 0-6t2)
:0.f f i71 in

Area required

c o r r o s i o n a l l o w = 0 i n
l< -  noz  th ick  new tn=  .12  in

tw l  ]  nozz le  id .  new d= 13 .75  in
l<-l  Pad diameter dP = 20 in

\_ pad thicki less te= .25 jn
l \  f i l l e t  w e l d  t w 1  =  . 1 2 5  i n

f i l l e t  w e l d  t w 2  =  . 2 5  i n
groove weld tw3 = .25 in

tn ->
dp->

_twa

Ptge / 6 4- '-7
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Nozzlc E

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

frl : lesser of 1 or Sn/Sv so frl : I
fr2 : lesser of 1 or Sn/Sv so fr2 :1
fr3 = lesser cf fr2 or Sp/Sv so fr3 : 1
fr4 : lesser of I or Sp/Sv so fr4 : I

A: dx6xp O 2*6x6xp*(1 _ frl)
: 13.75x0.0071*l + 2*0.12*0.0071*l*(1 - 1)
: .W76n^2

Area available

.A1 : larger of the following : 3.34 t;t"2

: d*(E1*t-F*tr) - 2tur*(El t-F*tr)*(l-fr1)
= 13.75*(L*O.25-1*C.CC71) - 2x9.1/x(l*0.25-1*C.0071)*(1-1)
: 3.34 n^2

= 2*(t+fir)*(E1*t-F*tr) - 2r.tr*(El*t-F+u)*(l-fr1)
= 2*(0.25 +0.12)*(1r'C.25-1*0.0071) - 2*0.12*(1*0.25-1*0.0071)*(1-1)
: .18 in^2

A2 : smaller of the following : 0.131 in^2

: 5*(tn - trn)*fr2*t
: 5*(0.12 - C,00@)*1*0.25
: .149 t^^2

: 2*(tn - trn)*(2.5*tn + te)*frz
= 2*(0.12 - 0.0009)*(2.5*0.12 + 0.25)*1
: .l3l tr'^2

A4l : I*g^2*tr3
:0.125^2*1 = .Al5in^2

trd) : I tg^2*fr4
-  n a < ^ n x l  -  n 4 . 2 : - ^ 1

A5 : (Dp - d - 2*tn)xte*fr4
: QO - 13.75 - 2*0.t2>*4.25*1
= 1.5025 n^2

Area = 41 + 42 + A41 + A42 -l- A5
: 3.34 + 0.131 + 0.016 + 0.063 + 1.5025
= 5.0525 n^2

As Area > A the reinforcement is adequat€ for MAWP : 2 at 400 Deg F

Check the welds - From UW-16(c)(2)

Inner Fillet: tmin = lesser of 0.75 or tn or te, tmin : 0.12 in
tw(mln) : O.7*tmin : 0.084 in

Dec- 19, 1995
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Nozzle E

tw(actual) : 0.7*kg = 0.7fi.125 : 0.0875 ia

Outer Fillet: tmin : lesser of 0-75 or te or t, tmin : 0.25 in
tw(min) : 0.5*tmin : 0.125 in
tw(achHl) -- 4.7*lj8;g:0.7*025 = 0.175 in

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a):
Wall thickness per UG-45@)(1):
Wall thickness per UG-16O):
Std prpe wall per UG-45(b)(a):
The greater of tr2 or tr3:
The lesser of tr4 or tr5:

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

Available nozzle wall thickness new, tn : 0.12 in

The nozzle neck thickness is adequate for MAWP.

Allowable stressas in jofuts UG-45(c) and LIW- l5(c)

Groove weld in tension = 0.74*147ffi : 10878 psi
Nozzle wall in shear : 4.7*147@ : 10290 psi
Inner f,llet $eld in shear : 0-49*14700 : 7203 psi
Outer fillet weld in shear : 0.49*14700 = 7203 psi

Strength of welded joiats:

(1) Inner fillet *eld in shear
(pi/z)*Nozzle C. D. *l,eg*Si : 1. 57* 13.99*0 .125x7 2A3 = 87 7 6.1 1 lbf

(2) Outer flllet weld in shear
(pi/2)*paA C.D. *Leg*So : 1.57 *2}fi .25*7?-03 : 56543.55 lbf

(3) Nozzle wall in shear
1W2)*tvteao nozzle dia. *tn*Sn = 1.57*13.87*0.12*10290 : 26888.88 lbf

(4) Groove 'field in tension
ipi/2)*Nozzle O.D.*t$'*sg = 1.571'13.9*0.25*10878 : 59731.91 lbf

I-oading oa welds per UG-41(b)(1)

bl : 0.0009 in (E : l)
tr2:0.0071 in
h3 : 0.0625 in
tr4 : 0.328125 in
tr5 : C.0625 in
tr6 : 0,C525 in

Dec. t9, 1995
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W : (A - (d - 2*tn)*(El{'t - F*tr))*Sv
= (0.0976 - (r3.75 - 2*0.12)*(1x0.25 - 1*0.0071))*14700
:-46804.49 lbf

lVl-l : (A2 + A5 + A47 + A42)*Sv
: (0.131 + 1.5025 + 0.016 + 0.063)*14700
:25173.75 lbt

W2-2: (A2 + A3 + A41 + A43 * 2*tn*t*fr1)*Sv



: (0.131 + C + 0.016 + 0 + 2*0.12*0.25*l)*14700
= 3M2.9 tbt

w3-3 : (A2 + A3 + A5 + A41 + A42 + A43 + 2*tn*t*frl)*Sv
: (0 .131 +0+ 1.5025 +0.016 +0.063 +0+ 2*0.12*0.25*1)*14700
: 2ffi55.75 tbf

Load for patl l-1 lesser of W or Wl-l :-a680a.49 lbf
Path l-1 Thru (2) & (3) : 56543.55 + 26E88.88 = 83432.431bf
Path 1-l is sfonger than W so it is acceptable per UG41OX2).

Load for path 2-2 lesser of W or W2-2 :-46804.49 lbf
Parhz-z ihft (1), () : 19776.11 + 59731.9r: 79508.02lbf
Path2-Z is stronger than W so it is acceptable per UG-41(bX2).

l.oad for path 3-3 lesser of W or W3-3 :-46804.a9 lbf
Path 3-3 i}ru (2), (a) : 565a3.55 + 59731.91 : 116275.5lbf
Path 3-3 is stonger than W so it is acceptable per UG-41OX2).

Pad strength : A5*Sp : 22086.75 lbf
Outer fillet weld strength is adequate,

Reinforcement Calculations for External Pressure

COMPRESS 5.51 C:\CS\BSCUPPER.VSL

Nozde E

Dec. 19, 1995
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I 
Limits of rehforcement UG-40

Parallel to the vessel wall d : 13.75 in
Normal to the vessel wall outside 2.5*(m-Cn) + te : .55 in
Normal *o the vessel wall inside 2.5*(tn-Cn-C) : .3 in

Nozde required thickness

uDo : 3.5113.99 : .2592 Do/t : 13.99/0-A3032 : 461.4116
From table G: A : 0.000587
From table HA-3: B : 5117.2

Pa: 4*B/(3*Do/t)
: 4* 5117 .21 (3*13.99/C.03032)
: 14.7871 psi

Nozzle required thiclmess trn : .03032 in

Required thickness tr from UG-37{dXl) : -239 in

Area required

Allowable stresses: Sn : 14700, Sv : 14700, Sp : 147OJ psi

frl : lesser of I or Sn/Sv so frl :1
fr2 : lesser of I or Sn/Sv so fr2 = 1
fr3 = lesser of fr2 or Sp/Sv so fr3 :i
fr4 : lesser of I or Sp/Sv so ft4 = I ?r..



A = 0.5*(d*tr*F + 2*tn*tr*F*(l -fr1))
= 0.5*(13.75*0.239*1 + 2*0.72*0.239*l*(1 - l)
: L&31 in^2

Area available

A1 : larger of the following -  t < 1  ; - ^ / )

COMPRESS 5.5I C:\C5\BSCUPPER.VSL

Nozzle E
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: d*(El t-F*tr) - 2*tnx(El*t-Fxt)*(1-fr1)
: 13.75*(1*0.25-1*0.239) - 2*n.n*0*0.25-1*0.239)*(l-l)
= .l5l in"2

: 2*(t+ tn)*G i *t-F*ir) - 2*tl*(E I *t-F*r) *( I -ft 1 )
: 2*(0.25 +0. 12)*(1x0.25-1*0.239) - 2*0.12*(l*0.25-1*0.239)*(1-l)
: .008 in^2

A2 = smaller of the followins : O.W n^2

: 5*(tn - trn)*fr2*t
: 5*(0.12 - 0.03032)*1*0.25
-  1 1 n  : -  ^ . t

= 2*(ta - trn)*(2.5*tn + te)*fr2
: 2*(O-12 - 0.03032)*(2.5*0. t2 + 0.25)*l
: .099 in"2

A41 : Ixg^2*fr3
: 0.125^2*l : .c16 in^z

A42 -- Leg^Z*fr4
-- A.25^2*t: .063 in^2

A5 : (Do - d - 2*tn)*te*fr4
: QO -'13.75 -2*4.t2\*0.25*7
= 1.5025 n^2

A r e a : A l + M + A 4 l + A 4 2 + A 5
: 0.151 + 0.099 + 0.016 + c.063 + 1.5025
: 1.8315 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): trl : 0.03032 in (E : t)
VJall thickness per UG-a5OX2): t2 -- A C52ln
Wall thickness 

-per 
UG-16(b): ' tr3 : 0.0625 in

Std Dipe wall per UG-45(bX4): f4 : 0.328125 tn
The'gieater oftr2 or tr3: tr5 : 0.0625 ifl
The Iesser oftr4 or f5: tr6 : 0.0625 in

Req'd per UG-45 is the larger of trl ot trf : 0.0625 in



Available nozde wall thickness new, tn : 0.12 in

The nozzle neck thickness is adeouate fm Pe.
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Nozzle E
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Applied l-oads

Radial load
Circumferential moment
Circumferential shear
Longitudinal moment
l-ongitudinal shear
Torsion moment
Intemal pressure

C:\CS\BSCUPPER.VSL

Nozzle E

Dec- 19, 1995
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Pr : 2183 lbf
Mc : 0lbf-ft
\7^ - n tLf

ML :0lbf-ft
vL :o lb f
Mt : 0lbf-ft
P : 2 p s i

Srresses at the nozzle OD per SIRC bulletin 107 ( psi)

Mean radius Rm : 52.25 in
Rm/t : 104.5

Stress concentration factor Kn (tension) : 1
Stress concentration factor Kb (beding) : 1

Ihessure stress intensity factor, Fair equation I 1.5

1 : .25*(4 + 3x(r/x)^2 + 3x(r/x)^4)
: .25*(4 + 3*(6.87517.12)^2 + 3*(6.87517.12)^4)
-- 2.351

Local circ. pressure stress : I*P*Rm/i : 491 psi

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

Maximun combined sfess * -4686 psi
Allowable combined shcss : 1-3*S : +- 44100 psi

The maximum combined stress is *rthin allowable limits.

Maximum primary membrare stress :-1154 psi
Allo*'able prrlrlary membrane stress : +-1.5tS : +- 22050 psi

The maximum primary membrane stress is within allowable limits.
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Froml  Value t  ^ + -

F ig .  I  r ead

3C*  l tC .677
4C*  115 .057
r a  l n  n T a E

2C-110 .0440
3A"  14 .13 t5
1A  10 .0774
3 8 *  I 1 1 . 0 3 6
1B- I10 .0281
Dressure stress*

C:\C5\BSCUPPER.VSL

Nozzlc E
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0 . 1 1 7
0 . 1 1 7
0 . 1 1 7
0 . 1 1 7
0 . I I 7
0 .  1 1 7
0 . 1 1 7
n  1 1 7

-1258 -1258

-2305 2305

-892
-1258 -1258

-4008
-2305 2305

-892 -892

4C08 -400s

-892

4008

491 49r 491 491 491 491 491 491

Total circ stress
Primary membrane
circ stress*

3C* |  10.  677

-3072

-  t o t

-3472 -4409 -4409

-401

36073507

, n t

1538

-767

1538
't c-l

0 . I 1 7
n  l l 7

0 .  1 1 7
0 .  1 1 7
0 . 1 1 7
0 .  1 1 7
n  r l 7

0 . 1 1 7

-892

- 3898

-892 -89?

3898 -3898

-892
-  1258

3898
-2447

-1258 -1255

2447 -2447

- t?58

2447

pressure sf,ress* 104 104 104 104 104 104 104 104

4C*  115 .057
r c -1 t0 .0744
2C  10 .0467
4A* 17.5665
2A 10.0389
48"  14.0872
28 -110 .0385

Total long stres s
Primary membrane
long stress*

3110 -4686

-788 -788

3110 -3601 1293

-788 -1154 - I154

- 3601
' |  t  E,

L?93

-  1154

torsion moment Mt
Circ shear from Vc
Long shear from VL

Total Shear stress

Combined stres s -4686 31I0  -4686 3110 -4409 3607 -4409

Rzt O

Qor.  /Jr . 'y 'o ' / '  - ' /  -  a ' - r
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Nozzle E

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

Mean radius Rm : 52-25 in
Rrn/t : 209

Stress concentration fuctor Kn (tension) : 1
Stress concentration factor Kb (bendingl = 1

Pressure sfess intensity fac*or, Farr eq'dation I 1.5

I: .25*(4 1 l*(r/x)^2 + 3*(r/x)^4)
: .25*(4 + 3*(6.875/10.25)^2 + 3*(5.875tt0.25)"4)
: 1.489

L,ocal circ. pressuie stiess : I*P'<R&,t : 622 pst

l,ocal long. pressure sfess : P*Rm/2t : 2@ psi

Il{aximum combined sress :-13222 psi
Allowable combined stress : I -3*S : +- 44100 psi

The maximum combined stress is within allowable limits.

Maximum primary mcmbrane sfess :-3300 psi
Allowable primary membrirne stress : +-1.5*S : +- 22050 psi

The maximum primary membrane shess is wirhin allowable limits.

Dec. 19, 1995
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From
E i ^

Value
read

h ^ +  ̂

3 C *  1 8 . 2 2 5 5  1 0 . 1 6 7
4C" l?0.996 10.167
lC  10 .0595  10 .167
2 C - 1 1 0 . 0 1 4 8  1 0 . 1 6 7
3A*  16 .4789  10 .167
1A  10 .0553  10 .167
3 8 *  1 I 3 . 4 3 7  1 0 . 1 6 7
1 B - 1 1 0 . 0 1 0 4  1 0 . 1 6 7
Dressure stress*

-3509 -3509

-3102 3102

-3509 -3509

-3102 3102

-1375 -1375 -r37s

12469 -t?469 12469

DIa lCuBIA 1

-  1  1 7 C

-12469

622 622 6?2 6?2 622 6?2 622 62?

Total circ stress
Primary nembrane
circ stress*

3C*  18 .2255

-5989 2 I5

-2847 -2887

-5989 ?15

-?8e7 -2887

77716 -13?22 11716

-753 -753 -753

-13222

-753

4C* 120.996
1C-1 t0 .0390
2 C  I 0 . 0 3 5 3
4A* t17.794
2A t0 .0238
49* 15.7771
28 -1 t0 .0144
Dressure stress*

- I375 -1375

-8173 8173

-1375 -1375

-8173 8173

a  l a - l

i  1 1 ' '

0 .167
0 .  167
n  1 4 7

0 .  1 6 7
0.  167

- 3509

-7398

-3509

7398

-3509

7398

209 209 209 ?09

Total long stres s
Primai'y membrane
long stress*

-9339 7007 -9339 7007

- 1 i 6 6  - 1 1 6 6  - 1 1 6 6  - 1 1 6 6

4098 -10698 4098

-3300 -3300 -3300

- 10698

- 3300

tors i on inoment l'lt
Circ shear from Vc
Long shear from VL

Total Shear stress

Conbined stres s

y',;t O

Vo< / Jo  t / a {? - /  -  D  t - : '

Page 2 s- o" :7



I Dec.COMPRESS 5.5I C:\CS\BSCUPPER.VSL

Nozzle G

Openinq N-G Reinforcement Calculatio$ Per UG-37

Locatsd on:
local vessel thickness:

Main Section Cylinder
.5 in

19, 1995

2,2,t o

fu,  i ; l r '  y 'D' t€ ' '  -o ' : -

Page ?e a' s7

Liquid satic head included: C psi
Flangedescription: 8nch75# WN A24O304L
ANSI 816.47 flange rating MAP: 115 psi
ANSI 816.47 flange rating MAWP: 80 psi

Nozde material specificatioir: SA 240 304L HIGH

Nozzle orientation: 90 degrees
End of nozzle to shell center: 55.625 in
Nozzle offset from center I-o: 0 in
Projection outside vessel Lpr: 3 in

tn ->

twt-> 
l,

< - d - >

-*,

c o r i " o s i o n a l l o w = 0 i n
noz  th ick  new tn=  .12  in
nozz le  id .  new d= 7 .75  in
f i l l e t  we ld  tw l  =  . I25  in
groove we ld  twz  =  .1875 in

To datum L= 40 in<_ L ->l

R.einforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 7.75 in
Normal to the vessel wall outside 2-5*(tn-Cn) + te - -3 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3 in

Nozzle required thickness

trn:P*Rd(Sn*E-0.6*P)
: 2*3.8751 {147ffi*1 - 0.6*2)
:0.0m5 itr

Required thickness tr from UG-37(a)

f:  P*R/(S*E-0.6*P)
: 2*52.125 | (147C0* I - 0.6*2)
: 0.0071 in

Area required

Allowable stresses: Sn : 14700, Sv : 147C0, psi

ftl : lesser of 1 or Sn/Sv so frl : I



COMPRESS 5.5I

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

C:\C5\BSCUPPER.VSL

Nozzle G

-  2  aa  : -^ t

-  n  n1a  2^^a

A : d*tr*F + 2*ul*u.xF*(l _fr1)
: 7.75*O.C0Jl*l + 2*0.12*0.c071*1*{1 _ 1)
: .055 in^2

Area available

A1 : larger of the following

: d*(El *t_F*tr) _ 2*rn*(E1*t_F*tl)*(1_fr l)
: 7.75*(l*A.5-1*0.0071) - 2*0. 12*(l*0.5-1*0.0C71)*(i-1)
- 3.82n^2

: 2*(t + tn)*(El *t_F*tr) - 2*uri.(E 1 *}r_F*t)*( 1 _fr 1 ): 2*(C.5 +0. 12)*(1*0.5-1*0.007 lj - 2*0.12*(l*0.5-l*0.0071)*(1-1)
: .61i h^2

42 : smaller of the following

: 5*(fir - an)*fr2*r
: 5*(0.12 - 0.0005)*1*0.5
: .299 n^2

: 5*(tn - rr)"fr2*tr
: 5"(0.12 - 0.0005)*1*0.12
: .A72 in^2

A4l : l*g^2*tr2
: o.125^2*t : -016 in^2

A r e a : A 1  + M + A 4 L
: 3.82 + 0.072 + 0.015
: 3.908 in^2

As Area ) A 'Jre reinforcement is adequate for MAWP : 2 at 4fi) Deg F

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

tmin : lesser of 0.75 or tn or t, tmin : 0.12 in
tl or €(min) : lesser of 0.25 or 0.7*tmin, tl(min) : 0.084 in
tl(actual) : 0.7*I.eg : C.7*0.125 : 0.0875 in
t2(acfiial) :0.1875 in
tl + t2 -- 0.275 >: 1.25*rmin

The weld sizes for t1 and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0005 in (E : 1)
Wall thickness per UG-a5@)(1): tr2 : 0.OC71 in
Wall thickness per UG-16@): tr3 = 0.0625 in
Std pipe wall per UG45OX4): tr4 : 0.28175 in

Dec. 19,1995

7_ , ,')
/ \ , z t  e /

f ue .  l Ja  y ' o ' t f ' t - 7 ; ' -

Page ?z a,. <,



CoMPRESS 5.51

The greater of t2 or t3:
The lesser of tr4 or tr5:

C:\C5\BSCUPPER-VSL

Nozzle G

tr5 : 0.0625 in
tr6 : 0.C525 in

Dec- 19, 1995

f t t t  0

Poe. , tJ a t /o ' /9- t -  o r t -

Pzge Ztr  d- t7

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

Available nozzle wall thickness new, tn : 0.12 in

The nozde neck thickness is adequate for MAWP.

Allowable stresses in jcina UG-45(c) and tlW-l5(c)

Groove weld in tension : 0.74*1147W: 10878 psi
Nozzle wall in shear = 0.7*14700 : 10290 psi
Inner fillet weld in shear : 0.49*14700 = 7203 psi

Strcngth of welded joints:

(l) Inner fillet weld rn shear
(Pi/2)*Nozzle O.D.*kg*Si : 1.57*7.99i'0.125*7203 -- 11294-57 lbf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*St = 1-57*7 .W*0.12*10290 : 15257 .W lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg : 1.57*7-99*0.1875*10878 : 25585.67 lbf

I-oadinq on welds per UG-4I&X1)

w : (A - (d - 2*tn)*(El*t - F*tr))*Sv
= (0.055 - Q.75 - 2*0.72)*(1,8A.5 - 1'ts0.0071))"14700
:-536tb.18 lbf

W1-1 : (A2 + A'5 + A41, + A42)*Sv
: Q.M2 + 0 + 0.016 + 0)"'14700
: 1293.6lbf

W2-2 : (A2 + A3 + A41 + A43 + 2*ttr*t*fr1)*Sv
: (0.o72 + 0 + 0.016 + a + 2*0.12*0.5*1)*14700
: 3057.6 lbf

L.oad for path 1-1 lesser of W or wl-1 :-53606. 18 lbf
Path 1-1 1tru (1) & (3) : 11294-57 + 15257.A7 : 26551.64 lbf
Path 1-1 is sffonger than W so it is acceptable per UGaIG)(2).

Load for path 2-2 lesser of W or W2-2 :-53606. 18 lbf
Path}-21tru (1), (4) : 11294.57 + 25585.67 : 36880.24 lbf
Path 2-2 is stronger rhan W so it is acceptable per UGalOX2).

Reinforcement Calculations for External Pressure

Limits of reinforcement UG-40

Parallel bto rhe vessel wall d, : 7 .75 ,fr
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Nozzle required thickness

L/Do:317.99:  .3755
From table G:
From table HA-3:

Area available

A1 : larger of the following

Pa: 4*B/(3*Do/t)
: 4*4848.21 (3*7.99/0.01833)
:14.7074psi

Nozde required thickness rn : .01833 in

Required thickness tr from UG-37(il(l) : -3075 in

Area required

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

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

a : Q.Jx(d*tr*F + 2*tn*trxFx(l - fr1))
: 0.5*(7.75"0.3075*l + 2*0. L2*0.3075* I *(1 - 1))
: 1.1916 in^z

C:\C5\BSCUPPER.VSL

Nozzle G

Do/t : 7.99/0.01833 = 435.897 4
A = 0.000a12
B : 4808.2

: l.-492in^2

: 0.061 in"2

Dec. 19,1995

7,;t O

?se lJo .  t / cv9 '  /  -o  t ) -

Pzge >2 '>'= : t

Normal to the vessel wall outside 2.5*(trr-Cn) -l te : .3 in
Normal to the vessel wall inside 2.5*{tn-Cn-C) : .3 in

: dx(E l*t-F*tr) - 2*h*(E1*t-F*tr)*(1-fr1)
: 7.75*(1*0.5-1+0.3075) - 2*0.12*(1*0.5-1*0.3075)*(l-1)
:1 .492ln"2

: 2*(t+tn)*(El +t-F*tr) - 2*6x@!*t-Fxtr)*( 1-fi'l )
= 2i.(0.5 +' 0. l2)*( I +{.5- 1*0.3075) - 2*{. 12{'( I *0.5- I *0.3075)*(1 - 1)
: .239 n^2

A2 : smaller of the following

: 5*(tn - trn)*fr2*t
: 5*(0.12 - 0.01833)*1*C.5
-  a < i  i ^ ^ ' l

: 5*(tn - trn)*fr2*tn
: 5*(0.12 - 0.01833)*lr{.12
: .061 in^2

A4l : r'.nq-^z*ftz
= O.L2i^Z*t = .016 in^2



COMPRFSS 5.5I C:\Cs\BSCUPPER.VSL

Nozzle G

A r e a : A l + M + A 4 1
: 1 . 4 9 2 + 0 . 0 6 1  + 0 . C 1 6
: 1-569 in"2

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

UG-45 Nozde Neck Thiclness Check

Wall thiclness per UG-45(a):
lVall thickness per UG-45(b)(2):
Wall thickaess per UG-16(b):
Std pipe wall per UG45(b)(4):
The greater of t2 or tr3:
The lesser of tr4 or tr5:

trl = 0.01833 in (E = 1)
t2 : O.A522in
tr3 : 0.ffi25 in
tr4 : 0.28175 in
tr5 = 0.0625 in
tr6 : 0.0625 in

Dec- 19, 1995

/7,2v O

?oa . fuo t/0 ',r1' t -o ti

Page 3D D'' 17

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

Available nozzle wall thickness new, tn : C.12 in

The nozzle neck thickness is adequate for Pe.



COMPRESS 5.51

Applied Loads

Radial load
Circumferential mometrt
Clrcumferential shear
lmgitudinal moment
Lnngitudinal shear
Torsion moment
Internal pressure

C:\C5\BSCUPPER.VSL

Nozzle G

Dec. 19, 1995
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h : 693.4 lbf
Mc : 0lbf-ft
Vc : 0lbf
ML =0lbf-ft
V L : 0 l b f
Mt : 0lbf-ft
P : 2 p s i

Stresses at the nozde OD ner WRC bulletin 107 ( osi)

Mean radius Rm : 52.375 in
RIn/t:  1M.75

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

Pressure stress intensity factor, Farr equation 11.5

l: .25*(4 | 3*(r/x)^2 + 3*(r/x)"4)
: .25*(4 + 3*(3.875t4.12)"2 + 3*(3.E75t4.12)^4)
: 2 . 2 5

Local circ. pressure stress : I*P*Rm/t : 471 psi

l-ocal long. pressure stress : P*Rm,/2t : 105 psi

Maximum combined stress :-2379 psi
Allowable combined stress : t -3*S : t- 44100 psi

The maximum combined shess is wiitrin allowable limits.

Maximum primary membrane stress :-364 psi
Allowable i2rirnar! membrane shess: +-l.5*S: +- 22050 psi

The maximum primary membrane shess is wilhil allowable limits.



COMPRESS 5.5I

Va lue
reao

3C*  116 .02 t  10 .067
A f *  t 1 - ,  ' t D . l  t d  . l 1 - ,

1 C  t 0 . 1 2 0 9  t 0 . 0 6 7
2C-1 t0 .0837  t 0 . 067
3A*  13 .2919  10 .067
1A  t 0 .0926  10 .067
? D *  f  t n  - l r i  l i  n c . - t

IB -1 t0 .0440  10 . c67
Dressure stress*

C:\CS\BSCUPPER.VSL

Nozzlc G

Dec- 19, 1995

a lD IAI
From
I  r v .

. r i 1 ,
- 469

- 1393

-469 -469

1393 -1393

-424
-469

-2012
1393

-424 -424

-?012 2017

^ ' r  1  / | 1 1  A ' 1 1 47r 471 471 471 471

Total circ stress
Primary membrane
circ stress*

pressure st i 'ess*

1395 - I39l

2 2

1395 -1965

? 4 7

2059 -1965 2059

47 47 47

- i391
')

-424 -424 -424

-2060 2C50 -206C

-424
-469

2060
- 1393

-469 -469 -469

1393 -1393 1393

l  n EI  n Er  n E105I  n El n E105

3C*  116 .021  10 .067
4C*  [ 7 . 720  t 0 . 067
l c -110 .1238  10 .067
2 C  1 0 . 0 8 3 7  1 0 . 0 6 7
4A*  14 .8183  10 .067
2A  10 .0535  10 .067
48*  t 3 . 2756  t 0 . 067
28 - | 0 .C696  10 .067

Total long stress
Primary membrane
long stress*

r74t -?379

-319  -319

1741 -1757

-319 -364

1029 -1757

-354 -364

-?379

- 5 t v

1029

-364

tors i on moment l,lt
Circ sheai" from Vc
Long sheai" from VL

Total Shear stress

Combined stress

R'" o
De .  N :  y ' ! ( " - l ' t t '

Paget z 2'' ' l
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C0MPRESS 5.51 C:\C5\BSCIO5ID.VSL

Top Head - BSC

Dec. 19, 1995

ASME Section VIII Division l, 1992 Edition. A93 Addenda

Component: F&D head
Matedal specification: SA 240 304L HIGH

Internal design pressure: P : 2 ps! @ lQ 9eg !
External design pressure: Pe--� 14.7 bsi @ aOO deg F

Corrosion allowance: InnerC:0 Outer= 0 in

PWHT is not performed

Radiosraohv: Catee.ow A ioints - Spot Uw-11(b) type I
Headlo iheliseam - Sirot Uw-ll0) type I

Estimated weight: new : 11210.8 corr : 1140.8 lb
capadity: new : 474.64 coII : 474.64 US ga

ID = 105 crownl : 105.75 knuckle r : 6.345 t : .34375 in(min) /t -'/' z i--o4-

Straight flange : 2 forming allowance : 0 in f /L/ '/t"''/^/ (r

WARNING! F&D head geometry is not per UG-326).

Design thickness: (At 4fi) deg F) Ap'pedix l-4(d) Eq 3

M: .25*(3 + (L/r)^.5)
: .25*(3 + (105.7516.345)^.5)
: 1 . 7 7 M

t : P''L*MI(2+S*E - 0.2*P) * Corrosion * fa
: 2*705.7 5*1.7706/(2* 14700*0. 85 - 0.2*2) + 0 + 0
: 0.015 in

MAP: (New & at 0 deg F) Ap,pendix 14(d) Eq 3

P : 2*S*Ext/(L*M + 0.2*t) - Ps
= 2*16700*d.85*0.143751.105.75*7.7706 + 0.2{'0.34375) - 0
: 52.1OL22 psi

MAWP: (Corroded & at,tfi) deg F) Ap'pendix l4(d) Eq 3

P : 2*S*E*V(L*M + 0.2*t) - Ps
: 2*14700*d.85*{.34375/i105 .75*1.77M + 0.2i'0.34375) - 0
: 45.E6155 psi

External Pressure: (Corroded & at ilOO deg F) UG-33(e)

A : .125l(Ro/t) 7,', D
: . 125l(106.0q810 32873)
: 0.000i87

Page 3r o '= t7
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Top Head - BSC

From table HA-3: B : 4755.5

Pa: B/(Roit)
: 47 55. 5 | (106.W38 tO.3287 3)
: 14.7348 psi

Check the external pressure per UG-33(a)(l)

t: 1.67*pa*t_o*Mi (2*S*E + 1.67*pa*(M_0.2))
: r.67*14.734E*106.0938*1.7706 I (2*147c0* | + 1.67* 14.7348*(1.77ffi-0.2))
: 0.15702 in

Design thickness for external pressure Pa : 14.7348 psi:

: t *Co r ros i on+ fa
: 0 . 3 2 8 7 3 + 0 + 0
: 0.32873 in

Maximum Allowable External Fressure: (Corroded @ 4(X) deg F)

A : .125/(Ro/t)
: . 125l( 106.0938 10.3437 5)
: 0.000a05

From table HA-3: B : 4793.7

Pa= B/(Roit)
: a7 %.7 I (lM.093810.3437 5)
: 15.5319 psi

Check the Maximum External Pressure: UG-33(aXl) & App. l- (d)

Pe- 2*S*E*t/((M*Lo - t*(M-0.2))*1.67)
: 21. 14700* 1 *o .3437 5 | ((t.7 7 M* 106.0938 - 0.3437 5* (1 .77 06-0. 2)* I . 67)
: 32.30824 psi

The maxinum allowable external pressure is 15.5319 psi.

Dec. 19, 1995
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Upper Cylindrical Shell - BSC

ASME Section VIII Division 1- 1992 Edition- A93 Addenda

Component:
Material specifi cation :

Estimated weight:
capacity:

Cvlinder
SA 240 3}1L HIGH

Dcc. 19, 1995

?gt a

D a c - t J ,  l C l q - / - o / J '

Page 37 oF t7

Internal design pressure: P : 2 psi @ 400 deg F
External design pressure: Pe= 14.7 psi@ 4O0 degF

Corrosion allowance: Inner C : 0 Outer: 0 in

PWHT is not performed

Radiography: Category A joints - Spot UW-11(b) $pe I
Category B joints - Spot UW-l 10) type I

new: 1438.3 con: 1438.3
neng :2249.83 corr = 2249.@3

lb
US ga

ID : 105 lengthlc: 60 t : 0.25 in (new)

Design thickness: UG-Z7(c)(l) Circ- stress

t : P*R/(S*E - 0.6*P) l- Corrosion
: 2*52.51(147N*0.85 - 0.6*2) + 0
: 0.0084 in

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

p = Sx<E*t/(R + 0.6*t)_ps
= 16700{'0.85*0.25162.5 + 0.6*0.2t - 0
-- 6t.4O266Wi

MAWP: (Corroded & at 4{X) deg F) UG-27(pXl)

P : s *E* t i {R f0 .6+ t ) -Ps
: 14700*0.85*0.251(52.5 + 0.6*0.25) - 0
: 59.33049 psi

Extcrnal Pressure: (Corroded & at 4(Xl deg F) UG-2E

L/Do = 37.903271105.5 :0.3593 Do/t = 105.5i0.24ffi2 : 437.9047
From table G: A : 0.000429
From table HA-3: B : 4M25

Pa: 4*Bi(3*Doit)
: 4* 4U2.5 I (3* 105. 5 I O.24ry2)
: 14.7445 psi

Desisn thickness for external ltressurc Pa : 14-7445 psi:

: t + Coffosion
: O.2tO92 + 0
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Upper Cylindrical Shell - BSC

: O.2atU2n

Maximum Allowable External Pressure: (Corroded @ 4{X} deg F)

L/Do : 37.903271105.5:0.3593 Do/t: 105.5/0.25 : a22
From table G: A : 0.00O452
From table HA-3: B -- 4887.2

Pa: 4*B/(3xDo/t)
: 4* 4887 .2t (3* I 05.5/0. 25)
: 15,4414 psi

Dec- 19, 1995
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Identifier:
Ring material specification:
Number of rings in this group:
Distance first ring to datum line:
Ring spacing:

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

Calculations for ring 110 in from datum

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

Shell Stiffener
SA 240 3O4L HIGH
I
110 in
0 i n

4x4xll4 Equal Angle
leg out (easy waY)

As : 1.94 in^2
k : 3.04 in^4

SA 240 3O4L HIGH
0.24fr92lr:.
0.25 in
105.5 in
400 deg F
14.7 psi
33.95164 in

coMPREss 5.51 C:\CS\BSCl05ID.VSL

Shell Stiffener

Stiffenine Ring Calculatioff Per UG-29

ASME Section VIII Division l- 1992 Edition- A93 Addenda

Dec- 19, 1995

Epa O

Da  r . , 1 ) " .  / t ' / r - t  -D t t -

t -

t s :
D o :

P :
L s :

B : .75*(P*Do/(t + As/Ls))
: .75*(14.7*105 .51 (0.24W2 + 1.94133.95164))

A : 2.951318E44

:39J2.3s9

From table HA-3 (ring)

Required noment of inertia of the combined rins-shell section

Is= (Do^2*Ls*(t + As/Ls)*A)/ 10.9
: d05. 5 ̂  2*33. 95164* Q.24{F2 + 1.941 33 -95164) *2.95 1 3 1 8E-04y 10.9
: 3.&9713 in'4

Available moment of itrertia of the combined ring-shell section

Shell width contributing smaller of : 5.99226

W : 1.I*Sqr(Do*ts)
= 1. 1*Sqr(1'05.5"0.25)
:5.649226in

W : Ls : 33.95164 in

Shell area Al : W"ts : l.4L23M n^2

Distance to the ring neutral axis

Page J', -:,. :7



Y2 : Ring NA + ts/2
= l.@ + 0.2512
: 1.215 n

Neutral axis of combined section

NA :As *Y2 l (A l+As )
- 1.94*1.2151(1.4L23M + 1.94)
: .7031779 n

Inertia of the shell about the combined section NA

11  :W* t s ^3 /12+A l *NA^2
: 5.@9226*O.25^ 3 | t 2 + 1.412306*0.703127 9^ 2
- .7055842n^4

Inertia of the ring about the combined section NA

t2=tr  +  AS*(NA-Y2)"2
: 3.04 + 1.94*(0.703tn9 - 1.215)^2
: 3.548306 in^4

Total available I : Il + 12 -- 4.25389 n^4

CCMPRESS 5.51 C:\C5\BSCl05ID-VSL

Shell Stiffener

Dec- 19, 1995
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The 4x4x1/4 Equal Angle vacuum stiffener is satisfactory.



COMPRESS 5.5I

Estimated weight:
capaclty:

ASME Section VIII Division l. 1992 Edition, A93 Addenda

Component: Cylinder
Mat&al specification: sA 240 304L HIGH

Internal design pressure: P : 2 psi @ 4q 4eg !
External design-pressure: Pe--� 14.7 bsi @ a00 deg F

Corrosion allowance: Inner C = 0 Outer: 0 in

PWHT is not performed

Radiosraphy: Category A ioints - Spot Lfw-l lO) qe I
Cuteg-i' B joints - Spot UW-llO) g/pe I

L/Do: 80/106:0.7547
From table G:
From table HA-3:

C:\CS\BSC105lD-VSL

Main Section Cylinder

nevt = 3844.7 ssrr : f%4.l lb
new : 2998.79 con :2998.79 US ga

Do/t : 106/0.30U3 :343'6761
A - 0.000288

B : 3 8 W 2

Dec. 19, 1995

Rtt D

D a r .  / J u  / e q 9 - / * D t ' ' -

ID : 105 length l*: 80 t : 0.5 in (new)

Design thickness: UG-27(cXl) Circ. stress

t : P*R/(S*E - 0.6*P) + Corrosion
: 2*52.51(14700*0.85 - 0.6*2) + 0
: 0.008a in

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

P :S *E*V (R+0 .6 * t ) -Ps
: 167@*0.85*0.51(52.5 + 0.6*0.5) - 0
= 134.4223 psi

MAWP: (Corroded & at4{X) deg F) UG-27(c)(.1)

P :S*E* t / (R+0 .6 * t ) -Ps
: 147(Dx0.85*0.5/(52.5 + 0.6*0.5) - 0
: 118.3239 psi

Extcrnal Pressure: (Corroded & at 4OO deg F) UG-2E

Pa:4*B/(3*Do/t)
: 4*3807 .2 | (3* 106/0. 30843)
: 14.7705 psi

Design thickness for external pressure Pa : 14-7705 psi:

= t a Corrosion
:0.30843 + 0

Page /ee-a= L'7



COMPRESS 5.5I C:\C5\BSCl05ID.vSL

Main Section Cylinder

: 0.30843 in

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

Dec. 19, 1995

P ; J  D

L lc ( , ' r -y ' -A / r '
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L/Do : 8OlL06:0.7547
From table G:
From table HA-3:

Pa: 4*B/(3+Do/t)
: 4*5115.7 I (3*106/0.5)
-- 32.1742 psi

Dolt -- lMlO.S :212
A : 0.000586

B :  5115.7

) o .  . l l q



CCMPRESS 5.51

Opening N-E Reinforcement Calculations Per UG-37

l< -
twt l
l<- l

t \

tn -> l
do--> |

l l -->l | <twz 1
-l --J I
t e l / l  I

Located on:
l-ocal vessel thickness:
Liquid static head included:
Flange description:
ANSI 816.47 flange rating MAP:
ANSI 816.47 flange rating MAWP:

Nozzle material specification:

Pad material specification:

Nozzle orientation:
End of nozzle to shell center:
Nozde offset from center k:
Projection outside vessel L&r:

C:\C5\BSCl05ID-VSL

Nozzle E

Upper Cylindrical Shell - BSL
.25 n
0 psi
14 nch75# SO A2403{XL
I 15 psi
80 psi

SA 240 3O4L HIGH

SA 24.0 3O4L HIGH

119:s:*
f .1 .6 /J  rn
0 i n
3.125 in

Dec- 19, 1995

2a,, O

Dac , fu, /o y'?- t - a'-,'

0 i n
. 1 2  i n
13 .75  i n
20 in
.25 in
. 125  i n
. 25  i n
. 25  i n

cor ros ion  a l low =
noz thick new tn=
nozzle id. new d=
pad diameter dP =
pad thickness te=
f i l l e t  we ld  tw l  =
f i l l e t  we ld  tw2 =
groove weld tw3 =

To datum L= 124 in<- L ->l

_tt,,3

Reinforceme,nt Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall d : 13.75 in
Normal to tle vessel wall outside 2.5*(ur-Cn) + te : .55 in
Normal to the vessel watl inside 2.5*(tn-Cn-C) : .3 in

Nozzle required thickness

trn : P*Rn/(Sn'E - 0.6*P)
: 2*6.87 5 I (147Cf'* 7 - 0.6*2)
: 0.0009 in

Reouired tbickness tr from UG-37(a)

h= P*W(S*E - 0.6*P)
: 2*52.51 (147@*1 - 0.6*2)
= 0.0071 in ,

Area required

Page ut ?t .f 7



COMPRESS 5.5I C:\C5\BSC105ID-VSL

Nozzle E

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

frl : lesser of 1 or Sn/Sv so frl : I
fr2 : lesser of 1 or SdSv so fr2 : I
fr3 : lesser of fr2 or Sp/Sv so fr3 :1
fr4 : lesser of 1 or Sp/Sv so fr4 : I

A : d*tr*F + 2*tn*fr*F*(l _ fr1)
: 13.75*0.0071x1 + 2*0.12*0.0071*1*(1 - 1)
-- .0976 in'Z

Area available

A1 : larger of the following = 3.34 in^2

: d*(El*t-F*fr) - 2*tn*(81 xt-F*tr)*(1-fr l)
: 13.75*(l*0.25-1*0.0071) - 2*0.t2*(t*0 -25-1 *0,0071)x(l-1)
:33ain^2

: 2*(t + tn)*(El *t-F*tr) - 2*tn*(E I *t-Fx,tr)*( 1 -fr 1 )
: 2*(0. 25 + 0. 12)*( I *0. 25- I *0. C07 I ) - 2*0. 12* (l*0.25- I t.007 1 )*( 1- I )
: .18 in^2

A2 : smaller of the following

: 5*(tr - trn)*fr2*t
: 5*(0.12 - 0.0009)*1*{.25
: .149 n^2

: 2*(tn - trn)*(2.5*tn + te)*fr2
: 24(0.12 - 0.0009)*(2.5*0. 12 + 0.25)*1
= .131 in^2

A41 = I,eg^2*fr3
= 0.125"2*l : .016 in^2

A42 : l*g^Z*fr4
-- 0.25^2*l : .063 in^z

A5 = (Dp- d - 2*tn)*te"fr4
= Qo:8.75 - 2*0.12)*0.25*1
: 1.5O25 in'2

A r e a : A 1  + M + A 4 1  + A 4 2 + A 5
: 3.34 + 0.131 + 0.016 + 0.063 + 1.5025
: 5.0525 in^2

As Area ) A the reinforcement is adequate for MAWP : 2 at 400 Deg F

Check the welds - From UW-16(cX2)

Inner Fillet: trnin : lesser of 0.75 or tn or te, tmin : 0.12 in
tw{rnin) : 0.7*trtin - 0.08a in

: 0.131 in^2

Dec. 19, 1995

R"' D
Do: .  lJa i / t ' t f  -  t -  ats-
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COMPRESS 5.51 C:\CS\BSCl05ID-VSL

Nozzle E

tw(actual) :0.7*I,eg: 0.7x0.125 : 0.0875 in

Outer Fillet: tmin : lesser of 0-75 or te or t, tmin : 0.25 in
tw(min) : Q.J*tmin : 0.125 in
tw(actual) : 0.7*kg : A.7*A.25 : 0.175 in

UG-45 Nozzle Neck Thickness Check

trl : 0.0009 in (E : 1)
tr2 : 0.0071 in
fr3 : 0.0625 in
t4 :0.328125 n
tr5 : 0.0625 in
tr6 : 0.0625 in

Dec. 19, 1995

Wall thickness per UG-45(a):
Wall thickness per UG-45(b)(1):
Wall thickness per UG-16@):
Std pipe wall per UG-45(b)(a):
The $eater of tr2 or tr3:
The lesser of tr4 or ff5:

Req'd per UG-45 is the larger of trl or h6 : 0-0625 in

Available nozde wall thickness new, tn : 0.12 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in joins UG-45(c) and {IW-15(c)

Groove weld in tension : 0.74*14700 : 10878 psi
Nozzle wall in shear : 0.7*14700 : 10290 psi
Inner fillet weld in shear = 0.49x14700 : 7203 psi
Outer fillet weld in shear = 0.49*1470o -- 7203 pn

Saength of welded joints:

(l) Inner f,rllet weld in shear
(Pi/2)*Nozzle O. D.*Leg*si : 1.57{'13.99*0 .125ir7203 : 19776. I 1 lbf

(2) Outer fillet weld in shear
(pt/2)*pad C.D.*lrg+So : 1.57*20*0.25Y203 :56543-55 lbf

(3) Nozzle wall in shear
1'Pi/2;"Uean nozzle dia.*tn*Sn : 1.57*13.87"0.12*10290 : 26888.88 lbf

(4) Groove weld irr tension
lfVZ;*t*ozae O.D.*tw*Sg = 1.57*13.99*0.25*10878 : 59731.91 lbf

Loading on welds per UG-416X1)

w: (A - (d- z*tn)+(El*t - F*r'))*Sv
= (0.0976 - (13.75 - 2"0.12)*(1*0.25 - 1*0.m71))*14700
:46804.49 lbf

W1-1 : (M + AS + A4l + A42)*Sv
: (0.131 + 1.5025 + 0.016 + 0.063)*14700
: 25173.75lbt

W2-2: (A2 + A3 + A41 + A43 * 2*tr*t*ft1)*Sv

?;u e
y'o/?- r- a ,"-

Page 9J .-.. ;t
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:  (0. i31 + 0 + 0.016 + 0 + 2*0.12x0.25*1)*14700
: 3042.9lbf

W3-3 = A2 + A3 + A5 + A41 + A42+ A43 + 2xtn*t*fr1)*Sv
: {0.131 + 0 + i.5025 + 0.016 + 0.063 + 0 + 2*0.12*0.25*l)*14700
: 26055.75 rbf

Load for Dath l-1 lesser of W or wl-l :46804.49 lbf
Path l-1 tnru (z) & (3) = 56543,55 + 26888.88 :83432.43tbf
Path 1-1 is stronger than W so it is acceptable per UG4l(bX2).

Load for path 2-2 lesser of W or rN2:2 =46804.49 lbf
Parh2-2 ttnu (t), (4) : 19776.11 + 5973t.91 : 79508.02 lbf
Path2-2 is sronger than W so it is acceptable per UG-41OX2).

Load for path 3-3 lesser of W or w3-3 :46804.49 lbf
Path 3-3 ituu tZl, (a) : 56543.5S -r 59731.91 = 116275.5 lbf
Path 3-3 is sEonger than W so it is acceptable per Ucalft)(2).

Pad srength : A5*SP : 22086.75 lbt
Outer fillet weld stength is adequate.

Reinforcement Calculations for External Pressure

Limits of reinforcemeat UG*{0

Parallel to the vessel wall d : 13,75 in
Normal to the vessel *tll outside 2.5*(tn-Cn) + te : .55 in
Nomal to the vessel wall inside 2.5*(tn-Cn-C) : -3 in

Nozde required thickness

L/Do : 3.125t13.99: .2234 Do/t:  13.99/0-A2972:470.7268

CoMPRESS 5-51

From table G:
From table HA-3:

C:\C5\BSCl05ID.VSL

Nozzle E

Dec- 19, 1995

Eut  C

' . . , ; q F - r - o / {

Page // a'' rz

A:0.@06a2
B : 5198.5

Pa:4*B/(3*Do/t)
= 4*5 198.5/(3x 13.99 I 0.02972)
: 14.7?47 psi

Nozzle required thickness trn : .O2972 in

Required thickness tr from UG-37(d'l{1) : -2zl{D in

Area required

Allowable stresses: Sn : 14700, Sv : 14700, Sp : 1470O psi

frl : lessei of 1 or Sn/Sv so frl :1
fr2 : lesser of 1 or Sn/Sv so fr2 : 1
fr3 : lesser of fr2 or Sp/Sv so fr3 : I
fr4 = lesser of I or Sp/Sv so fr4 : I Doc.  l Ja



A :0.5*(d*tr*F + 2+tn*fi.*F*(l _ frl)
: 0.5*(13.75*0 .24W* t + 2*0.72*0.2409*1 *(1 - l))
:1.6562lrl,^2

CoMPRESS 5.51

Area available

Al : larger of the following

C:\CS\BSCl05ID-VSL

Nozzle E

_  t a < : - - 1

Dec. 19, 1995
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: d*(El*t-F*tr) - 2*tnr'(El *t-F*t)*(1-fr1)
: 13.75*(1*0.25-l *0.2409) - 2*9.1)x(l*0.25-l*0.24.09)"(l-l)
: .125 n^2

2*(t+tn)*(E1*t-p*61 - !x11*(E1*t-F*t)*(1-fr 1)
2*(0.25 +0. 12)*(1*0.25-1*0.2409) - 2*0. 12*(l 80.25-1*0.2409)*(1-1)
.m7 n"2

= smaller of the following

5*(tn - tn;*12*1
5*(0. 12 - O.02y72)*1*0.25
.113 in^2

: 0.C99 in^2

: 2*(tn - trn)*(2.5*tn + te)*fr2
: 2*(0.12 - 0.02972)*(2.5*0.12 + 0.25)*1
= .099 in^2

A4l : lng^2*fr3
:0.125^2* l :  .016 in^2

A42 = i*E^2*fr4
= 0.25^2*1 : .063 in^2

A5 : (Dp - d - 2"br)*te*fr4
-- QC - t3.75 - 2*4.12)*0.25*l
: 1.5025 in^Z

Area : A1 + A2 + A4l + A42 + A5
: 0.125 + 0.099 + 0.016 + 0.063 + 1.5025
- 1.8055 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 thickness per UG-45@)(2):
Wall thickness per UG-16@):
Std pipe wall p€r UG-a5@)(a):
The greater of fr2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of trl or

0.02972 in (E : 1)
0.0525 in
0.0625 itr
O.328125 it
0.0625 in
0.0625 in

0.0625 in

tr1 :
t r? :
a 3 :
tr4 :
tr5 :
1 6 :

t r 6 :



Available nozzle wall thickness new. tn : 0.12 in

The nozzle neck thickness is adequate for Pe.

COMPRESS 5.51 C:\CS\BSCI05ID.VSL

Nozzle E

Dec. 19, 1995
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COMPRESS 5.51

Aoolied Loads

Radial load
Circumferential moment
Circumferential shear
Longitudinal moment
Longitudinal shear
Torsion moment
Intemal pressure

C:\C5\BSCI05ID.VSL

Nozzle E

Dec. 19, 1995

2 l /  D

/ / d / r -  I  -  o / ' -

Page /7 ac rt

Pr : 2183 lbf
Mc : 0lbf-ft
\ /^  -  n Urf

h{L :0lbf-ft
V L : 0 l b f
Mt : 0lbf-ft
P : 2 p s i

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

Mean radius Rm : 52.525 in
Rm/t: 105.25

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

hessure stress intensiiy factor, Farr equation 11.5

I: .25*(4 Lr 3*(rlx)^2 + 3*(r/x)^4)
-- .25*(4 + 3*(6.8'1517.t2)"2 + 3*(6.87517.12)^4)
-- 2.351

Local circ. pressure stress : I*P*Rm/t : 495 psi

l,ocal long. pressure stess : P*Ril/2t : 105 psi

Maximum combined saess : -47C3 psi
Allowable combined sfress : *-3*S : +- 44100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane sfress :-1154 psi
Allowable primary membrane shess : +-1.5*S : +- 22050 psi

The maximum primar;r membrane stress is withia allowable limits.

Doc .  A )a
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Nozzle E

Dec. 19, 1995

From
E i ^I  r Y .

Value
read DIr ' lB I

3 C *  1 1 0 . 7 7 6  1 0 . 1 1 6
4C*  n5 .180  t 0 . 115 -1259 -1259 -1259

-2321 2321 -23?1
1 C  1 0 . 0 7 6 8  1 0 . i l 6
2 C - 1 1 0 . 0 4 4 3  1 0 . 1 1 6
r A *  t ,  I  E 4 E  t n  1 1 4

1 A  1 0 . 0 7 7 6  1 0 . 1 1 6
3 8 *  t 1 l . i z l  t 0 . 1 1 6
i B - 1 1 0 . 0 2 8 2  1 0 . 1 1 6
Dressure stress* 495 495 495 495 495 495 495 495

-894
-1259

-40?4
2321

-894 -894 -894

-4024 4024

Total circ stress
Prirnary menbrane
circ stress*

1557 -3085

-764 -764

1557 -44?3

-764 -399

3625 -4423 3625

-399 -399 -399

-3085

-764

t i "*

IC- 1
t )a

, D *

zB-t

n  l l c

0 .  1 1 6
n  1 ! c

0 .  1 1 6
0 . 1 1 6
t t  ' l  l c

0 .  1 1 6
0 . 1 1 6

-894

- 3914

t0.776
15 .180
0 .07 47
0. 0469
7 .6047
0.0390
i  |  1 t - r

0.0387

-894 -894

3914 -3914

-894
-1?59

39r4
-2457

-1259 -7259 -1259

2457 -?457 ?457

pressure stress* 10s 105 105 105 105 105 10s

Total long stress
Primary membrane
long stress*

312s -4793

-789 -789

3125 -3611

-789 -1 I54

1303 -3611 1303

-1 i 54  - 1154  -1154

-4703

-789

torsion moment Mt
Circ shear from Vc
Long shear from ItL

Total Shear stress

Combined stress 3125 -4703 3125 -4423 3625 -4423 3625

?""
/ a r'9-
Page v t
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COMPRESS 5.5I C:\C5\BSCI05ID.VSL

Nozzle E

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

Mean radius Rm : 52.625 in
Rm/t : 210.5

Stress concenfation factor Kn (tension) : I
Sfress concentration facior Kb (bending) : I

hessure stress intensity factor, Farr equation I 1.5

l: .25*(4 1 3*(r/x)^2 + 3+(r/x)^4)
: .25*(4 + 3*(6. 875/ 10.25)^ 2 -t, 3*(6.875/ 10.25) ̂4)
: 1.489

Iocal circ. pressure stress : I*P*Rm/t -- 627 psi

l-ocal long. pressure shess : P*Rm/2t : 210 psi

Maximum combined stress =-13225 psi
Allowable combined stress : 1-3*S : +- 44100 psi

The maximum combined shess is within allowable limits.

Maximum primary membrane stress :-3307 psi
Allowable irimary membrane stress : +-1.5-,''S : +- 22050 psi

The maximum primary membrane stress is within allowable limits.

Dec. 19, 1995
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COMPRESS 5.5I

Va lue
read

beta

3C*  18 .3321  10 . i 65
4 C *  1 2 1 . 1 9 6  1 0 . I 6 6
1C  10 . c595  10 .156
2 C - 1 1 0 . 0 1 4 9  1 0 . 1 6 6

C:\C5\BSCl05ID.vSL

Nozzle E

Dec. 19, 1995

DIL ICuB I
From

-3517 -3517 -3517

-3123 3123 -3123

-1383 -1383 -1383 -1383
-3517

-12469 12469 -12469 12469
3 1 2 3

3 A *  1 6 . 5 6 0 7  1 0 . 1 6 6
1A  10 .0553  10 .166
38*  l l 3 . 5BB  10 .166
1 B - 1 1 0 . 0 r 0 4  1 0 . 1 6 6
pressure stress* 6?7 627 6?7 627 627 627 627 627

Total circ stress
Primary membrane
circ stress*

-6013 233

-2890 -2S9C

-6013 ?33 -L322s

-2890 -2890 -756

11713  -13225  11713

-756 -755 -756

3C*

l a  r

2t'

.A

4B*
?B-1

8. 332 r
2 1 . 1 9 6
0. c392
0 .0353
17 .9?2
0 .0238
5 .8428

0.  166
0 .  166
N  I  4 6

0 .  1 6 6
n  t 4 4

0 .166
0.  165
0.  166

- 1383 -1383 - 1383 - 1383

-8215 8215 -8215 8215
-3517 -3517

-7398 7398

-35 t7  - 3517

-7398 7398

?10 210 210 210 2L0 210 210 2i0pressure sti'ess*

Tota'l long stress
Primary membrane'long 

stress*

704? -9388

-1173 -1I73

7042 -14705

-1I73 -3307

409r -10705 4091

-3307 -33C7 -3307

-9388

-1173

torsion moment Mt
Circ shear from Vc
Lonq shear fron VL

Total Shear stress

Combined stress 11713 1 1 7 1 3

P,t, o
r'a,/i - !
Page ro
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o
Ooening N-G Reinforcement Calculations Per UG-37

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:
ANSI 816.47 flange rating MAP:
ANSI 816.47 flange rating MAWP:

Nozde material specifi cation:

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

Main Section Cylinder
.5 in
0 psi
8 inch 75# WN A24f3o4'L
115 psi
8C psi

SA 24O 3O4L HIGH

90 degrees
55.625 n1
0 in
2.625 n

Dec. 19, 1995

7 .u  O

P "  a .  / J a  y ' ? v q - / - o / r
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COMPRESS 5.5I C:\C5\BSC105ID-VSL

Nozzle G

tn ->

twt-> 
l,

< - d - >

-*t

0  i n
. 1 2  i n

. 125  i n

. 1875  i n

cor ros ion  a l low =
noz thick new tn=
nozzle id. nel, ,  d=
f i l l e t  we ld  tw l  =
groove weld twz =

To datum L= 40 in-> lI

Reinfmcemeot Calculations For Nozzle MAWP

Limits of reinforcemeat UG-40

Parallel to the vessel wall d : 7.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .3 in
Normal to the vessel wall inside 2.5*(m-Cn-C) : .3 in

Nozzle required thickness

trn : P*Rn/(Sn*E - 0.6*P)
: 2*3.8751(14700x1 - 0.6*2)
: 0.0s5 in

Required thickness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: 2*52.5 | (147ffi*1 - 0.6*2)
: 0.0071 in

Area required

Allowable stresses: Sn : 14700, Sv : 1470C, psi

fr1 : lesser of I or Sn/Sv so frl :1



COMPRESS 5.51

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

C:\C5\BSCI05ID.VSL

Nozzle G

:3.82lr: ."2

: O.072 in^2

tl : 0.0005 in (E : l)
tr2 : 0.0071 in
13 : 0.0625 in
tr4 : 0.28175 in

A: d*tr*F + 2*tn'rtr*F*(1 _ frl)
: 7.75re0.0071+1 + 2*0.12*0-0071*1*(l _ 1)
: .055 in^2

Area available

Al : larger of the following

: dx(El *t-F*tr) - /x6x(Blxt-F*ff)*(1-fr1)
: 7 .7 5* Q*A.5-1 *0-007 1) - 2*0. 12*(1 *0.5-1 *0.007 l)x(l- l)
-- 3.82 n^2

: 2*(t+ m)+(81*t-F*tr) - 2*m*(E1*r-F*tr)*(l -frI)
: 2"i0.5 +0. t2)*(l*0.3- t*0.002 t) - 2*0. i2*(t *0.5-1*0.0071)*(1-1)
_  t t 1  : ^ ^ a

A2 : smaller of the follo*ing

: 5*(tn - trn)*fr2*t
: 5*(0.12 - 0.m0tx1xg.5
: .299 n^2

: 5*(m - trn)"fr2*tn
: 5"(0.12 - 0.0005)*1*0.12
--  .U2tn"2

A4l -- l-es.^Z*fr?
: O.t25^2*t = .016 in^2

Area: A1 + A2 + A41
= 3.82 + 0.C72 + 0.016
: 3.908 in^2

As Area > A the reinforcement is adequate for MAWP : 2 at 4N Deg F

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

tmin : lesser of 0.75 or tn or t, tmin : 0.12 in
t1 or t2(min) : lesser of 0.25 or 0.7*tmin, tl(rnin) : 0.084 in
tl(actual) : 0.7*I-f"Z: 0.7*0.125 : 0.0875 in
t2(actual) = 0.1875 in
{ + A : 0 . 2 7 5 > = 1 . 2 5 * t m i n

The weld sizes for tl and t2 are satisfactory.

UG45 Nozzle Ncck Thickness Check

Dcc. 19, 1995

?.2,t O

?o t . y'Jo 1/a7 t/7-

Page t"

I  - 4 /  t -

oE i7

Wall thickness per IJG-45(a):
Wall thickness per UG-45(b)(1):
Wall thickness per UG-16O):
Std pipe wall per UGa5OXa):



COMPRESS 5.51 C:\CS\BSCI05ID.VSL

Nozzle G

Dec. 19, 1995

Pat  A

Doc. lJo t///' {r- /' olr

Tttr, greater of tr2 or tr3: tr5 : 0.0625 in
The lesser of tr4 or tr5: tr6 : C.0625 in

Req'd per UG-45 is the larger of tr1 or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.12 in

The nozzle neck thickness is adequate for MAWP.

Allowable stresses in ioints UG-45(c) and LIW-I5(c)

Groove weld in tension : 0.74*147Co: 10878 psi
Nozzle wall in shear : 0.7*147ffi : 10290 psi
Inner fillet weld in shear -- 0.49*14700 : 7203 psi

Saength of welded joints:

(1) Inner fillet weld in shear
(Pil2)*Nozzle O.D.*I-eg*Si : 1.57*7.99*A.125*7203 : 11294.57 lbf

(3) Nozzle wall in shear
(Pil2)*Mean nozzle dia. *tn*Sn : |.57 *7 .E7 *0. 12* 10290 : 15257 .07 lbt

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg - 1.57ta7.99*0.1875*10878 : 25585.67 lbt

Loading on welds per UG-4l(b)(l)

w : (A - (d - 2*tn)*(El*t - F*r))*Sv
: (0.055 - (7 .75 - 2+0.12)*(1"0.5 - 1*0.0071))*14700
=-53606.18lbf

Wl-l : (M + N + A41 + A42)*Sv
: 0.072 I 0 | 0.016 + 0)+14700
-- r293.6tbf

W2-2 : (A2 + A'3 + A41 + A43 * 2*tn*t*frl)*Sv
= @.M2 + 0 + 0.016 + 0 + 2*0.12*0.5*1)*14700
: 3057.6lbf

Load for path 1-l lesser of W or Wl-l :-53606.18 lbf
Path l-1 Thru (1) & (3) : 11294.57 + 15257.M : 26551.@lbf
Path 1-1 is stronger than W so it is acceptable per UG4l(bX2).

l,oad for path 2-2 lesse,r of W or W2-2 :-53606.18 lbf
Pathz-? Thru (1), (4\ : ""294.57 + 25585.67 : 36880.24 lbf
Prth 2-2 is stronger than W so it is acceptable per UG-41(bX2).

Reinforcement Calculations for External Pressure

t Limits of reinforcement UG-4{)

Parallel to the vessel wall d : 7.75 in
Page f3 a.. .5-,



COMPRESS 5.5I C:\C5\BSCl05ID.VSL

Nozzle G

Normal to the vessel wall outside 2.5*(tn-Cn) t te : .3 rn
Normal to the vessel wall inside 2.5*(m-Cn-C) : .3 in

Nozzle required thickness

LlDo : 2.62517.99 : .3285 Dolt :7.9910.01796 : 444.8775

: 0.061 in^2

Dec. 19, 1995

Kat U

/Jo Var ' r -  |  -

Page rr

From table G:
From table HA-3:

A : C.000462
B :4906.1

Pa= 4*B/(3*Do/t)
: 4* 49t6. 1 | G*7 .99 I 0.An 96)
= 14.704 psi

Nozzle required thickness trn : .01796 in

Required thickncss tr from UG-37(dX1) : .3084 ir

Area required

Allowable stresses: Sn : 147@, Sv : 14700, psi

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

A : 0.5*(d*tr*F + 2+tn*tr*F*(l - frlD
: 0.5*(7.75*0.3094*l I 2*0.12*0.3084*1*(l - l))
: r.1951 in^2

Area available

Al : larger of the following : 1.485 in^2

: d*(E I xt-F*tr) - 2*tn*(E1+r-F+t)*( l-frl)
: 7.75*(1*0.5-1*0.3084) - 2*6. 1tx(t*0.5-1*0.3084)*(1-l)
: 1.485 in^2

= 2*(t r- tn)*(Elt-F*tr) - z*tn*(El t-F*tr)*(l-fr1)
: 2*t0.5 +0.12)*(1*0.5-1*{.3084) - 2*0. l2*(l*0.5-l*0.3084)*(1-l)
--.238in^2

A2 : smaller of the following

: 5*(gr - trn)*fr2*t
: 5"(0.12 - 0.01796)*1*0.5
-- .255 n^2

: 5*(tr - trn)*ftz*tn
: 5*(0.12 - 0.01796)*1*0.12
: .A6l in^Z

A4l : lns.^Z*fr2
= O.t25^2*1 = .016 in^2 o,,fDo-



COMPRESS 5.51 C:\C5\BSCl05ID.VSL

Nozzle G

A r e a : A l + M + A 4 1
: 1.485 + 0.061 + 0.016
: t.562n^2

As Area ) A the reinforceinent is adequaie for Pe : 14.7 at 4@ Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG45(a):
Wall thickness per UG-45(b)(2):
Wall thickness per UG-16@):
Std prpe wall per UG45(bX4):
The greater of h2 or h3:
The lesser of tr4 or tr5:

trl : 0.01796 in (E : l)
tr2 : 0.0525 in
h3 : 0.0625 in
14 : 0.28175 in
t5 = 0.0625 in
ffi : 0.0625 in

Dec. 19- 1995

K,< 't ()

2o" . l Jo  t /dy ' r - l -c r t -
Page sr cr 57

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

Available nozzle wall thickness new, tn : 0.12 in

The nozzle neck thickness is adequate for Pe-



CoMPRESS 5.51

Applied Loads

Radial load
Circumferential moment
Circumferential shear
Longiudinal moment
I-ongitudinal shear
Torsion moment
Intemal pressure

C:\C5\BSCI05ID.VSL

Nozzle G

Dec. 19, 1995

Pt- : 693.4 lbf
Mc : 0lbf-ft
Vc : 0lbf
ML :0lbf-ft
w  : O l b f
Mt : 0lbf-ft
P :  2 p s i

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

Mean radius Rm : 52.75 in
Rrn/r : 105.5

Sfess concentatio factor Kn (tension) : 1
Stess concentration fuctor Kb (bending) - l

Pressure sress intensity factor, Farr equation I 1.5

I : .25"(4 + 3*(rlx)"2 + 3*(r/x)"4)
: .25*(4 + 3*(3.87514.12\^2 + 3*{3.87514.12)^4)
: 2 . 2 5

Local circ. pressure stress : I*P*Rm/i : 475 psi

Local long. pressure stress : P*Rtr/2t : 106 psi

Maximum combined stress :-2389 psi
Allowable combfued stress : *-3*S : +- ,14100 psi

The maximum combiaed stress is within allowable limits.

Maximum primary membmne shess =-363 psi
Allowable i,rima* membrane stress : + -1.5*S : I - 22050 psi

The maximum primary membrane shess is within allowable limits-

t / ov9 - r  -Or . r
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Nozzle G

Dec. 19, 1995

From
 Y .

Value
reao

h a t  r

n' lDua ' lD IBuAI

3C*

l r

?c- l
? A't
1 l

3g*
18-  I

16 .  149
17 .850
n  1 t ] E

i  l la / |c

3 .3073
0.0927
10 .765

A  N A A

n  n 4 4

n ncA

0. 066
0.066
n n6.4
n  n c 4

0.066
pressure stress*

-469

l  r n l

-469

1401

-425
-469 -469

-2022
-1401 l40 l

-4?5 -4?s -425

?022 -2022 2022

475 475 475 475 475 475 475 475

Total circ stress
Primary membrane
circ stress*

aa*

1 C -  I
2C

, D *

28-l

1 6 .  ] 4 9
1 7 . 8 5 0
0 . t ? 4 4
a no/|)

4.8372
n  n q 2 F

3.2886
0.0699

0.066
0 .066
n nac

0. 066
n nAc

0. 066
0 .066
0.  066

_ ! ? o E

6

t4c7 -1395 1407 -1972

6 6 6 5 0

2C72

5C

-r97? 2072

50 50

-425 -425

.r^14

-425 -425
-469

-2070 2074
- l40l

-469

1401

-469 -469

-1401 1401

106t06105106t n 4106l  n a106pressure stress*

Total long stress
Primary membrane
long stress*

- 2389

-  3 1 9

1038

-  JbJ

- 1764

-363

1038

-363

1751 -2389 1751 -1764

-319 -319 -319 -363

tors i on oment l"lt
Circ shear fron Vc
Long shear from VL

Total Shear stress

Combined stress -2389 17sl -2389 1751 -1972 2072 -197? 207?

- o/{
s7

F;t D
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH,MA

ENGINEERING
CALCULATIONS

NO: V049-1-016
PAGE 1 OF 33

REV. DEO # DATE BY: CHECK TITLE: Beam SDlitter Chamber - Finite Element
a,JJt l7/c/9t ROe-- AGR Ana$sis of 1 in. Thick Flanges for Bolt Preload.

BY: tZ t\ Q ..a-*- o DEPT,:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: To determine if bolt clanrping force results in flange deforrration that could allow leakage
at Viton o-rinss.

METHOD: A 3D finite element analysis of a section of the plane flange is perforrred. Brick elements
(3D solids) are used in the IMAGES program. Both a coarse model and an enhanced finer model are
analyzed. The enhanced model includes compression only springs at the flange interface to simulate gap
opening (nonlinear).

ASSUMPTIONS: Symmetry is used to minimize the model by using appropriate boundary conditions.
Curvature ofthe flange is ignored. O-ritrg glands and pumping channel are not included.

INPUTS: LIGO project design sketches and drawings. Durometer is 90 for Viton o-rings.

REFERENCES: 1. Parker O-Ring Handbook.
2. IMAGES 3D. Version 3.0. R.L. Cloud & Associates

CALCULATIONS : (See Attachment)

CONCLUSIONS: At a location that is midway between bolts, the gap between flanges opens a
negligible amount that does not affect the seal.

NOTES: This analysis was performed for the 104 in diameter flange, but it applies to other diarneter
as well because of similar dimensions and bolt spacing. Computer file is FLANGE.

FILED:\F:\TEMPLAI!\ENGIORMSTETiCC.ALC
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGiNEERING
CALCULATIONS

NO: VM9-1-017
PAGE I OF 10

REV. DEO# DATE BY: CHECK TITLE: Beam Splitter Chamber Finite Element
Analysis of I in Thick Flange for Bolt Preload plus
Positive Pressue

0 t z / L / 1 j l"a <-- r{\Gi(

HY'. U D (', ..t na D E P T : 7 V l

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: To determine if bolt clamping force combined with a positive intemal pressure of 2 psi
results in flanee deformation that could allow ieakase at o-rinss.

METHOD: The same method used for the preload - only analysis (V049-1-016) is used in this analysis.
Pressure load is added to the finite elements model.

ASSUMPTIONS: Same as preioad-only analysis (calc. V049-1-016). The fine model is used with
compression-only springs at the surface between flanges.

INPUTS: LIGO project design sketches and drawings. Durometer of 90 for Viton o-rings.

REFERENCES: 1. Parker O-Ring Handbook.
2. IMAGES-3D. Version 3.0. R.L. Cloud and Associates

CALCIILATIONS : (SEE ATTACHED)

CONCLUSIONS: The gap opening between flanges is negligible and does not pennit leakage of o-ring
seals.

NOTES: Computer file is FLANGE A.

FILED:\FITEMILATEIENGFORMS\EIGCAI-C
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH. MA

ENGINEERING
CALCULATIONS

NO: V049-l-018
PAGE I OF 18

REV. DEO # DATE BY: CHECK TITLE: Beam Splitter Chamber - Finite Element
Analysis of3/4 in. Thick Flange0 / 3? / 2///>) 02..J <-

BY: R. D. Ciatto DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PUBPOSE To determine if thin flange (3/4 in) can withstand clamping force due to bolt preload plus
2 psi internal pressure without leakage at o-ring.

METHOD: The 3-D finite element modei used for the 1 in. thick flange is modified to obtain a 3/4 thick
flanse model.

ASSUMPTIONS: Same as I in. thick flange anaiysis.

INPUTS: LIGO project design sketches and drawings.
Durometer of 90 for Viton o-rinss.

REFERENCES: 1. Parker O-Ring Handbook.
2. IMAGES 3D. Version 3.0. R.L. Cloud & Associates.

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: Although the gap opening between flanges is greater for the 3/4 in. thickness than it
is for the I in. thickness, it still does not permit leakage. Ifa 1 in. or 1 1/4 in. flange is damaged by
gouging, its thickness may be reduced by as much as 1/4 in by machining.

NOTES: Ifa flange requires machining, it location should be evaluated for tensile force.
Computer file is FLANGE B.

f ILED:\F:\TEM'LATE\ENCFORM$ENGCALC
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PROCESS SYSTEMS INTERNATIONAI, INC.
WESTBOROUGH.MA

ENGINEERING
CALCULATIONS

NO: V049-l-019
PAGE I OF 24

REV. DEO # DATE BY: CHECK Flange Design for Intemal Pressure
0 002u t z./z /9/ /)/) (_- vuY

BY:/t-2.C trt--o DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: To evaluate bolted flanges ranging in diameter from 30 in. to i04 in. for positive intema.l
pressure in accordance with the ASME Code.

METHOD: The calculation method provided in Appendix Y of the ASME Code, Section VIII,
Division 1, is used. This method ap'plies to flat face flanges with metal-to-metal contact. It has been
programmed on the Quatro-Pro spread sheet program.

ASSUMPTIONS:

INPUTS: LIGO project sketches and drawings.

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Div. l,
Appendix Y.
2. Quattro-Pro Version 5.00
3 . D o e . p c .  l a . , / l - t - c t c  / .  / L o  y ' z t , t , ' r , r  , ? C a , . ^  9 . o ; r ? r . r . t  D t ; ,  " - . t  ( t . , ' . - . , . . a

CALCULATIONS : (SEE ATTACIMD)

CONCLUSIONS: Using a nominai bolt spacing of 7 .2 in. for 7/8 in. diameter bolts, the flanges meet
App. Y of Section Viii, Div. 1 for 2 psi intemal pressue. Computer file narnes are shown in the lower
left comer of the outDut in this calculation.

NOTES: In this calculation, flange thickness varies from 3/4 in. for small diarneter to 1 in. for large
diameter flanses.
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R. D. Ciailo l9oct-95

TH|S PROGRAM SOLVES APPENDTX Y (Y-6.1) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLTES WITH OR WITHOUT SElr eruenCZlUC
GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE.

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY-

ASSUMPTIONS:

1. gl =go=thickness of vessel wall
2. B substituted for 81
3. conditions at boli up and operating evaluated separately
4. F'=0 for loose type flanges implies Ms is zero

REQUIRED INPUT:

C = BOLT CIRCLE DIAM in.
PRES = lntemal Pressure for this case
B=lD OF FLANGE
A=OD OF FLANGE
91=THICKNESS OF HUB AT LARGE END
gO=THICK @ SMALL END
rb=SEE FIG Y3.1
V=SEE FIG 2-7.3
F=SEE FIG 2-7.2
t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET
N=NUMBER OF BOLTS
db=DIAM OF BOLTS
re=RATIO MOD E (flange)i MOD E (bolts)
Z=SEEFIG2-7.1

f NPUT VALUES............ 104 114 in Flange

gl and g2=0 for
loose type flanges

fig2-7.3
required for
integral only

Revision 0
Doc. No. V049-1-019
Page 3 of24
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R. D. Ci,atto 19{ct-95

f ig2-7.2
required for
integral only

tig2-7.6
fhub= 1 for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTS/OUTPUT:

Si= DESIGN PRESTRESS IN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE
Sr@lD = RAD FLG STRESS @ lD
St = TANGENTIAL FLANGE STRESS @ lD
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CL1, CAT3 LOOSE wPE FLANGES)

CALCULATED VALUES

for loose
type flgs

Revision 0
Doc. No. V049-l-019
Page 4 oI24FLG104,WO1



R. D. Ciatto l9oct-95

operating
moment

bolt up
moment

operating
slope

bolt up
slope

operating
contact

190443.3 407939.2
bolt up operating
contact bolt load

bolt up
bolt load

o.o22424 1.066667

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
18983.24 13926.29 18844.7 13832.3 2749.O 1865.0

46.1

ok

Revision 0
Doc. No. V049-1-019
Prg€ 5 of 24
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R. D. Ciatto lgoct-gs

THIS PROGRAM SOLVES APPENDTX Y (YS 1) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLIES WITH OR WITHOUT SELF ENERGIZING
GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE.

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1 91=g0=thickness of vessel wall
2. B substituted for B1
3. conditions at bolt up and operating evaluated separately
4. F'=0 for loose type flanges implies Ms is zero

REQUIRED INPUT:

C = BOLT CIRCLE DIAM in.
PRES = Internal Pressure for this case
B=lD OF FLANGE
A=OD OF FLANGE
91=THICKNESS OF HUB AT LARGE END
gO=THICK @ SMALL END
rb=SEE FIG Y3.1
V=SEE FlG2-7.3
F=SEE FIG 2-7.2
t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET
n=NUMBER OF BOLTS
db=DIAM OF BOLTS
re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VA1UES............ 84 1/4 in Flange

91 and g2=0 for
loose type flanges

|ig2-7.3
required for
integral only

Revision 0
Doc. No, V049-l-019
P';ge 6 oI24
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R. D, Chfto l goct-gs

' f ig2-7.2

required for
integral only

fig2-7.6
fhub= 1 for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTS/OUTPUT:

Si= DESIGN PRESTRESS IN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE
Sr@lD = RAD FLG STRESS @ lD
St = TANGENTIAL FLANGE STRESS @ ID
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CLl, CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES..-. .. .....

for loose
type flgs

Revision 0
Doc. No. V049-l-019
Page 7 of 24
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R. D. Chtto l9oct-95

operating
slope

operating bolt up
moment moment

bolt up
slope

operating
contact

operating
bolt load

bolt up
bolt load

bolt up
contact

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
17580.95 13585.37 17451.7 13491.9 2604.2

Revision 0
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R. D. Ciatto l goc,t€s

THIS PROGRAM SOLVES APPENDTXY (Y-6.1) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLIES WITH OR WITHOUT SELF ENERGIZING
GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE.

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1 . 91=gO=ihickness of vessel wall
2. B substituted for 81
3. conditions at bolt up and operating evaluated separately
4. F'=0 for loose type flanges implies Ms is zero

REQUIRED INPUT:

C = BOLT CIRCLE DIAM in.
PRES = Internal Pressure for this case
B=lD OF FLANGE
A=OD OF FLANGE
91=THICKNESS OF HUB AT LARGE END
go=THICK @ SMALL END
rb=SEE FIG Y3.1
V=SEE FtG2-7.3
F=SEE FIG 2-7.2
t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET
n=NUMBER OF BOLTS
db=DIAM OF BOLTS
re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VALUES.. . . . . . . . . . .72 1/4 in  F lange

91 and g2=0 for
loose type flanges

ng2-7.3
required for
integral only

Revision 0
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R. D. Ciatto l$Oct€s

F t \.f n db rE frrub
00 76.00 36 0.755 0.96 1.00

' t ig2-7.2
required for
iniegral only

1i92-7.6
fhub= 1 for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTS/OUTPUT:

Si= DESIGN PRESTRESS lN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE
Sr@lD = RAD FLG STRESS @ lD
St = TANGENTIAL FLANGE STRESS @ lD
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CL1, CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs
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R. D. Ciatto 1$oct-95

operating
momenr

bolt up
moment

operating
slope

4899.04 1.
bolt up
contacl

bolt up
slope

operating
contact

operating
bolt load

bolt up
bolt load

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
16337.53 13036.47 16213.8 12943.5 2509.7 1886.9
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R. D. Ciatto 19oc't-96

THtS PROGRAM SOLVES APPENDTX Y (Y-6.1 ) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLIES WITH OR WITHOUT SELF ENERGIZING
GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE.

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. 91=gO=thickness of vessel wall
2. B substituted for B'l
3. conditions at bolt up and operating evaluated separately
4. F'=0 for loose type flanges implies Ms is zero

REQUIRED INPUT:

C = BOLT CIRCLE DIAM in.
PRES = lnternal Pressure for this case
B=lD OF FLANGE
A=OD OF FLANGE
g'l=THICKNESS OF HUB AT LARGE END
gO=THICK @ SMALL END
rb=SEE FIG Y3.'l
V=SEE FlG2-7.3
F=SEE FIG 2-7.2
t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET
n=NUMBER OF BOLTS
db=DIAM OF BOLTS
re=F{ATIO MOD E (flange)/ MOD E (bolts)
Z=SEEFIG2-7.1

INPUT VALUES............ 60 1/4 in Flange Thickness = 718 in

gl and g2=0 for
loose type flanges

fig2-7.3
required for
integral only
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R. D. Ciatto 194ct-95

f ig2-7.2
required for
integral only

fig2-7.6
fhub= 'l for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTS/OUTPUT:

Si= DESIGN PRESTRESS lN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE
Sr@lD = RAD FLG STRESS @ lD
St = TANGENTIAL FLANGE STRESS @ lD
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CL1, CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs
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Doc. No. V049-1-019
Page 13 of 24FLG6O.WQl



R. O. Ciatto lsoct-gs

operating
moment

bolt up
moment

operating
slope

bolt up
slope

operating
contact

operating
bolt load

bolt up
bolt load

bolt up
contact

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
15970.90 13173.69 15777.3 13022.0 3126.0

lDo Db

2448.9

134.4 105.2
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R. D- Ciatto l9oct-95

THIS PROGRAM SOLVES APPENDIX y (y-6.1) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLIES WITH OR WITHOUT SELF ENERGIZING
GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE,

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1 . 91=g0=thickness of vessel wall
2. B substituted for B1
3. conditions at bolt up and operating evaluated separately
4. F'=0 for loose type flanges implies Ms is zero

REQUIRED INPUT:

C = BOLT CIRCLE DIAM in.
PRES = Internal Pressure for this case
B=lD OF FLANGE
A=OD OF FLANGE
91=THICKNESS OF HUB AT LARGE END
g0=THICK @ SMALL END
rb=SEE FIG Y3.1
V=SEE FIG 2-7.3
F=SEE FIG 2-7.2
t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET
n=NUMBER OF BOLTS
db=DIAM OF BOLTS
re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VALUES....... .... 48 1/4 in Flange Thickness = 718 in

91 and g2=0 for
loose type flanges

fig2-7.3
required for
integral only
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R. O. Ciatto 1+Oct-95

f ig2-7.2
required for
integral only

Iig2-7.6
fhub= 1 for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTS/OUTPUT:

Si= DESIGN PRESTRESS IN BOLTS
Sr@BC = RAD, FLANGE STRESS @ BOLT CIRCLE
Sr@lD = RAD FLG STRESS @ lD
St = TANGENTIAL FLANGE STRESS @ lD
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CL1, CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs
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Doc. No. V049-l-019
Page 16 of 24

FLG48.WQ1



R. D. Ciatto 1$Oct-95

operating
moment

bolt up
moment

operating
slope

bolt up operating bolt up
contact bolt load bolt load

bolt up
slope

operating
contact

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
1ffi73.57 13379.53 15489.8 13229.3 2967.4 2426.3
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R. D. Ciatto l9oct-95

THIS PROGRAM SOLVES APPENDIX Y (Y€,1) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE)ASSEMBLIES WITH OR WITHOUT SELF ENERGIZING
GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY,

ASSUMPTIONS:

1 . 91=gO=thickness of vessel wall
2. B substituted for 81
3. conditions at bolt up and operating evaluated separately
4. F'=0 for loose type flanges implies Ms is zero

REQUIRED INPUT:

C = BOLT CIRCLE DIAM in.
PRES = lnternal Pressure for this case
B=lD OF FLANGE
A=OD OF FLANGE
g'1=THICKNESS OF HUB AT LARGE END
gO=THICK @ SMALL END
rb=SEE FIG Y3.1
V=SEE FlG2-7.3
F=SEE FIG 2-7.2
t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET
n=NUMBER OF BOLTS
db=DIAM OF BOLTS
re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VALUES............ 44 1/4 in Flange Thickness = 3/4 in

g'l and g2=0 for
loose type flanges

o . 1 1
t ig2-7.3
required for
integral only

Revision 0
Doc. No. V049-1-019
Page 18 of24

FLG44.WQ1

51.75



R. D. Ciatto 19oct€5

f i92-7.2
required for
integral only

fig2-7.6
fhub= 1 for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTS/OUTPUT:

Si = DESIGN PRESTRESS lN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE
Sr@lD = RAD FLG STRESS @ lD
St = TANGENTIAL FLANGE STRESS @ lD
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CL1. CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs
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R. D. Ciatto l9oct-95

operating
moment

bolt up
moment

operating
slope

up
load

132
bolt
bolt

bolt up
slope

operating
contaqt

.018E+058p,446.O
bolt up
contact

153646.1
operating
bolt load

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
14299.69 12350.34 '13981.6 12086.4 4015.4 3331.8
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R. D. Ciatt'o ,| 9,Oct-95

THIS PROGRAM SOLVES APPENDIX Y (Y-6.1) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLIES WITH OR WITHOUT SELF ENERGIZING
GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE.

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. g't =gO=thickness of vessel wall
2. B substituted for 81
3. conditions at bolt up and operating evaluated separately
4. F'=0 for loose type flanges implies Ms is zero

REQUIRED INPUT:

C = BOLT CIRCLE DIAM in.
PRES = lnternal Pressure for this case
B=lD OF FLANGE
A=OD OF FLANGE
91=THICKNESS OF HUB AT LARGE END
gO=THICK @ SMALL END
rb=SEE FIG Y3.1
V=SEE FIG 2-7.3
F=SEE FIG 2-7.2
t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET
n=NUMBER OF BOLTS
db=DIAM OF BOLTS
re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VALUES.. . . . . . . . . . .30 1/4 in  F lange Thickness = 3l4in

91 and g2=0 for
loose type flanges

|ig2-7.3
required for
integral only

Revision 0
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R. D. Ciatto l9oct-95

I ig2-7.2
required for
integral only

|ig2-7.6
fhub= 1 for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTS/OUTPUT:

Si= DESIGN PRESTRESS lN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE
Sr@lD = RAD FLG STRESS @ lD
St = TANGENTIAL FLANGE STRESS @ ID
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CL1, CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs
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R. D. Ciatto 19-oct-95

operating
moment

bolt up
momenl

operating
slope

bolt up
bolt load

bolt up
contact

bolt up
slope

operating
contact

operating
bolt load

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
1456e.23 13122.23 14273.2 12864.0 3711 4 3247.6
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-020
PAGE 1OF 13

REV. DEO # DATE BY: CHECK Beam Splitter Chamber - Design of Removable Work
Floor0 oo24 4huEt lza u AGR.

BY: R-D- Ciano DEPT :7M

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: To design removable floor and support members to be installed in lower section of BSC.

METHOD: Hand calculations using standard beam design method for support beams and
removable fl oor sections.

ASSUMPTIONS:

INPUTS: See Doc. No. LIGO-C95 i 078-00-4 which provides response to V049-NL-PL-9 (requesting
clarifications of BSC intemal floor requirements). Maximum load is 500 Kg dwing maintenance.
This occurs at room temoerature.

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

2. Aluminum Association Hankbook
3 ,  ? O < - ,  D o ,  / 0 t l l - / - a t t . ,  l / 4 A  V i L - f - 4 { f , ,  ! - z a t - "  D E s t d , t  ( Q r ,

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The design of the aluminum floor meets LIGO requirements and
the requirements ofthe applicable design codes.

NOTES:

I

F!-ED:\FITEMILATE\ENCFORMSIENCCALC
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUG}I, MA

ENGINEERING
CALCIJLATIONS

NO: V049-l-021
PAGE 1 OF 7

REV. DEO # DATE BY: CTIECK TITLE:

Design of X'lange Welds
0 0136 tzt6t95 RDC WDB

e t z T ? tlnlgt 4oc- ldDr?t

BY: R. D. Ciauo DFPI.:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:.
Design partial penetration seal weld and extemal stitch weld between flanges and shells

METHOD:
Hand calculations are used to determine the pressure discontinuity moments and forces
and resulting weld stresses.

ASSUMPTIONS:
To determine the discontinuity moment and shear it is conservatively assumed thar tlte
cvlindrical shell is built into a rieid wall.

IMUTS:
l. LIGO project drawings ofbolted flanges
2. Calc. No. V049-1-066, LIGO Vacuum Equipment Structural Desigr Criteria

REFERENCES:
1. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Div.
2. Doc. No. Y049-I-042, Bolted Flange Analysis for Tensile Forces.
3. Doc. No. V049-1-107. Welds for 60.5 in Nozzle to Shell Joints.

CALCIILATIONS:
(SEE ATTACHED)

CONCLUSIONS:
For the bounding case flange (104.5 in) the required partial penetration
weld is l/8 in and the required fillet weld is3l16 (2 in every 6 in).

NOTES:
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH,MA

ENGINEERING
CAICULATIONS

NO: V049-1-022
PAGE 1 OF 16

REV. DEO # DAFD BY: CHECK Beam Spiitter Chamber, FE Analysis of Lower Section
0 O , J 7 3 R4a-.'

z ul, r.

BY:  / (  t2  ( l r . t z t  o DEPT.:'744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:. To evaluate the lower section of the beam splitter chamber for vacuum pressure.

METIIOD: A frnite element analysis of the lower section shell, head and nozzles is perfonned.

ASSUMPTIONS:

INPUTS: LIGO project sketches and drawings.
Shell thickness = .5 in.
60 in. nozzle thickness : .5 in.
Head thickness = .375 in.

REFERENCES: 1. ASME Boiler & hessure Vessel Code, Section VIII, Div. I
2. IMAGES 3D, Version 3.0, R.L. Cloud & Associates
3 .  l a o .  i - .  v l o q 5 - t  - o 6 t  )  z . / . ' o  / / t a t - " '

(  2 t r t i t , a

F<; ,s  1 , - ,  f r4 )c : -ec .a  (  ?€ t ' "n

CALCULATIONS : (SEE ATTACI{ED)

CONCLUSIONS: Stresses are within the limitiof the ASME Code, Section VtrI. Div. I '

NOTES: Computer files are BMSPLII0, BMSPLIiI, and BMSPLI12.

!ILED:\FITEMILAIE$-CFORMS\ENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-023
PAGE I OF 19

REV. DEO # DATE BY: CHECK Beam Splitter Chamber - Design of 60 in.
Access Coverso 002, Rtlst- /ak_ EUY,

BY:2  ,D  ( z4  F -d DEPT-: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO:

PURPOSE:. To design the cover and nozzles for the 60 in. port in accordance with Section VIII,
Division I of the ASME Code.

METHOD: Equations for thickness and reinforcement requirements of the ASME Code, Section VIII,
Division 1, are evaluated using the COMPRESS computer prograrn, Version 5.31.

ASSUMPTIONS:

INPUTS: Vacuum pressure = 14.7 psi
Design temperature : 400"F

REFERENCES: 1 . ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Division 1 .
.2. COMPRESS 531, Computer Aided Pressure Vessel Design, Codeware Computer Systems, Inc.
3 ,  D o e ,  / t .  r ' a y f  - / - o l a I t / t a  y ' ' t z u u - t  E 4 t . t , ^ , ,  l r a u t - , . , 4 , t c  D . z l  t a ; , , , /

( A- r 't- c- az- 1 '1-

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code, Section VIII. Division 1 , are met for the
cover and nozzles for the 60 in. port.

NOTES:

F[,ED:\FITEMPLATE\EN€f ORMSIENGCALC
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C0MPRESS 5.51 C:\C5\BSC6OA-VSL

BSC 60 in Port

ASME Section VIII Division 1- 1992 Edition. A93 Addeada

Dec- 19, 1995

Material specification:

External desip pressure:

F&D head
SA 24O 3ML HIGH

Pe: 14.7 psi@ 400

Outer: 0

new :2i12.9 corr :272.9
new : 88.89 corr: 88.89

PWHT is noi p€rformed

Radiography: Category A joints - Spot UW-11(b) type 1
Head to shell seam - Spot UW-llO) q/pe I

Corrosion allo*'ance: Inner C : 0

Estimated weight:
^^-^^ : f r , .raPar,rrJ.

deg F

in

I L

US ga

in (min)ID : 60.25 crown L : 60.25 }nuckle r : 3.75 t: .25

Straight flange : I forming allowance : 0 ln

MAP: (New & at 0 deg F) Appendix l-4{d) Eq 3

P = 2*S*E*I/(L*M + C.2t) - Ps
= 2*16700t.85*0.25t(ffi.25*r.752t + 0.2*0.25) - 0
: 67.2O225 psi

MAtrrP: (Corroded & at 0 deg E) Appendix l-4(d) Eq 3

P = 2*S*EarUO*M + 0.2*t) - Ps
= 2*16700*C.85*0.251(ffi.25*1.7521 + C.2*C.25) - 0
: 67.20225 psi

External Pre,ssure: (Corroded & at 4ffi deg F) UG-33(e)

A: .125l{Ro/t)
: .125/(6C.5/0.18787l'
= 0.000388

From table HA-3:

Pa= B/(Roit)
: 47 57 .7 t iffi .5/0. 1E787)
: 14.774 psi

Check the external pressuie per UG-33(aX1)

t : 1.67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))
: 1.67*14."t74*@.5*1,.7521 I (2*14700*1 + 1.67*14.77 4*(1.75214.2)j
: 0.088842 in

Design thickness for exteraal pressure Pa : 14-774 psi:

B - 4757.7

f?e,., O

Dcc- jJe ; ' / t r / f -  / -  d  ?3
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COMPR.ESS 5.51 C:\C5\BSC6OA.VSL

BSC 6O in Port

: t * C o r r o s i o n + f a
- - a . 1 8 7 8 7 + C + 0
: 0.18787 in

Maximum Allowable External Pressure: (Ccrroded @ 4{X} deg F}

A: .125(Rol$
: .1251(60.510.25\
- n twr<17

From table HA-3: B - 5004.1

Pa: Bi (Ro/t)
: 5@r.1/(60.5/0.25)
: 20.6781 psi

Check the Maximum External Pressuie: UG-33(aX1) & App. 14(d)

Pe: 2*S*E*t/((M*Lo - t*(M-0.2))*1.67)
: 2*14700*l*0.251 ((1.7521+@5 - 4.25*(1.7 5214.2))*1.67)
- 41.67247 psi

The rnaximum allowable external pressure is 20.6781 psi.

Dec. 19, 1995

fk't 0

Dae /J" /dq9-r-o23
Page r o; /9



I opening nl Reinforcenert Calculations Per UG-37

Located on:
Local vessel thickness:
Liquid static head included:
Flange description:
ANSI 816.47 flange rating MAP:
ANSI 816.47 flange rating MAWP:

Nozzle material specification:

Nozde orientation:
End of nozzle to datum line:
Nozzle calculated as hillside:
Projection outside vessel Lpr:

COMPRESS 5.5I C:\C5\BSC60A-VSL

Cetrter Nozz le nl

Dec. 19, 1995

?et C

Dao_  l ) a ,  y ' aw9 - r ' -D / J -

Page 4 c' '  '2

BSC 60 in Port
.25 in
0 psi
8 inch 75# SC A?403G4L
115 psi
115 psi

SA 240 3O4L HIGH

0 degrees
14.53 in
no
2.996ln

tn ->

twt-> 
[,

< - d - >

-*,

cor ros ion  a l low =
noz thick new tn=
nozzle id, new d=
fi  I  let weld tw1 =
groove weld tw2 =

. 25  i n
7 . 5  i n
. 2 5  i n
. I875 in

<- R ->l To head center R= 0 in

Reinforcement Calculations For Nozzle MAWP

Limits of reiaforcement UG-40

Parallel to the vessel wall d : 7.5 ia
Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Nororl to the vessel wall inside 2.5*(tn-Cn-C) = .625 n

Nozde required thickness

trn : PxRn/(Sn*E - 0.6*P)
= 0*3.75l(167fl)*1 - 0.6*0)

Required thickness tr from UG-37(aXl)

tr= P*L*M/(2*S*E - 0.2*P)
: O*60.25*11(2*16700*l - 0.2*0)
: 0 i n

Area required

Allowable stresses: Sn : 16700, Sv : 167ff), psi

frl : lesser of I or Sn/Sv so fr1 : I



COMPRESS 5.51

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

A: d*tr*F + 2*tn+tr*F*(l - frl)
:7.5*0"1 + 2*0.25*0*1*(1 -1)
: 0 l n ^ 2

Area available

A1 : larger of the following

C:\C5\BSC60A.vSL

Center Nozzle nl

: 1.875 in^Z

= d*(E1 t_F*tr) _ 2*rr*(E1*t_F*rr)*(1_fr 1)
: 7.5*(1*0.25_ 1*0) - 2*0.25*(1 *0.25_1*0)x(l_1)
: 1.875 in^2

Wall thickness per UG45(a):
Wall thickness per UG-45(bX1):
Wall thickness per UG-16(b):
Std pipe wall per UG-a5@)(a):

: 0.313 in^2

t r l : O i n ( E : 1 )
t r 2 : 0 i n
tr3 : 0.0625 in
tr4 : C.28175 in

: 2*(t+tn)*(El*t-F*tr) - 2xtn*(E1*t-F*tr)*(1-fr1)
: 2*(0.25 +0.25)*(l*0.25-l*0) - 2*0.25*(7*0.25-l*0)*(1-1)
-- .25 n^2

A2 : smaller of the followins

- 5*(tn - tn)*fr2*t
: 5*(0.25 - 0)x1*6.tt
: .313 in^2

: 5*(tn - tm)*fr2*tn
: 5*(0.25 - 0)*1*0.25
: .313 in^Z

A41 : l*E^Zxfr2
: 0.25^2*t : .M3 n^2

Area: A1 + A2 + A41
: 1.875 + 0.313 -r-0.063
_  a  t < l  : - ^ . t

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

Check the welds - From lIW-16(dI:

trria : lesser of 0.75 or tr or t, tmin : 0.25 in
tl or €(min) : lesser of 0-25 or Q.J*tmin, tl(min) : 0.175 in
tl(actual) : 0.?"Irg : 0.7t.25 : 0,175 in
t2(actual) : 0.1875 in
tl + t2 -- 0.3625 > : 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Neck Thickness Check

Dec. 19, 1995

'?s n, D
l /  a . / 9 -

Page 7
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aE /5
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COMPRESS 5.51 C:\C5\BSC60A.vSL

Center Nozzle nl

tr5 : 0.C625 in
t6 -- 4.M25 n

Dec. 19, 1995

/ ( tJ  U

D o e .  A ) o  t / o ' / , '  / - o " ?

The Feater of tr2 or tr3:
The lesser of tr4 or tr5:

Req'd per UG-45 is the larger of tr1 or tr6 : 0.0625 in

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickness is adequate for MAWP.

Allowable strcsses in joints UG-45(c) and Ltw-ls(c)

Groove weld in tension = 0J4*L67C0 : 12358 psi
Nozzle wall in shear : 0.7*16'IM : 11690 psi
Inner fillet weld in shear : 0.49*16700 : 8183 psi

Strengti of welded joints:

(l) Inner fillet weld in shcar
(ei/2;*Nozzle o. D. *Leg*Si : 1. 57x(8*C.25 * 8183 : 2569a.62 lbf

(3) Nozzle wall in shear
(pi/2)"lrtean nozzle dia.*m*sn - L.57*7 .75*0.25*1 1690 : 35559.52 lbf

(4) Groove weld in tension
(Pi/2)*Nozzle O-D.xtw*Sg : 1.57*8*0.1875*12358 : 29103-09 lbf

Loading on welds per UG-4l(bXl)

W : (A - (d - 2*tn)*(El*t - F*tr;;*Sn
: (0 - (7.5 - 2*0.25)*(1*0.25 - 1*0))*16700
:-29225lbf

W1-1 : (A2 + A5 + A4l + A42)*Sv
: (0.313 + 0 + 0.063 + 0)*16700
-- 6279.21bf

w2-2: (A2 + A.3 + A41 + A43 * 2*tn+t*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0-25*0.25*1)*16700
: 8366.7lbf

L,oad for Darh l-1 lesser of W or Wl-l : -29225 lbf
Path 1-1 ttrru ttl & (3) = 25694.62 + 35559.52 : 6l254.l4lbf
Path l-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for Darh 2-2 lesser of W or w2-2 :-29225 lbf
Path2-2 ihnt (l), @\ = 25694.62 + 29103,09 : 54797.'�7|lbf
Path2-2 is stonger than W so it is acceptable per UGal(bX2).

Reinforcement C-alculations for Extcrnal Pressnre

O Limits of reinforcement uG-40

Parallel to the vessel wall d = 7.5 in
Page r ac / f



Normal to the vessel wall outside 2.5*(tn-Cn) + te : .625 in
Normal to *"he vessel wall inside 2-5*(tn-Cn-C) -- .625 n

CCMPRESS 5.51

Nozzle required thickness

LlDo -- 2.99618 : .3745
From table G:
From table HA-3:

Pa:4*B/(3*Do/t)
: 4*48t4.3 I (3*8/0.01 84)
: 14.7639 psi

C:\C5\BSC6OA-vSL

Center Nozzle nl

Do/t : 8/0.0184 : 434.7826
A :0.000415

B :4814.3

:0.289 in^Z

Dec- 19, 1995

?"" o
/ r j y ' 7 - / - O 1 3

Ptge 9 a"

Nozzle required thickness frn : .0184 in

Required thickaess tr fron UG-37{$(1L: .1879 in

Area required

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

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

A :Q.5*(d*tr*F + 2*tn*tr*F*(l -fr1))
: 0.5*(7.5*0.lg7g'.1 + 2*0.25*0.1879*1*(1 - 1)
: .7M6tn^2

Area available

Al -- larger of the following : .466n^2

: d*(El *t-F*tr) - 2*u1*(E1*t-F*rr)*(1-fr1)
: 7. 5*( 1 *0.25- I *0. I 879) - 2*g.2Jx (7*0.25- I *0. 1 879)x( 1 - 1 )
: .466 n^2

: 2*(t Ftl)*(El *t-F*rr) - 2*tn*(El *t-F*rr)*( l-frl) - _
: 2*i0.25'+0-25)*(1*d.25-l*0. i879) - 2*O.25*(l*0.25-1 *0. 1879)*(1-1)
: .062 n'2

A2 : smaller of the following

: 5+(tn - trn)*fr2t
= 5*(0.25 - 0.0184)*1*0.25
: .289 in^Z

= 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0.0184)*1x0.25
-- .289 n^2

A4L :1-eg^2*ft2
: 0.25^2*L : .M3 n"2

/?



CoMPRESS 5.51 C:\C5\BSCfi)A.VSL

Center Nozzle nl

A r e a = A l + A 2 + A 4 1
= 0.466 + 0.289 +-0.053
- .818 in^2

As Area > A the reinforcement is adequate for Pe = 14.7 at.t00 Deg F

UG-45 Nozzle Neck Thickne.ss Check

t1 : 0.0184 in (E : l)
12 : 0.0528 in
tr3 : 0.0625 in
tr4 : 0.28175 in
h5 = 0.0625 in
ffi : 0.0625 in

Dec. 19, 1995

/(8,/ U

Dur. ./ i, l/o / 2-/ - o2?

PaEe /e ' '= t9

Wall thickness per UG-45(a):
Wall thickness per UG-a5@)(2):
Wall thickness per UG-16(b):
Std pipe wall per UG-as@Xa):
The greater of tr2 or tr3:
The lesser of tr4 or f5:

Req'd per UG-45 is the larger of trl or ffi : 0.0625 itr

Available nozzle wall thickness new, tn : 0.25 in

The nozzle neck thickoess is adequate fm Pe.



COMPRESS 5.51

Aoolied Loads

Radial load
Circumferential moment
Circumferendal shear
Longitudinal moment
I-ongirudinal shear
Torsion moment
Internal pressure

C:\C5\BSC60A.vSL

Center Nozzle nl

Dec. 19, 1995

Fta  D

2a,. Nc , r/ a '/9 - t- azt

Page t/ o'' /,

Pr : 649.4 lbf
M1 :0lbf-ft
v2 : 0lbf
M2 :0lbf-ft
Vl : Olbf
Mt : 0lbf-ft
P :  0 p s i

Stresses at the nozzle QD pcr WRC bulletin 107 ( psi)

Mean dish radius Rm : 50.375 in
U: ro lSqr (Rm*t ) :1 .03

Stress concentration factor Kn (tension) : 1
Stress concenfration factor Kb (bending) : 1

Pressue stress intensity factor, Farr equation 11.7

r: 1 + {rlx)^2
: | + (3.7514.25)^2
: 1.779

l,ocal pressure sEess : I*P*RfiL/zt : 0 psi

Maximum combined stress : -2802 psi
Allowable combined stress = *-3*S : +- 501C0 psi

The maximum combined stress is within allowable limits.

Maximum prinary membmne stress :-670 psi ,
Allowabb |rimary membratre stress : +-1:5*S : +- 25050 psi

The maxrmum primary membrane stress is within allowable limits.



COMPRESS 5-51

From I  Value
I  r Y - read

C:\C5\BSC60A-VSL

Center Nozzle nl

Dec- 19, 1995

Cu

sR-2* l  0 .c645
sR-2 |  0 .0342
sR-3* l  0 .0750
sR-3  I  0 . 0711
sR-3* |  0.0750
sR-3 |  0 .0711
pressure stress*

Total 0x stress
Primary membrane
0x stress*

pressure stress*

-670 -670
2132 -21,3?

-?802

c',  d

-670
-213?

146?

-670 -67C

-670
-?132

c' t  i

?132
-670
2L32

c- f  6

,2132
- 670
2132

-7502

-670 -670

1 ^ C t

-670

-2802 1462

-67A -670

-208
-64?

t no

642
t na

-64?
-2C8
642

-208
-642

- 208
642

-208 -208
642 -642sR-2*  |  0 .0200

sR-z I  0.0103
sR-3* l  0 .4?26
sR-3 |  0 .0214
sR-3* l  0 .0?26
sR-3 |  0 .0214

Total 0y stress
Primary membrane
0y stress*

-850

-208

434

-208

-850

- 208

434

-208

-850

-208

434

-208

434

-208

tors ion moment l'lt
Shear from Vl
Shear from V2

Total Shear stress

Combined stress -2802 t462 -280? 1462 -2802 1462 -?802 t462

r?,: , '  o

/ ?Y f  -  t  - i ?3

Pzge tz o'-- /2
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Opening a5 Reinforcement Calculations Per UG-37

COMPRESS 5.5I

I-ocated on:
Local vessel thickness:

< - d - >

lw?

C:\C5\BSC6CA-\'SL

Nozzle a5

BSC 60 in Port
.25 in

Dec. 19, 1995

2 , 2 ,  O

?"c Ao /a / , - / -42?

Page tz DE ./,

Liquid static head included: 0 psi
Flfnge description: 8 nch75# WN A240304L
ANSI 816.47 flange rating MAP: l15 psi
ANSI 816.47 flange rating MAWP: ll5 psi

Nozzle material specifi cation : SA 240 3O4L HIGH

Nozzle orientation: 330 degrees
End of nozzle to danrm line: 13.'16 n
Nozzle calculated as hillside: no
Projection outside vessel Lpr: 4.173 in

tn -> l<-
c o r r o s i o n a l l o $ J = 0 i n
noz thick new tn= ,25 in
nozzle id. net. ' ,  d= 7.5 in
f i l l e t  we ld  tw l  =  .25  in
groove weld twz = .1875 in

twt-> 
l,

<- R ->l To head center R= 15.75 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to tle vessel wall d : 7.5 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 rtr

Nozzle required thickness

tn:P*Rn/(Sn*E-0.6*P)
: O*3jl5l(167F*l - 0.6*0)
=  0 i n

Required thickness rr from UG-37(aXl)

fi: P*L*N{/(2*S*E - 0.2r.P)
: 0*@.25*11(2*16700{,1 - 0.2*0)
: 0 i a

Area reouired

Allowable stresses: Sn : 167@, Sv : 16700, Psi

frl : lesser of 1 or Sn/Sv so frl :1



CoMPRESS 5-51

fO : lesser of I or Sn/Sv so fr2 : 1

A : d*t*F + 2*tn*tr*F*(l _ frl)
:7.5*0*1 + 2*0.25*0*l*(i - 1)
:  On"2

Area avaihble

Al : larger of the following

42 : smaller of the follo$ins

: 5*(tt - trn)*fr2*t
: 5'F(0.25 - 0)x1xg.tt
: .313 n^2

: 5*(m - trn)*fr2*tn
-  <* /n . )<  n \ * t *n  1<- J V l v . L J - w t t v . L J

: .31,3 n"2

C:\C5\BSC60A.VSL

Nozzle n5

: 1.875 n^2

: 0.313 in^2

Dec- 19, 1995

= d*(El *t-F*tr) - 2*ttr*(E1*t-F*tr)*(1-fr 1)
: 7.5"(1 *0.25-1 *0) - 2*0.25*(1 *{.25- l*0)*(1- 1)
-- 1.875 i^^2

: 2*(t + tn)*(El*t_F*tr) _ 2*tni.(El *t_F*rr)*(l_fr1)
: 2 (0.25 + 0.25)*(l *0. 25- 1 *0) - 2xg. 25x( I *0.25- I *{)*( 1 - 1 )
= -25 ir,^2

A4l -- l-eg^2*fr?
: 0-25^2*L: .063 in"2

Area: Al + A2 + A41
: 1.875 + 0.313 + 0.063
:2.251 in^2

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

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

in : l65ssx of 0.75 or tn or t, tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or 0.7*unin, t1(lnin) : 0.175 in
tl(actual) :o.1*Lf,g: 0.7*0.25 : 0.175 in
t2(actual) : 0.1875 in
tl + t2 : 0.3625 >: 1.25*tmin

The weld sizes for t1 and t2 are satisfirtory.

UG-45 Nozzle Neck Thickness Check

t r l  : 0 i n ( E :  l )
t r 2 : 0 i n
tr3 : 0.0625 in
tr4 : 0.28175 in

,7;t 0
l l a , / 9 - / ' a z j

Pa;ge /V an /9

Wall thickness per UG-45(a):
Wall thictness per UGa5O)(1):
Wall thickness per UG-16(b):
Std prpe wall per UG-45@)(a):

D a t .  \ ) t



COMPRESS 5.5I

The greater of tr2 or tr3:
The lesser of ff4 or tr5:

C:\C5\BSC6OA.VSL

Nozzle n5

tr5 : 0.0625 in
ffi : 0.0625 in

Dec. 19, 1995

/ . ; r  U

D o ,  P a  t / a ' / ? - / - 0 2 2
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Req'd per UG-45 is the larger of tr1 or tr6 : 0.0625 in

Available nozzle wall thiclness new, tn : 0.25 itr

The nozzle neck thick ess is adequate fm MAWP.

Allowable stresses ir joints UG-45(c) and tlW-l5(c)

Groove weld in tensron : 0.74*16700 - 12358 psi
Nozzle wall in shear : 0.7*16700 = 11690 psi
Inner fillet weld in shear : 0-49*16700 : 8183 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozde O. D. *Leg*Si : 1 . 57"8*0.25 *8 183 : 25694.62 lbf

(3) Nozzle wall ia shear
(Pi/2)*Mean nozzle dia.*tn"Sn - 1.57*7 .75*0.25*1 1690 : 35559.52 lbf

(4) Groove \r'eld in teosion
1Pil2;*ltozde O.D.*tw*Sg : 1.57*8*0.1875*12358 : 291C3.09 lbf

Iaading on welds per UG-41OXI)

W : (A - (d - 2i.trr)*(El*t - F*rr))*Sv
= (0 - (7.5 - 2*0.25)*(l*C.25 - 1*0))*16700
=-29225lbf

Wl-l : (A2 + A5 + A4l + A42)*Sv
= (0.313 + 0 + 0.063 + 0)*16700
= 6279.21bt

w2-2: (A2 + A3 + A41 + A43 + 2*tn*t*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*l)*16700
: 8366.7 lbf

I-oad for Dath 1-l lesser of W or Wl-l :-29225 lbt
Path 1-1 tnru (tl & (3) : 25694.62 + 35559.52 : 6l254.l4rbf
Pa.,n 1-1 is ssonger than W so it is acceptable per UG-alO)@).

Load for path 2-2 lesser of W or'W2-2 :-29225 lbt
Path2-2 ihru (1), @ :2569a.62 + 29lO3.W : 5a797.71 lbf
parh 2-2 is strorger thao W so it is accepable per UG-4IOX2).

Reiaforcement Calculations for External Pressure

Limits of reiaforcement UG-40

Parallel to the vessel wall d : 7.5 in



COMPRESS 5.51 C:\C5\BSC60A-VSL

Nozzle n5

Normal to the vessel wall outside 2.5*(h-Cn) + te : .525 ,n
Normal to the vessel wall inside 2.5*(tr-Cn-C) : .625 n

Dec. 19, 1995

Nozzle reqlired thickness

L/Do : 4.17318 -- .5216
From table G:
From table HA-3:

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

Doli = 810-02022 : 395.6a79
A :0.000332

B : 4394.8

: 4*4394.8 | $*A A.A2A?2\
: 14.8105 psi

Nozzle required thickness trn : .02022 n

Required thickness tr from UG-37(il(1) : .1879 in

Area required

Allon'able sresses: Sn : 14700, Sv : 14700, psi

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

4: g.J*(d*tr*F + 2*tn1.tr*F*(1 -frI))
- 0.5*(7.5*0.1879*l + 2*0.25x0.1879*1*(1 - 1))
: .7046 in^2

Area available

Al : larger of the following = .t+66 n^2

: di.(E1*t-F*tr) - 2+tn*(E1 *t-F*tr)*(1-ft 1)
: 7. 5*( 1 *0.25- 1 *0. I 879) - 2xg./5* (1*A.25- I *0. I 879) *(1 - I )
: . 466n^2

?; r  a
D a t  N a  / | d r - ) - A 2 ?

PaEe 16 DE / ,

: 2*(t + tn)*(El*t-F*rr) - 2xtn'{.(El *t-F4'tr)*(l-frl)
: 2*(0.25 +0.25)*(1*{.25-1*0. 1879) - 2'0.25*(7*0.25- l*0. 1879)*(1-1)
= .M2n^2

A2 : smaller of the following

: 5*(tn - trn)*fr2*t
: 5*(0.25 - 0.02022)*1*0.25
: .287 n"2

: 5x(tn - tflr)*fr2*tn
: 5*(0.25 - 0.02022)*1*0.25
: .287 n^2

A41 = I-ns.^Z*fr2
: O.25x2*7 = .053 in^2

: A.287 n^2
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Nozzle n5

A r e a : A l + A 2 + A 4 l
: 0 . 4 6 6 + 0 . 2 8 7 + 0 . 0 5 3
: .816 in^2

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

UG-45 Nozzle Neck Thickness Check

Wall thic*ness per UG-45(a):
Wall thickness per Uca5@)(2):
Wall thickness per UG-16(b):
Std prpe wall per Uc-as@)(a):
The greater of b2 or tr3:
The lesser of tr4 or t5:

trI: C.O2M2 in (E : 1)
tr2 : C.0528 in
tr3 : 0.0625 in
tr4 : 0.28175 in
h5 = 0.0625 in
tr6 : 0.0625 in

Dec. 19, 1995

R,t O
Doe  No  r ' a r9 -  r - c?3

Page  1z  oE  /3

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

Available nozzle wall thickness new, fi : 0.25 in

The nozzle neck thickness is adequate fm Pe.
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Nozzle n5

Applied l-oads

Radial load
Circumferential moment
Circumferential shear
I-ongihdinal moment
Longitudinal shear
Torsion moment
Internal pressure

Stresses at the nozde OD oer WRC bulletia 107 ( psi)

Mean dish radius Rm : 60.375 in
U: ro /Sqr (Rm*t ) :1 .03

Stress corcentration factor Kn (tension) : I
Stess concentration factor Kb (bendiry) : 1

Pressure stess intensity factor, Farr equation 11.7

l - l + ( r l x ) 2
: t + Q.75t4.25)^2
: 1.779

Local pressure stress : I*P*Rm/2n : 0 psi

Maximum combined stess =-2802 psi
Allowable combined stress = + -3*S = I- 501@psi

The maximum combined stress is within allowable limits.

Maximum primary membrane sness :-6?0 psi
Allowable ininary membrane stress : +-1:5*S : +- 25050 psi

The maximum primary membrane stress is \flithin allowable limits.

Pr = 6a9.4 tbf
M1 :0lbf-ft
\2 : 0lbf
M2 :0 tbf-ft
Vl : Olbf
Mt - 0 tbf-ft
P = 0ps i

Dec. 19, 1995

?- ;-t
, / \ 'z u C/

, U c  y ' c r /  1 - x 2 ?
Pa:ge // or- t9

P, ,



COMPRESS 5.51 C:\C5\BSC60A.VSL

Nozzle n5

Dec. 19, 1995

From
E i ^|  ' v .

Value
read DIDul ' lD ll i

sR-2* l  0 .0645
sR-2 |  0.0342
sR-3*  |  C.0750
sR-3  |  0 . 0711
sR-3* |  0.0750
sR-3 I  0 .071I
Dressure stress*

c',  i

a 1 ' t ,
-67C

-2 t32
-670

-2L32
- b l u

2132
-670
2132

-670 -670
2132 -2L3?

E7n

2132

Total 0x stress
Primary membrane
0x sti"ess*

t462 -2842

-67C -670

1462 -280?

-57C -670

-2802

- 670

1462

a't n

-2802

-670

1462

-670

SR- 2*
sR-2
sR-3*
sR-3
SR-3*
SR-3

0 .0200
0 .0103
0.0226
0 .0214
a.02?6
0 .0214

pressurestress*

-208
C,A'>

- 208
642

- zCB -208
642

- 208
-642

- 208
a i t

- 208
-642

t no

642.

Total 0y stress
Prinary membrane
0y stress*

-850

-208

434

- 208

-850

-2C8

434

-208

-850

- 208

434

2no

o E n

- 208

434

- 208

toi"s i on moffent Mt
Shear from Vl
Shear from V2

Total Shear stress

Conbined stress

y ' a
? " u

v f - t - O
Page /9

z 3
? E  / )



PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH,MA PAGE 1 OF 35

Beam Splitter Chamber - Design of Support

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:. To design BSC support structure to meet requirements of AISC Code for
unbalanced vacuum loads.

METHOD: A stifftress analysis of the fiame is perforrned using the IMAGES prograrn.

INPUTS: 1. LIGO project design sketches & drawings.
2. Vacuum pressure = 14.7 psi.
3. Seismic acceleration: .05625 s.
4. Forces from V049-l-032

REFERENCES: 1. AISC Code, Ninth Edition, Allowable Stress Design.
2. ASCE 7-88, Minimum Design Loads .r, t/ o (i- / -o ( 6 ,
3. IMAGES 3D, version 3.0, R.L. cloud & Associates 

64o'r JrzL J);"
/ / d .t ,/..tc .

Dt-r .  4 ra.r4,z ' ,1

4. Calc.No. V049-1-032

CALCULATIONS : (SEE ATTACIIED)

CONCLUSIONS: Support legs and other frame members meet the AISC Code.

Revision No. 0
Doc. No. V049-1424
Pase I of 35

NOTES: Computerfile isBSCSUPP. *-
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PROCESS ENGINEERINc INC. S/N:802506A
PAGE T1 Run ]D=

v J / z t / > o
L 6  : 5 4  : 5 7

My Mz
I -  l jenol .ng z-Beno1ng
Y-Bending Z-Bending

Maximum Minimum

= Copy r igh t  ( c )  1984-1993 . RlcA/Celest iaf  Software =

SOLVE BEAM LOADS/STRESSES

ts l- Iename =B!jC.S UPP

v e r s a o n  l .  u L 2 / 3 L / 9 3

Tit le =Beam Spl i t ter Chamber Support  Structure

LOad Case ]-:MAXIMUM TINBALANCED ],OADS COMBINED WITH DEAD WT + EQ(.056G)

BEAM LOADS AND/OR STRESSES

cl-,oads Node Fx
Lloads Node axial
Stress Node Axiaf

Cornerl

Y -  Snear
Y -Snear

Cotner2

Fz
Z - Shear
Z -  Shear
Corner3

Mx
Torsion
Tors ion
Corner4

GI-.,oads

LLoads
St ress

Stres s

GLoads
I-.,L,oads
LLoads
Stres s

Stres s

cL,oads

LLoads
LLoads
St ress

Stres s

GLoads
GLoads
I-.,l,oads
I-.,I-,oads
Stres s

* * *BEAI{
-  . 3 5 0 4 E + 0 4  -

. 3 5 0 4 E + 0 4

.  2 3  9 5 8 + 0  5
- . 2 3 9 5 E + 0 5  -

.  3 Z U  t E ; + U +

.  63258+O4

. 3 2 0 1 E + 0 4

. 1 2 4 5 8 + 0 5
* * *BEAI{

- . 2 1 9 8 E + 0 3  -
. 2 1 9 8 E + 0 3
. I - L Y 5 E + U 5

-  . 1 1 - 9 3 8 + 0 5  -
. 1 5 9 4 E + 0 4

- . 1 5 3 3 E + 0 4
. 1 5 9 4 E + 0 4
- 823 6E+O 4

* * * BEj\lr{
. 3 5 0 4 E + 0 5

-  . 3 5 0 4 8 + 0 5  -
- . 5 8 8 6 E + 0 4

. 5 8 8 5 E + 0 4  -
-  -  , / o l ] o l 1 - f  u . '

-  . 28708+04  -
- . 7 8 5 6 E + 0 3
- -3727E,+04 -

* * *BEAIVI
-  2 0 2 5 E + 0 5  -

-  . 2 0 2 5 E + 0 5
-  . 3 2 1 5 8 + 0 4

. 3 2 1 5 E + 0 4  -
-  . 4297E+O3
-  . 1 2 3 8 E + 0 5
- .  42978+ 03
- . 3 3 0 4 E + 0 4  -

N O .
. 1 5 4 7 E + 0 5
. 1 5 4 7 E + 0 5
.207  2E+04
. 2 0 7  2 E +  Q 4
.27  698+  03
. 5 3 5 0 8 + 0 4
.27  698+O3
. 1 0 5 0 E + 0 5

N O .
. 6 7 0 6 8 + 0 4
. 5 7 0 5 8 + 0 4
.24448+0  4
.24448+O4
. 3 2 6 5 E + 0 3
. 1 7 8 9 E + 0 4
. 3 2 5 5 8 + 0 3
. 8 2 3 6 E + 0 4

NO.
.257  4E+O4
.257  4E+O4
.224  6E+0  4
.224  5E+O4
. 3 0 0 2 E + 0 3
. 5 > Z  I  L + V +

. 3 0 0 2 E + 0 3

. 5 8 4 1 8 + 0 4
N O .

. 9 445E+O4

.94458+04

. 1 5 5 7 E + 0 5

. 1 6 5 7 E + 0 5
- 22158+Q4
. 1 0 1 5 E + 0 5
.22158+ 04
.  33  048+  04

1 * * *
.  1 3  9 3 8 + 0  5

-  . 2 7 8 5 E + 0 5
. 4 8 0 3 E - 1 1

- . 4 8 0 3 E - l _ 1

'  .  a > z 5 E  + u 1
- .  /  u o + ! l -  _ L 5
-  . 1 2 0 5 E + 0 5

2 * * *
. 4 8 0 5 8 + 0 5

-  . 4 4 Z . t ! J + V O

. 0 0 0 0 8 + 0 0

. 0 0 0 0 E + 0 0

. 0 0 0 0 8 + 0 0

. 1 5 5 8 E + 0 4

. 0 0 0 0 8 + 0 0
- . 8 2 1 1 - E + 0 4

3 * * *
-  ,  z 5 L  t E , + U >

. 4 6 3 3 E + 0 5

. 9 7 7 0 E - 1 3
- . >  r  I  v I 5 -  1 3
- , L + 5 t L - L 4

-  . 1 1 5 7 E + 0 4
- . L + 5  t E - 1 4
- . 3 0 0 6 E + O 3

4 * * *
-  .  J U J 5 f , + U e '

. 5 7 9 0 8 + 0 5

. 0 0 0 0 8 + 0 0

. 0 0 0 0 8 + 0 0

. 0 0 0 0 8 + 0 0

. 1 0 0 5 E + 0 5

. 0 0 0 0 E + 0 0

. 97 7 OE+03

. 4 8 0 3 8 - 1 1
- . 4 8 0 3 E - l - 1

. 1 8 5 5 8 + 0 5
-  . 3 7 3 0 E + 0 5

. 4 8 7 6 E + 0 3

. 5 3 2 5 E + 0 4

. 97 528+ 03

. l - 2 4 5 E + 0 5

. 0 0 0 0 8 + 0 0

. 0 0 0 0 E + 0 0
- .  b J 5 J E ; + U ]

. 0 0 0 0 E + 0 0
- . 1 6 6 1 - E + 0 4

. 1 7 8 9 E + 0 4

. 0 0 0 0 E + 0 0

. 8 2 3 6 E + 0 4

.977  0E-L3
- . 9 7 7 0 E - 1 3

.20228+05
-  . 4 0 4 3 E + 0 5

. 5 2 8 5 8 + 0 3
- . 1 0 0 1 8 + 0 3

. 1 0 5 7 E + 0 4

. 1 8 1 - 3 E + 0 4

- . 1 5 5 5 E + 0 5
.  J J - L J t s ; + U b

- . 2 1 - 5 6 E + O 6
.  4 3 r 2 E + 0  6
-  f  b . 5 b l l ; + u +

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

- . 1 2 0 5 E + 0 5

. 4 1 - 8 0 8 + 0 5

.22248+O6
-  . 4 4 1 5 E + 0 4

. 3 1 - 4 5 E + 0 6

. 1 1 - 5 4 8 + 0 3
- .L754E+04

.8223F.+0 4
- . 8 2 L 1 E + 0 4

-  . 5 1 7 5 E + 0 5
.  103  5E+0  6
. 5 2 9 8 E + 0 5

- .  - L U b U t s ; + U b
-  . 1 3 8 5 8 + 0 4
-  .39278+04
- . 2 7 7 0 8 + 0 4
- . 5 8 4 1 E + 0 4

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

l - 5  -  . 3 5 0 4 E + 0 4
2  . 3 5 0 4 E + 0 4

1 5  . 2 0 1 4 E + 0 3
-  .4947E+04

2  .?0 !4E '+03
-  .  1 0 1 0  E +  0  5

2  -  . 1 0 1 6 E + 0 5

z  - . z t J o E + u 3

3  . 2 1 - 9 8 E + 0 3
2  . I 2 5 3 E + O 2

- . ! 7 6 4 8 + 0 4
3 .7263E'+02

- , 8 2 1 - 1 E + 0 4

r l  - . )  / ! _ L t 1 + u 4

5  . 5 7 5 1 E + 0 4
I 7  . 3 5 0 4 E + 0 5

5  -  . 3 5 0 4 E + 0 5
17  - .2014E+04

-  .  - L U U I E + U J

5  -  . 2 0 1 4 E + 0 4
. t -81-3E+04

5  -  . 1 3 9 9 E + 0 5
b  .  - 15  v  v I ,+u  5

5  . 2 0 2 5 E + 0 5
6  -  . 2 0 2 5 E + 0 5
5  - . l - 1 6 4 E + 0 4

-  .  L Z +  I  E + U 5
6  -  . 1 1 5 4 E + 0 4

. 9 7 7 0 E + 0 3

. 0 0 0 0 E + 0 0  . 3 0 5 9 E + 0 5

. 0 0 0 0 E + 0 0  . 5 7 9 0 8 + 0 5
-  . 4 3 0 9 8 + 0 6  -  . l - 7 1 - 5 E + 0 4

. 0 0 0 0 8 + 0 0  -  . 8 l - 8 8 E + 0 5
- , 1 l - 2 7 E + 0 5  . 4 4 8 4 8 + 0 2

. 1 0 1 5 E + 0 5  -  . a 2 4 7 E + 0 5

.0000E+00  -  . 27478+04

. 9 7 7 0 E + 0 3  -  . 3 3 0 4 E + 0 4
Revision No. 0
Doc. No. V049-1424
Pape 19 of 35
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I M A c E S _ 3 D = = = = = = = = =
=  Copy r igh t  ( c )  1984- l -993 .  RLCA/Ce les t i a l  So f tware  =

fnteractive MicrocompuLer Anafysis & Graphics of Engineering Systems

IMAGES.3D

Fi lename =BSCSUPP

vers . ron  J .  u

NOT]CE

Any queslions or comments concerning the use
of IMAGES-3D or the users manuaf shouLd
be addressed Eo:

RLCA/Celest ia l-  Sof tware
z r 5 u sinat tucj< Ave -

S L I A T E  I Z U U
Parleo i  or, '  r-A

9 4 7  O 4

s ] -o -843-0977

a2 /3 t / e3

RUN ID=XX111-I-1

Rl-.,CA/Celestial Software assumes no responsi-
h i ' l  i  t r . '  f n r  l -  h a  r z =  l  i  r l i  t r r

,  * v v + 4 s v - t ,  v !

a n n l  i r - a b i  l  i f w  o f  t h e  r e s u l t s  o b t a i n e d  f r o m
_L lvlAlJta D - .fu.

Revisiotr No. 0
Doc. No. V049-1424
Pase 8of35



PROCESS ENGINEERING INC. S/N:8 025 0 5A
PAGE 1 RUN ID=XX11111

0 3  / 2 t /  9 6
l o  i  a z  i  3  |

=  Copy r igh t  ( c )  1984-1 -993 . RLCA/Celest ia l  Software =

CHECK GEOMETRY Vers ion  3 .0  ) . 2 /3 t /93

!  A l . ename=BSCSUYP

TiEl-e =Beam Spl i t ter Chamber Support  Structure

AcceLera t i on  o f  c rav i t v  =  3 .854E+02

I ' ^ r a c  M r l l i -  i r i l  i c r  T . a n . r l -  h  M r r ' l  f  i n l  i a r  T o m n  M r r ' l t i n l  i o r
+  e r L r P  r  '  r * +  e + ! / + + v !

1 " . 0 0 0 0 E + 0 0  1 -  0 0 0 0 8 + 0 0  l - . 0 0 0 0 E + 0 0
(For database propert ies only)

MATERIAL PROPERTIES

Mat No. N

1
.)

3

STEE].,,
STEEL
STEEL

a'ft: Ex
Gxy

F a t

Gyz
E z
Gzx

nyz
ayz

nzx
azx

nxy
axy

Dens i ty

L  2  . 9 0 Q 8 + 0 7
1- . r2OE+07

2  2  .9Q0E+07
L .  a20E+07

3  2  . 9 0 0 8 + 0 7
1 . 1 2 0 E + 0 7

2 . 9 0 0 E + 0 7
1 . 1 2 0 E + 0 7
2 . 9 0 0 E + 0 7
1 . 1 2 0 8 + 0 7
2 . 9 0 0 E + 0 7
1 . 1 2 0 8 + 0 7

2 . 9 0 0 8 + 0 7
1 . 1 2 0 8 + 0 7
2 . 9 0 0 E + 0 7
L  . I ? O E + Q 7
2 . 9 0 0 E + 0 7
1 . 1 2 0 8 + 0 7

3 . 0 0 0 E - 0 1
5 . 5 0 0 E - 0 5
3 . 0 0 0 E - 0 1 -
6 . 5 0 0 E - 0 5
3 . 0 0 0 E - 0 1
5 . 5 0 0 8 - 0 6

3 . 0 0 0 E - 0 1 _
5 . 5 0 0 E - 0 5
3 . 0 0 0 E - 0 1
O . 5 U U E - U b

3 . 0 0 0 E - 0 1
6 , 5 0 0 8 - 0 5

3 . 0 0 0 8 - 0 1
b . 5 u u E - u o

3 . 0 0 0 E - 0 1
5 . 5 0 0 E - 0 5
3 . 0 0 0 E - 0 1
b . 5 U U E - U O

2 . 8 3 0 8 - 0 1

2  .  830E-  01 -

2  .  8 3 0 E -  0 L

BEAM CROSS

Dr^^ 1\T^

SECTlON PROPERTIES

N

I

4
5

w8x5 8
TB4X4X4
TB 8X4X8
TB 8X8X1O

P T .  x - s e c t l o n
No. Area

Moment of
r y /

Torsional
Const . - ,f

Shear Shape Fact .
SFy / SFz

Inert ia
I z IYz

1 . 7 1 0 E + 0 1
3 . 5 9 0 E + 0 0
1 . 0 0 0 E + 0 2
1 . 0 4 0 E + 0 1 -
1 . 7 4 0 E + 0 1

7 . 5 1 0 8 + 0 1
8 . 2 2 0 8 + 0 0
l - . 0 0 0 8 + 0 3
2 . 4 5 0 E + 0 1
1 . 5 3 0 E + 0 2

2  .28QE+Q2
8 . 2 2 0 E + 0 0
l - , 0 0 0 E + 0 3
7 . 5 1 - 0 E + 0 1
1 . 5 3 0 E + 0 2

3  . 3 4  0 E + 0 0
1  . 3 5 0 E + 0 1
2 . 0 0 0 8 + 0 3
5  . 4 1 0 E + 0 1
2 . 5 8 0 8 + 0 2

0  .  0 0 0 8 + 0 0  3  . 8 3 8 + 0 0  1 . 2 8 8 + 0 0
0  .  0 0 0 E + 0 0  1 - . 7 9 E + 0 0  1 . 7 9 E + 0 0
0 . 0 0 0 E + 0 0  0 . 0 0 8 + 0 0  0 . 0 0 E + 0 0
0 . 0 0 0 E + 0 0  l - . 3  0 E + 0 0  2 . 5 0 E + 0 0
0  . 0 0 0 8 + 0 0  1 . 7 4 8 + 0 0  1  .  7 4 E + 0  0
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