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REV. DEO # DATE BY: CHECK TITLE: LIGO Vacuum Equipment
Stnrcnral Design Criteriao 0 1 3 6 4t24t96 h2+ t' h^ ri,O

BY: R. D. Ciano 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 requirements for structural integrity.

as,sIJMgIISN& N/A

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

REFERENCES: SCeINPUTS

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 l, 1992 Edition through 1994 Addenda

Altemate Design code for vessels: ASME Boiler & pressure vessel code,
section VIII, Pressure vessels, Division 2, r992 Edition through 1994 Addenda

Intemal Vacuum = -14.2 psig

Positive Intemal Pressure = 2 psig for vacuum chambers. Speciar conditions for
80K cryopumps (see Doc. No. V049-I-050.

Mechanical Loads

r 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 ofthe system are vented. See Doc. No. V049_l_032.

Design Temperature = 400o F

Seismic Acceleration = .05625 c (ASCE 7-98) lateral only, single direcrion

Pressure Boundary Material : SA240, Type 304/304L stainress sreel for shelrs
and SA182, Grade F Type 304L for flange forging. Other specification numbers
and product forms of Type J04/304L may be used for miscellaneous pressure
parts. Flange Bolting Material = SAl93, Gr 87.

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

Type 304L
S = 14.7 ksi at 400o F for membrane stress
S = L5S = 22 ksi at 400" F for membrane + bending shess

Type 304
S = 16.2 ksi at 400. F for membrane stress
S = l.5S = 24.3 ksi at 400" F for membrane + bending stress

ldc.doc
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Basic Stess Limits (Section VIII, Div. 2):

Type 304L
Sm = 15.8 ksi at 400. F for primary Membrane Stress Intensity
L5Sm = 23.7 ksi at 400. F for primary Bending Sress Intensity
3Sm = 47.4 ksi at 4000 F for Secondary Membrane + Bending

Type 304
Sm: 18.7 ksi at 400. F for primary Membrane Stress Intensity
l.5Sm : 28.0 ksi at 4000 F for primary Bending Stress Intensity
3Sm = 56.I ksi at 400" F for Secondary Membrane + Bending

O-Ring Seal Material = Viton 0/4 in)

Maximum Dwometer:90
Compression Range - .059 in ro .0g0 in (21% to 29 %\
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: 436 shapes and plate, 4500 Gr B tube steel. See AISC
Code for allowable stresses.

sdc.doc
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REV. DEO # DATE BY: CHECK TITLE: LIGO Vacuum Equipment
Structural Desisn Criteria0 0 | ] 6 4/24t96 / 121 D l^ ttd

BY: R. D. Ciatto DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSF: Establish slructural design criteria for LIGO vacuum vessels and supports.

METHOD: Revieu' LIGO vacuum equipment specification and design codes
to delermine requirements for structural integrity.

ASSUMPTIONS: N/A

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

REFEMNCES: See INPUTS

CALCULATIONS : (SEE ATTACHED)

cONCLUSIONS: These LlGo vacuum equipmenr strucrural design criteria conform to
project and code requirements.

NOTFS:
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LIGO VACUUM EQUIPMENT
STRUCTURAL DESIGN CRJTERIA

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

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

Internal Vacuum = -14.7 psig

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

Mechanical Loads

Special conditions for

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

. 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-l-032.

Design Temperature = 400" F

Seismic Acceleration = .05625 G (ASCE 7-88) lareral only, single direction

Pressure Boundary Material = SA240, Type 304/304L 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 Bolring Material = SAl93, Gr 87.

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

Type 304L
s -
S =

Type 304
s =
s =

14.7 ksi at 400" F for membrane stress
I .5S = 22 ksi at 400'F for membrane + bending stess

16.2 ksi at 400o F for membrane stress
| .5S = 24.3 ksi at 400" F for membrane + bendinc stress

idc doc
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Basic Stress Limits (Secrion Vlll, Div. 2):

Type 304L
Sm = 15.8 ksi at 400" F for Primary Membrane Strcss Intensity
l.5Sm = 23.7 ksi at 4000 F for Primary Bending Strcss Intensiry
3Sm = 47.4 ksi at 400. F for Secondary Membrane + Bending

Type 304
Sm = 18.7 ksi at 400" F for Primary Membrane Stress lnlensity
t.5Sn = 28.0 ksi at 4000 F for Primary Bending Stress Inrensiry
3Sm = 56.1 ksi at 400" F for Secondary Membrane + Bending

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

Maximum Durometer = 90
Compression Range = .058 in to .080 in (21yo to 29 o/o)
Maximum Compression Force = 160 lb/in

Shipping Acceleration

Vertical Accel = lG
Horizonral Accel : .5G

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

Material for Supports: ,4.36 shapes and plate, 4,500 Gr B tube steel. See AISC
Code for allowable stresses.
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REV. DEO # DATE BY: CHECK TITLE'Jeam Splitter Chamber - Finite Element
Analysis of Upper Sectiono oo24 t z/( /9 t- Atz--z htbt,

E-?-tZr,+. ' o DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PIJBPQSE: To evaluale the upper section ofthe beam splitter chamber for vacuum pressue 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

lug.

INPUTS: LIGO project sketches and drawings. The thickness ofthe cylinderis.25 in and the thickness

head is .375 in.

REFERENCES: L ASME Boiler and Pressure vessel code, section vIII, Pressure Vessels,

Division 1 .
2. Images - 3D, Version 3.0, R.L. Cloud & Associates.
3 , D a e . l c  y ' a r t  -  l - o l G t  L  / 6 ' ^  / / n  " ) ' ) ' r  ' / 7 ? ' ) ' r '  '  t ' " t ' ' '  " "  ' "  t "

CALCULATIONS: (See Attachment)

CONCLUSIONS: Srresses 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 atiached. See V049-l-015 for buckling analysis per the ASME Code.

( e  t , P . ' ;  . . . 2  F ' . , a  ;  , j r  e  L / . ' , ' ' ' - a
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-015
PAGE I OF 57

REV. DEO # DATE BY: CHECK TITLE: tseam Splitter Chamber - ASME Code
Calculations for Upper Section.0 _9!2:' t 2//J9i 2d.- ftut y

BY:,I!. D (! tt--o DEPT.: 7,14

PROJECT: LIGO Vacuum Equipment PROJF.CT NO: V59049

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

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

ASSUMPTIONS:

INPUTS: Vacuum pressule = 14.7 psi
Design temperature = 400'F

REFERENCES: L 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 o c  t J o .  / o u ? - / - d t t  L  / d a  / , t  n " ,  J , .  l f  t , , . , t  h / 1  . j r - . , i r t  i  b t t , , : . . . .

\ '  . i  , '  r r r i . r . \ t

CALCULATIONS: (See Attached)

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

NOTES: Nozzle G in lower section is included in this analysis. This nozzle penetrates the l/2 in. shell.
No reinforcing pad is required by code.

rILED \FITEM}LA'AENCFORMS\ENCCAIC
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C0MPR-ESS 5.51 C:\C5\BSCUPPER.VSL

TopHcad - BSC

ASME Scction VIII Division l. 1992 Edition. A93 Addcnda

Componcnt:
Matcrial specifi cation :

F&D head
SA 240 3O4L HIGH

Dcc. 19, 1995

j?'s ' o
Dc-  y ' o ' r 7 - , - t ' i

Page 6 E ''

Intemal dcsign pressurc: P : 2
External dcsign pressure: Pe: L4.7

psi @ 400
psi@ 4@

deg F
dcg F

inCorrosion allowance: Inner C : 0 Outcr = 0

PWHT is not performed

Radiography: Catcgory A joints - Spot UW- I I (b) rypc I
Head to shell scam - Spot UW-11(b) typc I

Estimatcd weight:
capacity:

ncw : 1232.9 con : 1232.9 lb
new = 468.96 corr : 468.96 US ga

ID: 104.25 crown L = 105 knuckler:6.5 t = .375 in (min)

Straight flange = 2 forming allowancc = 0 ln

Dcsign thickncss: {At 400 deg F) Appcndix l-4(d) Eq 3

} {= .25 * (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*1.7548/(2+14700*0.85 - 0-2*2) -t- 0 l 0
= 0.0147 in

MAP: (Ncw & at 0 dcg F) Appcndix l-4(d) Eq 3

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

MAWP: (Corrodcd & at 40O deg F) Appcndix l-4(d) Eq 3

P : 2*S*E*V(L*M + 0.2*t) - ps
: 2*14700*0.85*0.375(105*1.7549 + 0.2*0.375) - 0
= 50.83981 psi

Extcrnal Prcssure: (Corodcd & at 400 dcg F) UG-33(e)

A: .125/(Ro/t)
: .r25 / (105.37 s/0.32589)
= 0.ffi0387

t ' 7

From tablc HA-3: B : 4755.5



COMPRESS 5.5I C:\C5\BSCUPPER.VSL

Top Hcad - BSC

Pa: B/(Ro/t)
: 47 5s.s / (tos.37 s I 0.32s89)
- 14.7072 psi

Check thc cxtcrnal prcssurc pcr UC-33(a)(1)

t = 1.67*Pa*I-o*M/(2*S*E t 1.67*Pa*(M-0.2))
-- | .6't * | 4.'t 07 2* 105.37 5* | .7 548 I (2* | 47 N* | 1 | .67 * 1 4.7 07 2+( 1 . 7548-0. 2)
= 0.154277 in

Dcsisn thickncss for extcrnal prcssure Pa : 14-7072 psi:

=t l  Corrosion t fa
: 0 . 3 2 5 8 9 r  0 + 0
= 0.32589 in

Maximum Allowablc Extcrnal Prcssure: (Corroded @ 400 deg Fl

A : .125/(RoA)
-- .r25 | (105.37 5 I 0.3't s)
: 0.000445

From tablc HA-3: B  : 4873 .8

Pa: B/(Ro/t)
= 4873.8/(10s.37 YA 37s)
= 17.3445 psi '

Chcck thc Maximum Extcrnal Prcssure: UG-33(a)(l) & App. l-4(d)

Pc: 2*S*E*t/((tr1*1-6 - 1*(M-0.2))* l.67)
: 2* 1 4700* 1 *0 .37 5 | ((1 .7 548* 105.37 5 - 0. 375 x( l . 7548-0 .2))+ 1 .67 )
= 35.81529 psi

The maximum allowablc extcrnal prcssure is 17.3,145 psi.

Dcc. 19, 1995

/(t " u

/ J " . t ' / o ' ' ' 9 - t - o r (

Page 7 o- r'1

7)a.



cotIPRESS 5 . 31

Est i rnated weight:
. . . :  Yr., . .  i  +r '  '

I D  =  L 0 4 . 2 5  c r o w n  L  =

Straight f lange = 2

c: \C5\BSSUPPER.VSL

Top Head - BSc

r
F

forning allowance =

WARNING ! F&D head qeonetry is not per Uc-32(i).

L
1

1 l ^

US ga

=  . 3 4 3 7 5

in

n., . .  |  . .  )

,// "t. , ,. . .,
, t 2 ; r t . . : a

Component: F&D head
Material specif icat ion: sA 240 3o4L HIGH

In terna l  des ign  pressure :  p=2 ps i  0  4OO
External design pressure: pe= L4.7 psi € 4oo

Corrosion allo\,Jance: Inner C = O Outer= 0

PWHT is not perforned

Radiography: category A joints - Spot Uw-11(b) type
Head to shell searn - Spot ItW-1"L (b) type

n e b r  =  1 L 2 8 . 8  c o r r  =  1 1 2 8 . 8
new =  468 .96  co r r  =  46a .96

L05  knuck le  r  :  6 .5  t

0

/. cn 7,../ /? 44 4j zJ

/ 3 /  , / r z '

deg
deg

in

i n  (n in  )

'  I  D  = . , t l l

- t -

M = . 2 5 * ( 3 + ( L / r ) " . 5 )
:  . 2 5 *  ( 3  +  (  L 0 5 1 6 . 5  )  ̂ . 5  )
=  L . 7 5 4 8

t  =  P*L*M/ (2 *S*E  -  0 .2 *p )  +  Cor ros ion  +  fa-  2 * 1 0 5 * l _ . 7 5 4 e / ( 2 * I 4 7 O 0 * 0 . 8 5  _  O . 2 r . 2 \  +  O  +  O
=  0 . 0 L 4 7  i n

P  :  2 * S * E * I / ( L * N I  +  0 . 2 * t )  _ P s
-  2 * 1 6 7 0 0 r . 0 . 8 5 r . 0 . 3 4 3 7 5 / ( 7 O 5 t  L . ? 5 4 8  +  O .  2 * O . 3 4 3 ? 5 )  _
=  5 2 . 9 4 5 5 1  D S i

P  =  2 *S*E* t / (L f rM  +  O .2* t )  -  ps
=  2 *147O0*0  .  I 5 r t0  .  34378  /  ( IOS*1 .  . 754A +  0 .2 *0 .34325  )  -
-  4 6 . 6 0 4 7 4  D s i

A  :  . 125 / (F .o / t \
=  . I 2 5 /  ( 1 o 5 . 3 4 3 8 / 0 . 3 2 5 s e )

Revision 0
Doc No. V049-1-015
Pase 8 of 57



couPREsS 5. 31 C: \C5\BSC[ PPER.VSL

Top Head - BSC

Iov. 9, 1995

=  O . 0 0 0 3 8 7

Frorn table HA-3: B = 4754.a

Pa= B/(Ro/t)
=  4 7  5 4 .  I  /  ( L o s .  3 4 3 8  / o . 3 2 5 8 9  )
=  1 4 . 7 0 9 4  p s i

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

t  =  1  .  6 7 * p a * L o * M /  (  2  * S * E  +  1 . 6 2 * p a * ( M _ 0 . 2 )  )
=  I . 6 7 * I 4 . Z 0 9 4 t r l - 0 5 . 3 4 3 8 * L . j 5 4 B / ( 2 * I 4 7 O O r . L  +  L . 6 7 * j . 4 . Z 0 9 4 t t ( I . 7 S 4 B _ 0 . 2 )  ):  0 . 1 5 4 2 5 4  i n

Desigm thickness for external pressure pa = 14.ZO94 psi:

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

Uaximun Allowable External pressure: ( Corroded g 4OO deq F)

A  =  . L 2 5 / ( R o / t )
=  . 1 2 5 /  ( L o s . 3 4 3 8  / O ,  3 4 3 7 5 )
=  0 . 0 0 0 4 0 8

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

Pa= B/ ( Ro,/t )
=  4 7 9 7  . 2 /  ( L 0 5 .  3 4 3 8 / 0 .  3 4 3 7 5  )
=  1 5 . 6 5 3 9  p s i

Check  the  Max inun  Ex te rna l  p ressu re :  UG-33(a ) (1 )  &  App .  1 -4 (d )

pe=  2*s *E* t  /  (  ( t 4 *Lo  _  t *  (M_o .2  )  )  *1  .  57  )
=  2 * 1 4 7 0 0 * 1 t  o . 3 4 3 7 5 / (  (  1  .  7  5  4  I  r r  1  O  5  .  3  4  3  8  _  O . 3 4 3 7 5 *  ( ! . 7  5 4 8 _ 0 .  2  )  l * r . 6 7 1:  3 2 . 8 3 1 7 9  p s i

The maxirnurn alLowable external  pressure is 15.6539 psi .

Revision 0
Doc No. V049-t-015
Pase 9 of57
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Uppcr Cylindrical Shcll - BSC

ASME Scction VIII Division l. la92 Edition- A93 Addenda

Internal dcsign prcssure: p = 2
Extcrnal dcsign pressurc: pe= 14.7

Conosion allowancc: Inner C = 0

Estimatcd wcight:
capacity:

psi 6 466 deg F
psi q 44q deg f'

Outer= 0 in

new - 1428.1 con:7428.1 lb
new : 2217.O78 corr : 2217.078 US ga

A :0.000425
B : 4834.6

Dcc. 19, r995

o
l 7 t . i -  t -  t  '  7

Pagc to " '  t  1

Component:
Material specifi cation:

Cylindcr
SA 240 3O4L HIGH

PWHT is nor performcd

Radiography: Catcgory A joints - Spot UW-l l(b) tlDc I
Caregory B joints - Spot UW_t l(b) t!,fc I

ID : 104.25 length Lc: 60 t : 0.25 in (ncw)

Dcsisn tlickncss: UG-27(cXl) Circ. stress

t: P*R"/(S*E - 0.6*P) | Corrosion
= 2_*52.1251O4700*0.85 - 0.6*2) I 0: 0.0083 in

MAP: (Ncw & at 0 dcg F) UG-27(cXl)

P : S * E * t / ( R + 0 . 6 * t ) - p s
: 1q7plgr85i0.2s/(s2.12s + 0.6*0.2s) _ 0: 67.88618 psi

P = S * E * V ( R 1 0 . 6 * t ) - p s
: 147_00*0.85*0.251(52.125 + 0.6*0.25) - 0= 59.7561 psi

LtDo = 37.901311104.75 :0.3618 Do/t : 104.7 5 /0.2389'1 : 438.339s
From tablc G:
From table HA-3:

Pa= 4*B/(3*Do/t)
- 4* 4834.6 | (3* tM.7 5 I 0.23897 )= 14.7058 psi

Dcsign thickncss for cxtcrnal prcssurc pa : 14.7058 psi:

= t * Corrosion
: 0.23897 + 0

i7; ' t
Do, ,t-.1"



COMPR-ESS 5.51 C:\C5\BSCUPPER.VSL Dcc. t9, 1995

Uppcr Cylindricat Shcll - BSC

= 0.23897 in

Maximum Allowablc Extcrnal Prcssurc: (Corrodcd @ 400 dcg F)

L/Do : 37.9013111A4.75 :0.3618 Do/t = 104.7510.25 = 419
From tablc G: A = 0.000452
From tablc HA-3: B : 4887.2

Pa: 4*B/(3*Do/t)
: 4* 4887 .2 I (3* l0/..7 5 I 0.25)
=  15 .5519 ps i

K:v .  ; )
D o e .  t / l  

y ' ;  r t 9 -  t -  i r f

P a g c  r t  p '  Y  z
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Shcll Stiffcncr

Stiffcning Ring Calculations Pcr UG-29

ASME Scction VIII Division l- l9o2 Edition, A93 Addcnda

Calculdtions for ring ll0 in from datum

Shell matcrial spccification:
Rcquired shcll thickness:
Corrodcd shell thickness :
Shell outer diametcr:
Design tempcraturc:
Extcrnal dcsign nressurc:
Stiffener supiorierl length :

Shell Stiffener
SA 240 3O4L HIGH
I

1 1 0  i n
0 i n

4x4x7l4 Equal Anglc
lcg out (easv wav)

As : l.-94 in'2 
-

Ir : 3.04 in^4

SA 240 3O4L HIGH
0.23897 in
0.25 in
104.75 in
400 dcg F
14.7 psi
33.95065 in

Dcc. 19, 1995

7 , ru  a

D o ,  t l .  t / , ' ' / 2 '  ' /  ' ' "  J '

Pagc /2 o,. s7

Idcntificr:
Ring matcrial spccification:
Numbcr of rings in this group:
Distancc first rins to datum line:
Ring spacing:

Ring dcscription:
Rins is rollcd:
Rin! cross scctional aroa:
Ring moment of inertia:

t s :
D o =

P =
L s =

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

= r1t#11 /"t*.7 
st (0.238e7 I 1.e4l33.e5065))

From tablc HA-3 (ring) A: 2.949634E-M

Rcquircd moment of incrtia of thc combincd ring-shell scction

Is= (Do^2*Ls*(t -f As/Ls)*A)/10.9
= (lo4 3 5 ̂  2*33. 95065 *(0.23897 -t 1 .9 4 | 33.9 5065) *2. 949634E-04y t 0.9
: 2.985063 in^4

Availablc moment of incrtia of thc combined rinq-shell scction

Shcll width contributing smaller of = 5.62911

W = l.l*Sqr(Do*ts)
: l.l*Sqr(104.75*0.25)
: 5.62911 in

W : Ls = 33.95065 in

Shcll area Al : W*ts = 1.407277 in^2

Distancc to the ring ncutral axis
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Shcll Stiffcncr

Dcc. 19,1995

Y2 = Rins NA + tsi2
: 1.09 i A.2s/2
:  1 .215 in

Neutral axis of combincd section

/(t t

,  ] -

c?

/O 't; ' / ' t . )  t

NA = As*Y2l(Al -t As)
1.94*1.215t (1.407277 + 1.94)
.7ML842in

Incrtia of thc shell about thc combincd section NA

I l = w * t s " 3 / 1 2 + A l * N A ^ 2
= 5.6291 1 *0.25 ̂ 3 I 12 + 1.407277*0.'1041842^ 2
: .7051639 in^4

Inertia of thc ring about thc combined section NA

t2:k  I  As*(NA _y2)^z
= 3.04 -t- 1.94*(0.7041842 - 1.215)^2
: 3.54621 in^4

Totalavailablc I = Il I 12 = 4.251373in^4

Thc 4x4x1/4 Equal Anglc vacuum stiffener is satisfactory.

Pagc t= , f 7
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COMPRESS 5.5I

ASME Scction VIII Division l. 1992 Edition- A93 Addcnda

Componcnt: Cylindcr
Material spccification: SA 240 3O4L HICH

Internal dcsign pressure: P -- 2 psi @ 400
Extemal dcsign pressurc: Pc= 14.7 psi @ 400

Corrosion allowance: Inner C : 0 Outcr: 0

PWHT is not performed

Radiography: Category A joins - Spot UW-l l(h) g'pc I
Catcgory B joints - Spot UW-l l(b) typc I

deg F
deg F

in

Dcc. 19, t995

c
, ' a u t - ) - ( ^ / r

Pagc t y ",.

Estimatcd wcight:
capacity:

new :3817.3  con =  3817.3  lb
new = 2956.1O4 corr : 2956.1O4 US ga

ID : 104.25 lcngth Lc= 80 t : 0.5 in (new)

Dcsign thickncss: UG-27(cX1) Circ- stress

t: P*R/(S*E-0.6xP) | Conosion
: 2*52.1251(14700*0.85 - 0.6's2) J 0
: 0.0083 in

MAP: (Ncw & at 0 dcg F) UG-27(cXl)

P: S*E*I/(R + 0.6;t1 - rs
= 16700*0.85*0.5t(52.125 + 0.6*0.5) - 0
: 135.3839 psi

MAWP: (Corroded & at 400 dcg F) UG-27(cX1)

P : 5 * B * Y 1 B + 0 . 6 * t ) - P s
: 147@*0.85*0.5t(52.125 + 0.6*0.5) - 0
: 119.1702 psi

External Prcssure: (Corrodcd & at 400 des F) UG-28

L/Do : 801105.25 :0.7601 Do/t : 105.2510-39747 : 3a2.3098
From table G: A : 0.000288
From tablc HA-3: B : 3807.2

Pa: 4tB/(3*Do/t)
: 4*3807 .2 | (3* 105. 2510. 30747)
: 14.8295 psi

Dcsign thickncss for cxtcrnal prcssurc Pa : 14-8295 psi:

= t * Corrosion
: 0.30?47 -t' 0

R'z v

Pet . tJ,'
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Main Scction Cylindcr

= 0.30747 in

Maximum Allowablc Extcrnal Prcssurc: (Corrodcd @ 400 dcg F)

L/Do : 80/105.25 :0.7601 Do/t : 105.2510.5 : 210.5
From tablc G: A = 0.000587
From tablc HA-3: B = 5117.2

Pa: 4*B/(3*Do/t)
= 4*51 l7 .21 (3*105.2510.5)
: 32.413 psi

Dcc. 19, 1995

/(,; t/ U

: -  ^ , -  t / t " , t 9 - / - O ' t -
L,.0, tr r '

P a g c  t t -  a -  r t



Opcning N-E Rcinforccmcnt Calculations Pcr UG-37

L

twl I
.  l< - l

t \

COMPRESS 5.5I

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

Nozzle matcrial spccifi cation :

Pad material spccification:

Nozzle oricntation:
End of nozzle to shell center:
Nozzle offsct from ccntcr Lo:
Projection outside vessel Lpr:

C:\C5\BSCUPPER.VSL

Nozzlc E

Upper Cylindrical Shcll - BSL
.25 in
0 psi
14 inch75# SO A240304L
115 psi
80 psi

SA 240 3O4L HIGH

SA 240 3O4L HIGH

45 dcgrces
55.875 in
0 i n
3.5 in

Dcc, t9,  t995

tn ->
dp-> |

I-> 
[ l<twe

_t __l
t e l / l

<-  L _>l

coffosion al lo9J =
noz th ick new tn=
nozz  le  id .  new d=
pad diameter dP =
pad th i  ckness te=
f i  I  le t  we ld  tw l  =
f i l l e t  we ld  tw2 =
groove .we I d tv',3 =

To datum L= 124 in

-twg

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

Rcinforccmcnt Calculations For Nozzlc MAWP

Limits of rcinforccmcnt UG-40

Parallel to thc vcssel wall d : 13.75 in
Normal to thc vessel wall outside 2.5*(tn-Cn) * te : .55 in
Normal to thc vesscl wall inside 2.5*(tn-Cn-C) = .3 in

Nozzlc rcquircd tlickncss

trn: P*Rn/(Sn*E - 0.6{'P)
: 2*6.8751(14'100*l - 0.6*2)
: 0.0009 in

Rcquired tlickncss tr from UG-37(a)

fr= P!*R/(S*E - 0.6*P)
: 2*52.125 41n00'i1 - 0.6*2)
: 0.0071 in

Arca requircd

2 ; r t  O

D o r .  i l o  1 " 2 ' / f  ' " - o t !

Pa,gc  / r -  a '  t 7
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Nozzlc E

Allowablc strcsses: Sn: 14700, Sv = 14700, Sp: 14700 psi

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

A : d*tr*F + 2*tn*tr*F*(l _frl)
= 13.75f0.0071,r.1 " i  2*0.12*0.0071*l,F(l  -  1)
: .0976 in^2

Arca availablc

Al : largcr of the following : 3.34 in^ 2

= d*(E I *t_F*tr) _ 2*tn*(E1*t_F*tr)*(l_frl)
:  l3-75*(1 *0.25- I  *0.0071) - 2*0. l2x(l  *0.25-1 x6.6671)*( l- l)
: 3.34 in^2

: 2*(t1 rn)*(El *t-F*rr) - 2*tnx(E1*t-F*tr)*(l -frI)
: 2* \0.25 I 0. I 2) *( I *0. 25- I *0. 007 1 ) - 2*0. 12* (l*0.25- 1 *0. 007 l)*( I - I )-  r  o  : - " / )

A2 : smallcr of tbc following : 0.131 in^2

: 5*(tn - trn)*fr2*t
= 5*(0.12 - 0.0009)*l*0.25
= .149 in^2

= 2*(tn - rrn)*(2.5*tn * te)*fr2
= 2*(0.12 - 0.0009)*(2.5*0.12 + 0.25)*l
: .131 in^2

A4l : l*g'2*fr3
: 0.125^2*1 = .016 in^2

442 : l*g^Z*fr4
: 0.25^2*l : .063 in^2

A5 : (Dp - d - 2*tn;'t6't1r4
: (20 - 13.75 - 2*0.12\*0.25*l
: 1.5025 in^2

A rea :A l  1 r ' . z+  A41  +  A42  tA5
: 3.34 + 0.131 I 0.016 + 0.063 + 1.5025
: 5.0525 in"2

As Area ) A the reinforcement is adcquate for MAWP = 2 at 4CD Deg F

Chcck thc wclds - From UW-16(cX2l
ft.r' O

Inner Fi l lct:  tmin = lcsscr of 0.75_or_tn or tc, tmin:0. l2in /1,/ l_ /  -a tr '
tw(min) : 0.?*tmin = 0.084 in Dee s u

Page t7 a i  t '  t1



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

trl : 0.0009 in (E = l)
tr2 = 0.0071 in
tr3 : 0.0625 in
t4 : 0.328125 in
tr5 : 0.0625 in
tr6 : 0.0625 in

C0MPRESS 5.51 C:\CS\BSCUPPER.VSL

Nozzlc E

tw(actual) = 0.7*Le8 : 0.?*0.125 : 0.0875 in

Outer Fillct: tmin = lcsser of 0.75 or te or t. tmin : 0.25 in
tw(min) : o.S*tmin = 0.125 in
tw(actual) : 0.7*I,€g = 0.?*0.25 = 0.175 in

UG-45 Nozzle Ncck Thickncss Check

Dcc. 19, 1995

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

Availablc nozzle wall thickness ncw, tn : 0.12 in

The nozzlc ncck thickness is adequate for MAIYP.

Allowablc strcsscs in joints UG-45(c) and UW-|S(cl

Groovc wcld in tcnsion = 0.74*147Co : 10878 psi
Nozzlc wall in shear : 0.7*14700 = 10290 nsi
Inncr fillct wcld in shcar : 0.49*14700 = 2203 psi
Outer fillct wcld in shear = 0.49*14700 : 7203 psi

Strcngth of welded joints:

(1) Inner fillet weld in shcar
(Pi/2)*Nozzlc O.D.*Leg*Si = 1.57* 13.99"0 .125*7203 : 19776. I 1 lbf

(2) Outcr frllct weld in shear
(Pi/2)*Pad O.D. *I.eg*So : 1.57 *24*0.25*7203 : 56543.55 lbf

(3) Nozzle wall in shcar
(Pii2)*Mean nozzle dia.*tn*Sn = 1.57*13.87*0.12*10290 : 268E8.88 lbf

(4) Groovc weld in tcnsion
(Pi/2)*Nozzlc O.D.*tw*Sg : 1.57*13.99*0.25*10878 : 59731.91 lbf

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

W : (A - (d - 2*tn)*(El*t - F!tfi'))*Sv
: (0.0976 - (13.75 - 2r'0.12)'t(l'+0.25 - l't0.0071))*14700
:-46804.49 lbf

w1-l - (A2 | A5 + A4l + A42)*Sv
= (0.131 1 1.5025 I 0.016 l-0.063)*14700
= 25173.75 lbf

W2-2 = (A2 I A3 I A4l + A43 J 2*tn*t*frl)*Sv
Page  r t  o , - -  17



COMPRESS 5.51

= ( 0 . 1 3 1  1 0 + 0 . 0 1 6 + 0 +
:3U2.9tbf

Nozzlc rcquircd thickness

L iDo=3 .5113 .99= .2542
From tablc G:
From tablc HA-3:

C:\C5\BSCUPPER.VSL

Nozzlc E

2*0. l2*0.25*l)'k14700

Do/t: 13.99/0.03032 : 461.4116
A = 0.000587

B = 5117.2

Dcc. 19, 1995

W3-3 = (A2 + A3 J A5 -l A4l + A42 + A43 + 2*tn!tt*frl)*Sv
: (0.131 r-0 + 1.5025 + 0.016 l-0.063 + 0 1 2,10.12*0.25*l)*14?00
= 26055.75 lhf

Load for path l-l lesser of W or Wl-l :-46804.49 lbf
Path l-l Thru (2) & (3) = 56543.55 + 26E88.88 = $a32.43tbf
Path l-l is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lcsscr of W or W2-2 :-46804.49 lbf
Path2-2 itnu tt), (4) : 19776.11 + 59731.91 : 79508.02 lbf
Path 2-2 is stronger than W so it is acceptablc pcr UG-al@)(2).

l,oad for path 3-3 lesser of W or W3-3 :-46804.49 lbf
Path 3-3 Thru (2), (a) :56543.55 + 59731.91 = 116275.5 lbt
Path 3-3 is stronger than W so it is acceptable pcr UG-41(b)(2).

Pad strength : A5*Sp :22086.75tbf
Outcr fillct wcld strength is adcquate.

Rcinforccmcnt Calculations for External Prcssure

Limits of rcinforccment UG-40

Parallcl to the vessel wall d = 13.75 in
Normal to thc vessel wall outside 2.5*(tn-Cn) * te : .55 in
Normal to thc vessel wall insidc 2.5*(tn-Cn-C) = .3 in

Pa= 4*B/(3*Do1t)
: 4*51 r7 .2t (3* I 3.99i0.03032)
= 14.7871 psi

Nozzle requircd thickness trn : .03032 in

Rcquircd thickncss tr from UG-37(d)(l) : .239 in

Arca rcquired

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

frl : lesscr of 1 or Sn/Sv so frl :1
fr2 : lesscr of I or Sn/Sv so fr2 : I f?a ,l O
fr3 : lcsscr of fr2 or Sp/Sv so fr3 -l
fr4 : lcsscr of I or Sp/Sv so fr4 :l 

?or. A)o y'(,C_ r_ al t
Page /,
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Nozzlc E

A:0.5*(d'rtr*F + 2,r.tntr*F*(l - frl)
= 0.5*(13.75*0.239*l + 2*0.12*0.239*1"(l - 1))
: 1.6431 in^2

Area availablc

Al = largcr of the following : .151 in^2

= d,e(E I *t-F*tr) - 2*tn{,(El,tst-F*tr)'8(l-frl)
= 13.75*(1 *0.25- I *0.239) - 2*0. l2*(1 *0.25-l *0.239)*(l- l)
:  .15 l  in^2

: 2*(tJ tn)*(E|*t-F*tr) - 2*tn*(El *t-F*tr)*(l-frl)
= 2*(0.25 | 0. 12)*(1*0.25- l*0.239) - 2*0. l2*(1*0.25- 1*0.239)*(l- l)
: .008 in^2

A2 = smallcr of the following

= 5*(tn - trn)*fr2*t
:  5*(0.12 - 0.03032)*l*0.25
: . l l2in^2

= 0.099 in'2

trl = 0.03032 in (E = l)
12 -- O.O522in
tr3 = 0.0625 in
tr4 : 0.328125 in
b5 = 0.0625 in
tr6 : 0.0625 in

Dcc. 19, 1995

7'a 0
/  r / r -  / '  o r ' -

Pagc t r

: 2*(tn - trn)*(2.5*tn 't tc)*fr2
: 2*(0.12 - 0.03032)*(2.5*0.12 1 0.25)*l
: .099 in^2

A4l : l*g^2*fr3
: o.125^2*1 : .016 in^2

A42 : l*s.^2*fr4
: 0.25=2*l: .063 in^2

,q5 : (Dp - d - 2*tn)*tc*fr4
-- (20 - 13.75 - 2*0.12)*0.25*l
: 1.5025 in^2

A r e a = A l  1 A 2 +  A 4 1  1 A 4 2 + A 5
= 0.151 + 0.099 t 0.016 + 0.063 + 1,5025
:  1 .8315 in^2

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

UG-45 Nozzlc Ncck Thickness Check

Wall thickness per UG-45(a):
Wall thickncss pcr UG-45OX2):
Wall thickness per UG-16(b):
Std pipe wall per UG45(bXa):
The grcatcr of tr2 or tr3:
Thc lcsser of tr4 or tr5:

Rcq'd pcr UG-45 is thc largcr of trl or tr6 = 0.0625 in



Availablc nozzlc wall thickncss ncw, tn = 0.12 in

The nozzlc ncck thickncss is adequatc for Pc.

COMPR_ESS 5.51 C:\C5\BSCUPPER.VSL

Nozzlc E

Dcc. 19, 1995

R' , t  O

N n .  y ' t " l  9 -

Page
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COMPRESS 5.5I

Circumfcrcntial momcnt
Circumfercnti al shear
Longitudinal moment
l,ongitudinal shear
Torsion momcnt
Internal prcssure

Pr : 2183 lbf
Mc : 0lbf-ft
V c : 0 l b f
ML :0lbf-ft
VL : 0lbf
Mt : 0lbf-ft
P : 2 p s i

C:\CS\BSCUPPER.VSL

Nozzlc E

Dcc. 19, 1995

f u a o
Doe.  A )o  ,  y ' ?q r - t -a t i

PaEc ?z o'' s 7

Strcsscs at thc nozzle OD per WRC bulletin 107 ( psi)

N{ean radius Rm : 52.25 in
Rm/t = 104.5

Stress conccntration factor Kn (tension) : I
Stress conccntration factor Kb (bcnding) = |

Pressure strcss intcnsity factor, Farr cquation 1l�5

| : .25*(4 + 3*(r/x)^2 + 3*(r/x)^4)
: .25*(4 + 3*(6.875t7.12)^2 J, 3*(6.875t7.12)^4)
: 2.35r

Local circ. prcssure sfcss = I*P*Rm/t : 491 psi

Local long. pressurc strcss : P*Rm/2t : 104 psi

Maximum combined stress :-4686 psi
Allowablc combincd strcss : l- -3*S : +- 44100 psi

The maximum combincd stress is within allowablc limits.

Maximum primary mcmbranc stress =-1154 psi
Allowable primary membrane stress = +-1.5*S : +- 22050 psi

Thc maximum primary mcmbranc shess is within allowable limits.



CoMPRESS 5.51

Fron
F i g .

V a l u e beta
read

3 C *  1 1 0 . 6 7 7  [ 0 . 1 1 7
4 C *  1 1 5 . 0 5 7  l 0 . I t 7
t c  10 .0765  I0 .  n7
2 C - 1 1 0 . 0 4 4 0  1 0 . 1 1 7
3 A *  1 4 . I 3 1 5  1 0 . 1 1 7
I A  1 0 . 0 7 7 4  1 0 . 1 1 7
38*  1 i l . 036  l 0 . l l 7
l B - l 1 0 . 0 2 8 1  1 0 . I 1 7
pressure s t res s*

C:\C5\BSCUPPER.VSL

Nozzlc E

Dcc. 19, 1995

DIDuc lCuB I

-1258 -1258 -1258

-2305 2305 -2305

-892
-  1258

-4008
2305

-89? -892 -892

4008 -4008 4008

491 491 491 491 491 491 491 491

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

pressure s tres s*

Totailong stress
Primary membrane
long stres s*

1538 -307?

-767 -767

1538 -4409

-767 -401

-4409 3607

-401 -401

-3072

-767

2 C, l7

, n 1

-892

- 3898

-892 -892

3898 -3898

-892
-  1258

3898
-2447

-  1258 -  1258 -  1258

2447 -2447 2447

104 104 104 104 104 r04 t04 104

-4686

- 788

2 l  t n  A e o c

-788 -7S8

-3601 1293

- 1 1 5 4  - 1 1 5 4

-3601 1293

-1154  -1 t54

3 t  l 0

- /a t t '

3 C *  1 1 0 . 6 7 7  l 0 . t I 7
4 C *  1 I 5 . 0 5 7  1 0 . 1 1 7
l C - 1 1 0 . 0 7 4 4  I 0 . l t 7
? c  1 0 . 0 4 6 7  1 0 . 1 1 7
4A*  I 7 . 5665  10 .117
2 A  1 0 . 0 3 8 9  l 0 . l 1 7
4 B *  1 4 . 0 8 7 2  1 0 . 1 1 7
2 8 - 1 1 0 . 0 3 8 5  1 0 . 1 1 7

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

-ittal 
sh-ear stress

Combined stres s -4686 3r10 -4686 3110 -4409 3607 -4409 3607

P,z,t D

Dpr. ,1 / r .  V o ' / '  - ' /  -  / '  - r

Pagc ?t r 11
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Nozzlc E

Strcsscs at thc pad cdgc pcr WRC bullctin 107 ( psi)

Mcan radius Rm : 52.25 in
Rm/t: 209

Stress conccnffation factor Kn (tension) : 1
Shess conccntration factor Kb @cnding) : I

Pressure strcss intensity factor, Farr equation I 1.5

| : .25*(4 + 3*(r/x)"2 + 3*(r/x)^4)
-_ .25*(4 + 3*(6.875n0.25)^2 | 3x(6.875/10.25)^4)
-  I  / 0 n

Local circ. pressue stress : I*P*Rm/t = 622 psi

Local long. prcssurc strcss : P*Rm/2t : 209 psi

L{aximum combined sfcss :-13222 psi
Allowablc combined strcss : 1 -3*S : +-.14100 psi

Thc maximum combincd stress is within allowablc limits.

N{aximum primar} mcmbranc strcss :-3300 psi
Allowahlc iu'imar! mcmbrane stress : +-1.51S : +- 22050 psi

The maximum primary membranc stress is within allowable limits.

Dcc. 19, 1995

- \ / ' )
/(u' 't c

: - \  l r ,  . . ' t v 9 - / - t ' '
t D c  / r t  . .

Pagc  ?v  : '  ' i



COMPRESS 5.5i

From
F i g '

Value
read

3C*  18 .225s  10 .167
4C*  120 .996  10 .167

C:\C5\BSCUPPER.VSL

Nozzlc E

Dcc. 19, 1995

DIDua - lCuBI

-3509 -3509 -3509

-3t02 3102 -3102

-1375 -1375 -1375 -137s
- 3509

-12469 t2469 -t2469 12469
3I02

l c  10 .0595  10 .167
2 C - 1 1 0 . 0 r 4 8  1 0 . t 6 7
3A* |  6 .  4789 10.  I67
1 A  1 0 , 0 5 5 3  1 0 . 1 6 7
3 8 *  1 1 3 . 4 3 7  1 0 . 1 6 7
i B - 1 1 0 . 0 1 0 4  1 0 . 1 6 7
pressure stre s s* 62? 6?2 6?? 62? 622 6?2 62? 622

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

-5989 215 -59S9

-2887 -2e87 -2887

2t5 -1322? 11716

-2887 -753 -753

-1322? 11716

-753 -753

? a *

4C*
t c - 1
2C
4A*
ZA
,  D *

28-l

8 .2255
20 .996
0 .0390
0.  0353
17  . 794
0.  0238
5 . 7 7 7 t
0 .0144

0 . 1 6 7
0 . 1 6 7
0 .  1 6 7
n  t  4 7

0 .  I 67
0 . 1 6 7
0 .167
n  1 6 . 7

- 137s  - 1375  -1375

-8173 8173 -8173

-  1375
-3509 -3509

8173
-7398 7398

-3509 -3509

-7398 7398

209209209209209 209 209 209pressure stre s s*

Total long stress
Prinary membrane
long stres s*

-9339 7007 -9339

-  1166  -  1166  - r  r 66

7007 -10698 4098 -10698 4098

-1166 -3300 -3300 -3300 -3300

torsion moment l i | t
Circ shear from Vc
Long shear from VL

-ToEl-SFear 
stress

Combined stres s -9339 7007 -9339 7007 -t3??z tt7t6 -13??2 11716

F,tt O
t / a v 1 - t - 0

Pagc ? t- .:'-
Voa '/J o



Opcning N-G Rcinforccmcnt Calculations Pcr UG-37

CoMPRESS 5.51

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

Nozdc material specification :

Nozzle orientation:
End of nozzlc to shcll centcr:
Nozzle offsct from centcr Lo:
Projection outside vcsscl Lpr:

twt-> 
l,

C:\C5\BSCUPPER.VSL

Nozzlc G

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

To datum L= 40 in

Main Section Cylinder
.5 in
0 psi
8 inch 75# WN A2,40304L
I 15 psi
80 psi

SA 240 3O4L HIGH

90 degrees
55-625 in
0 i n
3 i n

Dcc. 19, t995

7+ t  O

A,  l t  y ' t l uQ '

Page ze'

tn ->

< - d - >

-t*Z

<_ L ->l

Rcinforccmcnt Calculations For Nozzte MAWP

Limits of rcinforccment UG-40

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

Nozzle rcquircd thickncss

trn : P*Rni(Sn*E - 0.6*P)
= 2*3.8751(14700i'l - 0.6*2)
: 0.0005 in

Required thickness tr from UG-37(a)

rr: P*R/(S*E - 0.6'tP)
= 2*52.1251(14700*l - 0.6+2)
: 0.0071 in

Arca rcquircd

Allowable strcsses: Sn = 147@, Sv = 14700, psi

fil = Icsscr of I or Sn/Sv so frl :l

0  i n
. 1 2  i n
7  ? E  i -

. 1 2 5  i n

. 1875  i n

-  0 . . ;

e .  t 7



COMPRESS 5.5I

fr2 : lcsscr of I or Sn/Sv so fr2 = I

C:\C5\BSCUPPER,VSL

Nozzlc G

Dcc. 19, 1995

t?at O

f u c . l J e  y ' t ' u 9 ' / - t t ' :

Pagc  z t  o '  g ,

: 7.75*0.0071*l I 2*0.12*0.0071*l*(l _ l)
= .055 in^Z

Arca availablc

Al : largcr of the following

A = d*tr*F | 2*tnxrr*F*(l - frl)

: d*(El*t-Ffu) _ 2*tn,r(E l,kt_F{,tr)*( l_frl)
: 7.75*(l x0.5- I *0.0071 ) - 2*0. 12*(l *0.5- I *0.0071)*(l -l ): 3.82 in^2

: 2*(t-t tn)*(El*t-F*tr) - /*11*(f,1*t_F*h)*( l-frl )= 2*(0.5 +0. 12)*(1*0.5-l *0.0071) - 2*0. l2*(1 *0.5- I *0.0071)*(1 -l)
= .611 in^2

A2 : smallcr of the following

: 5*(tn - trn)*fr2*t
= 5*(0.12 - 0.0005)*1*0.5
= .299 in^2

: s'k(tn - trn)*fr2*tn
= 5*(0.12 - 0.0005)*l*0.12
: .012 ir^2

A4l : l*p^2*fr2
=  0 .125^Zt  =  .016 in^2

Area : A1 1- A2 J A41
:3 .82  t  0 .072 +  0 .016
: 3.908 in^2

As Arca > A the reinforccment is adequate for N{AWP = 2 at 400 Dcg F

Check thc wclds - From UW-16(d):

tmin : lesscr of 0.75 or tn or t. tmin : 0.12 in
tl or €(min) : lesser of 0.25 or o.7*tmin, tl(min) : 0.084 in
tl(actual) : o.7*lf,g = 0.7*o.125 : 0.0875 in
t2(actual) : 0. 1875 in
t l  + t2 = 0.275 >= 1.25*tmin

The weld sizes for tl and t2 are satisfactory.

UG-45 Nozzle Ncck Thickncss Chcck

: 3.82 ir'2

- n nt.) ;^^t

tr l  :0.0005 in (E: 1)
tr2 : 0.0071 in
b3 = 0.0625 in
tr4 : 0.28175 in

Wall thickncss per UG-45(a):
Wall thickncss per UG-45(b)(l):
Wall thickncss per UG-16(b):
Std pipe wall per UG-a5@)(a):



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

Availablc nozzle wall thickness ncw, tn : 0,12 in

The nozzlc ncck thickness is adequate for MAWP.

Allowablc stresscs in joints UG-45(c) and UW-15(c)

Groove weld in tcnsion = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi 

-

lnner fillct weld in shea_r = 0.49*14700 : 7203 psi

Strcngth of wclded joints:

(l) Inner fillet weld in shear
(Pil2)rNozzle O.D.xIrg*Si : 1.57*7.99*0.125*'1203 : 11294.57 lbf

(3) Nozzlc wall in shcar
(Pi/2)*Mean nozzle dia.*tn*Sn : 1.57*7 .87*0.12* 10290 : 15257.07 lbt

(4) Groovc weld in tcnsion
(Pi/2)*Nozzlc O.D.*tw*Sg : 1.57*7.99*0.1875*10878 : 25585.67 lbt

Loading on wclds pcr UG-41(bXl)

W = (A - (d- 2*tn)*(El*t - F*tr))*Sv
: (0.0 5 - \7 .7 5 - 2*0. 12)*(l*0.5 - l *0.0071))'614?00
=-53606.18 lbf

CoMPRESS 5.51

The greatcr of tr2 or tr3:
The lesscr of tr4 or tr5:

w l - l  : ( A 2 + A 5 + A 4 l
= (0.072 r, 0 + 0.016 +
: t293.6rbt

C:\CS\BSCUPPER.vSL

Nozzlc G

tr5 = 0.0625 in
tr6 : 0.0625 in

Dcc. 19,1995

f l ' r r  0

D o e  . U s  \ / (  / 9 -  t -  d t ) -

P a E e  Z f  i -  t 7

+ A42)*Sv
0)*14700

W2-2: (A2+A3 ) A41 + A43+2:tsrn*t*fr1)*Sv
: \O _Ol2 | O + 0.016 -l 0 + 2*0.12*0.5*l;*14t*
= 3057.6 lbf

l,oad for path l-1 lesser of W or Wl-l :-53606.18 tbf
Path l-l rhru (l) & (3) : 11294.57 + 15257.07 : 26551.6a lbf
Path l-l is stronger than W so it is acceprable per UG-al@)(2).

l,oad for path 2-2lesser of W or W2-2 :-53606.18 lbf
Path2-2 rhru (l), @) = 11294.57 + 25585.67 : 36EE0.24lbf
Path 2-2 is stronger than W so it is acceptable per UG-al@)(2).

Rcinforccmcnt Calcutations for External Pressure

Limits of rci nforccmcnt UG-40

Parallel to thc vesscl watl d : 7.75 in



Normal to thc vcsscl wall outsidc 2.5*(tn-Cn) I tc : .3 in
Normal to thc vcssel wall inside 2.5 *(tn-Cn-C) = .3 in

COMPRESS 5.5I

Nozzle rcquircd thickncss

l-lDo = 317.99: .3755

A'2 = smallcr of the following

: 5x(tn - trn)*fr2*t
= 5"(0.12 - 0.01833)*l 'F0.5
- - .254n^2

= 5,f(m - tr.n)*fr2*tn
-- 5*(0.12 - 0.01833)*l*0-12
= .061 in^2

A41 = l*g^2*fr?
:0.125-2*1 = .016 in^2

C:\C5\BSCUPPER.VSL

Nozzlc G

Do/t : 7.99/0.01833 = 435.8974

: 0.061 in^2

Dcc. 19, t995

P,t't O

1 ) o .  y ' t t t t -

Page : r
/  - o r ) -

From tablc G: A = 0.000a12
From tablc HA-3: B = a808.2

Pa: 4r.B/(3*Do/0
: 4*4808.2/(3*7.99/0.01833)
: 14.'tO'14 psi

Nozzle rcquircd thickness trn = .01833 in

Requircd thickncss tr fron UG-37(dXll : .3075 in

Arca rcquircd

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

frl = lesscr of I or Sn/Sv so frl : I
fr2 = lcsscr of 1 or SnlSv so fr2 :1

A:o.s*(d*tl.*F + 2*tn*tr*F*(l -fr l)
= 0.5*(7.75*0.3075*l + 2*0.12*0.3075*1*(1 - 1))
:  l . l 9 l 6  i n ^2

Area availablc

A I : largcr of thc following = l .492in^2

= d*(El *r-F*tr) - 2*tn*(El,tt-F*tr)x(l-fr1)
: 7.75*(1*0.5-l*0.3075) - 2*0. l2*(1"'0.5-l*0.3075)*(l- l)
= 1.492 in"2

: 2*(t + tn) *(E I *t-F*tr) - 2'ttn*(E 1 *t-F*tr) {.( I -fr I )
= 2*(0.5 I 0. 12)*(1 *0.5- I *0.3075) - 2*0. 12*(1*0.5- l*0.3075)'ts(l -1)
: .239 in"2

7 : o
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Nozzlc G

Area: Al I  A2 I A41
= 1.492 I 0.061 I 0.016
: 1.569 in^2

As Area > A thc reinforccment is adcquate for Pe : 14.7 at 2100 Dcg F

UG-45 Nozzlc Ncck Thickness Chcck

Wall thickness per UG-45(a):
Wall thickncss per UG-45(bX2):
Wall thickness per UG-16(b):
Std prpe wall pcr UG-a5@)( ):
The grcatcr of tr2 or tr3:
The lesser of tr4 or tr5:

trl : 0.01833 in (E = l)
tr2 = 0.0522in
tr3 : 0.0625 in
t4 : 0.28175 n
tr5 = 0.0625 in
tr6 : 0.0625 in

Dcc. 19, 1995

F,rv o
y ' / q 9 ' t - / t / t

Pagc 3o o"

Req'd per UC-45 is thc larger of trl or tr6 = 0.0625 in

Availablc nozzle wall thickncss ncw, tn = 0.12 in

Thc nozzlc ncck thickncss is adequatc for Pe.

Doc . ,vo
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Applied I-oads

Radial load
Circumfcrcntial momcnt
Circumfcrcntial shear
Inngitudinal moment
Lnngitudinal shear
Torsion moment
Intcrnal pressure

C:\C5\BSCUPPER.VSL

Nozzlc G

Dcc. 19,t995

Fo,  o
y ' l t r l -  1 - u , ' -

Page  I  t  a "  s?

Pr : 693.4 lbf
Mc : 0lbf-ft
Vc - 0lbf
ML :0lbf-ft
VL : 0lbf
Mt : 0lbf-ft
P : 2 p s i

Strcsscs at thc nozzlc OD pcr WRC bulletin 107 ( psi)

Mean radius Rm : 52.375 in
Rm/t: 104.75

Stless concentration factor Kn (tension) : I
Stress conccntration factor Kb (bcnding) : 1

Prcssure slrcss intensity factor, Farr equation 11.5

| = .25*(4 1 3*(r/x)^2 1- 3*(r/x)^4)
: .25*(4 + 3*Q.875t4.12)^2 + 3*(3.875t4.12)^4)
: 2 . 2 5

Local circ. pressure stress = I*PxRm/t : 471 psi

lncal long. pressure stress : P*Rm/2t : 105 psi

Maximum combincd strcss =-2379 psi
Allowablc combined strcss : *-3*S : +- 44100 psi

The maximum combincd strcss is within allowablc limits.

Maximum primary mcmbrane strcss :-364 psi
Allowable primary mcmbranc strcss = +-1.5'kS : +- 22050 psi

The maximum primary membranc sbess is within allowablc limits.

D o t  / i
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From Value
read n lDur "1B lBuA1

3 C *  I 1 6 . 0 2 1  1 0 . 0 6 7
4C*  |  l7  .720 |  0 .067
I C  1 0 . 1 2 0 9  1 0 . 0 6 7
2C-110 .0837  10 .067
3A*  t 3 . 2919  t 0 . 067
1A  10 .0926  I 0 . 067
3 8 *  |  1 0 . 7 2 4  I 0 . 0 6 7
1 B - l 1 0 . 0 4 4 0  1 0 . 0 6 7
pressure stre s s*

-Todl 
circ stress

Primary membrane
ci rc  s t re  s  s*

pressure stres s*

Tota t long stre s s
Primary membrane
long stres s*

-424
- 469

-?01?
1393

-469

-1393

-469

- 1393

-424

-?oL7

-424

a0t2
- 469

1393

-424

20t?

47t 47t 47t 47t 471 47r 471 471

-  l39 l

?

1395 - r391

2 ?

1395 - 1965 2059 - 1965

? 4 7 4 7 4 7

2059

47

A t n

- e060

t t r i  a t i

2060 -2060
-469 -469 -469

2060
-1393 1393 -1393

- 469

1393

105 105 105 105 105 105 105I  n E

-2379

-  3 1 9

1741 -2379

- 3 1 9  - 3 1 9

1741 -1757 10?9 -t757

-319 -364 -364 -361

1029

-364

3 C *  1 1 6 . 0 2 1  1 0 . 0 6 7
4 C *  1 1 7 . 7 2 0  1 0 . 0 6 7
1 C - 1 1 0 . 1 2 3 8  1 0 . 0 6 7
2C  I0 .0837  10 .067
4 A *  1 4 . 8 1 8 3  I 0 . 0 6 7
2A  10 .0s35  10 .067
48*  13 .2756  10 .067
2B-110 .0696  10 .067

torsion moment Mt
Circ shear from Vc
Long shear fronr VL

Total Shear stres s
-com6inA 

stress

v,,
A),. /  r '  I

Pagc r j :  I  i
Do o.
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Top Hcad - BSC

ASME Scction VIII Division I - t992 Edition- A93 Addcnda

Component:
Matcrial spccification :

Internal design pressure: P :2
External design pressure: Pe: 14.7

Corrosion allowance: Inner C = 0

PWHT is not performed

RadiograDhy: Category A.joints - Spot UW-l1(b) type I
Head Io ihcliscam - Sirot Uw- I l(b) type I

Estimated wcight:
capacity:

ID : 105 crownL : 105.75 knuckler : 63a5 t = .343'15 in(min)

Straightflangc:2 formingallowance:0 in

WARNING! F&D hcad geomctry is not pcr UG-32(i)-

Dcsign thickness: (At 4fi) dcg F) Appcndix 1-4(d) Eq 3

M: .25*(3 + (L/r)^.5)
: .25*(3 + (105.7516.345)".5)
: l.'1706

t : Pi'L*M/(2*'S*E- 0.2*P) * Corrosion f fa
= 2x105.75*1.77061?*147ffi*0.85 - 0.2*2) + 0 + 0
= 0.015 in

MAP: (Ncw & at 0 deg F\ Appcndix l-4(d) Eq 3

P:2*S*E*V(L"M t 0.2*t) - Ps
: 2* 1 6700*0. 85*0.34375i( I 05 .7 5*13706 + 0.2*0.34375) - 0
= 52.10122 psi

MAWP: (Corrodcd & at 4{D deg F) Appcndix 1-4(d) Eq 3

P : 2*S{<E'.V(L1.M + 0.2*t) _ Ps
= 2:F 14700*0.85 *0.3437 5 | fl05.7 5*1.77M + 0.2'+0.34375) - 0
: 45.86155 psi

Extcrnal Pressure: (Corrodcd & at 400 dcg F) UG-33(e)

e = .125/(Ro/t)
: . I 25l( 106.0938 | 0.32873)
= 0.000387

Outer= 0

new:  1140.8 corr :  1140.8 l t )
new : 474.64 con = 474.64 US ga

Dec. 19, 1995
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Top Hcad - BSC

From tablc HA-3: B : 4755.5

Pa: B/(Ro/t)
= 4755.5/( I 06.0938t 0.3287 3)
= 14.7348 psi

Check the cxtcmal prcssurc per UG-33(a)(1)

t : L67*Pa*L4*M/(2*S*E + 1.67*Pa*(M-0.2)
-- 1 .67 * 1 4.7 3 48* I 06.0938 * 1 . 77Mt (2* 1 47 W* | ) 1 .67 * | 4.7 348*( I .7706-0. 2))
= 0.15702 in

Dcsign thickncss fof cxtcrnal pressure Pa : 14-7348 psi:

: t -l Corrosion I fa
: 0 . 3 2 8 7 3 + 0 + 0
= 0.32873 in

Maximum Allowablc External Prcssure: (Corrodcd @ 4(X) deg F)

A: .125/(Ro/t)
: . 125 / 0A6.A938/0. 34375)
: 0.000405

From table HA-3:

Pa= B/(Ro/t)

B:4793 .7

: 4793.7 | (106.0938/0.34375)
: 15.5319 psi

Chcck the lvlaximum External ltcssure: UG-33(a)(l) & App. l-a(d)

pc = 2*s*E*t/((t** - 1*1M-0.2))* 1.67)
: 2 * 1 4700* 1 *0 .3437 5 I ((l .77 06* I 06.0938 - 0.3437 5* (l .7706-0. 2))* I .67)
= 32.30824psi

The maximum allowablc external prcssure is 15.5319 psi.

Dcc. 19, l99s

7:, o
Q r , . / J : .  l / e t ' 9 - / - o t i
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Uppcr Cylindrical Shell - BSC

ASME Scction VIII Division l- 1992 Edition- A93 Addcoda

Component:
Material spccifi cation :

C.!linder
SA 240 3O4L HIGH

A = 0.000a29
B :4842 .5

Dcc. t9, 1995

(': '/ /

D t t . l J ,  t : ' l t - / - ' / ) '

P a � g e  3 z  a '  1 7

Internal design pressure: P = 2
External dcsign pressurc: Pe: 14.7

psi @ 400
psi @ 400

Corrosion allowance: Inner C = 0 Outer: 0

PWHT is not pcrformed

Radiography: Category A joints - Spot Uw-l l(b) type I
Category B joins - Spot UW-llO) type I

Estimatcd wcight:
capacity:

new: 1438.3 corr: 1438.3 lb
new :2249.O93 corr : 2249.093 US ga

ID = 105 lcngth I*: 60 t : 0.25 in (new)

Dcsign thickncss: UG-27(cXl'l Circ. stress

t: P*R/(S*E - 0.6*P) | Conosion
: 2*52.51(147ffi*0.85 - 0.6*2) 1 0
= 0.0084 in

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

P: S*E*V(R + 0.6*t) - Ps
: 16700't0.85*0.251(52.5 + 0.6*0.25) - 0-- 67.40266 psi

MAWP: (Corroded & at 400 deg F) UG-27(cXl)

P : s *E* t / (R+0 .6 * t ) -Ps
: 14700*0.85*0.251(52.5 + 0.6*0.25) - 0
= 59.330a9 psi

External Prcssure: (Corroded & at 40O deg F) UG-28

LlDo : 37 .903271105.5 :0.3593 Doit : 105.5/0 .2a092 = 437 .9047

deg F
deg F

in

From tablc G:
From tablc HA-3:

Pa= 4"B/(3"Do/t)
: 4* 4842. 5 | (3* 105.5 | 0.2M2)
= 14.7M5 psi

Dcsisn thickncss for cxtcrnal nressurc Pa : 14.7445 osi:

: t + Corrosion
= O.2aO92 t O
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Uppcr Cytindrical Shell - BSC

: 0.24092 in

Maximum Allowable Extcrnal Prcssure: (Corrodcd @ 40O deg F)

UDo : 37.903271105.5 :0.3593 Do/t : 105.5/0.25 = 422
From tablc G: A : 0.000452
From table HA-3: B : 4887.2

Pa= 4*B/(3*Do/t)
= 4*4887 .21 (3* 1 05.5/0.25)
: 15.4414 psi

Dcc. 19, 1995

2,  , ' )' \ ' a  ! /  L .

? r . e ,  N o  y ' a q g - t - . 1  / J -

Pagc Ar u,. r t



COMPRESS 5.51 C:\CS\BSCI05ID.VSL

Shcll Stiffcocr

Stiffcning Ring Calculations Pcr UG-29

ASME Scction VIII Division l- 1992 Edition- A93 Addcnda

Identifier:
Ring matcrial specification:
Numbcr of rings in this group:
Distancc first rins to datum line:
Ring spacing:

Ring dcscription:
Ring is rolled:
Ring cross scctional area:
Ring moment of inertia:

Shell Stiffener
SA 240 3O4L HIGH
I

110 in
0 i n

4x4xll4 Equal Angle
leg out (easy way)

As = 1.94 in^2
Ir :  3.04 in^4

SA 240 3O4L HIGH
0.24492 in
0.25 in
105.5 in
400 deg F
14.7 psi
33.95164 in

Dcc. 19, t995

Ec" t)

D o ,  , l ) - .  : ' a  1 '  - f  t t

Calculations for ring ll0 in from datum

Shcll material specification:
Required shcll tlickness :
Corrodcd shcll thickness:
Shell outcr diameter:
Design temperature:
External dcsign pressure:
Stiffencr supported lcngth :

t :
t s =
D o =

P =
L s -

B = .75*(P*Do/(t I As/Ls))
= .75*(14.7*105 .5t (0.24W2 + 1.94t33.95164))
= 39C23s9

From table HA-3 (ring) A: 2.951318E-04

Rcquircd momcnt of incrtia of the combined ring-shcll section

Is= (Do^2*Ls*(t + As/Ls)*A)/l0.9
: (1O5. 5 ̂  2*33.95 1 @* (024W2 + I . 94/33.95 I 64)*2. 95 1 3 I 8E-04)/ I 0. 9
= 3.049713 in^4

Availablc momcnt of inertia of the combined ring-shell scction

Shell width conbibuting smaller of : 5.649226

W = l.l *Sqr(Do*ts)
: |.l*Sqr(105.5*0.25)
:5-649226in

W : tr : 33.95164 in

Shell area AI = W*ts : 1.412306in^2

Distancc to thc ring ncutral axis

Page t '^F 17
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Sbcll Stiffcncr

Y2 = Ring NA + a/2
= 1.09 t 0.2512
:  1 .215 in

Neutral axis of combincd section

NA: As*Y2l(Al + As)
: 1.94*1.2151(1.412306 I 1.94)
: .7031279 in

Inertia of thc shcll about thc combined section NA

I l : w * t s ^ 3 / 1 2 + A l * N A ^ 2
: 5.649226*0.25^ 3 I t2 | t.412306*0.7031279^ 2
: .7055842 in^4

Inertia of the ring about the combincd section NA

12 = Ir I, As*(NA - Y2)^2
: 3.04 J 1.94*(0.7031279 - 1.2t5\^2
= 3.548306 in^4

Total availablc I : 11 + 12 : 4.25389 in^4

Thc 4x4x1l4 Equal Angle vacuum stiffener is satisfactory.

Dcc. 19, 1995

/?,i,t A
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Component:
Material spccifi cation :

Cylindcr
SA 2.10 304L HIGH

CoMPRESS 5.51 C:\C5\BSCl05lD.VSL

Main Scction Cylindcr

ASME Scction VIII Division l, 1992 Edition. A93 Addcnda

Dcc. 19,r995

l/. -/!2 t/ (J

/ l - .  r ) ^  t / t , / t i  -  / ,  C / - -' , , t 4  c  N .  -

Pagc vc "' a r 't' 7

psi@ 400
psi @ 400

Corrosion allowance: Inner C : 0 Outer: 0

PWHT is not performcd

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

Estimated weight:
capacity:

Internal dcsign pressure: P :2
External dcsign pressurc: Pe: 14.7

L/Do : 80/106 =0.?54?
From table G:
From table HA-3:

ID : 105 length Lc , 80 t : 0.5 in (new)

Dcsign thickncss: UG-27(cXl) Circ. strcss

t = P*R/(S*E-0.6*P) | Corrosion
= 2*52.51(1470o*0.85 - 0.6+2) + 0
: 0.0084 in

MAP: (Ncw & at 0 dcg F) UG-27(cXl)

P : 5 x B x Y 1 P + 0 . 6 * t ) - P s
= 16700*0.85*0.5t(52.5 + 0.6*0.5) - 0
: 134.4223 psi

MAWP: (Corrodcd & at 4fi) dcg F) UG-27(cXl)

P = S*E*V(R 1- 0.6*t) - Ps
: 14700*0.85*0.51(52.5 + 0.6*0.5) - 0
: 118.3239 psi

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

ncw : 3844.7 con :3844.7 lb
new = 2998.79 con = 2998.79 US ga

Do/t : 106/0.30843 = 343.6761
A :0.000288

B : 3807.2

deg F
deg F

in

Pa: 4*B/(3*Do/t)
= 4*3807 .2 | (3* I 06/0. 30843)
: 14.?705 psi

Dcsign thickncss for cxtcrnal prcssure Pa : 14.7705 psi:

: t f Corrosion
:0 .30843 +  0
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Main Section Cylindcr

= 0.30843 in

Maximum Allowablc External Prcssure: (Corrodcd @ 4(X) dcg F)

UDo = 80/106 :0.7547 Dolt: 1M10.5 :212
From table G: A : 0.000586
From tablc HA-3: B : 5115.7

Pa: 4*B/(3*Do/t)
: 4*51 15.7/(3*106/0.5)
:32.1742 psi

Dcc. 19, 1995
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Opcning N-E Reinforcemcnt Calculations Per UG-37

l-ocated on:
Local vesscl tft ickness:
Liquid static head includcd:
Flange description:
ANSI 816.47 flange rating MAP:
ANSI 816.47 flange rating MAWP:

Nozzle matcrial spccifi cation :

Pad rnaterial specifi cation :

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

C:\CS\BSCI05ID.VSL

Nozzlc E

Upper Cylindrical Shclt - BSC
.25 in
0 osi
Iti inch75# SO A240304L
I 15 psi
80 psi

SA 240 3O4L HIGH

SA 240 3O4L HIGH

45 degrees
55.875 in
0 i n
3.125 in

Dcc. 19, 1995

f,n ->
op_'l
->l l<twz
:*lrT-

l<-

< - d - >

<_ L -> l

l<-
twl I
l< - l

t \
_tw3

cor ros ion  a l low =
noz thick neu, tn=
nozz le  id ,  new d=
pad diameter dP =
pad th  i ckness  te=
f i l l e t  w e l d  t w l  =
f i l l e t  w e l d  t w 2  =
groove weld tw3 =

To datum L= 124 in

0  i n
. 1 2  i n
1 3 . 7 5  i n
20  i n
. 25  i n
. 1 2 5  i n
. 2 5  i n
. 2 5  i n

Rcinforcemcnt Calculations For Nozzle MAWP

Limits of rcinforcemcnt UG-40

Parallcl to the vessel wall d : 13.75 in
Normal to the vessel *all outside 2.5*(tn-Cn) J. tc : .55 in
Normal to thc vesset wall inside 2.5*(tn-Cn-C) : .3 in

Nozzlc requircd thickncss

trn = P*Rn/(Sn*E - 0.6*P)
: 2*6.87 5 | (14700*1 - 0.6*2)
: 0.0009 in

Rcquircd ttickness tr from UG-37(a)

tr: P*R/(S*E - 0.6*P)
: 2*52.5 I (14700*l - 0.6*2)
: 0.0071 in

Area requircd

,/(n r' u

/ t : z r - / - a / J '

Page u/ e, .  sz
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Nozzlc E

Allowablc strcsses: Sn : 14700, Sv : 14700, Sp = 14700 psi

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

A: d*tr*F { 2*tn*ff+F*(l - frl)
= 13.75*0.0071,ts1 + 2*0.12*0.0071*1*(l _ l)
: .0976 in^2

Arca available

A1 = largcr of the following -- 3.34 in^Z

d*(E I *t-F*tr) - 2ttn*(81*t-F*tr)*( l-frl )
13.75*(l  *0.25-1*0.0071) - 2*0. 12*(l  +0.25- I  *0.0071 ) ' �k(1-l)
3.34 in^2

2*(r I tn)*(E I *r.-F*rr) - 2*tn*(E I xt-F*rf)*( | -frl )
2*(0.25 I 0. l2)*(1*0.25-1*0.0071) - 2*0. 12*(1 *0.25-l*0.0071)*(1-1)
.18  in^2

A2 = smallcr of the following

= 5*(tn - trn)*fr2*t
: 5*(0.12 - 0.0009;*1*9.25
: .149 in^2

:0 .131  i n ^2

= 2'*(tn - trn)*(2.5*tn t te)*fr2
: 2*(0.12 - 0.0009)+(2.5*0.12 I 0.25)*l
= .131 in"2

A41 : I*g^2*fr3
-- 0.125^2*1 : .016 in"2

A42 : l.r.g^2*fr4
:0.25^2*l : .063 in^2

A5 : (Dp - d - 2*tn)*te*fr4
: (20 - 13.75 - 2*0.12)*0.25*7
= 1.5025 in^2

Area = Al + AZ + A4l + A42 + A5
: 3.34 + 0.131 + 0.016 + 0.063 + 1.5025
= 5.0525 in^2

As Area > A the reinforccment is adequate for MAWP : 2 at 400 Deg F

Chcck thc wclds - From UW-16(cX2)

Inner Fillct: tmin : lcsscr of 0.75 or tn or tc. tmin = 0.12 in
tw(min) : o.7*tmin : 0.084 in

Dcc. 19, r995

?O' D
Dr: .U: :/,";" i '  '  r/: '
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Nozztc E

tw(actual) = 0.7*l,eg : o.7*0.125 : 0.0875 in

Outcr Fillet: tmin : lesscr of 0.75 or te or t. tmin = 0.25 in
tw(min) = Q.5*tmin : 0.125 in
tw(actual) : 0.7*kg :0.7*0.25 : 0.175 in

UG-45 Nozzlc Ncck Thickncss Chcck

Wall thickncss per UG-45(a):
Wall thickness per UG-a5@)(l):
Wall thickness per UC-16(b):
Std pipe wall per Uc-as(b)(a):
The greater of tr2 or tr3:
Thc lesser of tr4 or tr5:

trl : 0.0009 in (E = 1)
tr2 : 0.C071 in
tr3 = 0.0625 in
14 : 0.328125 in
15 = 0.0625 in
tr6 : 0.0625 in

Dcc. 19, t995

Req'd pcr 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 adequatc for MAWP.

Allowablc strcsscs in joints UG-45(c) and UW-15(c)

Groovc wcld in tcnsion = 0.74"147ffi : 10878 psi
Nozzlc wall in shear : 0.7*14700 = t0290 psi 

'

Inner fillct wcld in shear : 0.49*14700 = 7203 psi
Outer fillct wcld in shear = 0.49*14700 : 7203 psi

Strcngth of weldcd joints:

(1) Inner fillct weld in shcar
(Pi/2)*Nozzlc O.D. *t cg*Si : 1.57'<13.99*0.125*7203 : 19776. I I lbf

(2) Outcr fillct weld in shear
(Pi/2)*Pad O.D. *Leg*So -- 1.57 *20*0.25"7 203 : 56543.55 lbf

(3) Nozzlc wall in shcar
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*13.87*0.12*10290 = 26888.88 lbf

(4) Groovc weld in tcnsion
(Pi/2)*Nozzlc O.D.*tw*Sg : 1.57"'13.99*0.25't10878 : 59731.91 lbf

hading on wclds pcr UG-4lOXl)

w : (A - (d - 2*tn)*(El"t - F*tr))*Sv
: (0.0976 - (13.75 - 21'0.12)'t'(1*0.25 - l*0.0071))r'14700
:-,t680a.a9 lbf

Wl_l = (A2 J A5 -{_
: (0.131 r 1.5025
: 25173.75 tbf

w2_2 = (42 + A3 1

A41 + A42)*Sv
{ 0.016 + 0.063)"'14700

A4l + A43 1 2*tn*txfrl)*Sv

7 ; n  o
y 'o r ' ' -  t -  o r . -

Pagevs L--  1 ' -
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Nozzlc E

2*0. 12*0.25* 1)* 14700: ( 0 . 1 3 1  I 0 r  0 . 0 1 6  r 0 1
= 3042.9 lbf

W3-3 : (A2 I A3 + A.5 'l A4l + A42 + A43 '1 2*trr"t*frl)*Sv
= (0.131 J 0 + 1.5025 + 0.016 + 0.063 + O + 2*0.12*0.25*1)*14700
: 26055.75 lbf

Load for path l-l lesscr of W or Wl-l =-468O4.49 lbf
Path l-l rhru (2) & (3) = 56543.55 + 26888.88 = 83432.43 lbf
Path l-l is stronger than W so it is acceptable per UG-41(b)(2).

Load for patJ't 2-2lesscr of W or W2-2 :-46804.49 lbf
Path?-2 rhru (1), @) : 19776.11 J 59731.91 = 79508.02 lbf
Path 2-2 is strongcr than W so it is acceptablc pcr UG-41(b)(2).

Load for oath 3-3 lesser of W or W3-3 :4680a.a9 lbf
Path 3-3 ttnu (Z), (4) : 56543.55 t 59731.91 : 116275.5 lbf
Path 3-3 is stronger than W so it is acccptable pcr UG-4IOX2).

Pad strcngth = A5*Sp = 22086.75 lbf
Outer fillct wcld strength is adequate.

Reinforccmcnt Calculations for Extcrnal Prcssurc

Limits of rcinforccmcnt UG-40

Parallcl to thc vessel wall d : 13.75 in
Normal to thc vcssel wall outsidc 2.5*(tn-Cn) F tc : .55 in
Normal to the vesscl wall inside 2.5*(tn-Cn-C) : .3 in

Nozzlc rcouircd thickncss

L/Do: 3.125113.99: .2234 Do/t: 13.99/0.A2972 = 470.7268

Dcc. t9, 1995

?aa a

. / , - u € - r , t _ t / {

Ptge 't'l a'- r z

From tablc G:
From tablc HA-3:

Pa: 4*B/(3*Do/t)
: 4*5 198.5/(3* 13.99 I 0.02972)
- 14.7247 psi

Nozzle required thickness tt : .02972 in

Rcquired thickness tr from UG-37(dXl) = -2409 in

Arca rcquircd

Allowable stresses: Sn : 14700, Sv = 147fi), Sp : 147ffi psi

frl = lcsscr of I or Sn/Sv so frl =l
fr2 : lesscr of I or Sn/Sv so fr2 :1
fr3 = lcsscr of fr2 or Sp/Sv so fr3 : I
fr4 : lesscr of I or Sp/Sv so fr4 - I

A = 0.0006a2
B = 5198.5

Dac . ,Jc



A = o.s*(d*tr*F I 2*tn*tr*F*(l _ frl)
= 0.5*(13.75*0.2409*l I 2*0.12*0.2409*l'r(l - l))
: 1.6562 in^2

Arca availablc

Al = largcr of the following : .125 in^ 2

= d*(E I *t-F*tr) _ 2:ftn*(El *t_F*tr)*( l_frl ): I 3.75*( I *0. 25- I *0. 2409) - 2*0.12* (t*0.25- I *0. 2.109)*( l - I )= .125 in^2

: 2*(t+tn)*(El'kt-F*tr) _ 2xtn*(El *t_F*tr)*(l _frl )
-  2*(0.2510. l2)*(1*0.25- I  *0.2409) - 2*0. 12*(l  *0.25-1*0.2409)*(1-l)
: .007 in^2

COMPRESS 5,51 C:\CS\BSCI05ID.VSL

Nozzlc E

A2 = smallcr of the followins

= 5*(tn - tm)*fr2*t
:  5*(0.12 - 0.02972)xl*0.25
:  . l 13  i n ^2

= 2't(tn - trn)*(2.5*tn 1 tc)*fr2
: 2(0.12 - 0.02972)*Q.5*0.12 + 0.25)*l
= .099 in^2

A41 : trg^2*fr3
: 0.125^2*l = .016 in^2

A42 : l*E^Z*fr4
: O.25^2*l : .063 in^2

A5 : (Dp - d - 2*tn)*te*fr4
: Q0 - 13.'15 -2*0.r2)*Q.25*1
: 1.5025 in^2

Arca = Al + A2 + A41 + A42 + A5
: 0.125 r 0.099 + 0.016 J 0.063 + 1.5025
: 1.8055 in^2

As Area ) A the reinforcemcnt is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): bl : 0.02972 in (E : l)
Wall thickncss per UG-a5@)(2)i t2 = 0.0525 in
Wall thickness pcr UG-16(b): tr3 : 0.0625 in
Std pipe wall pcr UG- SO)(a): t4 = 0.328125 in
The greatcr of tr2 or tr3:
The lesser of tr4 or tr5:

trS : 0.0625 in
tr6 = 0.0625 in

Dcc. 19, 1995
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= 0.099 in'2

Rcq'd pcr UG-45 is thc larger of trl or tr6 : 0.0625 in



Availablc nozzle wall thickncss ncw, tn : 0.12 in

The nozzlc neck thickncss is adeouatc for Pe.

CoMPRESS 5.51 C:\C5\BSCI05ID.VSL
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COMPRESS 5.5I

Applicd l,oads

Radial load
Circumfercntial moment
Circumfercntial shear
lnngitudinal moment
Longitudinal shear
Torsion moment
Intcrnal pressure

C:\CS\BSCI05ID.VSL

Nozzlc E

Dcc. t9, 1995

, ( . i  /  u

t / l i . r .  . t  -  a / , '

Pzge /7 6t st

Pr : 2183 Itrf
Mc = 0lbf-ft
Vc = 0 lb f
N{L :0lbf-ft
VL = 0lbf
Mt : 0lbf-ft
P :  2 p s i

Strcsscs at thc nozzlc OD pcr WRC bullctin 107 ( psi)

Il{ean radius Rm : 52.625 in
Rm/t : 105.25

Strcss concentration factor Kn (tension) = I
Stress concenration factor Kb (bending) : 1

Prcssure strcss intensity factor, Farr cquation 11.5

| = .25*(4 I 3+(r/x)^2 -t 3*(r/x)^4)
: .25*(4 t 3*(6.875t7.12)^2 1- 3*(6.87517.12)^4)
: 2.351

Local circ. prcssure strcss : I*P*Rm/t : 495 psi

Local long. prcss'urc strcss = P*Rm/2t : 105 psi

Maximum combined stress = -4703 psi
Allowablc combined stress : +-3*S : +- 44100 psi

The maximum combincd sucss is within allowable limits.

Maximum primary membrane sfrcss :-1154 psi
Allowable primary membrane stress = +-1.5*S: +- 22050psi

The maximum primary membranc sress is within allowable limits.

Do c . ,t) a
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From
F  i g .

V a l u e
read

beta
N IDua lCuBI

3 C *  1 1 0 . 7 7 6  1 0 . 1 1 6
4 C *  l l 5 . l 8 0  l 0 . l l 6
t c  t 0 . 0 7 6 8  t 0 . 1 1 6
2 C - 1 1 0 . 0 4 4 3  1 0 . 1 t 6
3 A *  1 4 . 1 5 6 5  1 0 . n 6
t A  t 0 . 0 7 7 6  1 0 . 1 1 6
3 8 *  t l l . t 2 l  t 0 . 1 1 6
1 8 - 1 1 0 . 0 2 8 2  1 0 . 1 1 6
pressure stress*

-t259 -1259 -1259

-?321 2321 -?321

-894
-  1259

-4024
?321

-894 -894

4024 -4024

-894

4024

495 495 495 495 495 495 495 495

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

1557 -3085

-764 -764

1557 -4423

-764 -399

- 3085

-764

3625

-399

3625

- 399

-4423

-399

3C*

lc -  I
2 C
4A*
2A
4B*
2B-I

t0 .776
l E  l o n

0  . 0 7  4 7
0 . 0 4 6 9
' ,  En^ ' l

0 . 0 3 9 0
4. t t?7
n  n ? o 7

0 . 1 1 6
0 . 1 1 6
N  ] I C

0 . 1 1 6
0 .  i 1 6
0 . 1 1 6
0 .  I 1 6
0 .  1 1 6

-894

- 3914

-894 -894

3914 -39 I4

-894
-1259

39I4
-2457

- 1259  -1259  - I 259

2457 -2457 2457

105 105 105 I  A E 105105r  n q105pressure s tres s*

Total long stres s
Primary membrane
long stre s s*

3125 -4703

-789 -789

3125 -361I  1303

-789 -1154 -u54

-36I t  r303

-  1154  -  1154

- 4703

-789

tors 'ion moment l'lt
Circ shear from Vc
Long shear from VL

Total Shear stress

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

?,'u
y' ? 'rc -
Pagc v r

D
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Strcsscs at thc pad cdgc pcr WRC bullctin 107 ( psi)

Mean radius Rm : 52.625 in
Rm/t : 210.5

Sbess conccntration factor Kn (tension) : I
Stress conccntration factor Kb (bcnding) = I

Prcssure strcss intensity factor, Farr equation I 1.5

I -- .25*(4 -1 t*(1/x)^2 + 3*(r/x)^4)
-- .25* (4 -+ 3* (6.87 y 1 A.2t ̂  2 r- 3 *(6. 87 5 1 10.25)^ 4)
: 1.489

Local circ. prcssurc stress : I*P*Rm/t : 627 psi

Local long. pressure sbess = P*Rm/2t = 210 psi

Maximum combined stress :-13225 psi
Allowablc combined strcss : l -3*S = +- 44100 psi

The maximum combincd stress is within allowable limis.

Maximum nriman' mcmbrane strcss :-3307 osi
Allowable irimar! mcmbrane stress = +-1.5?S = +- 22050psi

Thc maximum primary mcmbrane strcss is within allowablc limits.

Dcc. 19, 1995
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COMPRESS 5.5I

Froml  Value beta
Fig.  I  read

3C*  t 8 . 3321  t 0 . 166

C:\CS\BSCI05ID.VSL

Nozzlc E

Dcc. 19, t995

DIDua lCuB I

4 C *  t 2 I . l 9 6  t 0 . 1 6 6
t c  10 .059s  10 .166
2 C - l 1 0 . 0 1 4 9  1 0 . 1 6 6
3A*  t 6 . 5607  I 0 . 166
1A  10 .05s3  10 .166
38*  113 .588  10 .166
1 B - 1 t 0 . 0 1 0 4  t 0 . 1 6 6
pressure stres s* 6?7 627 6?7 6?7 627 627 627 627

-3517 -3517 -3517

-3123  3123  -3123

-1383 -1383
-3517

-t?469 t?469
3 r23

-1383 -1383

-12469 t?469

Total circ stress
Primary membrane
ci rc  s t ress*

-6013 233 -6013

-2890 -2890 -2890

233 -t3225

-2890 -756

l l 7 l 3  - 13225  I 1713

-756 -7s6 -756

?r*
4C*
1 C - 1
?c
4A*.
2A
4B*
2B- I
pressure stre

o  a ' r  11

2 1 . 1 9 6
0 .0392
n  n ? E 2

t 7  . 9?2
0.0238
E O, l  tO

0 . 0 1 4 4

0.  166
0 . 1 6 6
0 .  166
0 . 1 6 6
0 .  166
0 . 1 6 6
0 . 1 6 6
0 .  166
ss*

-1383 -1383 - I383 -1383

-8215 8215 -8215 8215
-3517 -3s17 -3517 -3517

-7398 7398 -7398 7398

210 210 210 210 210 210 210 210

Total long stress
Primary membrane
long stre s s*

-9388 7042 -9388

- i l 7 3  - 1 I 7 3  - 1 1 7 3

7042 -10705 4091 -10705 4091

-u73 -3307 -3307 -3307 -3307

torsion moment Mt
C irc shear frorn Vc
Long shear from VL

Total Shear stre s s

Combined stress - 9388 7042 -9388 704? -13225 11713 -1322s l l713

Zat o

/ o , r i -  r  -  t t ,  t '
Pa,gc ro o. .r2

D e  t  a
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Nozzlc G

Opcning N-G Rcinforccmcnt Calculations Pcr UG-37

l,ocated on:
Local vessel thickness:

Nozzle orientation:
End of nozzlc to shell ccnter:
Nozzle offsct from ccntcr [,o:
Projection outside vessel Lpr:

tn -> |

< - d - >

:,,

Main Scction Cylinder
.5 in

90 degrees
55.625 in
0 i n
2.625 in

Dcc. 19, 1995

3""  O
/ ) o  t / ' -  u 9 '  r -  C t  t -

P a g e  s '  t '  r 7

Liquid sratic hcad includcd: 0 psi
Flangc description: 8 inch 75# WN A240304L
ANSI 816.47 flangc rating MAP: I l5 psi
ANSI 816.47 flanle ratin[ MAWP: 80 fsi

Nozzle matcrial specification: SA 24.0 3O4L HIGH

c o r r o s i o n a l l o l r - 0 i n
noz thick net,J tn= .12 in
n o z z l e  i d .  n e w  d =  7 . 7 5  i n
f i l l e t  w e l d  t w l  =  . 1 2 5  i n
groove we)d  tw2 =  .1875 in

To datum L= 40 in

twt-> 
l,

_> l

Rcinforccmcnt Calculations For Nozzlc MAWP

Limits of rcinforccmcnt UG-40

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

Nozzle requircd thickness

trn = P*Rn/(Sn*E - 0.6*P)
: 2*3.8'1 5l (14700*l - 0.6*2)
: 0.0005 in

Rcquircd thickness tr from UG-37(a)

A: P*FJ(S*E - 0.6*P)
: 2*52.5 | (1 47 N,* I - 0.6+2)
= 0.0071 in

Arca rcquircd

Allowablc strcsses: Sn : 14700, Sv : 14700, psi

frl = lesscr of I or Sn/Sv so frl : I

I

2 u t .



CoMPRESS 5.5t

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

C:\CS\BSCl05ID.vSL

Nozzlc G

: 3.82 in^2

A: di.t *F l- 2*tn,*tr*F'f (l _ frl)
: 7.75*0.0071*l I 2*0.12*0.0071*l*(l _ 1)
= .055 in^2

Area availablc

Al = largcr of the fotlowing

Walt thickncss per UG-45(a):
Wall thickncss per UG-45(b)(l):
Wall thickncss per UG-16(b):
Std pipe wall per UC45(bX4):

: d*(El*t-F*tr) - 2*tn'r(El*t-F*tr)*( l-frl)
= 7.75*(1 x0.5-l *0.007 l) - 2*0. l2*(1 *0.5- I *0.0071)*(l - l)
: 3.82 in^2

: 2*(t I tn)x(El*t_F*tr) _ 2*tn*(El *t_F*rr)*(l_frl)
: 2*(0.5 + 0. 12)*(l *0.5-l*0.007 l) - 2*0. l2*(l *0.5-l *0.0071)*(l - l)
: .611 in^2

.A2 : smallcr of the following

: 5*(tn - trn)*fr2*t
:  5*(0.12 - 0.0005)*1*6.5
= .299 in^2

: 5*(tn - trn)*fr2*tn
= 5*(0.12 - 0.0005)*1*0.12
- n?,l  :-  '1

A4l : Irg^2*fr2
:0 .125^2* l  =  .016 in^2

Area:  A l  I 'A2 + A4l
: 3.82 -t 0.072 J 0.016
: 3.908 in^2

= 0.072in^2

As Area > A the rcinforcemcnt is adcquate for MAWP : 2 at 400 Deg F

Chcck thc wclds - From UW-16{d):

tmin : lesscr of 0.75 or tn or t. tmin = 0.12 in
tl or O(min) = lesser of 0.25 or O.?*tmin, tl(min) : 0.084 in
tl(ac$al) :0.7*l-eg = 0.7*0.125 : 0.0875 in
t2(actual) : 0.18?5 in
tl + Q : 0.275 > = 1.25*tmin

The weld sizcs for tl and t2 are satisfactory.

UG-45 Nozzlc Neck Thickness Chcck

Dcc. 19, 1995

&, ,,
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trl : 0.0005 in (E = l)
tr2 = 0.0071 in
tr3 : 0.0625 in
tr4 = 0.28175 in



COMPRESS 5.5I

The greatcr of tr2 or tr3:
The lcsser of tr4 or tr5:

Limits of rcinforccmcnt UG-l(}

Parallel to thc vcssel wall d : 7.75 in

C:\C5\BSCl05ID.VsL

Nozzlc G

tr5 = 0.0625 in
tr6 : 0.0625 in

Dcc. 19, 1995

Terz o

li,r9- t- o ,r
Page f3 e-- rt

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

Availablc nozzle wall thickness ncw, tn - 0.12 in

Thc nozzlc neck thickness is adcquatc for MAWP.

Allowablc strcsscs in joints UG-45(c) and UW-15(c)

Groove wcld in tcnsion = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi 

-

Inncr fillct wcld in shear : 0.49*14700 = 2203 psi

Strcnsth of wclded joints:

(l) Inner fillct weld in shcar
(Pi/2)*Nozzlc O.D.*I cg*Si - 1.57*7.99*0.125*7203 : 11294.57 lbf

(3) Nozzlc wall in shcar
(Pi/2)*I{can nozzle dia.*tn*Sn = 1.57*7 .87*0.12* 10290 : 15257.07 lbt

(4) Groovc wcld in tcnsion
(Pi/2)*Nozzlc O.D.*tw*Sg = 1.57*7.99x0.1875*10878 : 25585.6? lbf

Loading on wclds pcr UG-4I(bXl)

W : (A - (d - 2*tn)*(81*t - F*r.;1*5u
: (0-.qll - 9,7! - 2*0.12)*(1'*0.5 - l*0.0071D*14700
:-53606 18 lbf

Wl-l : (A2 + 45 + A41 + A42)*Sv
= (0.072 + 0 + 0.016 + 0)*14700
: 1293.6 tbf

W2-2: (A2 + A3 I A4l + A43 +- 2*tn+t*fr1)*Sv
= (q 012 + 0 + 0.016 + 0 + 2*0.12t.5*l)*14700
: 3057.6 lbf

Ioad for path l-l lesser of W or W1-l =-53606. 18 lbf
Path l-l Thru (l) & (3) : 11294.57 + 15257.07 : 26551.64 lbf
Path l-1 is stronger than W so it is acceptable per UG-41OX2).

I-oad for path 2-2 lesser of W or W2-2 : -53606 . I E lbf
Path2-2 Thru (1), (4) = 11294.57 t 25585.67 : 36880.24 tbf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Rcinforccment Calculations for Extcrnal Pressurc

Dat  l J "
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Normal to thc vessel wall outsidc 2.5*(tn-Cn) | tc : .3 in
Normal to the vcssel wall insid€ 2.5*(tn-Cn-C) : .3 in

Nozzle required thickncss

LlDo : 2.05/7.99 : .3285 Do/t : 7.99/0.01796 : 444.8775

: 0.061 in^2

Dcc. 19, 1995
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From tablc G:
From tablc HA-3:

Pa: 4*B/(3*Do/t)
: 4*4906. I /(3*7 .9910.01796)
= 14.704 psi

Nozzle required thickncss trn : .01796 in

Rcquircd thickncss tr from UG-3?(dXl) : .3084 in

Arca rcquircd

Allowablc strcsses: Sn : 14700, Sv : 14700, psi

frl : lcsscr of 1 or Sn/Sv so frl : I
fr2 : lesscr of I or Sn/Sv so fr2 :l

A : 0.5*(d*tr*F 1 2*tn*tr*F*(l - frl)
:  0.5*(7.75*0.3084*l + 2*0.12*0.3084*lx( l  _ l))
=  1 .1951 in^2

Arca availablc

Al = largcr of the following = 1,485 in^2

: d*(El*t-F*tr) - 2*tn*(El xt-F*tr)*(l-frl)
: 7.75*(1*0.5-l*0.3084) - r*0. 12*(l*0.5-l*0.3084)*(1-1)
: 1.485 in^2

: 2*(t+tn)*(El*t-F*tr) - 2*tn*(El *t-F*tr)*(l-frl )
: 2*(0.5 +0, 12)*(1*0.5- I *0.3084) - 2*0. 12*(l *0.5-l*0.3084)*(1-1)
: .238 in^Z

A - 0.000462
B :4906 .1

A2 : smaller of the following

: 5*(tn - trn)*fr2{'t
= 5*(0.l2 - 0.01796)*l*0.5
: .255 n^2

: 5*(tn - trn)+fr2*tn
: 5*(0.12 - 0.01796)'*1*0.12
-- .061 in^Z

A4l = l*g^2*fr?
= 0.125"21 = .016 in^2 Dae il"
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Arca : Al I A2 '1 A4l
= 1.485 r 0.061 -t 0.016
: l .562in^2

As Area > A the reinforccment is adequate for Pc : 14.7 at 400 Deg F

UG-45 Nozzlc Ncck Thickncss Chcck

Wall thickncss per UG-45(a): trl : 0.01796 in (E = l)
Wall thickncss per UG-45(b)(2): tr2 : 0.0525 in
Wall thickncss per UG-16(b): tr3 = 0.0625 in
Std pipe wall pcr UG-45(b)(4): tr4 = 0.28175 in
Thc grcatcr ofb2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr5: tr6 : 0.0525 in

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

Availablc nozzle wall thickness new. tn = 0.12 in

Thc nozzlc neck thickness is adequate for Pe.

Dcc. 19, t995
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Pr : 693.4 lbf
Mc = 0lbf-ft
Vc : Olbf
ML :0 tbf-ft
VL = 0lbf
Mt : 0lbf-ft
P :  2 p s i

Strcsscs at thc nozzle OD pcr WRC bulletin 107 ( psi)

It{ean radius Rm : 52.75 in
Rm/t = 105.5

Strcss conccntration factor Kn (tension) :
Strcss conccntration factor Kb (bending) :

Prcssure strcss intensity factor, Farr equation I1.5

I : .25*(4 t 3*(rlx)-2_1 3*(r/x)^4)
: .2r*(4 | 3*(3.875t4.12r^2 1 3r.13.875t4.12)^4)
-  1  1 <

Local circ. prcssure strcss : I*P*Rm/t : 415 psi

Local long. pressure strcss : P*Rm/2t : 106 psi

Maximum combined strcss :-2389 psi
Allowable combincd strcss : + -3*S : +- il4l00 psi

The maximum combincd strcss is within allowablc limits.

M_aximum primary mcmbrane stress =-363 psi
Allowable primary membrane stress = +-1.5*S : -f - 22050 psi

The maximum primary mcmbranc stress is within allowablc limits.

COMPRESS 5.5I

Applied t oads

Radial load
Circumfcrcntial momcnt
Circumfcrcntial shear
Longitudinal moment
Longitudinal shcar
Torsion momcnt
Intcrnal pressurc

C:\C5\BSCl05ID.vSL

Nozzlc G

Dcc. 19, 1995
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Va lue
read

beta

3 C *  t 1 6 . 1 4 9  I 0 . 0 6 6
4 C *  1 1 7 . 8 5 0  1 0 . 0 6 6

C:\CS\BSCI05ID.VSL
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DIDu. ICuBI
From
F  i s .

-425

2022
-469

-  1401

-469 -469

1401 -1401

-425
-469

-?022
1401

-425 -425

-20?2 2022l c  t 0 . 1 2 1 5  t 0 . 0 6 6
2 C - 1 t 0 . 0 8 4 2  t 0 , 0 6 6
3A*  13 .3073  10 .066
lA  t 0 . 0927  t 0 . 066
38*  t I 0 . 765  t 0 . 066
lB -1 t0 .044 r  t 0 . 066
pressure s tres s* 475 475 475 475 475 475 475 473

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

1 a *

4Ct
I C - l
2 r

2A
A O *

28 - I

1 6 . 1 4 9  t 0 . 0 6 6

1407 -1395

6 6

1407 -1972 ?072

6 5 0 5 0

-1972 2072

r n  E n

-  1395

6

1 7 . 8 5 0  t 0 . 0 6 6
0 . 1 2 4 4  1 0 . 0 6 6
0 .0842  I 0 . 066
4 . 8 3 7 2  1 0 . 0 6 6
0 .053s  I 0 . 066
3 .2886  10 .066
0 . 0 6 9 9  t 0 . 0 6 6

pressure stress* 106

-425

-2070

-425 -425

2070 -2070
-469 -469

-  1401 t40 l

-425

2070
-469

-  l40 l

-469

l40 l

t06106106106106106I  n c

Total long stres s
Primary membrane
long stress*

t75I -2389

-319  -319

-t764 1038

-363 -363

-1764 1038

-363 -363

- 2389

-319

I75 l

- 3 1 9

torsion moment Mt
C irc shear from Vc
Long shear from VL

Tota' l  Shear stress

Combined stres s - 2389 175r  -2389 1751 -t972 207? -t97? 2072

l?tt D
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-016
PAGE I OF 33

REV. DEO # DATE BY: CHECK TITLE: Beam Splitter Chamber - Finite Element
Analysis of I in. Thick Flanges for Bolt Preload.0 iz/L,ltr l /1,tc- AGR-

BY:  t 7  t \ .  € *o DEPT -:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

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

METHOD: A 3D finite element analysis of a section of the plane flange is performed. Brick elements
(3D solids) are used in the IMAGES program. Both a coaise 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 of the flange is ignored. O-ring glands and pumping channel are not included.

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

REFERENCES: l. 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 diameter
as well because of similar dimensions and bolt spacing. Computer file is FLANGE.
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-017
PAGE l OF IO

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

0 o / 3 t ,f\(er(

BY: ,1 .D (, 4 r-t DEPT.: 
't Y Y

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE: To determine if bolt clamping force combined with a positive internal pressure of 2 psi
results in flange deformation that could allow leakage at o-rings.

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 preload-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

CALCULATIONS: (SEE ATTACHED)

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

NOTFS: Computer file is FLANGE A.

FILED u: \TET4'IATE\ENGFOS},1S\ENGCALC
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PROCESS SYSTEMS INTERNATIONAL. INC,
WESTBOROUCH. 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 ' /z///2) A G R

BY: R. D. ciano DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

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

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

ASSUMPTIONS: Same as I in. thick flange analysis.

INPUTS: LIGO pr6ject design sketches and drawings.
Durometer of 90 for Viton o-rines.

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

CALCULATTONS : (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 I 1/4 in. flange is damaged by
gouging, its thickness may be reduced by as much as l/4 in by machining.

NOTES: Ifa flange requires machining, it location should be evaluated for tensile force.
Computer file is FLANGE B.
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-019
PAGE I OF 24

REV. DEO # DATE BY: CHECK Flange Design for Internal Pressure
0 002t t z./t- /5t' /v) a- 7'u,V

BY: / t  2 .C  )a - -o DEPT-: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PUMOSE: To evaluate bolted flanges ranging in diameter from 30 in. to 104 in. for positive intemal
Dressure in accordance with the ASME Code.

METHOD: The calculation method provided in Appendix Y of the ASME Code, Section VIII,
Division l, is used. This method applies 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: l. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Div. 1,
Appendix Y.
2. Quattro-Pro Version 5.00
3 ,  D o e , . J o .  y ' a u f i - t - t : z c  /  |  4  o  y ' z  t  . ' , r r '  , V  a  u  ,  , -  .  .  f r - a , r r : r . , , , . r ,  D t r ' , - , 1  l ' t  " '  ' r

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Using a nominal bolt spacing of 7 .2 h. for'1/8 in. diameter bolts, the flanges meet
App. Y of Section Viii, Div. I for 2 psi internal pressure. Computer file names are shown in the lower
left comer of the outout in this calculation.

NOTES: In this calculation, flange thickness varies from 3/4 in. for small diameter to I in. for large
diameter flanees.

FllEDr\FITEMPLATEIENCFORMS\ENCCALC
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t
R. D. Ciatto 19oct95

THrS 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 Bl
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 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 (botts)
Z=SEE FIG 2-7.1

INPUT VALUES....... .... 104 114 in Ftange

g1 and g2=0for
loose type flanges

lig2-7.3
required for
integral only

Revision 0
Doc, No. V049-l-019
Page 3 of 24

FLGIM.WQl



R. D. Ciatto l9-Oct-95

F I G n db rE fhub
00 108.25 48 0,755 0.96 1 .0.75 'l

I ig2-7.2
required for
integral only

. lc
fi92-7.6
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

Revision 0
Doc. No. V049-l-019
Page 4 of24FLGt04.WOl



l
R D Ciatio 'l9oct.95

operating
slope

operating bolt uP
moment moment

4837.0
bolt up
slope

operating
contact

190443.3 407939.2 299268.1
operating bolt up
bolt load bolt load

bolt up
contact

0.113550 0.000467 0.022424 1.066667 15.52
AR rB nrB K z

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

Revision 0
Doc. No. V049-l-019
Page 5 of!4
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R. D. Ci.tto 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 Bl
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
I=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  F lanoe

gl and g2=0 for fig 2-7.3
required for
integral only

Revision 0
Doc. No. V049-l-019
Page 6 of24FLG84.WQ1

loose type flanges



R. D. Ciatto l9-Oct-95

t ig2-7.2
required for
integral only

f ig2-7.6
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 = LONGITUEINAL HUB SIRESS (= 0 FOR CL1. CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs

R€vision 0
Doc. No. V049-l-019
Page 7 oI24

FLG84.WOI



R. D Ciatto 19-Ocl-95

operating
moment

bolt up
moment

operating
slope

bolt up
slope

operating
conlact

bolt up
contact

operating bolt up
bolt load bolt load

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
17580 95 13585,37 17451.7 13491.9 2604.2 1882.2

Revision 0
Doc, No. V049-t-0
Page E of24
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R. D. Ciatto 19-O.t-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. g1=g0=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
I=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 VAIUES.. . . . . . . . . . .72 1/4 in  F lanoe

gl and g2=0 for
loose type flanges

ng 2-7.3
required for
integral only

Revision 0
Doc, No. V049-l-019
Page 9 of 24
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R. D. Ciano 19oct-95

t ig2-7.2
required for
integral only

t ig2-7.6
fhub= l 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 CL1, CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs

Revision 0
Doc. No. V049-l-019
Page l0 of24

FLG72.WQ'1



R. O. Ciatto 19-Oct.95

operating
moment

bolt up
moment

operating
slope

bolt up
slope

operating
contact

133706.2
bolt up
contact

operating bolt up
bolt load bolt load

SlGMAboSIGMAbb Sio sib Sr@BCo Sr@BCb
16337.53 13036.47 16213.8 12943.5 2509.7

lDo St tDb

Revision 0
Doc. No. V049-1-019
Prge llof24
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R. D. Ciatto 19-Ocl95

TH|S PROGRAM SOLVES AppENDtX y (y-6.1) FLAT FACE FLANGES FOR
CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLTES W|TH OR WTTHOUT SELF ENERGTZTNG
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 = 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 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 (botts)
Z=SEE FIG 2-7.1

INPUT VALUES.. . . . . . . . . . .60 ' l14 in  Ftanoe Thickness = 718 in

91 and g2=0for
loose type flanges

ftg2-7.3
required for
integral only

Revision 0
Doc. No, V049-l-019
Page 12 ot 24

FLG6O.WQI



R. D. Ciatto l9-Oct-95

frg2-7.2
required for
integral only

frg2-7.6
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 wPE FLANGES)

CALCULATED VALUES

for loose
type flgs

Revision 0
Doc. No. V049-l-0I9
Page 13 of24



R. O. Ciatto l Socl+s

operating
moment

bolt up
moment

operating
slope

bolt up operating bolt up
contact bolt load bolt load

bolt up
slope

.26 1.437E+05 112594. 214503.5
operating
contact

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
15970 90 13173.69 15777.3 13022.0 3126.0 2448.9

lDo tDb
134.4 105.2

Revision 0
Doc. No. V049-!-019
PaEe 14 oJ 24
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R. D. Ciatlo 1$Ocn95

THIS PROGMM 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.

ANAL\ZE 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 = 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 FIG 2-7.3
F=SEE FIG 2-7.2
I=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 FlG2-7.1

INPUT VALUES.. . . . . . . . . . .48 1/4 in  F lange Thickness = 718 in

g'l and g2=0 for
loose type flanges

fig2-7.3
required for
integral only

Revision 0
Doc. No, V0t9-l-019
Page 15 of 24
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R, D. Ciano 19oct-95

l i72-7.2
required for
integral only

t 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 @ lD
Sh = LONGITUDINAL HUB STRESS (= 0 FOR CL1, CAT3 LOOSE TYPE FLANGES)

CALCULATED VALUES

for loose
type flgs

Revision 0
Doc. No. V049-l-019
Page 16 of24
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R. D. Ciatto l9-Oct.95

operating
moment

bolt up
moment

operating
slope

bolt up
bolt load

bolt up
slope

operating
contact

bolt up operating
contact bolt load

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
15673.57 13379.53 15489.8 132293 2967.4

13 ' 1 ,0

2426.3

160.2

Revlsion 0
Doc. No. V049-I-ol9
Page 17 oI 24
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R O. Ciatto 19-Oct-95

TH|S PROGRAM SOLVES APPENDTX 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 =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=THIQK @ 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 BOLIS
db=DIAM OF BOLTS
re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VA1UES.. . . . . . . . . . .44 1/4 in  F lange Thickness = 3/4 in

g1 and g2=0for
loose type flanges

fig2-7.3
required for
integral only

Revision 0
Doc. No. V049-t-019
Plge lt of24
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R D Ciana 19oct.95

f ig2-7.2
required for
integral only

tig2-7.6
fhub= 1 for
loose type
flanges

unit gasket
seating and
sealing forces

RESULTSiOUTPUT:

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 CLl, CAT3 LOOSETYPE FLANGES)

CALCULATED VALUES

for loose
type flgs

Revision 0
Doc. No. V049-l-019
Prg€ 19 of24
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R. O. Ciatto l9-Oct-95

operating
moment

bolt up
moment

operating
slope

bolt up operating bolt up
contact bolt load bolt load

bolt up
slope

operating
contact

.001351 0. 420 1.156425

SlGMAbo SIGMAbb Sio sib Sr@BCo Sr@BCb
14299.69 12350.34 13981.6 12086.4 4015.4 3331.8

235.4 195.3

okok

SI lDo tDb

Revision 0
Doc. No. V049-l-019
Page 20 of24



R- D. Ciano 19-Oc!95

TH|S 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.

ANAL\ZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1 . 91=g0=thickness of vessel wall
2. B substituted for Bl
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=ID 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=F{ATIO MOD E (ftange)/ MOD E (botts)
Z=SEE FIG 2-7.1

INPUT VAIUES.. . . . . . . . . . .30 1/4 in  Ftange Thickness = 3/4 in

0.000 0.
91 and g2=0 for

0 .11
fig 2-7.3
required for
integral only

Revlsion 0
Doc. No. V049-l-0t9
Ptgel of Hr 3 /
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R. D. Ciatto 'l9oct-95

I ig2-7.2
required for
integral only

fig 2-7.6
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

hc ho F' Hd H Ht Hs
0.50 0.00 485 330181 5.8

Revlsion 0
Doc, No. V049-l-019
Page 22 of 24
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R. O. Ciatto 19-Oct-96

0.88 1.688 2.255 34178.988
operating
moment

29908.0
bolt up
moment

3266.
operating
slope

11608.97
bolt up
slope

6.836E+04
operating
contact

59815.9
bolt up
contact

104354.3
operating
bolt load

93996.5
bolt up
bolt load

0.125365 0.OO1728 0.027643 1.227642 4.94
AR rB nrB K z

SlGMAboSIGMAbb Sio sib Sr@BCo Sr@BCb
14568.23 13122.23 142732 12864.0 3711.4

525 .O 283.1

3247.6

Revislon 0
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-020
PAGE I OF 13

REV. DEO # DATE BY: CHECK Beam Splitter Chamber - Design of Removable Work
Floor0 0024 i l huq l Iz-o u AG?-

BY: R-D Ciaho DEPT .:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

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

MEIHQDI Hand calculations using standard beam design method for support beams and
removable floor sections.

ASSUMPTIONS:

INPUTS: See Doc. No. LIGO-C951078-00-4 which provides response to V049-NL-PL-9 (requesting
clarifications of BSC intemal floor requirements). Maximum load is 500 Kg during maintenance.
This occurs at room temperature.

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

2. Aluminum Association Hankbook
j ,  ? a c , , t l e ,  y ' 0 q q  - t -  r d z . ,  l  / 6 0  V ' t ( - f r 2 " , r , ,  ! ,  u . ' r  ' ,  D ; s r o ' t  t l x  '

CALCULATIONS: (SEE ATTACHED)

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

NOTES:
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENCINEERING
CALCULATIONS

NO: V049-l-021
PAGE I OF 7

REV. DEO # DATE BY: CHECK Beam Spliner Chamber - Design of FIange Welds
0 a  |  3 i t2/4 /, r te 4 4,/ $ll)fa

BY: R. D. Ciano DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJFCTNO: V59049

PURPOSE: Design partial penetration seal weld and extemal stitch weld between vessel flange and
shell.

METHOD: Hand calculation method programmed on the Quattro-Pro spreadsheet progmm.

ASSUMPTIONS: The maximum discontinuity moments and forces are used for design by assuming
the welded joint behaves as a cylinder/rigid wall junction.

INPUTS: LIGO Project sketches and drawings.

REFER-ENCES: l. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Div. I
2. Doc. No. V049-l-Q42, Bolted Flange Analysis for Tensile Forces.
3. Doc. No. V049-1-066, LIGO Vacuum Equip., Structural Design Criteria.

CALCULATIONS; (SEE ATTACHED)

CONCLUSIONS: See attached spreadsheet for acceptable welds for various size flanges.

NOTES: Computer File: Flange.wbl

FILED \f \TEnlPLATE\ENCFORAtS\ENC,CAI-C
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-022
PAGE l OF 16

REV. DEO # DATE BY: CHECK Beam Spliuer Chamber, FE Analysis of Lower Sectior
0 0t ' ' .F r2/L /9'' lLO d..

IL 7  U J , Y .

BY: DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

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

METHOD: A finite element analysis of the lower section shell, head and nozzles is performed.

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 & Pressure Vessel Code, Section VIII, Div. 1
2. IMAGES 3D, Version 3.0, R.L. Cloud & Associates
3 ,  D a o -  , ^ ) - .  v ) o , / i - 1 - O O t )  l / c ' o  V . ! ' " )  ) a  i 1 - t '

(  2  '  r , r . 1  , 4

' ,/.r, f-4 ). :- L) P.. I Dal' - "

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: Stresses are within the limisof the ASME Code, Section VIIL Div. l.

NOTES: Computer files are BMSPLIIO, BMSPUI I, and BMSPLI12.

FILED:\FlT€MlLAIEIENGFORMS\ENOCJIIC
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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 Coveno 002t/ R/6/5'- /?4<_ Ew'y

BY, - IZ ,D .  L /4  f , . , DEPT.:.744

PROJECT: LIGO Vacuum Equipment PROJECTNO:

PURPOSE:. To design the cover and nozdes 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 l, are evaluated using the COMPRESS computer program, 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 l.
.2. COMPRESS 531, Computer Aided Pressure Vessel Design, Codeware Computer Systems, Inc.
3 .  D o c ,  N t ,  r ' o  q ,  - / - O l  c  t  z / t o  y ' . t z , , u . t  t i  O . t , . ,  ,  l r a  u r i - . t < ' t .  D i t , z ; , * , t

( 4 t ' : ; , 1  ,  *

CALCULATIONS: (SEE ATTACHED)

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

NOTES:

rILED \F\TE]VPLATEGNGFORMS\ENCCALC
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COMPR-ESS 5.5I C:\C5\BSC60A.VSL

BSC 60 in Port

ASME Scction YIII Division I - 1992 Edition- A93 Addcnda

Dcc. 19, t995

Componcnt:
Material spccifi cation :

F&D head
sA 240 304L HIGH

External design pressure: Pe:

Corrosion allowancc: Inncr C : 0

14.7 psi @ 400

Outer- 0

deg F

in

Itr

US ga

in (min)

PWHT is not performed

Radiography: Category A joints - Spot UW-I1(t) type 1
Head to shcll seam - Spot UW-l l(b) type I

Estimatcd wcight:
^ ^ - ^ ^ : & , .
l4 l ro l r rJ .

new :272.9 con = 272.9
ncw = 88.89 corr: 88.89

ID : 60.25 crownL : ffi.25 knuckler = 3.75 t = .25

Straight flange : I forming allowancc :0 in

MAP: (Ncw & at 0 dcg F) Appcndix l-4(d) Eq 3

P : 2xS*E*t/(L*M 1-0.2*t) -  Ps
- 2*16700*0.85*0.25l(60.25*l .7521 + 0.2*0.25) - 0
: 67.20225 psi

MAWP: (Corrodcd & at 0 dcg FI Appcndix l-4(d) Eq 3

P : 2*S*E*t (L'tsM I 0.2*t) - Ps
- 2*167w*0.85*D.25t(ffi.25*).7521 + 0.2*0.25) - O
: 67.20225 psi

Extcrnal Prcssure: (Corrodcd & at 4fi) dcg F) UG-33(c)

A = .125/(Ro/t)
: .r25t(ffi.5t0.1878'1)
: 0.000388

From table HA-3:

Pa: B/(Ro/t)

B : 4757.7

: 4'1 s7 .7 | (@.5 t0. 1 E787)
= 14.774 psi

Check thc extcrnal prcssure per UG-33(aXl)

t : 1.67*Pa*lo*M/(2"S'tE + 1.67*Pa*(M-0.2))
: 1.67 lr | 4.77 4*ffi .5* 1.7 521 | (2* I 4700* I I 1 .6'1 * | 4.7 7 4* (l .7 521 -0.2))
: 0.088842 in

Dcsisn tiickncss for cxtcrnal prcssurc Pa : 14-774 psi:

F t v  O

A) <' tlrt ', c

Page +

- / -  0 ? 3

a E  / 9



COMPRESS 5.5I C:\C5\BSC60A.VSL

BSC 60 in Port

=t l  Coffosion l  fa
= 0 . 1 8 7 8 7  r 0 + 0
: 0.18787 in

Maximum Allowablc Extcrnal Prcssurc: (Corrodcd @ 400 des F)

A = .125l(Ro/t)
: .125t(6O.5/0.25)
= 0.000517

Dcc. 19, 1995

F; t  D

t r / r t17 r , -  t - , : l lJ

Pa'gc r o'. 19

From tablc HA-3:

Pa= B/(Ro/t)
: 5004. 1(60.s/0.25)
= 20.6781 psi

B = 5004.1

Check thc }{aximum Extcrnal Pressurc: UG-33(aXl) & App. 14(d)

pc= 2*s*E*r/((M*Lo _ t*(M{.2))*1.67)
: 2"14700+ I *0 .251((1.7521*60.5 - 0.25*(1 .7521-0.2))*l .67)
= 41.67247 psi

The maximum allowablc cxternal prcssurc is 20.6781 psi.

Dtc /J=



twt-> 
l,

COMPRESS 5.5I C:\C5\BSC6OA.VSL

Ccntcr Nozzlc nl

Opgning nl Rcinforccmcnt Calculations Pcr UG-37

Located on: BSC 60 in Port
l,ocal vessel thickness: .25 in
Liouid static hcad includcd: 0 psi
Flahee descrintion: 8 inch 75# SO A2'f0304L
ANS] 816.47 flange rating MAP: I 15 psi
ANSI 816.47 flange rating MAWP: I 15 psi

Nozzlc matcrial specification: SA 240 304L HIGH

Nozzle orientation: 0 degrees
End of nozzle to datum line: 14.53 in
Nozzle calculated as hillside: no
Projcction ouside vcsscl Lpr: 2.996 in

tn ->

Dcc. 19, 1995

7s., r^

Dot -  , l )a,  l / "  + ' l '  /  '  D/J-

Pagc r" - '

< - d - >

tw?

c o r r o s i o n a l i o w = 0 i n
noz  th ick  new tn=  .25  in
nozz le  id .  new d= 7 .5  in

\  f i l l e t  w e l d  t w l  =  . 2 5  i n

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

Rcinforccmcnt Calculations For Nozzlc IL{AWP

Limits of rcinforcement UG-40

Parallel to the vessel wall d : 7.5 in
Normat to thc vessel wall outside 2.5*(tn-Cn) { tc : .625 in
Normal to the vessel wall insidc 2.5*(tn-Cn-C) : .625 in

Nozzle rcquircd thickncss

trn: P*Rn/(Sn'kE - 0.6*P)
: 0*3.75l(16700*1 - 0.6*0)
: 0 i n

Rcquircd thickness tr from UG-3?(aXl)

a= P*L*M/(2*S*E - 0.2"P)
: 0*ffi.25*l|(21.16700*1 - 0.2*0)
: 0 i n

Arca rcquired

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

frl : lcsscr of I or SniSv so ftl = I



COMPRESS 5.5I C:\C5\BSC60A.vSL

Ccntcr Nozzlc nl

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

A:4*6*p I 2xtn'*tr, tF*(1 _ fr l)
= 7.5i.0*l + 2*0.25*0*1'.(l - l)
:  0 in^2

Arca availablc

Al = larger of thc follo*'ing : 1.875 in^Z

: d*(81*t-F*tr) - 2*,tn*(El *r-F*tr)*( l-frl)
= 7.5*(1 *0.25- I  *0) - 2*0.25*(l  *0.25-l  *0)*(t- l)
-- 1.875 in^Z

= 2*(r-t rn)*(El xr-F*tr) - 2*m*(El'i't-F*tr)*(l frl)
:  2*i0.25' 1 0.25)*( l*0.25-l*0) - 2"0.25*(l  *0.25-1*0)x(l-1)
: .25 in^2

A2 : smallcr of thc following

= s*(tn - trn)*fr2*t
: 5*(0.25 _ 0)*1*6.tt

:  0 .313 in^2

:  .313 in^2

: 5*(tn - trn)*fr2*tn
: 5*(0.25 - 0)x1*g.rt
: .313 in^2

A4l : Lcs^2*fr2
: O.25'2*l = .063 in^2

Area: Al + A2 + A4l
:  1 .875 1 0.313 r  0 .063
-  1  a { r  ; - ^ ' )

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

Chcck thc wclds - From UW-16(d):

tmin : lesscr of 0.75 or tn or t, trnin : 0.25 in
tl or t2(min) = lesscr of 0.25 or O.7*tmin, tl (min) : 0. 175 in
tl(actual) : 0.?*kg : 0.7*0.25 = 0.175 in
t2(actual) : 0.1875 in
t l  + O = 0.3625 >: 1.25*tmin

The weld sizcs for tl and t2 are satisfactory.

UG-45 Nozztc Ncck Thickncss Chcck

Wall thickness per UG-45(a): tt! : g i" (E = t)
Wall thickncss per UG-45OX1): tr2 = 0 in
Wall thickncss bcr UG-16(b): tr3 = 0.W2I-u] P: : A) t,
Std pipe watl pcr UG45(b)(4): tr4 : 0.28175 in

Dcc. 19, 1995

?,;r 0
'/ ,' ,/ .., -

Page 7



COMPRESS 5.5I C:\C5\BSC60A.VSL

Ccntcr Nozzlc nl

Dcc. 19, 1995

/ (€J L)

D o c .  A ) t  l . /  t 1  t / ' t -  / - r ? ?

Thc grcatcr of tr2 or tr3: tr5 : 0.0625 in
The lesscr of tr4 or tr5: b6 : 0.0625 in

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

Availablc nozzle wall thickness ncw. tn : 0.25 in

The nozzlc neck thickncss. is adequatc for MAWP.

Allowablc stresscs in joints UG-45(c) and UW-15(c)

Groove wcld in tension : 0.74*16700 : 12358 psi
Nozzle wall in shear : 0.7*16700 : 11690 psi
Inner fillct wcld in shear = 0.49*16700 = 81E3 psi

Strcnsth of wclded ioints:

(l) Inncr fillct weld in shear
(Pii2)*Nozzle O.D.*Lcg*Si = 1.57*8*0.25*8183 : 25694.62 lbf

(3) Nozzlc wall in shcar
(Pi/2)*Mcan nozzle dia.*tn*Sn : 1.57*'l .'15*0.25*1 1690 : 35559.52 lbf

(4) Groovc wcld in tcnsion
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57x8*0.1875*1235E : 29103.09 lbf

Loading on wclds pcr UG-4I(bXl)

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

w1-l : (A2 + A5 + A41 + A42)*Sv
: (0.313 I 0 + 0.063 i' 0)*16700
- 6279.21bf

N2-2=(A2 | A3 J A41 +A43J 2*t|*t*fr1)*Sv
: (0.313 + 0 + 0.063 + 0 + 2*0.25*0.25*1)*16700
: 8366.7 lbf

Load for path 1-l lesscr of W or W1-1 :-29225 lbf
Path 1-1 Thru (l) & (3) : 25694.62 + 35559.52: 61254.14 lbf
Path l-1 is stronger than W so it is acceptablc per UG-41OX2).

Lnad for path 2-2 lesscr of W or W2-2 ---29225 lbf
Path2-2 Thru (l), (4\ : 25694.62 + 29103.09 = 54797.71 lbf
Path 2-2 is stronger than W so it is acceptable pcr UG-a1@)(2).

Rcinforccmcnt Calculations for Extcrnal Prcssurc

Limits of rcinforccment UG-40

Parallcl to thc vesscl wall d : 7.5 in
Pagc r  . ' :  t t '



COMPR-ESS 5.51IOMPR-ESS 5.51 C:\C5\BSC60A.VSL

Centcr Nozzlc nl

Normal to thc vcsscl wall outsidc 2.5*(tn-Cn) | tc = .625 in
Normal to the vesscl wall inside 2.5*(tn-Cn-C) : .625 in

Nozzlc rcquircd thickncss

U D o = 2 . 9 9 6 1 8 = 3 7 a 5
From tablc G:
From tablc HA-3:

Pa: 4*B/(3*Do/t)
: 4*4814.3/(3*8/0.0184)
- 14.7639 psi

A2 = smallcr of tlte following

= 5{'(tn - trn)*fr2*t
: 5*(0.25 - 0.0184)*1*0.25
= .289 in^Z

: 5't(tn - trn)*fr2*tn
- 5*(0.25 - 0.0184)*l*0.25
: .289 in^2

A4l : l*E^Z*fr2
: 0.25^2*1 : .063 in^2

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

B - 4814.3

: 0.289 in^2

Dcc. 19,1995

? ,n  o

t / , ' ' / ? - / -  t 2 3

Pzgc 9 t ',

Nozzle rcquired thickness trn = .0184 in

Rcquircd thickncss tr from UG-37(dl( I ) : . I 879 in

Arca rcquircd

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

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

A : o.s*(d*trxF +. 2*tn*tr{<F*(l - frl))
: 0.5*(7.5*0. I 879*1 1' 2*0.25*0. 1879* I *(1 - l))
= .7046 in^2

Arca availablc

Al : largcr of the following = !+66 in^Z

: d*(El*t-F*tr) - 2*ul*(81*t-F*tr)*(l-fr l)
= 7.5*(1 *0.25-l *0. 1879) - 2*g.lJ*(l *0.25-l 'k0. 1879)*(1-l)
: .466i t^2

= 2*(r I tn)*(EI *r-F*tr) - 2xtn*(81*t-F*u')*( l -frI)
: 2*(0.25 + 0.25)*(l *0.25-l'F0. 1879) - 2*0.25*(l *0.25- I't0. 1879)*(l- l)
:.Mzlrl '^Z
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Cetrtcr Nozzlc nl

A r e a = A l  t A 2  I  A 4 l
: 0.466 'l 0.289 l- 0.063
:  .818 in^2

As Area > A the reinfotcement is adequate for Pc : 14.7 at 400 Deg F

UG-45 Nozzlc Ncck Thickness Chcck

Wall thickncss per UG-45(a):
Wall thickncss pcr UG-45(b)(2):
Wall thickness per UG-16(b):
Std pipe wall pcr Uca5(b)(a):
The grcatcr of tr2 or tr3:
The lesscr of tr4 or tr5:

trl : 0.0184 in (E : l)
b2 = 0.0528 in
tr3 : 0.0625 in
tr4 : 0.28175 in
tr5 : 0.0625 in
tr6 = 0.0625 in

Dcc. t9, 1995

a -
/(r tr U

D a r . / J ,  ! / r e ' e - / - 0 2 ?

P a , E e  / e  c "  ' 9

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

Availablc nozzlc wall thickncss ncw, tn : 0.25 in

The nozzlc neck thickness is adcquatc for Pe.
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Ccnter Nozzlc nl

Applicd Loads

Radial load
Circumfcrcntial momcnt
Circumfcrcntial shear
Longitudinal momcnt
Longitudinal shear
Torsion momcnt
Internal pressure

Strcsscs at thc nozzlc OD pcr WRC bullctin 107 ( psi)

Mcan dish radius Rm = 60.375 in
U: ro iSqr (Rm*t ) :1 .03

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

Prcssurc strcss intcnsity factor, Farr cquation 11.7

I - 1 1 ( r / x ) ^ 2
: 1 1 (3.7514.25)^2
: t .779

Local prcssurc sress : l*P*Rm/2*t : 0 psi

Maximum combincd strcss =-2802 psi
Allowablc combincd strcss : 1--3*S : + - 501@ psi

Thc maximum combined strcss is witlin allowablc limits.

Maximum primary mcmbranc strcss :-670 psi
Allowable ilrimary mcmbrane strcss = +-l:5*S : +- 25050 psi

The maximum primary mcmbranc strcss is within allowable limits.

Pr = 649.4 lbf
Ml :0lbf-ft
v2 : 0lbf
M2 = 0lbf-ft
V l  :  Olbf
Mt : 0lbf-ft
P :  0 p s i

Dcc. t9, 1995

Fi, P

2 a , .  N o .  t / ? ' / i -  / - d 2 ?

Pzger/ o'= /5
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Centcr Nozzlc nl

Dcc. 19, 1995

From
F  i g .

Value
read DIa lCuB lBuAIAu

sR-2* l  0 .0645
sR-2  |  0 . 0342
sR-3*t  0.0750
sR-3  |  0 .071r
sR-3* l  0 .0750
sR-3  |  0 . 0711
pressure stress*

-670
-2132

-670
213?

-670
2132

-670
-2t32

-670 -670 -670
-2732 213? -2132

-670
2132

Total 0x stre ss
Prinary nembrane
0x stress*

1462 -2802

-670 -670

1462 -2802

-670 -670

-?802 t46Z

-670 -670-670

1462

-670

sR-2*
sR-2
sR-3*
SR-3
sR-3*
SR.3

0.  0?00
0 .0103
0.0226
0 .0214
6 i1tr2c

0 .0214

- 208
-64?

-20s
64?

- 208
-642

- 208
642

-208 -208
64? -642

-2A8 -208
-642 642

pre s surestress*

Total 0y stres s
Primary membrane
0y stress*

-850 434 -8s0

-208 -20S -20S

434 -850

-208 -208

434

- 208

434

- 208

tors i on moitlent l'lt
Shear fron Vl
Shear from V2

Tota l  Shear stress

Combined stress

(../

P a  / ' + e -  r  - L ) 7 3

Pagc rz a'= /9
Da,



Opcning n5 Rcinforccmcnt Calculations Pcr UG-37

COMPRESS 5.5I

Located on:
l,ocal vesscl thickness :

C:\C5\BSC60A.VSL

Nozzlc n5

BSC 60 in Port
.25 in

Dcc. 19,1995

2. ; ,  D

D. Ao y'r ' lc-r-ttz?

Page  t z  oE  / ,

Liquid static hcad includcd: 0 psi
Flange description: I inch 75# WN A240304L
ANSI 816.47 flangc rating MAP: l15 psi
ANSI 816.47 flangc rating MAWP: 115 psi

Nozzlc matcrial specification: SA 240 304L HIGH

Nozzle oricntation: 330 degrees
End of nozzlc to datum line: 13.76 in
Nozzlc calculatcd as hillside: no
Projection outside vcssel Lpr: 4.173 n

tn -> |

< - 0 - >

tw?

c o r r o s i o n a l l o l r = 0 i n
noz  th ick  new tn=  .25  in
n o z z l e  i d ,  n e w  d =  7 . 5  i n
f i l l e t  w e l d  t w l  =  . 2 5  i n
groove we ld  twz  =  .1875 in

To head center  R= 15 .75  in

twt-> 
l,

<-  R _>l

Rcinforccmcnt Catculations For Nozzle MAWP

Limits of reinforccmcnt UG-40

Parallcl to thc vcsscl wall d : 7.5 in
Normal to thc vcssel wall outside 2.5*(tn-Cn) J te = .625 in
Normal to thc vessel wall insidc 2.5*(tn-Cn-C) : .625 in

Nozzle rcquircd thickness

trn = P*Rn/(Sn*E - 0.6*P)
: 0*3.75/(167ffi*l - 0.6*0)
= 0 i n

Rcquired thickncss tr from UG-37(a)(l)

tr: P,fL*M/(2*S*E - 0.2r.P)
= 0*60.25*1/(2'r'16700*1 - 0.2*0)
: 0 i n

Arca rcquircd

Allowablc stresscs: Sn : 16700, Sv : 16700, psi

frl : lcsscr of I or Sn/Sv so frl : I



COMPRESS 5.5I C:\C5\BSC60A.VSL

Nozzlc n5

fr2 : lcsscr of I or Sn/Sv so fr2 = I

A - d*h*F I 2*rn*tr*F*(l -frl)
:7.5*0*1 I 2:i0.25*0*l*(l _ l)
: 0 in^2

Area evailablc

Al : largcr of the following = 1.875 in"2

= dx(El *t-F*tr) - 2*tn*(El *t_F*tr)*(l-fr1)
= 7.5*(1 *0.25- 1 *0) - 2'10.25*(1,80.25- I *0)*(1 -l)
: 1.875 in^2

: 2*(tl tn)*(El'it-F*f) - 2*tn*(El *t-F*tr)*(l -frI)
= 2*(0.25 1 0.25)*(l*0.25-l*0) - 2*0.25*(l*0.25-1*0)*(l- l)
: .25 in^2

A2 = smallcr of the following

: 5*(tn - trn)*fr2*t
= 5*(0.25 - 0;*1*6.tt
: .313 in^2

: 5*(tn - tm)*fr2*tn- 5*10.25 - 0)x1*6.tt
:  .313 in^2

A41 : Lcg^2*fr2
-- 0.25^2*7 = .063 in^2

Area: Al r' A2 + A47
: 1.875 1 0.313 + 0.063
-  . )  1< t  : -  - ' � )

:0.313 in^2

t r l : O i n ( E : l )
tr2 = Oin
tr3 = 0.0625 in
t4 : O.28175 n

Dcc. 19, t995

?rt 0

l / , ' . , i - / - a 2 3

PzEe / Y d' '  ' ,

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

Chcck thc wclds - From UW-16(d):

tmin : lcsser of 0.75 or tn or t, tmin = 0.25 in
tl or t2(min) : lesser of 0.25 or 0.?*tmin, tl(min) : 0.175 in
tl(actual) :0.7*I*g: 0.7*0.25 : 0.175 in
t2(actual) : 0.1875 in
tl + t2 : 0.3625 >: 1.25*tmin

The weld sizcs for tl and t2 are satisfactory.

UG-45 Nozzlc Ncck Thickness Chcck

Wall thickncss pcr UG-45(a):
Wall thickncss pcr UGa5@)(l):
Wall thickncss per UC-16(b):
Std pipc wall pcr UG-45(bXa):

D o t .  4 ) c
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Nozzlc n5

tr5 : 0.0625 in
tr6 : 0.0625 in

Thc grcatcr of tr2 or tr3:
Thc lcsscr of tr4 or tr5:

Rcq'd pcr UG-45 is the larger of trl or tr6 = 0.0625 in

Availablc nozzle wall thickncss ncw, tn = 0.25 in

Thc nozzle ncck thickness is adequatc for MAWP.

Allowablc strcsses in joints UG-45(c) and UW-15(c)

Groove weld in tension : 0.?4*16700 : 12358 psi
Nozzlc wall in shcar = 0.7*16700 : I1690 psi
Inncr fillct wcld in shear = 0.49*16700 = 8183 psi

Strengtt of wcldcd joints:

(l) Inncr fillct wcld in shcar
(Pi/2)*Nozzlc O.D.*I-eg*Si : 1.57*8r<0.25*8183 = 2569a.62 lbf

(3) Nozzlc wall in shcar
(Pi/2)*Mcan nozzle dia.*tn*Sn : 1.57*7.75*0.25*11690 : 35559.52 lbf

(4) Groovc wcld in tension
(PilZ)*Nozzle O.D.*tw*Sg : 1.57*8*0.1875*12358 = 29103.09 lbf

l,oading on wclds pcr UG-4l(bXl)

w : (A - (d - 2*rn)*(E1xt - F*rr))*Sv
= (0 - (7.5 - 2*0.25)*(l*0.25 - l*0))*16700
:-29225 lbf

wl-l : (A2 r A5 ,r A41 I A42)*Sv
: (0.313 + 0 + 0.063 -F 0)*16700
= 6279.2lbf

W2-2: (A2 "F A3 I A4l + A43 + 2*tn*t*frl)*Sv
: (0.313 + 0 -t 0.063 1 0 + 2*0.25*0.25*1)*16700
: 8366.? lbf

l,oad for path l-l lcsscr of W or Wl-l =-29225 lbf
Path l-1 Thru (1) & (3) : 25694.62 + 35559.52 : 61254. 14 lbf
Path l-l is stronger than W so it is acceptable pcr UG41O)(2).

[.oad for path 2-2lcsser of W or W2-2 =-29225 lbf
Path2-2 Tlru (l), (4) -- 25694.62-F 29103.09 = 54797.71 lbf
Path 2-2 is sbonger than W so it is acceptable pcr UG-41(bX2).

Rcinforccment Calculations for External Prcssure

Limits of rcinforccmcnt UG-40

Parallcl to thc vcsscl wall d : 7.5 in

Dcc. 19,1995

p; ,  O
D o ,  P o  / o ' / ? -  t ' 1 1 2 2

PzEe /{ ' '= /S



COMPRESS 5.5I C:\C5\BSC60A.VSL

Nozzlc n5

Normal to thc vesscl wall outsidc 2.5*(tn-Cn) | tc : .625 in
Normal to thc vesscl *all insidc 2.5*(tn-Cn-C) : .625 in

Nozzlc rcquircd thickncss

L/Do: 4.17318: .5216
From tablc G:
From tablc HA-3:

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

Arca availablc

Al = largcr of the following

Do/t = 8/0.02022 :395.@79
A = 0.000332

B : 4394.8

=.466 in^2

= 0.287 in^2

Dcc. 19,1995

?; r  a
y ' n / F - ) - 0 2 ?

Pzgc / t -  o.= tg

: 4* 439 4.8 I (3* 8 I 0.02022)
: 14.8105 psi

Nozzlc rcquircd thickncss trn - .02022 in

Rcquircd thickncss tr from UG-37(dXl) : .1879 in

Arca rcsuircd

Allowablc shcsscs: Sn : 14700, Sv : 14700, psi

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

A = o.5*(d*tr*F + 2*tntr*F*(l - frl)
:  0.5*(7.5*0.1879*l + 2*0.25*0.1879*1*(l  -  l ))
: . '1M6in^2

: d*(E I *t-F *tr) - 2+tn*(E I *t-F,r.tr)*( I -fr 1 )
:  7.5*(1 *0.25-l  *0. I  879) - 2*0.25"(1*0.25-l *0. 1879)*( l- l  )
: .466 in^2

: 2*(t I tn)*(El*t-F'Ftr) - 2*m*(El'tt-F*tr)*(l-frl)
: 2*(0.25 1'0.25)*(l *0.25-l *0. 1879) - 2*0.25i'(1'k0.25- I *0. 1879)*(1- l)
= .M2 in^2

A2 : smaller of thc following

: 5*(tn - trn)*fr2*t
= 5*(0.25 - 0.02022)*l*0.25
- .287 in"2

= 5"(tn - trn)*fr2*tn
: 5*(0.25 - 0.02022)*1*0.25
: .287 in^Z

A4l -- l*g^2*fr2
:0.25^2* l  :  .063 in^2 Da t /l),t
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Nozzlc n5

Arca: Al I  A2 + A4l
: 0.,166 1 0.287 1- 0.063
= .816 in^2

As Area ) A the reinforccmcnt is adequate for Pe : 14.7 at 400 Deg F

UG-45 Nozzlc Ncck Thickncss Chcck

Wall thickncss per UG45(a): tl : 0.02022 in (E : l)
Wall thickness per UG-45(b)(2): tr?: 0.0528 in
Wall thickncss per UG-16(b): tr3 = 0.0625 in
Std pipe *all pcr UG-aSOXa): tr4 : 0.28175 in
The grcater of tr2 or tr3: tr5 = 0.0625 in
Thc lesscr of tr4 or tr5: tr6 = 0.0625 in

Roq'd per UC-45 is tfie larger of trl or tr6 = 0.0625 in

Availablc nozzlc wall thickness ncw, tn : 0.25 in

Thc nozzlc ncck thickncss is adcquatc for Pc.

Dcc. 19, 1995

R,,,, O
Doc N,.  f  ' l ' tc"  t  - t^?3

P a g c  r z  o E  / 9
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Nozzlc n5

Applicd l,oads

Radial load
Circumfcrcntial moment
Circumfercntial shear
lrngitudinal moment
Longitudinal shear
Torsion momcnt
Intcrnal prcssurc

Strcsscs at thc nozztc OD pcr WRC bullctin 107 ( psi)

Mean dish radius Rm = 60.3?5 in
U : roiSgr(Rm"t) - 1.03

Strcss conccntration factor Kn (tcnsion) = 1
Stress conccntration factor Kb (bending) = |

Prcssure strcss intensity factor, Farr equation I L7

I :  I  +  ( r /x )^2
: | | (3.7514.25)^2
_  1 ' 7 . 7 4 \

Local prcssurc stress : I*P*Rm/2*t : 0 psi

Maximum combincd strcss =-2802 psi
Allowable combincd strcss : +-3*S = 1 - 50100 psi

Thc maximum combincd strcss is within allowable limits.

Maximum primary mcmbranc strcss :-670 psi
Altowable irrimary membranc stress = +-l:5*S = +- 25050 psi

Thc maximum primary mcmbranc stress is within allowablc limits.

Pr : 649.4 lbf
Ml :0lbf-ft
V2 : 0lbf
M2 = 0lbf-ft
v l  :  0 lb f
Mt = 0lbf-ft
P :  O p s i

Dcr. 19,1995

? - ,  n

, 0  t  1 /a t7 '$ -  1  -6  2?

Pagc /( a'- t9,
P, ,
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Nozzlc n5

Dcc. 19, 1995

From
F  i 9 .

Value
reao DIc lCuBIBuA1Au

sR-z* l  0 .0645
sR-2 I  0.0342
sR-3* t  0.0750
sR-3  |  0 . 0711
sR-3* l  0 .0750
sR-3  |  0 .0711
pressure stres s*

-670
-?132

-670
2r32

-670 -670 -670
-2t3? 2132 -213?

-670 -670
-?t3z 2132

-670
?t3?

Total 0x stress
Primary nenbrane
0x stres s*

pressure stress*

-2802

- 670

t462

-670

-280? 1462 -2802

-67A -670 -670

-280? 1462

-670 -670

1462

-674

- 208
a  4 . ,

-208
642

-208
-642

-208
64?

- 208
642

-208 -208
-642 642

sR-2* l  0 .0200
sR-2  |  0 . 0103
sR-3* l  0 .0226
sR-3  |  0 . 0214
sR-3*l 0.0226
sR-3  |  0 . 0214

Total 0y stres s
Primary membrane
0y stres s*

-850

-208

434

-208

-850

- 208

434 -850

-208 -208

-850 434

-208 -208

434

-208

tors ion moment Mt
Shear from Vl
Shear from V2

Total Shear stress

Combined stres s

y ' o
? r ,

v t '  / -  O
Pagc re

? 3
? . :  / i



SYSTEMS INTERNA
WESTBOROUGH, MA PAGE I OF 35

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 stiffness analysis of the frame is performed using the IMAGES program.

INPUTS: 1. LIGO project design sketches & drawings.
2. Vacuum pressure = l4.7psi.
3. Seismic acceleration = .05625 s.
4. Forces from V049-1-032

REFERENCES: 1. AISC Code, Ninth Edition, Allowable Stress Design.
2. ASCE 7-88, Minimum Design Loads r, y 'o(7-t-o (€,

3. IMAGES 3D, version 3.0, R.L. Cloud & Associates 
ri €r "n !rz/ Jt-'

L / a o  l / t s .
Dit <? ,? ,:. ,<. t ' .t

4. Calc. No. V049-1-032 "Component Interface Loads"

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Support legs and other frame members meet the AISC Code.

NOTES: Computer file is BSCSUPP. lk Revision No. 0
Doc. No. VO49-l{24
Prse I of35

FILED:\XITEMPIATE\ENCFORMS€NC,CAC



\\g

cI

R
evision N

o. 0
D

o
c. N

o
. V

0
4

9
-1

4
2

4
P

a
e

e
 2 o

f 3
5

II

-+
--

i\./
I



8 n t ' :  / ) t , ' , E

4  3 c , 7

y ' o ) ' ' ; - r t , '

{

't ,l "' / )

7lr'/

a
/'n -z

;  . ' r  - ' ] ' " .  '  a r

J ? ,
./,/ /i /.7 E;A 'e.-. */ )'

7 r r  1 2 " r ' 4 " ' t )  4 c J

Rerision No. 0
Doc. No. V049-l-024
Paee 3 of 35



u
,@

C
D

 Ll-t

A
,;

s
rln

N
N

.'tl
'

l

\
l.'l

\
l

{l.\1\:\"

J\\AM\�\I
tL

\

ohhItth*+
r

U
1 *

g
J

E
€

'
E

€
t

i
G

 .+
r

,
i

=
o*tJ1glEo

i " ''�'
.t::
,.1

'
c.

\Ji\/\ .
\

r

R
evision N

o. 0
D

o
c. N

o
. V

0
4

9
-l{2

4
P

rse
 4

 o
f 3

5

X1V
E

Fm
6

 
5

|
 

'
L

u
,m

+
r

lrt 
o

H
d

E
-

o
o

E
=

I
J



PROCESS ENGINEERING INC.  S /N :802505A
PAGE LL Run ID=

SOLVE BEAIV1 LOADS/STRESSES

Fi Lename -BSCSUPP
Tit le =Beam Spf i t t .er  chamber supporE

Load Case 1:MAXIMUM TINBALANCED LOADS

BEAlvl L.,OADS AND /OR STRESSES

0 3 / 2 r / 9 6
1 6  : 5 4  :  5 7

SEructure

CoMBINED WITH DEAD WT + EQ( .055G)

=  copy r ighE  (c )  1984  -1993 . RLCA/CelesE. ial  Software =

Vers ion  3 .0 ! 2 / 3 ! / e 3

Gloads Node
Ll.,oads Node
Stress Node

Fx
Axi- a I
Axi af

Corner l

Fy
Y- Shear
Y- Shear
corner2

Fz
Z - Shear
z -  Shear
Corner3

Mx
Torsion
Tors ion
Corne14

My Mz
Y-Bending Z-Bending
Y-Bending Z-Bending

Maximum Minimum

cL,oads

LLoads

Stress

S t ress

GLoads
GLoads
LL.,oads
LL.,oads
S t ress

S t ress

GLoads
GLoads
LI-,oads
L,Loads
Stres s

Stress

GLoads
CLoads
LLoads

Stress

Stress

1 6  -  . 1 8 4  0 E + 0 5
2  . 1 8 4  0 E + 0 5

1 6  - . 3 5 0 4 E + 0 4
2  . 3 5 0 4 E + 0 4

L 6  . 2 0 1 4 E + 0 3
-  . 4 9 4 7 8 + 0 4

2  . 2 0 1 4 8 + 0 3
- . 1 0 1 0 E + 0 5

2  - . 1 0 1 5 E + 0 5  - . 2 1 9 8 8 + 0 3  - . 5 7 0 6 E + 0 4  . 4 8 0 5 E + 0 5  . 0 0 0 0 E + 0 0  . 4 1 - 8 0 E + 0 5
3  .  L0158+05  .21 -98E+03  .57068+04  -  . 2224E '+Q5 .0000E+00  .2224E+O5
2  -  . 2 1 9 8 8 + 0 3  . 1 1 9 3 E + 0 5  . 2 4 4 4 E + 0 4  . 0 0 0 0 E + 0 0  - . 5 3 5 3 E + 0 5  - . 4 4 1 5 E + 0 4
3  . 2 1 9 8 E + 0 3  -  . l - l - 9 3 E + 0 5  -  . 2 4 4 4 8 + 0 4  . 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  . 3 1 4 5 E + 0 5
2  . L 2 6 3 E + 0 2  . 1 5 9 4 E + 0 4  . 3 2 5 5 8 + 0 3  . 0 0 0 0 E + 0 0  -  . 1 6 5 1 E + 0 4  . 1 1 5 4 8 + 0 3

-  . L 7 6 4 E + O 4  -  . 1 5 3 3 8 + 0 4  . 1 7 8 9 8 + 0 4  . 1 5 5 8 E + 0 4  . 1 7 8 9 E + 0 4  - . 1 ? 5 4 E + 0 4
3  . 1 2 5 3 8 + 0 2  . 1 5 9 4 E + 0 4  . 3 2 6 5 E + 0 3  . 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  . 8 2 2 3 E + 0 4

-  . 8 2 1 1 8 + 0 4  . 8 2 3 5 8 + 0 4  . 8 2 3 5 8 + 0 4  - . 8 2 L 1 E + 0 4  . 8 2 3 6 E + 0 4  - . 8 2 1 - 1 E + 0 4
r r  *BE.i \M NO. 3***

l - 7  -  . 5 7 5 1 8 + 0 4  l : S O S e + O S  . 2 5 1 4 8 + 0 4  - . 2 3 1 7 8 + 0 5  . 9 7 ? 0 8 - 1 3  -  . 5 1 7 5 E + 0 5
5  . 5 7 5 1 8 E + 0 4  -  . 3 5 0 4 8 + 0 5  -  . 2 5 7 4 E + O 4  . 4 5 3 3 8 + 0 5  -  . 9 ? 7 0 E - 1 3  . 1 , 0 3 5 8 + 0 6

1 7  . 3 5 0 4 8 + 0 5  - . 5 8 8 5 E + 0 4  . 2 2 4 5 8 + 0 4  . 9 7 ? 0 8 - l - 3  . 2 0 2 2 F , + 0 5  . 5 2 9 8 E + 0 5
5  - . 3 5 0 4 E + 0 5  . 5 8 8 5 8 + 0 4  - . 2 2 4 6 8 + 0 4  - . 9 7 7 0 8 - 1 3  - . 4 0 4 3 8 + 0 5  - . 1 0 5 0 E + 0 6

l - 7  - . 2 0 1 4 8 E + 0 4  - . 7 8 6 6 8 + 0 3  . 3 0 0 2 E + 0 3  - . 1 4 3 ? E - 1 4 , 5 2 8 5 8 + 0 3  - . 1 3 8 5 E + 0 4
- . 1 0 0 1 8 E + 0 3  - . 2 8 ? 0 8 + 0 4  - . 3 9 2 ' 7 8 + 0 4  - . 1 L 5 7 8 + 0 4  - . 1 0 0 1 E + 0 3  - . 3 9 2 ? E + 0 4

5  - . 2 0 L 4 8 + 0 4  - . 7 8 5 6 8 + 0 3  . 3 0 0 2 8 + 0 3  - . 1 4 3 7 8 - 1 4  ' 1 0 5 7 E + 0 4  - . 2 7 7 0 E + a 4
. l - 8 1 3 8 + 0 4  - . 3 ' 1 2 ' 7 8 + 0 4  - . 5 8 4 1 E + 0 4  - . 3 0 0 5 E + 0 3  . 1 8 1 - 3 8 + 0 4  - . 5 8 4 1 8 + 0 4

* * *BEAI4  NO.  4 * * *
5  - . 1 3 9 9 E + 0 5  . 2 0 2 5 E + 0 5  - . 9 4 4 5 E + 0 4  - . 3 0 3 5 8 + 0 5  . 0 0 0 0 8 + 0 0  . 3 0 5 9 8 + 0 6
5  . l - 3 9 9 E + 0 5  - . 2 0 2 5 8 + 0 5  . 9 4 4 5 8 + 0 4  . 5 7 9 0 E + 0 5  . 0 0 0 0 8 + 0 0  . 5 7 9 0 8 + 0 5
5  . 2 0 2 5 E + 0 5  - . 3 2 1 5 8 + 0 4  . 1 5 5 7 8 + 0 5  . 0 0 0 0 8 + 0 0  - . 4 3 0 9 8 + 0 6  - . 1 7 1 5 E + 0 4
6  -  . 2 0 2 5 8 + 0 5  . 3 2 1 - 5 8 + 0 4  -  . 1 5 5 7 8 + 0 5  : 0 0 0 0 8 + 0 0  .  0 0 0 0 E + 0 0  -  . 8 1 8 8 8 + 0 5
5  - . 1 1 5 4 E + 0 4  - . 4 2 9 7 8 + 0 3  . 2 2 1 5 E + 0 4  . 0 0 0 0 8 + 0 0  - . 1 1 2 7 8 + 0 5  . 4 4 8 4 8 + 0 2

-  . I ? 4 7 E + 0 5  -  . 1 2 3 8 E + 0 5  . 1 0 1 5 E + 0 5  . l - 0 0 5 8 + 0 5  . 1 0 1 5 E + 0 5  -  . 1 2 4 7 8 + 0 5
6  -  .  L 1 5 4 8 + 0 4  -  . 4 2 9 7 8 + 0 3  . 2 2 1 5 8 + 0 4  . 0 0 0 0 8 + 0 0  . 0 0 0 0 E + 0 0  - . 2 1 4 1 E + 0 4

. 9 7 7 0 E + 0 3  -  . 3 3 0 4 E + 0 4  - . 3 3 0 4 8 + 0 4  . 9 1 7 a F � + o 3  . 9 7 7 0 8 + 0 3  -  '  3 3 0 4 8 + 0 4
Revision No. 0
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* * * BEAIV:
-  . 3 5 0 4 E + 0 4  -

. 3 5 0 4 E + 0 4

. 2 3  9  5 E + 0  5
- . 2 3 9 5 E + 0 5  -

.  3  2  0 1 E + 0 4

. 5 3 2 5 E + 0 4

.  5  Z V  L I 1 + U +

. 1 2 4 5 8 + 0 5
* * * BElUvl

N O . 1 * * *
. 1 5 4 7 E + 0 5  . 1 3 9 3 8 + 0 5
. 1 5 4 7 8 + 0 5  -  . 2 7 8 5 8 + 0 5
.2O72E,+Q4 .48038-  11
, z v  I z L + v +  - . . * o u J E - J . r

.  z  I b > L + v J  - .  /  u o t l f  -  - 1 5

. 5 J 5 U - E ; + U 4  - . 5 t 2 3 I + U +

. z  t 6 J t + u 5  - .  /  u b + E -  r . J

.  - L U ) U 1 1 + U t  - . t Z U f E + V f

N O .  2 * * *

. 4 8 0 3 E - 1 1  - . 1 6 5 5 E + 0 6
- . 4 8 0 3 E - 1 1  . 3 3 1 3 E + 0 5

. 1 8 6 5 E + 0 5  -  . 2 1 5 5 E + 0 5
-  . 3 7 3 0 E + 0 5  . 4 3 1 2 E + 0 6

. 4 8 7 5 E + 0 3  . 5 6 3 6 E + 0 4

. 6 3 2 5 E + 0 4  -  . 5 9 2 3 E + 0 4

. J  l  a Z E  + V J  . L L Z l E t + V J

- r z 4 5 E + A >  - . r l u a E + u 5



I
I
I

I
I

I

/  p r t , > s

/ . : t r t l a 4 r { )  t ' , f t t . .  : -

1 , . / .  / y ' . 7 a a  . G

!  g r<  t - r ,  c - -  , : ; t -<  z  i

/-2 o 
= A /""

Z .  -  . t ' ; - ( , 2  f  j  -  t ? , r -  z e . , t  z 4  V / - , ? - / _ ? t /

- . -  - -  . o i t  7 ' -  f t v ' , > " - r - )/-,i .,

=  7 ! t  z  s

L" r t . J , t  .  , . 1  . . . .  :  )  ! / ' , 2  { . . }  i  / l  2  a : . 44  j

F, t  . ^  - , n  1 , r r  -  y ' a / t -  |  -  o3> -  . t ?s  <  7  - ,  . .
/ . r J  7 . . / . 7  1 / : A  (  J  t . . , a  t - i  , . , , 1 t  t n . . -  x  L . / v . J i a  4  . .  : r

/ t , ' - 2  ( E J  1 a -  F -  - -  t / ) ' q 4 O  t a

F Z  =  ? g , / ? / O  . . J

( , - . n ' , ' 2  ! ' . / , s . -  z c  - t /  F *  / . / , . / 4 4 . , . , ,  . : ; . )  z . . l . c

lJ. o,: t-i ., .Fy = ,/)-/(. <: + 7) ( - L// ? /r t .3

t l) -a -i /t '  
' ,  

1=, 
'- -t.t/ -: - 24,2. -,n , a

/ ) . : a - ;  Z /  :  F z ,  2 9 . / . 1 / . >  r a

Revision No. 0
Doc. No. V049-1424
Paee 5 of35



i )  f  ; r , t . t 1 . u . z

/ / . i  r a  t

F,/< ; .^ -L

/ J 4 , ( t t - .

/  F  a .a  r  s t .  .  I  .1 , /7.; :  . i t t t ' t L  L  : 4  1  - ' . . : . :

0 0 0

f  o . - , .1  r  - -  /7 -  4  r

/ t . i  . t-  )  
' 'J t t '  t . t)

t  1 :1  , . ,  n .u  / J  q?  /  ' L )

, 4  1 / r  ,  { a  / } . . - r 4 J  . 4 . 2

/ !  / o {  )  7 r -

i 3 o .  l E

/ "  t z  E .2 i  ,o rA,

/- 'Z ,^,.\ '+ { a /:

.? -t-t .z ; uz8 'Z

i  a / 1 , .  ; . 4  t . / 4 " ? . -

a ;-v i; .2

I ' t  t  r ' 4

lj t LtJ r)

( l

( <

1. . ,  r -
__[:__' .,

t , ^ _  /  ,

, . . . 4

9 Z

, - :  ,  2 t , r : . ,

/a  S- ,  j  ?J -  -

d , 1 3  r /

L-

, z t : i . 3 7 t '  O - ! -  F

/  2J D; :  , , ,1 'a/ f  ' . " -3- ! .1

1 . 2  c , , r  ? r " - . ' / . t . 3 . ?  ' , ,  J  ' a . " i .

/ J  f  I
?

/ ,  7 . r  7-  L1 ! !  oF

,t 6 r v,< ,,/. -
rS " \ , / t - t /d . /

F'?." /  F l  F<1/ '1

+ t , -2 3 = Zi  .73 , . t

E  7  ' ' ; . 1

/ 7 :

U!'2

?t t , l4z zr , :

t/ )-

1
I
l ,
,  i l

i
Revision No. 0
Doc. No. V049-1.024
Pase 6 of 35

F to //f4r'

To ;a t



/4 t .  l r  .3) d.. I  J

(

7 o

/ z

7 !  u / . *  7 e

7 - s  g x  / ^  , / z

D u ,tl .-1 yo o o

/'-E-\
16E \
I V E  /

/ 1 '

P r ^ t z / P . ! L:' 1,, 219 6, t ,. 2 " . . )  - " | . , j j l v ' ?

f  l . - /  , / t i  t  !  t t . t , j .  l -  r r ,4  2 r  f  X  t  ,  - f r , . f  . r , r , . |  i  r - .

J ( , , t / ; . 7 a '  / , t  1 -

) ' p (  !  7 , , . :  f . , - ( ! a  / s  F 1 8 , , , , , 7 r . i  F . - . L .  1 ' t . . t J

7 l  . ' , t - : ; ) , , . , t  4  4  7 -  t .  ' . . 1 . - a . \  - !  ?  (  , ,  l -  . 4 . r  r , t  ( . . .  t . . . i . . , - /

7 / / , :  E D I  t  / t  L ! , . t r . *  4  n . " 1  . -  , ' r  ( , H  ! . u - r .  n n  t ,
4 , ./ :  - : . t 4 !  j / - :  , .

./ - T(14r / zt.^) tl uft r f t )

-f  
-  Lt l t4,< A v,t  E-i*c..-. t ,

,/ "/ r../ / /J I )

/2'!.'.:., s,a

/'4 z /J R,t 14 z.w 4 d
/a ' i*r 4,? .t ot.t. F f.t / | J

Mz

v

o

- ( t . r t f , !

./ a,,, 7 (>

7 7  f r ?  i  a t < , 1 6 1 1  r

! 4'-<1 c

.t1
, \ t , r 4 L a

r ' n
/  o ? ' 7 t

7 ,4 't '-:
'4 /r-'-; .. .x

.  t ' ; ( -

Rwision No. 0
Doc. No. V049-1424
Pace 7 of35

L

t 4 6  r ' ^ n t



=  C o p y r i g h t  ( c )  1 9 8 4 - 1 9 9 3 . RLCA/Celest ia l  Software =

Interact ive Microcomputer Analysis & Graphics of  Engineering Systems

IMAGES _ 3 D

!  ] - fename=B! ;Cs jUPY

V e r s i o n  3 . 0

t(!LA/ (-e J-eSE 1a -L UOrErrrare
z r 5 u  S n a t E u c K  A v e .

S u i t e  1 2 0 0
Rorlra l  arr  ( rA

1 2  / 3 L /  9 3

RtlN ID=XXLLL11

=---------- ---il;ia;-- ----------=

= Rl,CA/Celest ia l  Software assumes no responsi
= bi l i ty for the va1j .di . ty,  accuracy, or
= appl icabi l i ty of  the resul ts obtained from
= I IvIAGES-3D.

- Any quest ions or comments concerning lhe uee
= of IMAGES-3D or the users manua] shouLd
= be addressed to:

=  9 4 7 0 4

-  s  r o  - 8 4 3  - 0 9 7 i

Rwision No. 0
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PROCESS ENGINEERING INC.  S /N :802505A
PAGE L RUN ID=XX11111

0 3 / 2 r / 9 6
l o ' . > 4 , t J I

=  c o p y r i g h t  ( c )  1 9 8 4 - 1 9 9 3 . RL,CAlCelest ia l  Software =

CHECK GEOMETRY

!  l -  -Lename =EUUSUYY

Tit le =Beam Spli t ter Chamber support Structure

Accelerat ion of  Gravi t .y = 3

Force  Mu l t i p l i e r  Leng thMu l t i p l i e r

v e r s i o n  3 . 0  1 2 / 3 L / 9 3

. 8 6 4 E + 0 2

Temp. Mult ip l ier

1 .  0 0 0 0 E + 0 0  1 . 0 0 0 0 E + 0 0  1 . 0 0 0 0 E + 0 0
(For database propert ies only)

MATERIAL PROPERTIES

Mat  No . N

Mat
No

nyz
ayz

nxy
axy

Ey
Gyz

EX
Gxy

1 STEE],
2 STEEL
3 STEEL

E z ttzx
azx

Dens i  ty

2 . 9 0 0 8 + 0 7
L . 1 2 0 8 + 0 7
2 . 9 0 0 E + 0 7
1 . 1 2 0 E + 0 ?
2  . 9 0 0 E ' + 0 7
1 . 1 2 0 E + 0 7

2 . 9 0 0 E + 0 ?
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

3  .  0 0 0 E -  0 1
5  .  5 0 0 E -  0 5
3 . 0 0 0 E - 0 r -
5 . 5 0 0 8 - 0 5
3 . 0 0 0 E - 0 1

3 . 0 0 0 E - 0 1
6 . 5 0 0 E - 0 5
?  n n n t r - n 1

3 . 0 0 0 8 - 0 1
5 . 5 0 0 E - 0 6

Z .  O J U E - U I .

2 . 8 3 0 E - 0 1

2 . 8 3 0 E - 0 1

2 . 9 0 0 E + 0 7  3  . 0 0 0 E - 0 1
r . l - z u f . + u  /  b .  ) u u E - u o
2  . 9 0 0 E + 0 7  3  . 0 0 0 E - 0 1
1 . 1 2 0 E + 0 7  6 . 5 0 0 E - 0 5
2 . 9 0 0 E + O 7  3 . 0 0 0 E - 0 1
1  . 1 2 0 8 + 0 7  5 . 5 0 0 E -  0 5

BEAM CROSS SECTION PROPERTIES

Prop No. N

Pr. X-Sect ion Moment
No. Area Iy

1  W8X58
2 TB4X4X4
4 TB8X4X8
5  TB8X8X10

Inert ia Torsional
Tz  ConsE.  -  i I

Shear shape Fact.
sFy / sFzTyz

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

2 . 2 8 0 E + o 2  3 . 3 4 0 8 + 0 0
8 . 2 2 0 E + 0 0  1  . 3 5 0 8 + 0 1
1 . 0 0 0 8 + 0 3  2  .  0  0 0 E + 0  3
7 . 5 1 0 E + 0 1  5 . 4 1 0 8 + 0 1
1 . 5 3 0 8 + 0 2  2 . 5 8 0 E + 0 2

0 . 0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 8 + 0 0
0 . 0 0 0 E + 0 0
0 . 0 0 0 8 + 0 0

3 , 8 3 8 + 0 0  1 . 2 8 8 + 0 0
1 . 7 9 8 + 0 0  1 . 7 9 8 + 0 0
0 . 0 0 8 + 0 0  0  .  0 0 E + 0 0
1  . 3 0 E + 0 0  2  . 5 0 E + 0 0
1 . 7 4 8 + 0 0  1 . 7 4 8 + 0 0
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PROCESS ENGINEERING INC. S/N:802505A
PAGE 2 RUN ID=XX1L111

1  0 . 0 0 0 0 0 E + 0 0
2  0 . 0 0 0 0 0 E + 0 0
3  0 . 0 0 0 0 0 8 + 0 0
4  I  . 4 0 0 0 0 E + 0 1
5  8 . 4 0 0 0 0 E + 0 1
6  8 . 4 0 0 0 0 E + 0 1
7  8 . 4 0 0 0 0 E + 0 1
I  8 . 4 0 0 0 0 8 + 0 1
9  8  . 4 0 0 0 0 8 + 0 1

1 0  0 . 0 0 0 0 0 8 + 0 0
1 l -  0 . 0 0 0 0 0 E + 0 0
L 2  0 . 0 0 0 0 0 E + 0 0
1 3  - 4 . 2 0 0 0 0 8 + 0 1
1 4  1 . 2 6 0 0 0 E + 0 2
1 5  4 . 2 0 0 0 0 E + 0 1
1 5  0 . 0 0 0 0 0 8 + 0 0
l ' 7  8 . 4 0 0 0 0 E + 0 L
1 8  8  . 4 0 0 0 0 8 + 0 1
1 9  0 . 0 0 0 0 0 E + 0 0
2 0  0 . 0 0 0 0 0 E + 0 0
Z I  I .  b I Z f , U E + U I

0 . 0 0 0 0 0 E + 0 0
1 . 8 0 0 0 0 E + 0 1
4  . 4 0 0 0 0 E + 0 1 .
0 . 0 0 0 0 0 E + 0 0
1 . 8 0 0 0 0 E + 0 1
4 . 4 0 0 0 0 8 + 0 1
0 . 0 0 0 0 0 E + 0 0
l - . 8 0 0 0 0 E + 0 1
4 . 4 0 0 0 0 E + 0 1
0 . 0 0 0 0 0 E + 0 0
1 . 8 0 0 0 0 E + 0 1
4 . 4 0 0 0 0 E + 0 1
0 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 0 0 8 + 0 0
7 . 0 0 0 0 0 E + 0 1
9 . 0 0 0 0 0 8 + 0 0
9 . 0 0 0 0 0 E + 0 0
9 . 0 0 0 0 0 E + 0 0
9 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 0 0 E + 0 0
7 . 0 0 0 0 0 8 + 0 1

0 . 0 0 0 0 0 8 + 0 0
0 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 0 0 E + 0 0

- 8 . 4 0 0 0 0 8 + 0 1 -
- 8 . 4 0 0 0 0 8 + 0 1
- 8 . 4 0 0 0 0 8 + 0 1
-  8  . 4 0 0 0 0 E + 0 1
- 8  . 4 0 0 0 0 E + 0 1 "
- 8  . 4 0 0 0 0 E + 0 1
- 4 . 2 0 0 0 0 E + 0 1
- 4  . 2 0 0 0 0 E + 0 1
- 4 . 2 0 0 0 0 8 + 0 1 -

0 . 0 0 0 0 0 E + 0 0
0 . 0 0 0 0 0 8 + 0 0

- 8 . 4 0 0 0 0 E + 0 1
- 8  . 4 0 0 0 0 E + 0 1

0 . 0 0 0 0 0 E + 0 0
- 4  . 2 0 0 0 0 8 + 0 1

0 3 / 2 t / 9 6
1 5 : 5 2 : 3 7

LengEh Beam
Type

=  copy r igh t  ( c )  1984-1993 . RlcA/celestial Software =

CHECK GEOMETRY V e r s i o n  3 . 0 ! 2 / 3 t / 9 3

.F a -Lename = Eb US U yY

Tits1e =Beam Spl i t ter Chamber Support  Structure

Pr.  Bending Stress Recovery Distances Shear Stress FacE '

T?- - "-!----- / -- 1i / ---17--- / ---"-::-- -::::: --:::I /- :: i:-
1  4 . 1 1 E + 0 0  4 .  L 1 E + o o  4 . 3 8 E + O O  4 . 3 8 E + 0 0  8 . 1 0 8 - 0 1 -  4  . 3 6 E + 0 0  1 . 9 2 E + 0 0
2  2 . 0 0 E + 0 0  2  .  o o E + 0 0  2 .  o o E + 0 0  2 .  o o E + o 0  1 . 9 2 E + 0 0  2 . 3 1 E + 0 0  2 . 3 1 E + 0 0
3  1 . 0 0 8 + 0 0  1 .  o 0 E + 0 0  1 . 0 0 8 + 0 0  1 . 0 0 E + o o  1 . 0 0 8 + 0 0  1 . 0 0 8 + 0 0  1 . 0 0 E + 0 0
4  2 . 0 0 E + 0 0  2 . 0 0 E + O O  4 . 0 0 E + 0 0  4 . 0 0 8 + 0 0  2 . 4 4 8 + 0 0  1 . 8 9 8 + 0 0  3 ' 4 3 E + 0 0
5  4 . 0 0 E + 0 0  4 . 0 0 E + 0 0  4 . 0 o E + o o  4 . 0 0 E + 0 0  3 . 7 9 8 + 0 0  2 . 3 3 8 + 0 0  2 . 3 3 8 + 0 0

Node

NODE COORDINATES

X-coord .  Y-coord . Z - Coord .

* * *  wA i tN ING -  r * *  Nodes  l -  &  20  a re  <=O.O0o1  apa r t  i n  a l l  3  d i r s  '  * * *

BEAM CONNECTIVITY

Beam Nodes Prop Mat
r\tro From/ To / Re f No No

P incodes
r l i I

Rigid End Offsets
r IL l U
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V e r s i o n  3 . 0 L Z / J ! / t 5

03 /2 ] . / 95
l o i > z i 5 t
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=  C o p y r i g h t  ( c )  1 9 8 4 - l - 9 9 3 . RLCA/Celest ia l  Software =

CHECK GEOMETRY

! .a1ename=.B:;Usj UPP
Tit le =Beam Spl i t ter Chamber SuDDort  Structure

Beam Nodes Prop
N-| Fr^.)m/ T.' / RFf No

-  - -  :  : :  -
L  r b  z  L 5  5

2  2  3  1 3  5
5  l t  f ,  t +  )

4 5 6 L 4 5
5  1 8  I  1 4  5
5  8  9  1 4  5
7  7 9  1 1  1 3  5
8  1 , 1  L 2  1 3  5
9 2 5 1 4

1 0  5  8  4  4
1 1  I  1 1  7  4
1 2  1 l -  2 t o  4
1 3  3  1 5  0  3
L 4  5  1 5  0  3
1 5  9  L 5  0  3
1 5  7 2  1 5  0  3
L I  I  - L O  - L 5  f

1 8 4 t 7 ] . 4 5
1 9 7 ] - 8 1 4 5
20 r_0 r_9 r.3 5
21_ 15 21 0 3

MaE Pincodes Rigid End Offset

Y __-:__1___l__ __: /_ _'___
1  0 . 0 0 8 + 0 0  0 . 0 0 E + 0 0
L  4 5  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
1  0 . 0 0 8 + 0 0  0 . 0 0 E + 0 0
I  4 5  0 . 0 0 E + 0 0  0  .  0 0 E + 0 0
1  0 . 0 0 8 + 0 0  0  .  0 0 E + 0 0
t  4 5  0 . 0 0 E + 0 0  0 . 0 0 8 + 0 0
1  0 . 0 0 8 + 0 0  0 . 0 0 8 + 0 0
L  4 5  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
2  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
2  O . 0 0 E + 0 0  0 . 0 0 E + 0 0
2  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
2  O .  0 0 E + 0 0  0 . 0 0 8 + 0 0
3  0 . 0 0 E + 0 0  0 . 0 0 8 + 0 0
3  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
3  0 . 0 0 E + 0 0  0 . 0 0 8 + 0 0
3  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
1  0 . 0 0 E + 0 0  0 . 0 0 8 + 0 0
l "  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
1  0 . 0 0 8 + 0 0  0 . 0 0 E + 0 0
1  0 . 0 0 E + 0 0  0 . 0 0 E + 0 0
3  0 . 0 0 8 + 0 0  0 . 0 0 8 + 0 0

Lengt.h Beam

__________ l3:-
9 . 0 0 0 0 E + 0 0  B e a m
2 . 5 0 0 0 E + 0 1  B e a m
9 . 0 0 0 0 E + 0 0  B e a m
2 .6000E+01  Beam
9  . 0 0 0 0 8 + 0 0  B e a m
2 , 5 0 0 0 8 + 0 L  B e a m
9 . 0 0 0 0 E + 0 0  B e a m
2 . 6 0 0 0 E + 0 1  B e a m
8 . 4 0 0 0 E + 0 1  B e a m
8 . 4 0 0 0 E + 0 1  B e a m
8 . 4 0 0 0 E + 0 1  B e a m
8 . 4 0 0 0 E + 0 1  B e a m
6  . 4 8 3 8 E + 0 1  B e a m
5 . 4 8 3 8 E + 0 1 -  B e a m
5  . 4 8 3 8 E + 0 1  B e a m
6 .4838E+01-  Beam
9 . 0 0 0 0 E + 0 0  B e a m
9 . 0 0 0 0 E + 0 0  B e a m
9 . 0 0 0 0 E + 0 0  B e a m
9 . 0 0 0 0 E + 0 0  B e a r n
5 . 8 ? 5 0 8 + 0 0  B e a m

Node
No

RESTFAIMTS

^ ' 1  ^ l ^ ^ 1  / r  ^ ^ ^  l
\ r r  \ rua  1 /  ! r r \ -a r

Restsraint
Direct ions

1

7
1 0

GLOBAL

GLOBAL
GL.,OBAL,

x v  z  -
x v z -
x Y  z  -
X Y Z -

NODAL CONNECTIVITY

not connected to any element *****+ WAIU{ING - Node t 3



PROCESS ENGINEERING INC. S/N:802505A
PAGE 4 RUN ID=XX111L1

03/21" /e6
L O  i  ) Z  i  5  I

I M A G E S - 3 D = = = = = = - = =
=  Copy r igh t  ( c )  1984-1993 .  R lcA /Ce les t i aL  So f tware  =

CHECK GEOMETRY Version 3.0 12/31/93

Fi Lename=BscsUPP
Tit le =Beam SpLiEter Chamber Support  Structure

*** WAITNING - Node 1-4 not connected to any element ***
r * *  WARNING -  Node  20  noL  connec led  t . o  any  e lemen t  * * *  E<" / t4  2aaa

( u o -  a z  a ' . c )

R€vision No. 0
Doc. No. V049-l{?4
Pase l2 0f 35
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PAGE 5 Run ID=

0 3 / 2 r / 9 5
1 6  : 5 2  :  3 7

T M A G E S - 3 D = = = = = = = = =
=  copy r igh t  ( c )  1984-1993 .  R lCA/ce les t i a l  so fEware  =

) -2  /3 r  /  93RENUMBER NODES Version 3.0

Fi Iename =BS CSUPP
Tit le =Beam Spl iEter Chamber Support  Structure

NODE RENI]MBERING CROSS REFERENCE LIST

Was  I s

L  t o

i f  - L I

1 1  t ?

I O  L  I

z L  o

was Is

7 I
12 r_0
! t

Was I s

.J -Lf

8 7
1 3  1 9
L 6  Z

was Is

J )

L 4  2 0
L t  I t

Was Is

f ,  r+

1 0  3
1 5  t 2
2 0  2 1

Rcrision No. 0
Doc. No. V049-l{24
Pase l3 of 35



PROCESS ENGINEERING INC.  S /N :802s06A
PAGE 5 Run ID=

I M A G E
=  C o p y r i g h t  ( c )  L 9 8 4 - 1 9 9 3 .

.F l-J-ename=}J!jU|jU YY
Tit le =Beam Spl i t ter Chamber Support  Structure

0 3  / 2 a  /  9 6
1 5  : 5 4  : 5 5

c _ 1 t - \

Rl,cA/Celest ia]  Software =

ASSEMBI.,E STTFFNESS MATRIX Version 3 .  O 1,2/3! /93

STIFFNESS ASSEMBLY SUVIMARY

Number of Node Points 2)-
Number of  Truss and Beam Elements.  .  .  ,  ,  2) ,
Number of  Plate ELements.  0
Number of Sprj-ng Elements 0
Number of  Sol id Elements 0
N u m b e r  o f  A x i s y m m e t r i c  E l e m e n t s . . . . . . .  0
Nurnber  o f  Nodes  w i th  Res t . ra in t s .  . . . .  . .  4
N u m b e r  o f  E q u a t i o n s  t o  b e  S o l v e d . . . , . .  9 5
Number of  Blocks in the Matr ix.  1

B L O C K  I N F O R M A T I O N

I5 ! \ - I \  D  I  ZE

\ la )  f  E i ' t .a l

BLCK S IZE
NO (Byte)

BLCK SIZE
NO (Byte )

BLCK SIZE
No ( ByEe )

1 4 2 0 8

R€vision No. 0
Doc. No. V049-l{24
Paee 14 of35
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PAGE 7 Run ID=

I M A G E
=  c o p y r i g h t  ( c )  1 9 8 4 - 1 9 9 3 .

E Q U A T I O N

03  / 2 r /  95

s - 3 D  = - = = = - 1 u ' . 5 4 : 5 5
RLCA/CelesEial  Software =

1 2 / 3 L / 9 3ASSEMBLE STIFFNESS MATRIX Version 3.0

-b a l.ename =lJ5(-5 U Hli
Tit le =Beam Spl i t ter Chamber Support  Structure

NODE
WAS TS

N U M B E R

TRANSLATTON
X Y Z

L I S T

ROTATION
X Y

1

4
5
b

7
I

1 0
1 1
7 2
I . '

1 4
_L5

)_7
1 8
T 9
2 0
2 I

1 8

l_5

1 A

1 1
1
7
5
3

1 3
1 0
' t g

2 0
t 2
L 7

q

2 t

0
t J .J

7 7
0

5 3
0

2 9
\ 7

0
b 5

0
0

5 9
6 t

5
3 5

0

0
8 4
7 8

0
7 2

0
3 0
1 8

0
b b

4 8
0
0

6 0
9 0

o

3 5
0

9 6
8 7
R 1

1 5

5 7

3 3
2 t
I 2
6 9
5 1

0
0

5 3
9 3
+ 3

9
3 9

n

t 3

8 5
8 0
t4

5 6
2

5 Z

2 0
1 1
5 8
5 0

n
n

4 4
I

3 8
0

0
d z

0
7 0
5 2

0
2 8
_ L O

0

0
0

5 8
8 8
4 0

4
3 4

0

94
8 5
7 9
-l�I

7 3
5 5

1
. ' .L

I 9
l_0

4 9
0
0

t - L

4 J

7
3 7

0
2 5

-L ljLIJLADSTIFFNESS SUMMARY IN

Minimum Di-agonal St i f fness.
Eq No of Minimum Diagonal.  .
Maximum Di-agonal St i f fness.
Eq No of Maximum Diagonal.  .

. 1 5 4 1 D + 0 8
z 6

.  Z J J  I U + L L

o z

Revision No. 0
Doc. No. V049-l-024
Paee l5 of35
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Fi lename =BSCSUPP
Tit le =Beam Spl i t ter Chamber Support  St.ructure

0 3  / 2 L /  9 6
1 5 : 5 4  : 5 5

r  M  7 \  / !  F  e  -  2  n  - - - - - - - - -

=  copy r igh t  ( c )  1984-1993 .  R l - , cA lce les t i a l  So f tware  =

SOLVE DISPLACEMENTS v e r s i o n  3 . 0  t 2 / 3 I / 9 3

I . , , O A D  C A S E  1
MAXIMUM UNBA-LANCED LOADS COMBINED WITH DEAD WT + E0(.055G)

GRAVITY LOADING

Node

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0

CONCENTRATED

Fy Fz

. 0 0 0 0 E + 0 0

LOADS

MX 14zMy

1 5  . 4 6 2 5 E + 0 5  - . l - 4 0 0 E + 0 5
2 a  . 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0

. 2 9 4 4 E + O 5  . 0 0 0 0 8 + 0 0

REFERENCE TEMPERATURE = .0000E+00

. 0 0 0 0 E + 0 0  . 0 0 0 0 8 + 0 0

. 0 0 0 0 8 + 0 0  . 0 0 0 0 8 + 0 0

R6'ision No. 0
Doc. No. V049-l{24
Pnee l6 of 35
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PAGE 9 Run ID=

Fi lename =BscsUPP
Tit. le =Beam Spli t ter Chamber Support Struct.ure

Node

0 3 / 2 r / 9 6
l - 6 : 5 4  : 5 6

I M A c E S - 3 D = = = = = = = = =
=  Copy r igh t  ( c )  1984-1993 .  RLcA/ce les t i a l  so f tware  =

SOLVE DISPLACEMENTS V e r s i o n  3 . 0 L 2 / 3 7 / 9 3

L O A D  C A S E  1
MAXIMUM UNBAIANCED LOADS COMBINED WITH DEAD WT + EQ(.055G)

APPLIED LOAD VECTOR

YlzMyMxFzFy

l -5
2 I

4 6 2 5 8 + 0 5  - . 1 4 0 0 E + 0 5
0 0 0 0 8 + 0 0  . 0 0 0 0 E + 0 0

0 0 0 0 E + 0 0
2944E+O5

0 0 0 0 E + 0 0
0 0 0 0 E + 0 0

0 0 0 0 E + 0 0  . 0 0 0 0 8 + 0 0
0 0 0 0 8 + 0 0  . 0 0 0 0 E + 0 0

Rerision No. 0
Doc. No. V049-l-02,f
Pase l7 of35



PROCESS ENGINEERING INC.  S /N :802506A
PAGE 1.0 Run ID=

I M A G E
=  c o p y r i g h r  ( c )  1 9 8 4 - 1 9 9 3 .

0 3  / 2 L  /  e 6

s _ 3 D  = = = = = = 1 t t 5 4 t 5 6
RLCA/celestial Software =

SOLVE DISPI,ACEMENTS V e r s i o n  3 . 0 1 2 / 3 r / 9 3

Fi.lename=BSCSUPP
TiEle =Beam Spl i t ter Chamber Supports StrucEure

L O A D  C A S  E  1
MAXIMUM UNBAI-,ANCED LOADS CoMBINED WITH DEAD WT + EQ(.055G)

DI SPLACEMENTS

T  r  a  n  s  1 a  t  i  o  n  s  /  R  o  t  a  t  i  o  n  s
N o d e X Y z / X Y z

/  - - - - -

1  .  O O O 0 E + 0 0  .  O O O O E + 0 0  .  O O 0 O E + 0 0  /  . 1 ' 9 4 2 8 - O Z  -  . 4 4 4 3 8 - 0 5  - . 3 0 2 5 E - 0 2

2  . 5 3 3 9 E - 0 1  . l - 2 5 0 8 - 0 3  . 3 4 0 7 E - 0 1  /  . 1 3 7 7 8 - 0 2  - . 4 4 4 3 8 - 0 5  - . 2 3 5 3 E - 0 2

3  . 1 1 3 4 E + 0 0  . 1 3 5 3 E - 0 3  . 6 3 3 5 E - 0 1  /  . 1 0 9 0 8 - 0 2  -  '  5 8 8 2 8 - 0 3  -  . 1 3 L 9 E - 0 2
4  . 0 0 0 0 E + O O  . 0 0 0 0 E + 0 0  .  O O O O E + 0 0  /  . 1 8 7 0 E - 0 2  . 2 8 2 0 8 - 0 4  -  . 3 r r Z E - 0 2
5  . 5 5 5 9 E - 0 1  -  . 1 2 5 0 E - 0 2  . 3 3 8 1 E - 0 1  /  . 1 9 6 4 E - 0 2  ' 2 8 2 0 E - 0 4  -  . 2 9 0 2 8 - 0 2
5  . 1 4 8 5 E + O O  -  . 2 2 9 3 8 - 0 2  . 1 0 4 0 E + 0 0  /  -  . 5 7 6 l - 8 - 0 3  -  . 5 7 0 3 E - 0 4  -  . 2 9 8 L E - 0 4
?  . 0 0 0 0 8 + 0 0  . 0 0 0 0 8 + 0 0  . 0 0 0 0 E + 0 0  /  . ! 7 4 5 8 - 0 2  . 7 9 4 9 E - 0 4  '  . 2 8 6 6 E - 0 2
8  . 5 0 5 9 E - O r  - . 3 7 4 7 8 - 0 3  . 3 0 4 7 8 - 0 1  /  . r r s r E - 0 2  , 7 9 4 9 E - 0 4  - ' 2 2 9 9 8 - 0 2

9  . 1 1 1 5 E + O O  -  . 7 4 5 7 8 - 0 3  . 5 1 7 0 E - 0 1  /  . r 2 8 6 8 - 0 2  . 7 5 ] - 7 8 - 0 3  - . 9 4 1 1 8 - 0 3

1 0  .  0 0 0 0 E + 0 0  .  0 0 0 0 E + 0 0  .  0 0 0 0 E + 0 0  /  ' 2 0 2 9 8 - 0 2  . 4 5 8 5 E - 0 4  -  ' 2 9 : . 4 F , - 4 2
1 1  . 5 2 0 8 8 - 0 1  . 1 O O 0 E - 0 2  . 3 5 5 1 E - 0 1  /  . 2 O r 9 E - 0 2  . 4 6 A 5 E ' - 0 4  -  . 2 5 7 5 8 - 0 2
1 2  . 1 3 5 8 8 + 0 0  . 1 6 8 3 E - 0 2  .  1 0 5 8 E + 0 0  /  -  . t g l g s - 0 3  '  2 3 0 5 8 - 0 3  -  . 2 2 5 7 8 - 0 3
1 3  .  O O O O E + 0 0  .  O O O O E + O O  .  O O O O E + O 0  /  . 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  . 0 0 0 0 8 + 0 0
1 4  . 0 o o o E + o o  .  o o o o E + 0 0  . 0 0 0 0 8 + 0 0  /  .  o o o o e + 0 0  . 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0
1 5  . 1 5 2 4 8 + 0 0  - . 8 3 5 4 E - 0 2  . 9 ? O 3 E - 0 1  /  . 2 6 2 ] - 8 - 0 3  . 1 2 6 3 E - 0 3  - . 4 1 1 - 8 E - 0 3

1 5  . 2 8 2 1 - E -  O r  . 5 2 5 0 E - 0 4  . 1 8 3 1 E - 0 1  /  . 1 8 0 ] - E - 0 2  -  - 4 4 4 3 8 - 0 5  -  . 2 8 5 7 E - 0 2
! 7  . 2 8 3 2 E - 0 1  -  . 6 2 4 s E - 0 3  . 1 5 6 9 8 - 0 1  /  . r 8 9 4 8 - 0 2  . 2 8 2 0 8 - 0 4  -  . 3 0 5 0 E - 0 2
l - 8  . 2 6 6 2 E - O r  - . 1 8 7 4 E - 0 3  . 1 6 s 7 E - 0 1  /  . L 5 9 5 E - 0 2  . 7 9 4 9 E - 0 4  - . 2 7 2 4 8 - 0 2

1 9  . 2 6 5 8 E - 0 1  . 5 O O 1 E - 0 3  . 1 8 2 8 E - 0 1  /  . 2 0 2 7 8 - 0 2  . 4 6 8 5 E - 0 4  - ' 2 8 5 5 8 - 0 2

2 0  . 0 O O O E + 0 0  .  O 0 O O E + O O  . 0 0 0 0 8 + 0 0  /  , 0 0 0 0 E + 0 0  '  0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0
2 L  , 1 5 2 4 E + O O  - . 5 9 4 4 8 - 0 2  . 9 7 8 5 E - 0 1  /  . 2 5 2 : - 8 - 0 3  . 1 4 3 8 E - 0 3  - . 4 1 1 8 E - 0 3

Revision No. 0
Doc. No. V0{9-l-024
Paee l8 of35



PROCESS ENGINEERING INC.  S /N :802506A
PAGE 12 Run ID=

Fi lename =BSCSUPP
Ti.tIe =Beam SpLitt.er Chamber Support. Structure

Load Case 1 : MAXIMLM

I M A G E S _ 3 D = = = = = = = = =
= Copyr ight (c)  1984-1,993. Rl,cA/celesE. ial  Sof lware =

SOLVE BEAM LOADS,/STRESSES V e r s i o n  3 , 0 1 2 / 3 t / 9 3

0 3 / 2 L / 9 5
r 0 ;  f , +  :  I  /

W T  +  E Q  ( . 0 5 5 G )

My
Y-Bending
Y - Bending

Maximum

t'tlz
Z -Bending
Z - Bending

Minimum

Gl,oads Node Fx
Lloads Node Axial
Stress Node Axial

Corne r1

UNBATANCED LOADS COMBINED WITH DEAD

Fy Fz Mx
Y-Shear Z-Shear Torsion
Y-Shear Z-Shear Torsion
Corner2 Corner3 Corner4

Glroads
cl,oads
L,Loads

St res s

St.ress

Gtoads
GLoads
LLoads
LLoads
St ress

Stres s

cl,oads
GLoads
LLoads
LLoads
Stress

Stress

GLoads
GIJoads
LLoads
LLoads
Stress

St ress

Gloads

r 6  -  . l - 5 5 5 , L + U 5

o  .  _ L ) f  5 E + U 5
1 8  . l - 0 5 0 E + 0 5

8  - . 1 0 5 0 E + 0 5
l - 8  -  . 5 0 3 7 E + 0 3

. 4 8 0 8 E + 0 4
8  - . 5 0 3 7 8 + 0 3

. 1 0 2 2 E + 0 5

d  -  .  r u 5 b 1 1 + u 5
9  . 1 0 5 5 E + 0 5
8  .7220E+04
9  - . 7 2 2 0 E + O 4
8  -  . 4 1 4 9 E + 0 3

.29)-9E+04
9  -  .  4 1 4  9 E + 0 3

. 7 0 0 0 8 + 0 4

! 9  - . 5 5 4 2 E + 0 4
1 1  . 5 5 4 2 8 + 0 4
1 9  -  . 2 8 0 4 E + 0 5
1 L  . 2 8 0 4 E + 0 5
19  .151"1 -E+04

- .  f  o t f  E + u 5

1 " 1  . 1 5 1 1 E + 0 4
- .27 428+04

I I  _ . I I t r J I 1 + U )

L Z  . I T f J E + U 5

l -  l -  -  . 1325E+05
1 2  . 1 3 2 5 8 + 0 5
1 1  . 7 5 1 4 E + 0 3

.  L  0  51E+0  5
! z  .  / o l . * ! l + u J

- . 5 7 0 8 E + 0 3

2  -  . 8 2 3 5 8 + 0 4

* * *BEAlvl  NO. 5***
. 1 0 5 0 8 + 0 5  -  . 1 5 2 6 E + 0 5  . 1 4 6 4 E + 0 5

-  . 1 0 5 0 E + 0 5  . r 6 2 6 E + O 5  -  . 2 9 2 8 E + 0 6
-  . 2 2 5 0 8 + 0 5  . 5 0 2 7 E + 0 3  -  . 1 3 4 8 E - 1 1

.2250E+O5 -  . 5027E+03  .  1 -34  8E-  l "L
-  . 3 0 0 7 8 + 0 4  . 6 7 L 8 E + O ?  . 1 9 8 3 8 - 1 3
-  . 57798+04  -  . 50168+04  .45728+04
- . 3 0 0 7 E + 0 4  . 6 7 ] - 9 E + O Z  .  1 9 8 3 8 -  1 3
-  . 1 0 9 5 8 + 0 5  -  . 1 - 1 4 3 E + 0 5  . 9 7 4 7 8 + 0 4

* * *BEAIi{  NO. 5***
.7220E+04  -  . 42458+04  .9017E+05

-  .72208E+04  .4245E+04  -  . 20058+05
- . l - 0 4 7 E + 0 5  - . 4 4 5 8 E + 0 4  . 0 0 0 0 E + 0 0

. l - 0 4 7 E + 0 5  . 4 4 5 8 8 + 0 4  . 0 0 0 0 E + 0 0
-  . 1 3 9 9 E + 0 4  - . 5 9 7 1 E + 0 3  . 0 0 0 0 8 + 0 0

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

* * *BEAIT{ NO. 7***
-  . 2 8 0 4 8 + 0 5  -  . 2 7 5 3 E + 0 3  . 2 4 8 5 E + 0 4

.28048+05  .21638+03  -  . 49738+04

.44308+04  - .482 IE+04  .9042E-12
- .44308+04  .4821-E+04  - .90428-72

. 5 9 2 0 E + 0 3  - . 6 4 4 2 E + 0 3  - . 1 3 3 0 8 - 1 3

. 1 5 1 9 E + 0 4  . 3 7 8 8 8 + 0 4  . 1 7 0 3 8 + 0 4

. 5 9 2 0 E + 0 3  - . 6 4 4 2 8 + 0 3  - .  1 3 3 0 E - 1 3

.  L 4 2  t E + Q 4  . 5 9 6 5 E + 0 4  . 1 7 9 5 8 + 0 4
* * *BEAI {  NO.  g * * *

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

- .  L 7 5 9 E + 0 4  . 1 4 5 5 E + 0 5  . 0 0 0 0 E + 0 0
.2351"8+03  - . ] -944E+04  .0000E+00
. 1 0 7 9 E + 0 5  - . 8 9 9 1 E + 0 4  - . 9 2 6 4 8 + 0 4
. 2 3 5 1 E + 0 3  - . 1 9 4 4 E + 0 4  . 0 0 0 0 E + 0 0
. 2 0 9 4 E ' + 0 4  . 2 0 9 4 8 + 0 4  -  . 5 7 0 8 8 + 0 3

* * *BEAlvl  NO. g***
-  . 9 2 8 7 8 + Q 4  - . 1 0 3 ? E + 0 2  -  . 4 9 9 3 8 + 0 4

-  . 1 3 4 8 E - 1 1  - . l - 4  0 0 E + 0 5
. 1 3 4 8 E - 1 1  . 2 8 0 0 E + 0 6
. + a z + L + v +  .  z v z S E + v b

- . 9 0 4 9 E + 0 4  - . 4 0 5 0 E + 0 5
. 1 1 8 3 E + 0 3  -  . 5 2 9 4 E + O 4
. 4 8 0 8 8 + 0 4  - . 5 0 1 5 8 + 0 4
. 2 3 5 6 E + 0 3  -  . 1 0 5 9 E + 0 5
.  t v z z L + v J  - . r l + 5 1 ! + u 5

. 0 0 0 0 E + 0 0  . 7 4 L Z E + 0 5

. 0 0 0 0 E + 0 0  . 2 0 0 5 8 + 0 5

. 1 1 6 2 E + 0 5  . 1 1 . 3 5 8 + 0 5

. 0 0 0 0 E + 0 0  -  . 2 8 3 5 E + 0 5

. 3 0 3 ? E + 0 4  -  . 2 9 5 5 8 + 0 3

.29 !9E+O4 -  . 3?498+04

. 0 0 0 0 E + 0 0  -  . 7 4 1 5 E + 0 / ,

. 7 0 0 0 E + 0 4  -  .  ? 8 3  0 E + 0 4

. 9 0 4 2 8 - L 2  -  . 5 8 8 8 E + 0 5
-  . 9 0 4 2 E - I 2  . 1 1 ? 8 E + 0 6
- . 4 3 3 9 E + 0 5  -  . 3  9 8 7 E + 0 5

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

. 3 7 8 8 8 + 0 4  -  . 5 6 5 5 E + 0 3
-  .2269E+04  .20858+0L

. 5 9 5 5 E + 0 4  -  . 2 7 4 2 E + 0 4

. 0 0 0 0 8 + 0 0  . 2 6 3 8 E + 0 6

. 0 0 0 0 E + 0 0  . 3 6 0 3 E + 0 5

. 3 7 8 3 E + 0 5  -  . 5 2 1 5 E + 0 4

. 0 0 0 0 E + 0 0  . 5 0 9 5 8 + 0 5

.  9 8 8 9 E + 0 4  . 1 3 5 4 E + 0 3
, 1 0 7 9 E + 0 5  -  . 9 2 5 4 E + 0 4
. 0 0 0 0 8 + 0 0  . 1 3 3 2 E + 0 4
. 2 0 9 4 E + 0 4  -  . 5 ? 0 8 8 + 0 3

. 1 5 8 3 E + 0 3  -  . 3 7 5 8 E + 0 6
Rcvision No. 0
Doc. No. V049-1.024
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PROCESS ENGINEERING INC.
DAr:tr r ?

Gloads Node Fx
Lloads Node Axial
Stress Node Axial

Corner l

s / N :  8 0 2 5 0 5 A
Run ID=

0 3 / 2 r / 9 6
L b :  f  + :  f  /

My Mz
Y-Bending Z-Bending
Y-Bending Z-Bending

Maximum Minimum

= copy r igh t  ( c )  l - 984 -1993 RI-,cA/ce l-esL ia 1 Software =

SOI,VE BEAM I,OADS/STRESSES Vers ion  3  .0 t 2  / 3 t /  9 3

Fi l ename =BS CSUPP
Tit le =Beam Spl i t ter Chamber Support  Structsure

Load Case 1:MAXIMIJM UNBAIANCED LOADS COMBINED WITH DEAD WT + EQ(.055G)

Fy
Y - Shear
Y -  Shear
Corner2

Fz
z -  Shear
Z -  Shear
Corner3

Mx
Torsion
Torsion
Corner4

GLoads

Lloads
Stress

S t ress

GLoads
Gloads
LL.,oads
LLoads
Stress

St.ress

cl,oads
GLoads
Lloads
l,Loads
Stres s

Stress

GLoads
GLoads
LLoads
LLoads
StreE s

St ress

GLoads
S],oads
Lloads

.  b b U Z E + U - L

.  o b u z E + u - L

. 8 7 5 6 8 + 0 4

. 8 7 5 5 8 + 0 4
, 8 4 2 0 8 + 0 3
. l - 3 4 1 E + 0 5
. 8 4 2 0 8 + 0 3
. 1 3 4 0 E + 0 5

- 9287E.+O4
.92878+04

- . 9 2 8 7 E + 0 4  -
.1 ,585E+04 /

-  .  1 9 2 4 E + 0 5  -
. -L tr 6 5-ts+ U4

.  2 2 3  8 E + 0  5
* * *BEjUvl

. 5 5 0 2 8 + 0 4
-  . 5 5 0 2 E + 0 4  -
- . 5 5 0 2 E + 0 4  -

.  55  02E+04
- . 9 9 8 1 E + 0 3  -

. 1 4 6 4 8 + 0 5
- .  v v u - L t 1 + u J  -
-  .  1 0 0 2 8 + 0 5  -

* * *BEAI!,I
. 8 7 8 5 8 + 0 4  -

- . 8 7 8 6 E + 0 4
- . 8 ? 8 6 E + 0 4  -

. 8 7 8 6 8 + 0 4
- . 1 5 9 4 E + 0 4  -

.  J - d b  / t f + u 5
-  . 1 5 9 4 E + 0 4  -
-  . 2 0 7 1 8 + 0 5  -

* * *BEAlvI
-  . 5 0 0 2 8 + 0 4

. 5 0 0 2 E + 0 4  -

. 6 0 0 2 E + 0 4
-  .  o u u z t t + v l l  -

. 1 0 8 9 8 + 0 4
-  . 1 5 2 1 E + 0 5  -

. 1 0 I 9 E + 0 4

.  l r o  v l l + u  f
* * *BEAIr,l

.7 L29E+03
- .  - L  f , O  . t E + U  ' '
-  .  I  L Z t L + U 5
-  .  t287E+02

. 2 0 8 2 E + 0 5

.57  9  6E+Oz

.  z z 3 d E + v a

- . 7 ] -298+03
. 1 5 8 3 8 + 0 3
.7129F,+03

-  -  _ t56  . 'E+  U  5

.  >  I  > b l r + V Z

. 1 4 6 4 E + 0 5

.  L Z O  I  E r + U  Z

. . t - z 5 J L + U a

-  .  r l o S l f  + u 5
-  .  I  L 4  t L + V  J

. 1 5 8 3 E + 0 3

. 7 1 - 2 9 E + 0 3

. L2878+02

. 1 8 6 7 8 + 0 5
-  . )  t > 0 l : + v z

. 1 9 7 5 E + 0 5

.  712  9E+03
-  . 1 5 8 3 E + 0 3
-  .  I  L Z > E ! + V J

. 1 5 8 3 E + 0 3
- .5796E+Oz

1 2 q , ? E ' r n q

- . L2878+Oz
. 1 1 7 1 8 + 0 5

-  . 4 0 4 3 E + 0 5
.  J  /  D  O t 1 + U O

. 4 0 4 3 8 + 0 6
-  .  z v v  z L + u 5
-  .  L r z + E + u >

. 2 1 - 5 3 8 + 0 5
-  . 2 0 8 0 8 + 0 5

- . 5 1 - 4 0 E + 0 4
. 5 1 4 0 E + 0 4

-  .  z a z z L + u 6
-  . 2 1 0 0 8 + 0 5

. I J + 5 E + U 5
- . 1 2 3 3 E + 0 5
- . l - 1 1 - 8 E + 0 5
- . 1 0 0 4 E + 0 5

- . 3 5 9 2 8 + 0 6
- . 3 7 8 8 E + 0 6
-  ,  J 5 t  Z E + U 6
-  . 3 7 8 8 8 + 0 5

.  J - y J _ 5 t l + U 5
- .  r - y b 5 t ; + u 5
- . 2 0 L 8 E + 0 5
- . 2 0 7 L 8 + 0 5

- .27438+04
.27  438+04
.  z b o  / 1 1 + u b

. 2 3 5 5 E + 0 5
-  . 1 4 3 1 8 + 0 5
-  . 1 5 2 1 8 + 0 5

. 1 2 5 4 E + 0 5
- . 1 3 4 0 8 + 0 5

5  . 8 2 3 5 E + 0 4
2  - . 8 2 3 5 E + 0 4
5  . 8 2 3 5 E + 0 4
2  . 7  9 L 9 E + 0 3

. 2 0 8 0 E + 0 5
5  . 7 9 1 9 E + 0 3

-  . 2 0 6 8 E + 0 5

5  . 6 6 0 2 E + 0 1
a J  - .  b b u z l i + u _ L

5  - . 1 2 0 1 8 + 0 5
I  . 1 2 0 1 E + 0 5
5  . 1 1 5 5 8 + 0 4

-  . 1 , 2 2 2 E + O 5
I  . 1 1 5 5 8 + 0 4

. 1 2 3 5 8 + 0 5

I  -  . 4 9 8 3 E + 0 4
1 l -  . 4 9 8 3 8 + 0 4

8  . 4 9 8 3 8 + 0 4
1 1 "  -  . 4 9 8 3 E + 0 4

8  -  . 4 7 9 1 - E + 0 3
- .  J - Y O U E + U t r

L 1  -  . 4 7 9 1 8 + 0 3
. 1 9 5 4 E + 0 5

.  10378+02  .  4  993E+04

. 1 0 3 7 E + 0 2  -  . 4 9 9 3 E + 0 4

. l - 0 3 7 E + 0 2  . 4 9 9 3 E + 0 4

.  J + Z 3 E + U L ' �  ,  !  >  U Z E + U 3
. ^ ^ . . ^ -

,  L > Z L L + U )  .  Z V  6  Z E + V J

. 3 4 2 5 E + 0 1  .  1 9  0 2 E + 0 3

.  z z z  t E + u >  -  .  z u 6 u E + u :
N O .  1 0 * * *

.1201E+05  .2522E '+05

. l - 2 0 1 E + 0 5  . 2 1 0 0 E + 0 5

.  5 5 0 2 E + 0 1  . 5 1 4 0 E + 0 4

.  6 6 0 2 E + 0 L  -  . 5 1 4 0 E + 0 4

. . 1 - L 6 U l 1 + U - L  - .  r v 5 6 1 1 + U J

. 2 1 8 0 E + 0 1  - . 1 9 5 8 E + 0 3

. . L U U + E + U )  .  L Z 5 5 E + U '

N O .  1 1 * * *
. 1 0 3 7 E + 0 2  - . 7 3 9 0 E + 0 4
.70378E+42  .73908+04
. l - 0 3 7 E + 0 2  . 7 3 9 0 E + 0 4
. 1 0 3 7 E + 0 2  - . 7 3 9 0 E + 0 4
.  J + l f  E + u L  -  .  z o _ L f  - E i + u 5

. 1 8 5 4 8 + 0 5  - . 1 9 5 3 E + 0 5

. 3 4 2 5 E + 0 1  - . 2 8 1 5 E + 0 3

.  z u b u t l + u J  .  L v  / 5 t 1 + u 5
N O .  1 2 * * *

. t '  / f , O t 1 + U {  .  Z O t '  / E + U b

.  8 7 5 6 E + 0 4  . 2 3 5 5 E + 0 6

.66028+01  -  . 2 ' 743E+04

.  5 5 0 2 8 + 0 1  . 2 7 4 3 E + 0 4

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

. 1 5 1 0 E + 0 5  , 1 3 5 3 E + 0 5

. 2 1 8 0 E + 0 1  . 1 0 4 5 E + 0 3

.  1 1 7 1 8 + 0 5  -  . 1 3 3 7 E + 0 5
N O .  1 3 * * *

1 1

1 1

2 -

3
_L l

3

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

- . 1 5 7 4 E - 0 9  -  . 2 2 2 4 8 + 0 6
.  ?085E+05  .477  4E+O6

-  . 1 2 5 l E + 0 6  . 8 6 4 3 E - 0 9

Rsision No. 0
Doc. No. V049-1424
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PROCESS ENGINEERING INC.  S /N :802505A
PAGE 1,4 Run ID=

=  Copy r igh t  ( c )  1984- l -993 RlcA/celestial Software =

SOI,VE BEAM I,OADS /STRESSES V e r s i o n  3 . 0 ) -2  /3r  /  e3

0 3 / 2 t / e 6
1 6  : 5 4  : 5 ?

wT +  EQ (  . 0s5G)

My Mz
Y-Bending Z-Bending
Y-Bending Z -Bending

Maximum Minimum

. 8 9 9 5 E + 0 5  . 5 0 4 8 E + 0 5
- .  1 2 6 1 - E + 0 3  - . 8 5 4 3 8 - 1 2

. 1 4 9 4 E + 0 3  -  . 1 0 2 9 8 + 0 3
-  . 8 9 9 5 E + 0 3  . 5 0 4 8 8 + 0 2

.  9732E+03  -  .  9267E+03

. 6 6 7 0 E - 0 9  - . 5 7 9 0 E + 0 5

.  l -  9 1 0 E +  0  6  -  . 4 2 8 8 E + 0 6
- . 3 2 8 4 8 E + 0 5  - . 2 7 7 8 8 - 0 9

. 2 4 1 3 E + 0 5  . 7 7 1 , 8 E + 0 5
- .32848E+02  .27788- : -2
- . 2 0 0 2 E + 0 3  - . 2 5 5 9 E + 0 3
-  . 2 4 1 3 E + 0 3  . 7 7 1 8 E + 0 3

. 7 8 0 L 8 + 0 3  - .  L 2  4  6 E + 0 4

-  . 4 3 2 7 E - 0 9  -  . 2 0 0 5 E + 0 5
-  .62208+06  .1720E+05

. 1 1 3 7 8 + 0 5  . 4 L L 5 E - 0 9
- . 7 9 2 7 E + O G  . 3 L 2 1 E + O G

.  1 l -3  7E+03  -  . 41158-12

. 4 3 8 4 E - + 0 2  - . 1 8 3 5 8 + 0 3
,7  92 ' tE+03  .  312  ?E+  0  3
. 1 0 3 5 8 + 0 4  -  . 1 1 7 5 E + 0 4

- . 1 8 4 l E - 0 8  -  . 3 6 0 3 8 + 0 5
-  .1045E+06  -  . 22O6E+O5

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

.20438+02  - .45278-12

. 2 0 5 8 E + 0 3  . 1 6 6 0 8 + 0 3

. 1 3 4 5 8 + 0 3  -  . 4 0 8 7 E + 0 3

. 7 2 9 6 E + O 3  -  . 3 5 5 8 E + 0 3

-  .  981sE-  r . 2  -  .  344  0E-  10
. 9 8 1 5 E - 1 2  . 1 5 5 6 E + 0 6
. 2 5 6 9 8 - 0 9  . 2 0 8 2 E - 0 9

-  . 1 8 6 5 E + 0 5  . 2 1 5 5 E + 0 5
. 6 7 1 5 E -  1 1  - . 5 4 4 4 E - 1 1
. 2 0 1 4 E + 0 3  . 2 0 1 4 E + 0 3

Revision No. 0
Doc. No. V049-1424
Pase 22 of35

! L J-ename =B!jcs;UPY
Tit le =Beam Spl- i tEer Chamber Support  Structure

],O d Case 1 : MAX IMUM UNBAI.,,ANCED I.JOADS COMB INED WITH DEAD

Fz MxGloads Node Fx
Lloads Node Axial
Stress Node Axial

Cornerl"

Lloads 15 .23278+04
St ress  3  .2327E+02

-  -  r u z t E + u 3

St ress  1 "5  .2327E+02
- . 9 2 6 7 E + 0 3

Fy
Y-Shear
Y-Shear
Corne r2

z - Shear
z - shear
Corner3

Tors ion
Tors ion
Corne14

Gloads 6
Gloads 15
Lloads 5
L.,Loads 15
S t ress  6

Stress l -5

Gloads 9
Gl,oads 15
Lloads 9
LLOaclS _15

Stress 9

SEress  15

Gloads L2
Gloads 15
I-,L,oads 12
Lloads 15
S t ress  f2

S t ress  15

Gloads 1
Gloads 15
Lloads 1
Lloads 15
SEress  1

-  . 1 3 9 9 E + 0 5
. 1 3 9 9 8 + 0 5
. 2 3 3 0 E + 0 5

-  . 2 3 3 0 8 + 0 5
-  . 2 3 3 0 E + 0 3
-  .  z o a t E + v J
- . 2 3 3 0 8 + 0 3
-  . 1 2 4 5 E + 0 4

-  . 1 0 5 5 8 + 0 5
. 1 0 5 5 8 + 0 5
, 6 9 8 8 8 + 0 4

-  . 6 9 8 8 8 + 0 4
-  . 5 9 8 8 8 + 0 2

. 4 3 8 4 8 + 0 2
-  . 5 9 8 8 8 + 0 2

.  +  l u l b + u 3

.  L  1 5 3  E + 0  5
- . l - I 5 4 8 + 0 5

. 1 8 5 4 8 + 0 5

. 1 8 5 4 8 + 0 3

. 2 0 5 8 E + 0 3

. l - 8 5 4 8 + 0 3

.72958+03

- . 1 8 4 0 8 + 0 5
. l - 8 4 0 E + 0 5

-  . 3 5 0 4 E + 0 4
. 3 5 0 4 8 + 0 4
. 2 0 1 . 4 E + 0 3
. 2 0 1 4 E + 0 3

-  -  ̂ ^ -  ^ :  : : : - :  : -- . t t d > L + v J  .  _ L r > J E + u f ,  - .  z o o - L l 1 + u o

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

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

* * *BEAI , I  NO.  14* * *
. 2 0 2 5 E + 0 5  -  . 9 4 4 5 E + Q 4  - . 5 7 9 0 E + 0 5

- , z u z a E i + u >  .  r + + a E + v +  .  b b z 5 l 1 + u b
.  J - 1 9 0 E + 0 5  -  . 3 2 1 5 E + 0 4  . 7 5 0 1 E + 0 5

-  . l - 1 9 0 E + 0 5  . 3 2 1 5 E + 0 4  -  . 7 5 0 1 E + 0 5
.  r r v u E + u J  -  . 3 z r 3 E + u z  -  . 3  I S r E + u z

-  . 2 5 5 9 E + 0 3  -  . 2 0 0 2 8 + 0 3  - . 2 0 0 2 E + 0 3
.  _ L _ L v U E + U 5  -  . 5 Z t a ! , + V Z  -  . 5  t a r l , + V Z

. 2 9 7 5 E + 0 3  . 7 8 0 1 E + 0 3  - . 7 5 3 5 E + 0 3
* * *BEAI !4  NO.  15* * *

.72208E+04  -  . 42458+04  .2005E+06
-  . ? 2 2 0 E + 0 4  . 4 2 4 5 8 + 0 4  - . 6 L 4 2 E + 0 6

. 4 8 2 2 E + 0 4  . 1 0 4 7 8 + 0 5  - . 2 5 9 8 8 + 0 5
-  . 4 8 2 2 8 + 0 4  - . 1 0 4 7 8 + 0 5  . 2 5 9 8 E + 0 5

.48228+02  . l - 047E+03  .12998+03

. 4 3 8 4 8 + 0 2  - . 1 8 3 5 8 + 0 3  - . 1 8 3 5 8 + 0 3

. 4 8 2 2 E + Q 2  . L 0 4 7 E + 0 3  . L 2 9 9 E + 0 3

. 1 0 3 5 E + 0 4  -  . 5 4 9 9 E + 0 3  - . 1 1 7 5 8 + 0 4
* * *BEAIq NO. 16***

- .  L 3 2 5 8 + 0 5  -  .  9 0 4 3 E + 0 4  - . 3 5 0 3 E + 0 5
. 1 3 2 5 8 + 0 5  .  9 0 4 3 E + 0 4  . 3 5 7 4 8 + 0 6

- . 5 3 0 3 8 + 0 4  . 1 ? 5 9 8 + 0 4  -  . 4 5 5 8 8 + 0 5
. 5 3 0 3 E + 0 4  -  . 1 7 5 9 E + 0 4  . 4 5 5 8 8 + 0 5

- .53038+02  . I 759E+02  .2334E+O2
. 2 0 5 8 E + 0 3  .  L 6 5 0 E + 0 3  . l - 5 5 0 8 + 0 3

-  .  5 3  0 3 E + 0 2  . I 7 5 9 E + 0 2  . 2 3 3 4 E + 0 2
- . 8 7 7 9 8 + 0 2  -  . 3 5 5 8 E + 0 3  . 4 6 0 5 8 + 0 3

***BEAI{ NO. I7** *
- . 3 5 0 4 8 + 0 4  - . 1 5 4 7 E + 0 5  - . 3 2 8 9 8 - 0 9

. 3 5 0 4 E + 0 4  . 1 5 4 7 E + 0 5  -  . 1 3  9 3 8 + 0 6

.23  95E+05  .2O72E '+O4 -  .  981 -58 -  12
- . 2 3 9 5 E + 0 5  - . 2 0 7 2 8 + 0 4  . 9 8 1 5 E - l - 2

. 3 2 0 1 - E + 0 4  . 2 7 6 9 8 + 0 3  . 1 4 4 4 8 - 1 3

. 2 0 1 4 E + 0 3  . 2 0 1 - 4 8 + 0 3  . 2 0 1 4 E + 0 3



P R O C E S S  E N G I N E E R I N G  I N C .  S / N : 8 0 2 5 0 5 A
PAGE 15 Run ID=

I  M A G E
=  C o p y r i g h t  ( c )  1 9 8 4 - l - 9 9 3 .

v 5 /  z L /  a 0

1 6  t 5 4  t 5 7
Q - ? n

RLCA/Celest iaI  SofEware =

SOI.,VE BEAIV1 ].,OADS /STRESSES

Fi  Lename =BSCSUPP

V e r s i o n  3 . 0 1 2 / 3 r / 9 3

Tit . le =Beam Spl i t ter Chamber SupporE structure

UNBALANCED L.,OADS COMBINED WITH DEAD WT + EQ (.056G)Load Case 1: MAXIMUM

cl.,oads Node Fx
Lloads Node Axial
Stress Node Axial

Cornerl

Y - !'near
Y -  Snear
Corner2

Fz
Z - Shear
Z -  Shear
Corner3

Mx My Mz
Tors j -on Y-Bending Z-Bending
Torsion Y-Bending Z-Bending
corner4 Maximum Minimum

St ress

GLoads
cl,oads
LLoads
LLoads
St ress

S t ress

GLoads
cl,oads

LLoads
St res s

St ress

Ltoads
LLoads
St ress

Stress

cl,oads
GLoads
LLoads

St ress

St res s

1 6  . 2 0 1 4 E + 0 3
- . 4 9 4 7 E + 0 4

4  -  . 5 7 5 1 E + 0 4
I  I  .  J  / . 1 _ L E + U i +

4  . 3 5 0 4 8 + 0 5
1 7  - . 3 5 0 4 E + 0 5

4  - . 2 Q ! 4 8 + 0 4
-  . 2 0 1 4 E + 0 4

I 7  - . 2 Q 7 4 8 + O 4
- . l - 0 0 1 8 + 0 3

. 3 2 0 1 E + 0 4  . 2 7 6 9 E + 0 3  .  L 4 4 4 E -  1 3

.63258E+04  .5350E+04  -  . 5923E+04
* * *BEA l t l  NO.  18* * *

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

. 5 8 8 6 E + 0 4  - . 2 2 4 5 8 + Q 4  -  - 9 7 7 0 E - 1 3
-  . 7 8 5 6 E + 0 3  . 3 0 0 2 8 + 0 3  - . 1 4 3 7 E - 1 - 4
- . 2 0 1 - 4 E + 0 4  - . 2 0 I 4 E + O 4  - . 2 0 1 4 E + 0 4
-  . 7 8 5 5 E + 0 3  . 3 0 0 2 E + 0 3  -  . 1 4 3 7 8 - 1 4
- . 2 8 7 0 8 + 0 4  - . 3 9 2 7 E + 0 4  - . 1 1 5 7 8 + 0 4

. 4  8 7 5 8 + 0 3  . 5 6 3 5 8 + 0 4

. 6 3 2 5 E + 0 4  - . 5 9 2 3 E + 0 4

. 9 7 7 0 8 - ] - 3  . 1 4 8 9 8 - 1 0
-  . 9 7 7 0 E - 1 3  . 5 L 7 5 E + 0 5
-  .  1 7 0 5 E -  l - 2  - . 2 0 8 9 E - 1 0
-  .2022E+05  -  . 52  98E+05
- . 4 4 5 8 E - l - 4  . 5 4 6 1 E - 1 2
- . 2 0 1 4 E + 0 4  - . 2 0 1 4 8 + 0 4

. : z o t . t 1 + u J  - . r 5 . ' t t 1 + u t

-  . 1 0 0 1 E + 0 3  -  . 3 9 2 7 8 + 0 4

7 - .  r . sssE+os .10s ; ; lB fY .  rT ! ; " .01 ' ] ] l r ro " - ro  - .  r .3488-11 .41oEE-10
1 8  . 1 5 5 5 E + 0 5  - . 1 0 5 0 E + 0 5  . 1 6 2 6 8 + 0 5  - . 1 4 5 4 E + 0 5  . 1 3 4 8 E - 1 1  . l - 4 0 0 E + 0 6

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

7  -  . 5 0 3 7 8 + 0 3  - . 3 0 0 7 E + 0 4  . 5 7 L 8 8 + 0 2  . 1 9 8 3 E - 1 3  -  . 7 7 3 5 E - L 2  . 2 2 9 2 E - I l
-  . 6 0 3 7 E + 0 3  -  . 5 0 3 ? E + 0 3  -  . 5 0 3 7 E + 0 3  -  . 5 0 3 ? E + 0 3  - . 5 0 3 7 E + 0 3  - . 6 0 3 7 E + 0 3

1 8  -  . 5 0 3 7 E + 0 3  - . 3 0 0 7 8 + 0 4  . 6 7 1 8 8 + 0 2  . 1 9 8 3 E - 1 3  . 1 1 8 3 E + 0 3  - . 5 2 9 4 E + 0 4
. 4 8 0 8 E + 0 4  - . 5 7 7 9 E + O 4  - . 6 0 1 - 5 8 + 0 4  . 4 5 1 2 E + 0 4  . 4 8 0 8 E + 0 4  - . 6 0 1 5 E + 0 4

* * *BEAIr l  NO. 20***
1 0  - . 6 5 4 2 8 + 0 4  - . 2 8 0 4 E + 0 5  - . 2 7 6 3 8 + 0 3  - . 2 7 4 1 . E - 1 0  . 9 0 4 2 8 - L 2  . 3 7 7 8 E - 1 1
1 9  . 6 5 4 2 8 E + 0 4  . 2 8 0 4 8 + 0 5  . 2 7 5 3 E + 0 3  - . 2 4 8 5 E + 0 4  - . 9 0 4 2 E - 7 2  . 5 8 8 8 E + 0 5
1 0  - . 2 8 0 4 E + 0 5  . 4 4 3 0 8 + 0 4  - . 4 8 2 ] - 8 + 0 4  . 9 0 4 2 8 - ) - 2  . 2 2 0 6 8 - 1 0  - . 1 6 7 1 E - L 0
1 9  . 2 8 0 4 E + 0 5  - . 4 4 3 0 E + 0 4  . 4 8 2 1 8 + 0 4  - . 9 0 4 2 8 - 1 2  . 4 3 3 9 E + 0 5  . 3 9 8 7 E + 0 5
1 0  . 1 5 1 - L E + 0 4  . 5 9 2 0 8 + 0 3  -  . 6 4 4 2 E + 0 3  - . 1 3 3 0 8 - 1 3  . 5 7 6 6 E - 1 2  . 4 3 6 9 E - 1 2

. 1 6 1 1 E + 0 4  . 1 5 1 1 8 + 0 4  . 1 5 1 1 E + 0 4  . 1 6 1 1 8 + 0 4  . 1 5 1 1 8 + 0 4  . 1 6 1 L E + 0 4
1 9  . 1 5 1 1 E + 0 4  . 5 9 2 0 8 + 0 3  -  . 5 4 4 2 E + 0 3  - . 1 3 3 0 8 - 1 3  -  . 1 1 3 4 E + 0 4  . 1 0 4 2 8 + 0 4

-  : 5 6 5 5 8 + 0 3  . 1 5 1 , 9 8 + 0 4  . 3 7 8 8 E + 0 4  . 1 7 0 3 8 + 0 4  . 3 7 8 8 8 + 0 4  -  . 5 5 5 5 E + 0 3
* * * BEAIVI NO . 2l* * *

1 5  - . 5 4 5 7 E - 0 8  - . 1 2 1 0 E - 0 8  - . 2 9 4 4 E + 0 5  - . 3 3 9 9 8 - 1 0  - . 1 7 3 0 8 + 0 6  - . 6 0 2 9 8 - 0 8
2 r  . 5 4 5 7 E - 0 8  . 1 2 1 0 E - 0 8  . 2 9 4 4 E + 0 5  . 3 3 9 9 E - 1 0  - . 6 7 6 2 8 - 0 8  . 4 8 2 0 E - 1 0
1 5  . 5 4 5 7 E - 0 8  - . l - 2 L 0 E - 0 8  . 2 9 4 4 E + 0 5  . 3 3 9 9 8 - 1 0  - . 1 7 3 0 8 + 0 6  . 6 0 2 9 E - 0 8
2 1  - . 5 4 5 7 E - 0 8  . l - 2 1 0 8 - 0 8  - . 2 9 4 4 E + 0 5  - . 3 3 9 9 8 - 1 0  - . 6 7 6 2 E , - 0 8  - . 4 8 2 0 E - l - 0
1 5  - . 5 4 5 ? E - L 0  - . 1 2 1 0 E - 1 0  . 2 9 4 4 E + 0 3  - . 1 7 0 0 8 - 1 3  - , 1 7 3 0 8 + 0 3  - . 5 0 2 9 8 - 1 1

-  . 1 7 3 0 8 + 0 3  -  . l - 7 3 0 E + 0 3  . 1 7 3 0 E + 0 3  . l , ? 3 0 8 + 0 3  . 1 7 3 0 8 + 0 3  - . 1 7 3 0 E + 0 3
2 I  - . 5 4 5 7 8 - 1 0  - . 1 2 1 0 E - l - 0  . 2 9 4 4 E + 0 3  - . 1 7 0 0 8 - 1 3  . 6 7 6 2 E - L !  - . 4 8 2 0 E - 1 3

-  . 4 " 1 1 6 E - I O  -  . 4 7 8 6 E - L O  - . 6 r - 3 8 E - 1 0  - . 5 r - 2 8 8 - 1 0  -  . 4 7 7 6 E - r O  - . 5 1 3 8 8 - 1 0
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PROCESS ENGINEERING INC.  S /Nr802s06A 03 /21 /96
PAGE 1,5 Run ID= 15:54257

I M A G E S - 3 D = = = = = = = = =
=  Copy r igh t  ( c )  L984-1993 .  RLCA/ce les t i a l  So f tware  =

soLVE BEAM LOADS/STRESSES Version 3.0 72/37/93

! .r-Lename=B!iU5Ulil i
Tit le =Beam Spl i tEer Chamber Support  Structure

L.,oad Case l- : MAXIMUM IJNBALANCED LOADS CoMBINED WITII DEAD wT + EQ ( . 055G)

Gloads Node Fx Fy Fz Mx MY Viz
Lloads Node Axial  Y-Shear z-Shear Torsion Y-Bending Z-Bending
Stress Node Axial  Y-Shear Z-Shear Torsion Y-Bending z-Bendj.ng

cornerl corner2 corner3 Corner4 Maximum Minimum
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P R O C E S S  E N G I N E E R I N G  I N C .  S / N : 8 0 2 5 0 5 A
PAGE )-7 Run ID=

SOLVE BEA]VI I,OADS/STRESSES

-F  I I ename=Bt i LSU11P

Tit le =Beam Spl i t ter Chamber Support

Load Case 1 : MAXIMUM UNBAL.,ANCED LOADS

0 3 / 2 ! / 9 5
ro :  f  . t  :  f  /

ve rs j -on  3 .0  t2 /3 r /93

SErucEure

COMBINED WITH DEAD wT +  EQ( .056G)

I M A G E S - 3 D = = = = = = = = =
=  copy r igh t  ( c )  1984-1993 .  RLcA/ce les t i a l  So f tware  =

MAX IMUM STRESS SUMMARY FOR BEAMS/TRUSSES
WITHIN SPECIFIED RANGE 1- 2I

E lement IT:
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

'7

3
1

I f ,

9
9

q i  r a a c  T r , h a

Axial  Tension
Axial  compression
Transv. Shear
Torsion Shear
Bending Stress
Max. comb. Normal
Min. Comb. Normal

Yil:: _
.  _ L b _ L _ L . g + U Z l

-  . 2 0 1 4 8 + 0 4
. 3 2 0 1 E + 0 4
. 1 2 9 9 E + 0 3
. 2 1 5 3 E + 0 5
.  z  z  5  . J l , +v )

-  . 2 0 8 0 E + 0 5
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PROCESS ENG]NEERING INC.  S /N :802506A
PAGE 18 Run ID=

] M A G E
= CopYr igh t  ( c )  1984-1993 .

SOLVE REACTIONS

t I -L ename =lJSCs;U PP
TiEle =Beam SpLit ter Chamber Support

Load Case 1:MAXIMUM UNBAL,ANCED LOADS

0 3 / 2 L / 9 5
! 5 t 5 4 : 5 7

e - ? n

RLCA/Celest. ia1 Software =

V e r s i o n  3 . 0 1 2 / 3 r / 9 3

St ruc Lure

COMBINED WITH DEAD wT + EQ ( .0s6c)

Node MyFX

REACTIONS

Fz Mx l'4z-

1

7
1 0

' I 'O ta_L

-  . 1 8 4 0 8 + 0 5  -  . 3 5 0 4 E + 0 4  -  . 1 5 4 7 8 + 0 5
-  . 5 7 5 1 E + 0 4  . 3 5 0 4 8 + 0 5  . 2 5 7 4 8 + 0 4
-  . 1 5 5 5 E + 0 5  . l - 0 5 0 8 + 0 5  -  . 1 6 2 5 E + 0 5
-  . 6 5 4 2 E + 0 4  -  . 2 8 0 4 8 + 0 5  -  . 2 7 5 3 E + 0 3

-  . 4 5 2 5 E + 0 5  . 1 4 0 0 E + 0 5  -  . 2 9 4 4 E + O 5

. 0 0 0 0 8 + 0 0

. 0 0 0 0 8 + 0 0

. 0 0 0 0 E + 0 0

. 0 0 0 0 E + 0 0

. 0 0 0 0 E + 0 0

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0

. 0 0 0 0 E + 0 0  . 0 0 0 0 8 + 0 0

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0

. 0 0 0 0 8 + 0 0  . 0 0 0 0 8 + 0 0

. 0 0 0 0 E + 0 0  . 0 0 0 0 8 + 0 0
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENCINEERING
CALCULATIONS

NO: V049-l-025
PAGE I OF 5

REV. DEO # DATE BY: CHECK TITLE: Design of Temporary Covers
o o  t z t / / / 'Y iL Rt2 c./ tJrr I

BY: R D. Ciatto DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Design temporary shipping and test covers for 60.5 in nozzles in accordance with
the requirements of ASME Section VIII, Div. 1 .

METHOD: Hand calculation to determine membrane and shear stresses.

ASSUMPTIONS:

INPUTS:
1 . Atmospheric pressure = 14.7 psi.
2. Temperature = 70oF ( t  4 r, '  a " ' ' ) '
j , T + n e  =  y ' , l c  "  !  D ' ) ? t t ' ' r i  8 4 ' ! ! ' t " r ' t -

REFERENCES: l. ASME Boiler & Pressure Vessel Code, Section VIII, Div. l, Pressure Vessels
?  P a e . t J a .  l a r ' ? - / - t . 6 )  l / 4 . \  / n ( , . ' . ' n - ,  F  t i , t  F ,

S r 4  t . ' .  - ,  ? . : s '  . t  ? . e , ' " < , , , ,

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met.

NOTES:
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: VM9-1-026
PAGE I OF 3

REV. DEO # DATE BY: CHECK Beam Splitter Chamber - Evaluation ofNozzle to
Shell Weldso ooa4 / " /2,/r' R/x-- /\GR

BY: ) t  . / )  , (  2 ' L 7 .  , DEYI .:.744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. To evaluate nozzle to shell fillet welds.

MFTHOD: Hand calculation using standard principles of mechaincs.

ASSUMPTIONS:

INPUTS: LIGO project sketches and drawings.

REFERENCES: ASME Boiler & Pressure Vessel Code, Section VIII, Division l.
P o o .  N o .  L / o / r - / ' o A E ,  l - /  4 . >  y ' . a e u L " ' 1  E r t : . , r ,  ! 7  ' 4  s a ; - s : n l  L

D E t  ,  a . u  i 2 , 4  r  r ;  . t  , , 4

CALCIJLATIONS : (SEE ATTACHED)

CONCLUSIONS: Nozzle welds are acceptable.

NOTES:

'ILED \F.\TEMPLATE\EI'{OFORMS\ENOCAlC
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-027
PAGE I OF 6

REV. DEO # DATE BY: CHECK Beam Splifter Chamber - Vessel Lifting Devices
0 oo24 /1 /;ta:_ N D b

BY:I( 2 .( ' t  4 rr i ; DEPT.:7,14

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:. To design lifting lugs and evaluate leg stresses when BSC is lifted and rotated to & from
a horizontal position.

METHOD: Hand calculation using standard stress analysis method.

ASSUMPTIONS:

T\trPUTS:l. LIGO project skteches and drawings.
2. Yerticalsn u..<acceleration = 19.
3 .  D c e .  ) J a ,  y ' r 2 / t  -  / -  o a  6 , ,  L  ' t - t )

4; i  , . : ;  /  r ' / l  '1 r 2;:  t  t  t l  :n,2 . '  ,P tc "J l

F r ; U / P ,  t

REFERENCES:

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: Lug & weld stresses are acceptable. Stresses in support legs and shell are acceptable.

NOTES: A spreader beam should be used for the lift.
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-028
PACE I OF 8

REV. DEO # DATE BY: CHECK Beam Splitter Chamber - Shipping Loads
o d t 3 6 a//z o ,/7 f l , J u l^l btl

RY R D Cir l lo DEPT : ?44

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. To evaluate the BSC shell for loads imposed during shipping.

METHOD: The IMAGES finite element computer program is used to analyze shell stresses.

ASSUMPTIONS: It is assumed that the BSC will be shipped with its long axis in a horizontal position.
Also, it is assumed that the vessel will be supported by 2 wood saddles during shipping.

INPUTS: Vert shock accel = 19
Horizontal shock accel, = .5g
Internal Vacuum Pressure = -14.7 psi

REFERENCES: I IMAGES 3D, Version 3.0, R.L. Cloud & Associates
. 2- Doc. No. V049-l-066, LIGO Vacuum Equipment, Structural Design Criteria

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Shell stresses that result from shipping loads are low. The vessel can withstand a
shock of 5Gs or more without damaee to the shell.

NOTES: The computer file name is BSC-SHIP.



PROCESS SYSTEMS INTERNATIONAL, INC.
, WESTBOROUGH.MA

ENGINEERING
CALCULATIONS

NO: V049-l-028
PACE I OF 7

REV. DEO# DATE BY: CHECK Beam Splitter Chamber - Shipping Loads
0 ] J 2 P - rz/o/51' 4 0<_ l ^E?h

BY: t7 . ,2 -( . , t  . ,  J DEPT.t ?44

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PUMOSE:. To evaluate the BSC shell for loads imposed during shipping.

METHOD: The IMAGES finite element computer program is used to analyze shell stresses.

ASSUMPTIONS: It is assumed that the BSC will be shipped with its long axis in a horizontal position.
Also, it is assumed that the vessel will be supported by 2 wood saddles during shipping.

INPUTS: Vert shock accel = 1g
Horizontal shock accel. = .5s

REFERENCES: IMAGES 3D. Version 3.0. R.L. Cloud & Associates

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: Shell stresses that result from shipping loads are low. a*-o ua rr ,! L
e o 0 a  t  t u J f  4 / ^ r  4  5 ' / e . / <  . 1  a . , ! L  * - , a  4 - " . r  t t a  s 4 r ' 4 4 l z  6 t ,

NOTES: The computer file name is BSC-SHIP. *-

FILED \F \IEMPLATE\ENcf ORI,IS\EI.TOCALC
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JUL-72-7996 13127 PROCESS 5Y5TE}45 INT'L

WESTBOROUGIIMA

PROJF,f'T: LIGO Vacrlrm Eguipncut PROJECTNO: v59Htl

PLIRPOSE:. Compufic estimgtcd ihflectims d Beam Splitb 60 in. rozles.

MF'TTI0D: Coubine sbetl deflections witb support drflcctious to obtain maximrm estimaled deflections
at pofis.

.ASSUMPTIONS: Bellovr deflects wi6 negligiblc force.

INPUTS: Dedectioru aoq shetl FF ffialysis- Deflections firom supportfri...{nalysis. psl layod
DWG. showing bellons locqtion-

NoTBS: The basis for these deflections is thp support suct,oe preserrtod ia the pDR.
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-040
PAGE I OF 7

REV. DEO # DATE BY: CHECK TITLE: Buckling Analysis of Beam Splitter Chamber
0 4 t  t 2 l 4lrt /EDL-

BY: Kvle Manini DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Evaluate the beam splitter chamber (BSC) for buckling modes.

METHOD: Finite element method and hand calculation.

ASSUMPTIONS: See attached.

INPUTS: LIGO project drawings and sketches.

REFERENCES: NASTRAN Finite Element Program
D a e  N o ,  y ' a v + - / - a 6 6 , 1 / 4 o  y ' , , + ! u / 4 F 4d,P 9, e urt D'tr. (t,:d eti 'a,

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The minimum factor of safety against elastic buckling for vacuum loading
is 5.9.

NOTES:

./" .t 4 ?L': -i t r-/Z 4 /3 /!J a '/ )<-. .,* ?

FILED \f ]TEITIPLATE\ENGFORAIS\ENCCAl-C
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INPUTS: V64C- l -ozq
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CALCULATIONS: (SEE ATTACHED)
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PROCESS SYSTEMS INTERNATIONAL. INC.
WESTBOROUGH. MA

ENGINEERING
CALCULATIONS

NO:  y ' av7 - / -  a j /
PAGE I OF 2

REV. DEO # DATE BY: CHECK Vacuum Equipment Seismic Acceleration
o 0 . / 1 I /z/r'/rJ lz/)(- 'wpP,

BY: U . U/.t r-T a DEPT -: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. To determine maximum seismic acceleration factors for design of LIGO vacuum equipment.

METHOD: Hand calculation using applicable construction code.

ASSUMPTIONS:

INPUTS: LIGO - 8940002-02-4, Vacuum Equipment Specification, Rev. 2, September 6, 1995

REFERENCES: 1. LIGO Specification (above)
2. ASCET-88, American Society of Cival Engineers - Minimum Design Loads for Buildings and Other
Structures

) . D o c . ^ ) o ,  y ' P . / r -  / ' a a a ,  l r 6 $  y ' a c , ' t e "  t ! , ? r ' ' , r  J = a v c - ,
D a :  , t  y ' , n  r r :  a  t , n  .

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The maximum seismic acceleration factor is .05625G. This factor will be applied to
equipment weight in static analyses.

NOTES: The maximum seismic zone for LIGO equipment is Zone I
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PROCESS SYSTEMS INTERNATIONAL, INC,
WESTBOROUGH. MA

ENGINEERING
CALCULATIONS

NO: V049-l-032
PAGE I OF ,t3

REV. DEO # DATE BY: CHECK TITLE: Component Interface Loads
0 i 4z'//" ' ,/2,rc-- A c - F (

BY::./ l. 4 . C./.4 -, i) DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE: Determine vacuum forces on component flanges due to the venting of certain sections ofthe
system while other sections remain under vacuum.

METHOD: Hand calculation methods of statics are used to determine unbalanced vacuum loads on:
I Beam Splitter Chambers
r Horizontal Access Modules
. Gate Valves
r 80K Pumps

ASSUMPTIONS: Bellows impose negligible axial forces on components. Adapters and valves have no
axial restraint.

INPUTS: PSI Equipment Arrangement Plans and spool piece dwgs. Atrnospheric pressure = 14.7 psi.

REFERENCES: Senior Flexonics, Inc. - Prelim. Design Calculations of LIGO Vacuum Equipment -
Bellows (attached).

CALCULATIONS: (SeeAttachment)

CONCLUSIONS: See summary on following sheet.

NOTES: This calculation may be used to determine vacuum forces on adapters, spool pieces and tubes.

FILED Tf, lTEMlLATE€NGFORMS\ENCCALC
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E J Z T U  O J !  O l q g

BD
CtlSTOllER: F,RODESS SYSTEHS
JOB l r
DFTE :  g / "J /g j

INPUTED DATA
l ) Db = L D. ttF BELLOT.,S
?l  n = NUi IBER OF FLIES
3) t = NOr, THR. OF I pLy
4 ) g  =  C O N V O L U T I O N  F I T C H
5) r . r  :  CONU HEIGHT (or  OD)
6)  N = N0.  OF EONUOLUTIoNS
7) F = FRESSURE
g) T = TEMFERATURE
9) Lt  = LENGTH TnNGENT

tO) tc  -  THICRNESS OF COLLAR
lt  )  Le = LENGTH EOLLAR

tr.hru!!_L! JlrU .

SENIOR FLEXONTES
C t RCULNR BELLOI.IS

(UNREINFORCED SIN6LE)

: i .  / , ^
fr'

05, a l j ;  c t t  I  ! r :  urr goo?

V I  I  I

t n
i n
i n

4 8 1 n  E .  J .
RUN BY: LDC

IiIATER IAL INFORMAT ION
BELLOI,IS ENTERI AL SECT.
sAe49-3a4
C-trlod. of E. =
H - i l o d .  o f  E . c
S a =  1 6 4 1 ?  p s i

e. g3E+o7
e.6865E+O7

- . Ots59
- ? '
-  E .ez
E e .
-  1. 'J
= 347
=  1 , 3 .
= o
- a

P 5 i g
d ; g  F

i n
t n

I

15) Y- = -i ve LATERfiL OFFSET = O
16) AN -  ANGULAR ROTATION -  O

' | "
l n
d c a

{

! r t rRESULTS

€PRING RATES
T H E O R E T I C A L  S p R I N G  R A T E  =  e , 9 ? 9 . 8 2  l b f / i nwaRKrNG sF.RrNG RATE -  t ;6o4.44  iu r r i "
LETERAL SPRING RNTE = I .6ZZS+OS lbf / i ;LATERRL MOMENT RATE =  t . e tSE+O6 in - r i r z i nANGULAR f ioMENT RnTE = ar838.58 tn_tosrcegToREtoN ty4oFENT RATE = s.  igsE+oz i rr_i i i ro"g

STRESSES EJiIA
S l  E  7 6 4 4  D s i
Sl I - N./Fl
Ee = 3SOq psi
S?t  -N/A
Sa' I =N/A
53 r  4AO. g p5i
5 4 ( . 3 5 ) =  T O S 7  p e i

56 -  l4QgoG pei
ST - 1560|i|A p'i

movEHENTS
CONUOLUTION GAF
CO.iIPRE6ION DUE TO AXIAL HOVENENT
EXTENSION DUE To FXIAL l.IovEl,IENT
NXTAL DISP. DUE TO LAiERAL OFFSET
AXIAL DISF.. DUE TO NNG. ROTATION
'|NX. EOUI VALENT AXIAL COMFTRESS I ON
}IAX.  EOUIVALENT NXIAL EXTENSION
T'If,I. EOU I VALENT AX I AL I.IOVEI,IENT

i n l c o n v .
E  O . 9 6 4 1 0
- O.75OQO
G O. GoOOO
- O. AaOOO
- O. O&OQa
= O.75OAO
= Q. UrerOOO
= O.75OO€r

EJI'IA FASTORS
cp -  .65sr
C f  -  l .  4 6 3
Cd -  t .  74
CP = N/Fl
C t - l  O
E A  -  1 9 8 3
H t .  r  1 7 .  3 4
LCIJ- N/A

OTHER DATA
CYCLE LIFE
StrU I RI4 FRESSURE
SOU I R]t PRES9URE
EAUI V. PTPE T.,AL L

=  1 9 , 3 ! 6  c y c l e s
c o L D  / ? .  ? E  =  B 3 B  p ; i g
H O T  /  a . a 5  =  7 9 3 . 9  p E r g

THICXNESS = .  87O6 in

i  n^P
I  b s .
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03/26/95 t3:  oB O?lo 829 ! l  oo

BD
CIJSTOHER: FROCESS SySTEtirS
JOB t r
DATE : S/?S/9A

INFUTED DATA
l .  Db = t .D.  OF BELLOiT5
?) n = NUIT1BER OF F,L1E6
3) t e NOF. THK. BF t pLy
4) q = CONVOLUTION FITCH
5) s  = CONU HEIGHT (or  ODt
5)  N = NO, OF EONVOLUTIBNS
7) F = PRESSURE
al T = TEi'|pERATURE
9) Lt  = LENGTH TANGENT

lS) tc  -  THTCKHESS OF COLLAR
l l )  Lc -  LENGTH COLLAR
l?)  Ee = f iXIFL EXTENST0N
13) Ec = AXIAL COf{FRESSION
14) Y+ = +tve Lf ,TERAL OFFSET
15) Y- = -r ve LATERAL OFFSET
16) QN -  ANGULAR ROTFTION

FuroN I cs ulqr_

SENIOR FLEXONICS
CI RCULAR BELLOI"'S

(UNREINFORCED SIN6LE'

= 5 O
- t

60 in  E .  J .
RUN BYr LDC

I'ATERIEL INFORHqTION
BELLOI.JS fiNTERIAL SECT.
Ene40-304
C-itod. of E. -
H-ltlod. of E. c
8 a =  l 6 4 l e  p 3 t

-  Boor

V I  I  t

= . e'359
E ?
- e. eg
- ?

= .347
\r;e-)
= H
= G
= a
=  1 , 5 .
= o-* '-
E C I

E O

i n

l n
1 n
i n

p 5 i 9
d e q  F
i n
i n
i n
in .
r n  \
l n
i n
d e g

z. a3E+O7
e .6865E+A7

f 
--_ -----,K

\ t
) - -  ,  - r - A f * '

G  l v r u u "
rJ- ir I---T----

Ravision 0
Doc. No. V049-l{32
P69.22 of 23

RESULTS

SFRING RATES
THEORETIOCL SPRTNG RATE = 3,683.  aE tbf l in
UORHING SPRING RATE = 1;E45.34-  rbf / iNLqTERAL SF,RIN6 RATE - = r.  isrE+o6.: rorr i iLFTERAL t lOM€Nr RATE = e.e6lE+g6 i i_r ic,zi"
ANGTJLAR NOI ' |ENT RBTE = 16,  c46.  06 in- tb izoeg
TORSTON l {OhENT f i f ,TE = Z. i t7E+eZ in-rOsZCeg

FIOVEhENTS
coNvoLurroN GAF -"{l8ll;"
COITPRESION DUE To nxIAL HoVEFIENT = o.zioie
EXTENSION DUE TO nxIAL itOvEt{ENT = O. gOOOo
SXIEL Dtsp. DUE to LATERAL oFFsET . g. oio6g
!l-lAL_PI9p. DUE ro nNG. RorFrrON = o.ooo6oiIAX. EOIJTUALENT FXIAL COMPRESSiON = O. iiOOO
llAX. EAUTVALENT AXIAL EXTENSION = O. OOOO0ilAx. EOU! UALENT RXIAL |OVEHENT - A. ?SOOo
OTHER DATA
CYCLE LIFE

lgl.1!!' i FREssuRE coLD /a.a= I ,fl laGs ;::1"' 
/

:99 ln i  pBEssuRE Hor  / .? .?5 = s io . ;  ; ; ; ;EOUIu.  PIpE FALL THTCKNESS € .S?06 i . ,  
-

/ - -
{  " * '  t t  

'

\ 5al44l L co €enaL Uf,l,o? (/t?el

ETRESSES EJI'IF
S l  -  € 5 4 5
Slr  -  N/Fl
Se = 469?
Ser EN/q
S?r I -N/A
53 -  478.5
5 4 ( . 3 J ) .  7 1 6 0
SS = 76,9. e
56 - t4g6OO
S T  E  t 6 t t o o

EJhC FACTORS
cp -  .57or
C f  -  1 . 5 0 6
C d  '  1 . 6 9 t
Cr r l{/F
C t - l  O
ER . 3043
H t .  E  e l . 6 Z
LClr= N/A

P 3 r

P s i

P s t
p 3 i
P s  i
P 3  i
p s i

i  n "3
I  b s .



I ; r l  I  u  o . r  o luu

BD
CUSTOIIER I F,ROCESS SYSTEHS
JOB t r
DATE :  5 /e3/95

INF.UTED DATA
l )  D b  =  I . D .  O F  B E L L O W S
E) n E NUHBSR OF t rLIES
3) t E NOn, THH. OF t pLy
4}  q = CONVOLUTION PITCH
5) t {  = CONV HEIGHT (or  OD)
6,  N -  N0.  OF CONVOLUTIONS
7, 9 = PRESSURE
8) T = TEEF,ERATURE
9) Lt = LENGTH TANGENT

lO) tc  = THICKNESS OF cOLLnR
l l t  Lc = LENGTH COLLFR
1 ? ,  E e  -  A X I A L  E X T E N S I O N
13) Ec = RXIAL COmTRESSION
14) Y+ G +!ve LhTERAL OFFEET
tE) Y-  E - !  ve LATERAL OFFSET
16) AN = ANEULAR ROTnTION

OTHER DATA
CYCLE LtFE
SOUIRh PRESSURE
SOUIRM PRESSURE
EOUIV.  PIPE I . IALL

SENIOR FLEXONICS
CI FCULAR EELLOI.IS

(UNREINFORCED SINGLE)

I lJAUl\  |  !5 t / ru. g 00a

Tain E.  J .
RUN BY: LDC

NNTERIAL INFORFIAT ION
BELLOI.'S FIATERI AL SECT. U I I T
sA?4A-304
C-trtod. of E.= a. e3E+O?
H-l r lod.  of  E.  = a.6a65E+o7
S . =  1 6 4 l  e  p s i

l J ! /  z 0 l  v r  l r r :  u ,

- 7 e
E l

E . 0359
c 2
=  ? . " 8
= ?
-  1 3
= 347
=  l .  E
- o
a o
= o
=  1 . 5
= g
= o
= o

i n

i n
i n
i n

P r i g
d P g  F
i n
i n
t n
i n
i n
i n
i n
d e g

REEULTS

SF.R I NG RATES
THEORETICAL SpRtNG RATE = 4r  ag€r .  e3 lb f l in
I .TDRKING SPRING RATE = E;  ?89.71 rUrr iN
LFTERAL SFTRINE RATE = t .A93E+O6 lbf / in
LRTERAL fiOtiENT RATE = B. ?BZE+A6 in-lbs/in
nNGULRR tytoMENT RATE = 27ts.3j.Z7 in_tbszaaE
ToRSIoN F1O[ '4ENT RATE ,  1 .333E+oa in_ i i i roeg

FOVEIIENTS
CONVOLUTION BQP
COI'IPRESION DUE. To Ax rAL oVEITENT
EXTENSION DUE iO AXIAL iIOVEMENT
NXIAL DISP. DU6 TO LATERAL OFFSET
AXIAL DTSF'. DUE TO AN6. ROTATTON
l||NX. EOUTVALENT AXIAL COFIPRE6STON
NNX. EOUI UALENT CXIRL EXTENSION
IiAX. EOUIVALENT AXIAL EOUEHENT

=  l 5 r  e 3 O  c y e l e r
coLD /2.  eE -  te06 p; ig
H O f  /  a .  a E  i  f t 4 5  p 3 i S

THICXNESS r  ,  AzO€.  in

STRESSES EJEN
S l  -  9 3 6 0  F B i
E t r  r  N / n
Se = 5581 ps i
S e t : N / A
Ser r GN/F
A 3  -  4 7 7 ,  t  p B i
5 4 ( . 3 3 ) -  T P r S  p s i
S S  i  7 5 9 . 1  p e i
S6 r  l479OO psi
ST -  1634OO Fr i

l n l eonv .
=  G . 9 6 4 r O
E O.75OOG
= G. OOGOO
= 0. &QOOO
- O. eaoQo
= O.758Oo
- O. SOOoG
= O.75OoO

EJdA FNCTORS
cp - . gzse
C f  -  t . 5 3 5
Cd E l. 67
Cr r N/F
C t - t  6
En c 433el
H t . :  e 5
LCt{. N/A

i  n"a
I  bs .
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-042
PAGE I OF 37

REV, DEO # DATE BY: CHECK Bolted Flange Analysis For Tensile Forces
o ,// tt/7t I?DL. AGA.

BY: DEPT. :744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Analyze and evaluate flanges and bolts for large tensile forces resulting fiom normal
operation from venting ofparls of systems when gate valves are closed.

METHOD: Hand calculations for forces using statics analysis.
Finite element analysis of bolted flange using IMAGES program.

ASSUMPTIONS:

INPUTS: 1. Positive purge pressure = 2 psig.
2. Atmospheric pressure = 14.7 psig.
3. Component interface loads.

REFERENCES: 1. IMAGES - 3D, Version 3.0, R.L. Cloud and Associates.
2. Calc V049-1-032. Comoonent Interface Loads

CALCULATIONS: (SEE ATTACHED)
Appendix A: Confirmatory Hand Calculations
Appendix B: Analysis of Bolt Prying
Appendix C: Test Pressure to Observe Flange Behavior Under Tension

CONCLUSIONS: The 30 1/4 in. flange has the maximum bolt force. The number of bolts is increased
to 24 for this flange and the bolt preload is increased to 10,000 lb for all flanges.

NOTES: Computer file: FLANGEC.*

f ILED \' \'EMPLATE\ENGf ORMS\!NGCAI-C
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1. STAAD SPACE PIPE BRIDGE
2. INPUT WIDTH 72
3. 'IFILE NAME:ARTROU
4. ' IPIPE BRIDGE
5. UNIT INCHES POUND
6. iIOINT COORDTNATES
7 .  1 0  0 .  0 .  0 . ;  2 0  0 .  1 0 8 .  0 . r  3 0  1 . 0 2 .  1 0 8 .  0 . t  4 0  2 0 4 .  L 0 8 .  0 .
8 .  5 0  2 0 4 .  0 ,  0 . ;  6 0  0 .  o .  - 7 2 . r  7 0  o .  1 0 8 .  - 7 2 . i  a o  L O 2 .  7 O 8 .  - 7 2 .
9 .  9 0  2 O 4 .  L O A .  - 7 2 . ;  1 0 0  2 O 4 .  O .  - 7 2 .

] .0.  MEMBER INCIDENCES
l - 1 - .  L 0 0  I O  2 0 ,  1 0 1  2 0  3 0 ;  1 0 2  3 0  4 0 ;  L 0 3  4 0  5 0 ;  2 0 0  6 0  7 O i  2 0 1  7 0  8 0
1 2 .  2 O Z  8 0  9 0 ,  2 0 3  9 0  1 0 0 ,  3 0 0  2 0  7 O i  3 0 1 -  3 0  7 O i  3 O 2  3 0  8 0 ;  3 0 3  3 0  9 0
1 3 .  3 0 4  4 0  9 0
1-4. MEMBER PROPERTY AI,IER
15 .  100  TO r .O3  200  TO 203  300  302  304  TABLE ST  TUBE TH 0 .25  WT 4 ,  DT  6 .
] . 6 .  3O] .  303  TABLE ST  TUBE TH 0 .25  l IT  4 .  DT  3 .
1.7. SUPPORTS
18 .  10  50  60  1OO F IXED BUT MX MY MZ
].9. CONSTANTS
20 .  E  27999998 .  ALL
21 .  DENSITY O.283  ALL
22 .  POISSON 0 .3  ALL
23 .  BETA O.  ALL
24. E STEEL ALL
25. POISSON STEEL ALL
26. LOAD ],  TRUSS SELFWEIGHT (D1)
27 . SELF'WEIGHT Y -], .
28. LOAD 2 PrPE LOADS (D2)
29. JOINT LOAD
3 0 .  2 0  F X  3 1 .  F Y  - 5 5 0 .  F Z  3 1 .
3 1 .  3 0  F X  3 1 .  F Y  - 5 5 0 .  F Z  3 r .
3 2 .  4 0  F X  3 1 .  F Y  - 5 5 0 .  F Z  3 1 .
33. MEMBER LOAD
3 4 .  1 0 0  C O N  G X  1 2 . 1  5 4 .  0 .
3 5 .  1 0 0  C O N  G Z  r 2 . t  5 4 .  O .
3 6 .  2 0 0  C O N  G X  I 2 . L  5 4 .  O .
37  .  200  CON GZ r .2 .1  54 .  O .
3 8 .  1 0 3  C O N  G X  1 2 . r .  5 4 .  0 .
3 9 .  1 0 3  C O N  G Z  1 2 . L  5 4 .  O .
4 0 .  2 0 3  C O N  G X  1 2 . 1  5 4 .  0 .
4 t .  2 0 3  C O N  G Z  1 2 . 1  5 4 .  0 .

-Re',, o
-Qoc .  No,  Vo47 -  l  -on /
P.  I  ; ) t :  t?



PIPE BRIDGE
ID: Process

--  FAGE NO. 2
Systerns Internatio

4 2 . 3 0 0
4 3 , 3 0 0
4 4 .  3 0 2
45 .  302
4 6 .  3 0 4
47 .  304
4 8 .  1 0 1
4 9 .  1 0 1
5 0 .  1 0 2
5 1 .  1 0 2
52 .  20L
5 3 . 2 0 L
54 .  202
55 .  202
5 6 .  3 0 1
57 .  30 ) .
5 8 .  3 0 3
5 9 .  3 0 3
6 0 . 3 0 0
6 L . 3 0 0
6 2 .  3 0 0
6 3 .  3 0 0
6 4 .  3 0 0
6 5 .  3 0 0
6 6 . 3 0 0
6 7 .  3 0 0
6 8 .  3 0 0
6 9 .  3 0 0
7 0 . 3 0 0
7 1  .  3 0 0
72 .  300
7 3 .  3 0 0
7 4 .  3 0 0
7 5 .  3 0 0
7 6 .  3 0 0

7 8 .  3 0 0
7 9 .  3 0 0
8 0 .  3 0 0
8 1 .  3 0 0
8 2 .  3 0 0
8 3 .  3 0 0
8 4 .  3 0 0
8 5 .  3 0 0
8 6 .  3 0 0
8 7 .  3 0 0
8 8 .  3 0 0
8 9 ,  3 0 0
9 0 . 3 0 2
9 r . 3 0 2
92 .  302
9 3 .  3 0 2
9 4 .  3 0 2
9 5 .  3 0 2
96 .  302
9't . 302

CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GZ
CON GX
CON GY
CON GZ
CON GX
CON GY
CON GZ
CON GX
CON GY
CON GZ

CON GY
CON GZ
CON GX
CON GY
CON GZ
CON GX
CON GY

CON GX
CON GY

CON GX
CON GY

CON GX
CON GY
CON GZ
CON GX
CON GY
CON GZ
CON GX
CON GY
CON GZ
CON GX
CON GY
CON GZ
CON GX
CON GY

8 . 0 7  3 6 .  0 .
8 . O 7  3 6 .  0 .
8 . O 7  3 6 .  0 .
8 . 0 7  3 6 .  0 .
8 . 0 7  3 5 .  0 .
8 . 0 7  3 6 .  O .
l - l - . 1  5 1 .  O .
L 1  .  r .  5 1 .  O .
L L .  L  5 l _ .  0 .
l L . 1  5 1  . 0 .
1 r . . 1  5 1 .  0 .
1 r . . 1  5 L .  0 .
1 1 . 1  5 L .  0 ,
1 1  . 1  5 L .  0 .
6 . 6  6 2 . 4 3  0 .
6 . 6  6 2 , 4 3  0 .
6 . 5  6 2 . 4 3  0 .
5 . 6  6 2 . 4 3  0 .
6 2 .  L 0 .  0 .
- 1 1 0 0 .  1 0 .  0 .
6 2 .  L 0 .  0 .
3 t ,  2 0 .  o .
- 5 5 0 .  2 0 .  0 .
3 1 , .  2 0 .  0 .
2 . 2 5  2 5 . 2 5  0 .
- 4 0 .  2 5 . 2 5  0 .
2 . 2 5  2 5 . 2 5  0 .
2 . 2 5  2 9 . 7 5  0 .
- 4 0  .  2 9 . 7 5  0 .
2 . 2 5  2 9 . 7 5  0 .
2 . 2 5  3 4 . 2 5  0 .
- 4 0 . 3 4 . 2 5  0 .
2 . 2 5  3 4 . 2 5  0 .
5 . 0 6 3  4 0 .  0 .
- 9 0 . 4 0 . 0 .
5 . 0 6 3  4 0 .  0 .
5 . 0 6 3  4 ? . 5  0 .
- 9 0 .  4 7 , 5  0 .
5 . 0 6 3  4 7 . 5  0 .
8 . 4 4  5 5 .  0 .
- 1 5 0 .  5 5 .  0 .
8 , 4 4  5 5 .  0 .
5 . 0 6 3  6 2 . 5  0 .
- 9 0 , 6 2 . 5  0 .
5 . 0 6 3  6 2 . 5  0 .
8 . 4 4  7 0 .  O .
- 1 5 0 .  7 0 .  0 .
8 . 4 4  7 0 .  0 .
6 2 .  1 0 .  0 .
- 1 1  0 0 .  1 0 . 0 .
6 2 .  L 0 .  0 .
3 1 .  2 0 .  o .
- 5 5 0 .  2 0 .  o .
3 1 .  2 0 .  o .
2 . 2 5  2 5 . 2 5  0 .
- 4 0 .  2 5 . 2 5  0 .

Pa'.,6-iloc. 
No, Vo11-t-o1 t
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PIPE BRIDGE

9 8 .  3 0 2  C O N  G Z  2 . 2 5  2 5 . 2 5  0 .
9 9 .  3 0 2  C O N  G X  2 . 2 5  2 9 . 7 5  0 .

1 . 0 0 .  3 0 2  c o N  G Y  - 4 0 .  2 9 . 7 5  0 .
1 0 1 .  3 0 2  C O N  G Z  2 . 2 5  2 9 . 7 5  0 .
. o 2 .  3 0 2  C O N  G X  2 . 2 5  3 4 . 2 s  0 .

r 0 3 .  3 0 2  c o N  G Y  - 4 0 .  3 4 , 2 5  0 .
L O 4 .  3 0 2  C O N  G Z  2 . 2 5  3 4 . 2 s  0 .
1 0 5 .  3 0 2  C O N  G X  5 . 0 6 3  4 0 ,  O .
1 0 6 .  3 0 2  C O N  G Y  - 9 0 .  4 0 .  0 .
t o 7 .  3 0 2  c o N  G z  5 . 0 6 3  4 0 .  0 .
r . 0 8 .  3 0 2  c o N  G x  5 . 0 6 3  4 7 . 5  0 .
1 0 9 .  3 0 2  C O N  G y  - 9 0 .  4 7 . 5  0 .
1 1 0 .  3 0 2  C O N  G Z  5 . 0 6 3  4 7 . 5  0 .
1 1 1 .  3 0 2  C O N  G X  8 . 4 4  5 5 .  0 .
!L2 .  302  CON GY -150 .  55 .  0 .
1 1 3 .  3 0 2  C O N  G Z  8 . 4 4  5 5 .  0 ,
1 1 4 .  3 0 2  C O N  G X  5 . 0 6 3  6 2 . 5  0 .
1 1 5 .  3 0 2  C O N  G Y  - 9 0 .  6 2 . s  O .
L L 6 .  3 0 2  C O N  G Z  5 . 0 6 3  6 2 . 5  0 .
L L 7 .  3 0 2  C O N  G X  8 . 4 4  7 0 .  0 .
t t 8 .  3 0 2  c o N  G Y  - 1 5 0 .  7 0 .  0 .
1 1 . 9 .  3 0 2  C O N  G Z  a . 4 4  7 0 .  O .
1 2 0 .  3 0 4  C O N  G X  5 2 .  l - 0 .  0 .
L2L .  304  CON Gy  -11 -00 .  1 .0  .  0 .
L 2 2 .  3 0 4  C O N  c Z  6 2 .  I O .  O .
I 2 3 .  3 0 4  C O N  G X  3 L .  2 0 .  0 .
r 2 4 .  3 0 4  C O N  c Y  - 5 5 0 .  2 0 .  0 .
1 ,25 .  304  CON GZ 3 l - .  20 .  0 .
L 2 6 .  3 0 4  C O N  G X  2 . 2 5  2 5 . 2 5  0 .
I 2 7 .  3 0 4  C O N  G Y  - 4 0 .  2 5 . 2 5  0 .
r 2 8 .  3 0 4  C O N  G Z  2 . 2 5  2 5 . 2 5  0 .
. 2 9 .  3 0 4  C O N  G X  2 . 2 5  2 9 . 7 5  0 .

L 3 0 .  3 0 4  c o N  G Y  - 4 0 .  2 9 . 7 5  0 .
L 3 t .  3 0 4  c o N  G z  2 , 2 5  2 9 . 7 5  0 .
L 3 2 .  3 s 4  C O N  G X  2 . 2 5  3 4 . 2 5  0 .
1 3 3 .  3 0 4  C O N  G Y  - 4 0 .  3 4 . 2 5  0 .
1 3 4 .  3 0 4  C O N  G Z  2 . 2 5  3 4 . 2 5  0 .
1 3 5 .  3 0 4  C O N  c X  5 . 0 6 3  4 0 .  0 .
1 3 6 .  3 0 4  C O N  G Y  - 9 0 .  4 0 .  0 .
t 3 7 .  3 0 4  C O N  G Z  5 . 0 6 3  4 0 .  0 .
l _ 3 8 .  3 0 4  C O N  G X  5 . 0 6 3  4 7 . 5  0 .
l - 3 9 .  3 0 4  C O N  G Y  - 9 0 .  4 7 . 5  0 .
L 4 0 .  3 0 4  c o N  G z  5 . 0 6 3  4 7 . 5  0 .
l - 4 1 - .  3 0 4  c o N  G X  8 . 4 4  5 5 .  0 .
L 4 2 .  3 0 4  C O N  G Y  - 1 5 0 .  5 5 .  O .
I 4 3 .  3 0 4  C O N  G Z  8 . 4 4  5 5 .  0 .
L 4 4 .  3 0 4  C O N  G X  5 . 0 6 3  6 2 . 5  0 .
1 4 5 .  3 0 4  C O N  c Y  - 9 0 .  6 2 . 5  0 .
1 4 6 .  3 0 4  C O N  G Z  5 . 0 6 3  5 2 . 5  0 .
r 4 7 .  3 0 4  C O N  G X  9 , 4 4  7 0 .  0 .
1 4 8 .  3 0 4  C O N  G Y  - 1 5 0 .  7 0 .  0 .
1 4 9 .  3 0 4  C O N  G Z  8 . 4 4  7 0 .  0 .
150. LOAD COMB 3
1 5 1  .  1 7 . 2 I .
152. PERFORM ANALYSIS

ID: Process
- -  PAGE NO. 3

systens Internatio

Rerr o
D o c , l i a .
P. r l  rF

voq1
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PIPE BRIDGE

P R O B L E I ' , 1 S T A T I S T I C S

NUMBER OF JOINTS,/}IEMBER+ELEMENTS,/SUPPORTS =
oRIGINAL/FINAL BAND-WIDTH = 6/ 3

-- PAGE NO. 4
ID: Process Systens Internatio

Lo/  L3 /

TOTAL PRIMARY LOAD CASES
SIZE OF STIFFNESS MATRIX =

PROCESSING ELEMENT STIFFNESS MATRIX.
PROCESSING GLOBAL STIFFNESS MATRIX.
PROCESSING TRIANGULAR TACTORIZATION.
CALCULATING'IOINT DISPLACEMENTS.
CALCUI.ATING MEMBER FORCES.

153. *PRINT MATERIAL PROPERTIES ALL
154. *PRINT JOINT COORDINATES ALL
].55. *PRINT SUPPORT INFORMATION ALL
]-56. *PRINT MEIIBER INFORMATION ALL
].57. *PRINT I.{EMBER PROPERTIES AI,L
1.58. PRINT JOINT DISPLACEMENTS ALL

2, TOTAL DEGREES OF FREEDOI,{
].].52 DOUBLE PREC. WORDS

4 8

REQRD,/AVAIL. DISK SPACE = L2.O3/ 378.2 l l lB,  EXMEM = 6.69 ! , tB

++
++

++
'r'r

t 2 . 3 2 2 3 5
L2 .32 .37
12 ' .32 .37
12 .32 r37
1 2 : 3 2 : 3 8

Rat
P, {4

o
NO.
o ta

Vo{?-/-o'7 i
l ?



PIPE BRIDGE

JOINT DISPLACEI,IENT (INCH RADIANS)

-- PAGE NO. 5
ID: Process Systens Internat io

STRUCTURE TYPE = SPACE

,INT

1 0

2 0

4 0

50

5 0

70

8 0

9 0

t_00

LOAD

1

3
I
2
?

1
2

I

J
1

1

3

J

1

,l

I

?

X-TRANS

0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 4
0 . 2 0 6 0 1
0 . 2 0 6 0 4
0 . 0 0 0 0 0
o .20579
o . 2 0 5 7 9

- 0 . 0 0 0 0 4
o  .20554
0 . 2 0 5 5 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 4
o .  L  8 7 0 3
o  .14707
0 . 0 0 0 0 0
o . 1 8 6 7 9
0 . 1 8 6 7 9

- 0 . 0 0 0 0 4
0 . l - 8 6 5 t
o . L4647
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0

Y-TRANS

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

- o  .  ooo27
- 0 . 0 0 2 8 6
- 0 . 0 0 3 1 3
- 0 . 0 3 5 3 9
-o .24067
-o  .27  606
- 0 . 0 0 0 2 7
- 0 . 0 0 3 0 6
- 0 .  0 0 3 3 3

0 .  o 0 0 0 0
o . 0 0 0 0 0
o. ooo00
0 . 0 0 0 0 0
o . 0 0 0 0 0
0 . 0 0 0 0 0

- 0 . 0 0 0 2 7
- 0 . 0 0 0 4 7
- 0 . 0 0 0 7 4
- 0 , 0 3 0 3 0
- 0 . 1 2 8 6 0
- 0 ,  L 5 8 9 0
- 0 . 0 0 0 2 7
- 0 . 0 0 0 7 9
-0 .  o0 l -05

0 . 0 0 0 0 0
o . o 0 0 0 0
0 . 0 0 0 0 0

Z-TRANS

0 . 0 0 0 0 0
o .  o 0 0 0 0
0 .  o 0 0 0 0
0 . 0 0 1 4 1
o .271 - r4
o .27255
0 . 0 0 1 4 6
0 . 2 4 5 1 8
o . 2 4 6 6 5
0 . 0 0 1 - 4 L
o  . 2 1 7  6 0
0 . 2 1 9 0 1
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.  ooo00
o . 0 0 0 0 0
o .  o 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 1 4 L
o . 2 7 L r 9
o . 2 7 2 6 0
0 . 0 0 1 4 6
o  . 2 4 5 2 2
o . 2 4 6 6 8
0 . 0 0 L 4 1 _
o  . 2 L 7  6 2
0 . 2 L 9 0 3
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 .  o 0 0 0 0

X-ROTAN

0 . 0 0 0 0 3
0 .  o o 3 8 4
0 . 0 0 3 8 7

- 0 . 0 0 0 0 3
- 0 .  o o 0 1 5
- 0 . 0 0 0 1 8

0 .  o 0 0 0 2
0 . 0 0 0 8 4
0 . 0 0 0 8 5

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

0 . 0 0 0 0 3
0 . 0 0 3 1 - 4
0 . 0 0 3 1 7

- 0 , 0 0 0 0 L
0 . 0 0 3 3 0
0 . 0 0 3 3 0
0 .  0 0 0 0 5
0 . 0 0 0 9 4
0 . 0 0 0 9 9
0 . 0 0 0 1 0
0 . 0 0 1 9 9
0 . 0 0 2 0 9
0 . 0 0 0 0 5
0 .  0 0 0 9 0
0 . 0 0 0 9 5

- 0 , 0 0 0 0 r .
0 . 0 0 2 5 8
o .  oo257

Y-ROTAN

0 . 0 0 0 0 0
0 . 0 0 0 2 2
0 . 0 0 0 2 2
o . 0 0 0 0 0
0 . 0 0 0 2 2
o .ooo22
0 . 0 0 0 0 0
o . 0 0 0 2 5
0 . 0 0 0 2 5
o . 0 0 0 0 0
o .  o 0 0 2 3
0 . 0 0 0 2 3
o . 0 0 0 0 0
0 .  0 0 0 2 3
0 . 0 0 0 2 3
0 . 0 0 0 0 0
0 . 0 0 0 2 8
0 . 0 0 0 2 8
0 , 0 0 0 0 0
0 . 0 0 0 2 8
0 . 0 0 0 2 8
0 . 0 0 0 0 0
0 . 0 0 0 2 7
o . 0 0 0 2 7
0 . 0 0 0 0 0
0 . 0 0 0 3 0
o . 0 0 0 3 0
0 . 0 0 0 0 0
0 . 0 0 0 3 0
0 . 0 0 0 3 0

Z-ROTAN

0 . 0 0 0 1 6
- 0 . 0 0 1 4 5
- 0 . 0 0 1 2 9
- 0 .  ooo33
- o . 0 0 2 8 6
- 0 . 0 0 3 1 8

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

- 0 . 0 0 0 1 6
- 0 . 0 0 3 3 7
- 0 . 0 0 3 5 3
0 .  ooo15

- 0 . 0 0 1 5 9
-0 .  o0 l -44
- 0 . 0 0 0 3 1
- 0 . 0 0 2 0 3
- 0 . 0 0 2 3 4

o . 0 0 0 0 0
0 .  o o o 3 9
0 . 0 0 0 3 9
0 . 0 0 0 3 1
0 . 0 0 0 4 4
0 . 0 0 0 7 5

- 0 . 0 0 0 1 5
- 0 . 0 0 2 8 0
- 0 . 0 0 2 9 5

**************  END OF LATEST ANALYSIS RESULT * * * * * * * * * * * * * *

l-59. 'IPRINT MEMBER FORCES ALL
].60. *PRINT MEMBER STRESSES ALL
161. PRINT SUPPORT REACTIONS

frry?g",'f i-'�-oit



PIPE BRIDGE -- PAGE NO. 6
ID3 Process Systetns Internat io

SUPPORT REACTIONS -UNIT POUN INCH STRUCTURE TYPE =

.INT

1 0

50

6 0

1
2
3
1
2
J

z
3
1
2
J

MOM-X

0 . 0 0
0 . 0 0
0 .  0 0
0 . 0 0
0 . 0 0
0 .  o 0
0 .  o o
o . o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0

SPACE

MOM-Y

0 . o o
o .  o 0
o . o 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . o 0
0 . o o
0 . 0 0

* * * * * * * * * * * * * *  E N D  O F

].62. PARAMETER
163 .  CODE A ISC
]-64. MAIN O. ALL
165. WELD ] , .  ALL
166. CHECK CODE ALL

I,ATEST ANALYSIS RESULT * * * * * * * * * * * * * *

FORCE-X

5 0 . 7 0
r - 4 4 . 5 0
1 9 5 . 2 0
- 5 0 . 7 0

- 4 6 4 . 8 7
- 5 L 5 . 5 6

4 9 . 0 3
4 2  . 5 L
9 L . 5 4

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

FORCE-Y

3 9 0 . 4 5
3454  .  01
3 8 4 4 . 4 6

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

3 9 0 . 4 5
5 6 6  . 2 7
9 5 6 . 7 2
3 9 0 . 4 5
95L .20

L34L .64

FORCE-Z

- 3 . 3 0
- 2 1 5 . 0 9
- z L A  . 3 9

- 3 . 3 0
- r a 2  . 3 5
- 1 8 5 . 6 5

3 . 3 0
- L 2 8 . 6 8
- 1 2 5 . 3 8

3 . 3 0
- 9 2 . 5 5
-49 .25

MOM Z

0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 .  0 0
0 . o o
0 . 0 0
0 . 0 0
o .  o 0
0 . 0 0
0 . 0 0
0 . 0 0

No ,  Vd4 i - , - dz
/" \  /-  lg
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PIPE BRIDGE

.TLL UNITS ARE - POUN

MEMBER TABLE

ID: Process

STAAD-II I  CODE CHECKING - (AISC)
* * * * * * * * * * * * * * * * * * * * * * *

INCT{ (UNLESS OTHERWISE NOTED )

RESULT,/ CRITICAL COND/ RATIO/
FX MY TIZ

-- PAGE NO. 7
systens Internat io

LOADING/
I.OCATION

lOO ST TUB E

1O]. ST TUB E

].O2 ST TUB E

IO3 ST TUB E

2OO ST TUB E

201  ST  TUB E

2O2 ST TUB 8

2O3 ST TUB E

' l / . rn  c fn  mt lD Er

3 O]. ST TUB E

3O2 ST TUB E

303 ST TUB E

304 ST TUB E

].67. SELECT WELD

PASS
3 ? 0 6 . 9 7  C

PASS
3 3 5 . 5 8  C

PASS
3 6 2 . 8 7  C

PASS
3 9 5 1 . 4 8  C

PASS
8 l - 9 . 2 3  C

PASS
3 6 r - . 0 6  C

PASS
4 0 7  . 2 2  C

PASS
l - 2 0 4 . 1 6  C

PASS
) , 7 7 . 8 7  C

PASS
2 2 8 . 2 7  T

PASS
9 . 0 t  c

PASS
1 0 3 . 1 8  T

PASS
1 . 2 5 . 5 5  C

ALL

Arsc- H1-3
2 2 9 3 2 . 2 4
Arsc- Hl-3

- 4 6 4 . 1 3
Arsc- HL-3

- 3 9 8 . 9 9
AISC- H].-3

- 1 9 3 9 6 .  s 3
AISC- H1-3
L2887 .65
A ISC-  H1-3

2 2 7 . O 5
AISC- H1-3

3 3 7  . 9 3
AISC- H].-3
- 8 9 8 5 . 9 8
AI SC- H]-- 3

3 5 9  . 4 3
Arsc- H2-1

- 2 3 . r r
AISC- H1.-3

- 5 6 4 . 9 4
AISC- H2-].

-24 .97
AISC- H]--3

7 7 L . 0 2

0 . 3 9 3
- 2 I 7 3 4 . 7 9

o  . 4 4 4
65820  .25

o  . 4 4 9
-66632 .  07

0 . 5 8 5
55027 .6 I

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

o  . 2 4 t
3 5 3 5 6 . 9 3

o  . 2 4 L
- 3 5 2 3 3 . 3 9

0 . 3 6 8
41444 .94

0 . 1 ? 5
257L3 .20

0 .  t  L 0
- 5 8 9 5 . 9 0

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

n  1 ' t 1

- 7 2 7 9 . 4 6
0 .  L 5 6

2240r  .43

1 0 8 .  O 0
?

1 0 2 .  O 0
3

o . 0 0
3

0 . 0 0
3

1 0 8 . 0 0
3

L 0 2 . O O
?

0 . 0 0
3

3
0 . 0 0

2
0 . 0 0

3
7 2 . O O

3
1 2 4 . 8 5

3

SF"'io*". vo49-r-d1r
-E  rs  3F lq



PIPE BRIDGE

ALL UNITS ARE - INCH

MEMBER LOCATTON/
LOADING

STAAD-III WELD DESIGN
* * * * * * * * * * * * * * * * * * * * *

POUN

WELD TYPE/
HOR STRESS

WELD SIZEI
VER? STRESS

coI{B STRESS/
DIR STRESS

ID: Process
-- PAGE NO. 8

Systens Internat io

100

1 0 0

L 0 L

1 0 1

LO2

102

L 0 3

1,0 3

2 0 0

20L

20r

202

202

203

203

STA
?

END
3

STA
J

END

STA

END

STA
3

END
3

STA
3

END
3

STA

END
3

STA
J

END
J

STA
J

END
.l

1
1 7  4  . 7 L

1
8 2 . 5 1

1

4o2.92

1

2 7  0  . 6 0

L
2 9 0 .  0 5

I

4 3 9 . 5 1

l_
4 6  . 2 8

l-
r 4 a  . 5 2

t
t - 0 0 . 3 0

1
9 0  . 6 2

1
8 5 8 . 4 8

1

424  .80

I

4 4 4 . 3 5

l-
4 3 9 . 9 1

L
3 0 . 8 6

1
7 L . 4 0

L/L6
1 5 6 . 1 6

2 /16
a 2  . 9 2

r/rc
1 - 2 9 7  . 5 4

3  / 1 6
3 9 7  . 9 0

3 /L6
4 9 9 . 3 1

2 /L6
8 0 0 . 9 L

3,{16
r 3 4 . 2 6

L /L6
41-2 . 45

L /16
7 3  . 2 3

L / 7 6
8 2 . 9 L

r /16
932  .  A9

2 /16
4 1 4 . 5 0

2/L6
5 3 5 . 5 0

2/L6
587  .44

2/16
1 5 1 . 0 9

r /16
3LL .A7

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

12567 .55
1 2 5 6 7 . O O

L r 6 3 2 . 5 6
1 1 5 3 2 . 0 4

9 9 3 6 . 6 8
9925 .02

10057  .32
IOO40 .73

r_  3151  .09
L3r r9  .32

L2733  .40
I2732 .6L

3300 .  42
3 2 7 L . L 8

7 7 5 . 3 8
7 6 5 . 3 7

12369 .77
L2369  .16

3032  .44
2 7 5 4 . 7 5

8 0 8 5 . 2 6
8 0 6 3  . 4 4

8 t  t  4 . 5 9
8 0 8 4 . 7 0

7635 .L4
7599 .74

I 2 r 4 4 . 2 4
12L43 .26

' r l l o  o ( |

1-O73 .32

RErzo
Qoc,  No,  Vo{1- i -o '1  I
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PIPE BRIDGE

ALL UNITS ARE - INCH

MEI'{BER LocATIoN/
LOADING

STAAD-III WELD DESIGN
* *  * * * * * * * *  * *  *  t !  t r  t r  * * * *  *

POUN

WELD TYPE/
IIOR STRESS

WELD STZE/
VERT STRESS

coMB STRESS/
DIR STRESS

ID: Process
-- PAGE NO. 9

systerds Internatio

300

300

3 0 L

3 0 1

302

302

3 0 3

3 0 3

3 0 4

3 0 4

STA
3

END
3

STA
2

END
J

STA
2

END

STA

END
3

STA
3

END
.l

I
9 8 6 . 8 3

1
9 6 0 . 8 6

1
4LO .22

L
4 5 8 . 6 8

1

L l - o . 5 8

I

7 2 . 4 9

I

1 7 . 5 0

1

3 9  . 6 6

t
7 6 7 . t r

L
7 2 7 . 4 0

TABULATED

t /16
2 3 7  3  . 8 6

r /16
7 9 5 . 3 L

7 /L6
620 .97

t /L6
7  5 A  . L 7

! t l16
1 1 9 4 . 1 8

L/16
7 7 L . 9 2

r/L6
1 2 0 . 3 L

r/L6
226 .60

L /L6
2 1 5 5 . 1 8

L /L6
7 0 7 . 4 4

1 2 0 4 4 . 0 1
t I?66 .44

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

65L4 .24
6 5 7 2 . 2 4

4 5 1 1 . 2 8
4 4 2 3 . 3 9

1 4 0 5 . 3 5
732  .61_

3 0 8 0 . 7 5
2 9 8 L . 5 9

6359 .39
6 3 5 8 . 2 3

7 9 ! 2 . 7 5
7909 .4L

r o 7 2 4 . 0 2
r o 4 7 7 . L 9

7  4 3 9  . 2 5
7 3 7 0 . 2 7

* * * * * * * * * * * * * * * * * *  END OF

]-68. STEEL TAKE OFF

WELD DESIGN * * * * * * * * * * * * * * * * * *

Ra., o
SC., l ro .  vo4i - t -o?/
? t '7 JF ti



PIPE BRIDGE

STEEL TAKE-OFF

PROFILE

ST TUB
ST TUB

LENGTH ( INCH )

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

TOTAL

WEIGHT(POUN)

L344 .293
2L?  .493

ID: Process
--  PAGE NO. 10

Systens Internatio

E
E

t56r .79

************  END OF DATA FROM INTERNAL STORAGE ************

] .69. LOAD LTST
170. LOAD LIST
] .71 .  F IN ISH

** * * * * * * * * * * * * *  END OF STAAD- I I I  * * * * * * * * * * * * * * *

* * * *  DATB= MAR 23 ,1996  T I I iE=  12 :32 :39  * r r * r r

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* For quest ions on STAAD-II I ,  contact:  *
*  Research Engineers,  Inc at  *
*  Ph :  (7L4 ,  974 -2500  Fax :  (7 r4 )  92L -2543  *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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2 3

3ev-o
D 6 C  N O .  V O 4 1 -  l -  O . 7  !
c , o o F t 1



' AffL?L

.7ol f7, Crallo

K rra'; D'd'o*
.h4se- \-k*'a*t ( fr^u'oe

vtlr ' /  ' tS t

,L /tPe / fue'ol' h+o'urs
.L 5h75 7d 3 oFs

rqtfg
t arr|iE to - sa.t ltrcrtG ar 't.@
a, oc tc!. a v !( otFa, tl.ftor

o€ a€a! a la ca<r s.to.

sr+7 '  toF3



PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUGH, MA

ENGINEERING
CALCULATIONS

NO: V049-l-039
PAGETOF l7

REV. DEO # DATE BY: CHECK TITLE: HAM Finite Element Analysis
o o / 2 t ti/ir i- t L r l KD(-.

BY: Kvle Mart ini DEPT.:744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Evaluate the horizontal ugsgs5 meiu le (HAM)

METHOD: Finite element method and hand calculations.

ASSUMPTIONS: See attached.

INPUTS: LIGO project drawings and sketches.
Shell thickness = 0.5 in, 60 in nozzle thickness =.5 in, head thickness = 0.375 in
Thickness ofother nozzles = 0.125 in, saddle wear plate thickness = 0.75 in,
Thickness ofsaddle and stiffeners = 0.5 in. baseplate thickness = 1.0 in

D a ( , r ' t "  / a y ' g ' / - a a 6 ,  l / d c ,  l / E  t T E r ' ! r .  A F t  . , "  / " ? / . ' . .  - :

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels,
Div. I and Div. 2.

2. IMAGES 3D, Version 3.0, R. L. Cloud & Associates
3. Hilti Concrete Fastener Catolos

CALCULATIONS : (SEE ATTACHED)

CONCLUSIONS: Stress are within the limits of the ASME Code, Section VIII, Div. 2.

NOTES: Computer files are HAM6.*

Re\,ision No. 0
Doc. No. V0{9-l{39
Peee I of 19
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PROCESS SYSTEMS INTERNATIONAL, INC.
WESTBOROUCH, MA

ENGINEERING
CALCULATIONS

NO: V049-1-041
PAGE I OF 6

REV. DEO # DATE BY: CHECK TITLE: HAM Buckling Analysis
0 o  I  z 8 l /.11."/ '' 4llt eD (-

EY: Kvle Mart ini DEPT-: 744

PROJECT: LIGO Vacuum Equipment PROJECTNO: V59049

PURPOSE:. Evaluate the horizontal 3sgs55 1n6du le (HAM) for buckling modes.

METHOD: Finite element method and hand calculation.

ASSUMPTIONS: See attached.

INPUTS: LIGO project drawings and sketches.
Shell thickness = 0.5 in,60 in nozde thickness = 0.5 in, head thickness = 0.375 in
Thickness ofother nozzles = 0.125 in, saddle wear plate thickness = 0.75 in,
Thickness ofsaddle and stiffeners = 0.5 in. baseolate thickness = 1.0 in

REFERENCES: NASTRAN Finite Element Program
D a e -  l r ,  y ' a ' / t -  / -  a 6  c  I  L / 4 4  y ' ' 1  . J r ^ i / J c . ,/ i  q r t  ' t

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The minimum factor of safety against elastic buckling for vacuum loading
is 3.58.

NOTES:

(  o . - t . . . t , . ' . t  F  /  |  .?  / /  44  4  D.  , . , ' a
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ASSUI{PTIONS: Si1 
-&4>

T u s r  o ' ;

R , ; t , . t t . t

D , a * =  4  D . 2 {n , / o 4 l t ? / - ' 3

-_ri9 :. A-F.:

/ | r - , , t .  f  D : . r . i

REVO
vod9-1473
Pege 1of29

ENGINEERING
CALCULATIONS

NO: Vo4?-t -dy3

_a.Q' Ff  D HEAD/N'"_a!E DEStaN
. jTp_n, HArl

PROJECT: L,so PLOJECTNO: V'fQOac.  t I

NESIGD 
.oF 

Tt+6
REQUrftFqEuTs

I\IETHOD: .c.Ot-iPr-r-S! S. s-3 eO i{ijJn:r..- p rlissdr}i- VEs.vj- \i j r:; wlr-d

INPUTS: j'Sri.J(upi{- Djt.:,:-r-, ,.lii,r ]',:-r,( " 
.1,g;: uzJC, i.i3. VC4i -r:--rs

REFERENCES: pcC, NO. V649-pL-n-3
D O <  N o ,  ( c v 9 -  t -  o 6  6 , ,  L  / G  1 1  y ' l e . s . - , - . -  . ! c ! , t . , - .  ! r z r - ,  l 2 ; ; r , . 4  ( , a q r t '

CAIfULATIONS: (SEE ATTACHED)

CONCLUSrONS: g;u!A-/ ubaat_a c'l:SI6L) ts ttJ C6NtAAJ<1s:tr,iw ru
FSFEf.qIIr REou,AEPtgfJI5

: e r F o



TZ.eua oF Coureurs

L - Scop'a
Z - D,a$reu gAir,;tuA
E. - l . io0e\-.
4- - Corr Pn-gs9 S,S3 - lr-,,"ur DlrA
6. - faf4Pn"raSS \5-,f,t3 - OurFuf

PAGrA-

a

REVO
v049-r-073
Prge 2 of29

E I I

o a o

,/'a\ai,



o 0 0

l -  SeoPE ' .

Qulurnl Ti*a
llEqu | tu: 14 E^/TS
Paopcsea Arqo
vo41-pL- 7 3

z.- Desrer-l CP-rrElvA

P*n = t4.tt Pst
Te looeF

e.  -  F ' looEL,

bo" Hxu Cove,a- 
-li ASne rnir

6*--Tr+a Noaar€- L,<vq.rf AS PSI
CrsroH,?.- fl661fl4 Pee- Doc, No,

I
I
5

t

- Nozzur lsclrroni DArA'

- N r  l l ' 8 "

6 , - o -
- Nz f- - t,f.z6'

@"_ ?6"

-  N 3  G  = t € . K '

O ' t ' 2 7 o "

REVO
v0{9-1473
P.ge 3 of 29



o c c

F i D  H E A o :  5 A z . 4 6  3 o 4 L  H , G H

Noz+as (A.-\: 5A 246 €o4L lJre*

= 14. i t  Psr

. LoNC, Sr=trq X- R^l
- Ssz+rau;S5 ,'. No X-l{Ay

. Heeau /j.gu-- Searr X-ReY
- Spof Pea U \r/ - ll (b) TlPa t

.  f D =  6 0 . z . 5 '

. Ci-owN INT-Ei?.'Na! Rr-o''.rg = oc.zS'

. KNucKui \urei-rsAr- RAorr.rs4 3.?\t"

. For\r,4 r "rc' AuuovrAuce =o'

. Sr,r-Arcour FuaUc4 - l '
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FoB- Noazl-eS:
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. 
-h*,qa6.ra 

= .ZS" (n-.)

' .4 r'.rau: O

t { t :  6 , ,  o "
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\ \3:  @.:244o
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Pressure Sunrnary

Pressure sumnary for Irressure chamber 1

5 0 .  ! . D  x a r , t  x l a D  I  I  0 . 0  |  6 1  . 2  |  6 7 . 2  |
n r  x 1 - c B l l r r R  I  o r  |  0 .  0  |  ? 9  . 0  |  1 9 .  o  I
r :  r r : - r r c s r  I  o k  I  o . o  |  ? e . o  |  7 9 . 0  |
n 3  N : - L r r r  I  o k  I  o . o  |  ? e _ o  I  r 9 . o  I

l x o z ' r .  I  r  I  r ^ r p  I H A F  I  p .  l u c - 9 9  |

I  s l l r u r  I  d . . i g d  |  |  l . a r . r D l t l  r r t t o  I

I  t lJc-45) l ld .E rr  I  tp. t )  |  tgt t t  1 1p111 1 |

2 0 . 6  |  1 . 0 0 0  |

1 5  . 5  |  1 .  O 0 O  I

1 5 , 3  |  1 . 0 0 0  |

r 5 . l  I  r . 0 0 0  |

I  l l n )  |

t - l
|  0 . 0 0 0  |

I  o , o 0 o  I

|  0 . 0 0 0  |

I  o - o o 0  |

oc3--{5

llDrrt |troPtlon or

I t l .g ! t  gt ! . t .  t .Cu. t loD

r_ r_ t_ t_ t_ t_ l

Vessel MA! ' IP hoE & corroded is 61 .2 psi  @ 0 degrees F.

Vessel MAP new &. cold is 67.2 psi  @ 70 degrees F.

Vessel al lowable ext.ernal  pressure is 15.31 psi  @ 4OO degrees F.

Hvdrotest. pressure calculation based on MAWP

= 1.5* (MAWP + OperaCing Liguid Head) *1 = 100.9 psi

Vesse l  hyd ro tes t  p ressu re  i s  100 .8  ps i .

Note: vessel MAP ratinq nots valid unless hydrotest pressure based on l,tAp.
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weiqht Su[Enary

c o m p o n . n r  - - - - - - - - -  r € i g t r  {  l b . l

l t€  t . l  l , l € t . l  1 r l ya  P.cked

N e x  C o ! !  I  . u p  B . d .

coDr  r lbur .d  by  v . . . c l  a l .o .n t .

t D B u l  ! t n i n E  t 1 9 l n 9  l r d d e  r

&  P l l t

l l n93  OP. !  t . ! t  r roz !1 .

&  t { i i c  ! .1q !1d  l tqu td  r  f19

5 O r  l a d  n a r  h . !

V e s B e l  o p c r r t i n 9  r E i E h r ,  c o ! . o d E . t :  2 9 7  l b g

v . . . e r  . n p r y  r e l g t t ,  c o l l o d e d :  2 9 7  7 b t

\ ' o a l c l  . s p t y  e e i g h t ,  r € r i  2 9 t  r b !

v . 3 s € l  t e a t .  r e i g h E ,  n e f :  1 , 0 3 3  1 b .

vessel cent.er of qravity location (frqn rigbt weld seam)

Vesse l  f i f t  we igh t ,  new:
eenter of  gravi ty to seam:

297 IbE
7 . 5  i n
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Nozzle Sumary

OD

( l n ) { 1 n ) ( 1 n t ( 1 n )( i n )  a ! ?  a 2 ? {  1 a l  t r )

a . o o

v

v

Y

0 . 2 5 0 0  0 . 1 9 7 3

o . r 5 o o  0 - 1 9 ! 7

0 . t 5 0 0  o . l 9 ! ?

tn - nozzl-e t.hickness
Req tn - nozzle Ehickness required per Ue-45l15
Nom t - vessel waI1 thickness
Req E - required vessel wal-l thickness due to pressure + corr per
User t. - local vessel $ralI thickness (near opeoing)
Aa - area available per UG-3?, governing condit.ion
Ar - area requi-red per UG-37, governing condiEion
Corr - corrosion al lowance on nozzle id.

0 , 2 5 o o  0 . 1 r ? 7

0 . 2 5 0 0  o . r a 2 7

0 , r 5 0 0  0 . 1 1 2 ?

0 . 2 5 0 0  0 - 0 0 0 0  1 0 0 , !

o .  r 5 o o  0 . 0 0 0 0  t 0 4 . 3

o .  a 5 0 0  o  -  0 0 0 0  1 0 a  .  a
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Ttrickness Surmnarv

L . n g t h  l l o h  E

(  l n )  ( t n t (  l n )  !

I D cov . rnLng

! 0 1 6  S t ! t ! .  a t ! . . .

6 0 .  l l d  ! ! !  h . ! a t 0 . 2 t 0 0  o . r s o o  o . a 55 0 .  t 5

Nom t
Req t
E -

Load:
int.ernal
external
wind
seismic

vessel waII t .hickness
required vessel wal1 thickness due Eo governing loading
Iongitudinal seam joint eff iciency

circ sE.ress due Eo internal pressure governs
external pressure governs
combined long st.ress due to STATUS + wind governs
combined long stress due tso STATUS + sej-smic governs
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60" F&D HAM EEAD

ASlt[B Sect.ion Vf rr Division 1. 1992 Edition. A93 Addenda

Component: F&D head
Mat.erial specif icat ion: SA 240 3O4t HIGH

Corrosion al lowance: Inner C = 0 Outer= 0

PWHT is not performed

Radiography: Cat.egory A joints - Seamless NO X-Ray
Head to shel l  seam - Spot I Iw-11(b) type 1

EsE. imated we igh t r  nevr  =  272.9  cor r  =  272.9
c a p a c i t y :  n e w  =  8 8 . 8 9  c o r r  =  B B . B 9

r D  =  6 0 . 2 5  c r o w n  L  =  6 0 . 2 5  k n u c k l e  r  =  3 . 7 5  t = . 2 5

Straight.  f lange = 1 forminq allowance = 0 in

MAP: (New & at 70 deg P) Appendix 1-4(d) Bq 3

P  =  2 * g * B * g  /  ( L * M  +  0 . 2 * t )  - P s
=  2 * 1 6 7 0 0 * 0  . 8 5 * 0  . 2 5 /  ( 5 0 . 2 5 * 1  . 7 5 2 I  +  0 . 2 * 0 . 2 5 )  -  0
= 67 .20225 psi- �

MA$IP: (Corroded & at 0 deg P) Appendix 1-4 (d) Bq 3

P  =  2 *S*E*E /  (  f _ , * t ' t  +  0 .2 * t )  -  ps
=  2 * L 5 7 0 0 * 0  . 8 5 * 0 . 2 5 /  ( 6 0 . 2 5 * 1  . 7 5 2 I  +  0 . 2 * 0 . 2 5 )  -  0
=  6  t  . z V z l 5  r ) S t

1b
US ga

in (min)

A  =  . I 25 /  (Ro / t )
=  .  L z a /  ( b u . 5 / u . r 5 i
=  0  . 0 0 0 5 1 7

From table I{A-3:

Pa= B/ (Ro/t)
=  5 0 0 4  . t /  ( 6 0 . s / o . 2 s )
=  2 0 . 5 7 8 1  p s i

Check the Maximum External- Pressure: Uc-33 (a) (r) C .npp. 1-4 (d)

pe=  2 *s *E* t /  ( ( u * r , o  -  t s *  (M_o  -2 ) | * L .6? ,
=  2 * L 4 7 0 0 * 7 * O . 2 5 /  ( ( 1 . 7 5 2 1 * 5 0 . 5  -  0 . 2 5 * ( 1  . 1 5 2 L - O . 2 )  ) * 1 . 5 ? )
=  4 L . 5 1 2 4 7  p s j -

The maximum al lowable external  pressure is 20.GZg1 psi .

B  =  5 0 0 4 . 1
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N1-ENSTER

Ogening n1 Reinforcement ealculations Per UG-37

LocaE.ed on :
User input vessel thickness:
Liquid stal ic head included:
FLange descript.ion:

Nozzle material specif icat ion:

Nozzle orientat ion:
End of nozzle Eo datum l ine:
Nozz le  ca lcu la ted  as  h i l l s ide :
Projection ouEside vessel- Lpr:

6OU F&D HAM HEAD
. 2 5  i n
0  ps i
Not. i.nstalled

SA 240 3O4L HIGH

n  d a d r a a a

1 4 . 5 3  i n
yes
3 . 5 2 7  i n

tw1->
< - d - >

-*,

0 i n
. 1 5  l - n
/  .5  l -n
. 2 5  i n
. 1 8 7 5  i n

En ->

corrosion a11ow =
noz thick new En=
nozzle id. new d=
fi l1et weld tw1 =
qroove weld Ew2 =

To head center R= I in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcement uc-40

Para11e l  Eo  the  vesse l  wa11  d  =  7 ,561  i n
Norma l  t o  the  vesse l  wa1 l  ou ts ide  2 .5 * ( tn -Cn)  +  t . e  =  .625
Norma l -  Eo  the  vesse l  wa l1  i ns ide  2 .5 * ( tn -Cn-C)  =  .625  i n

Determinat ion of Chord LengEh

Thet.al = Arccos ( (Lo + Rn) /Rm)
=  A r c c o s  (  ( 8  +  3  . 7 5 )  / 6 0 . 3 2 1 3 5 )
=  1 8 . 7 6 7 9 7

Theta2 = Arccos((f ,o -  Rn)/Rm)
=  A r c C o s  (  ( 8  -  3  . 1 5 )  / 6 0 . 3 2 1 3 5 )
=  8 s . 9 5 0 2 9

d  -  2 *Rm*S in ( (TheEa2  -  TheEa l ) /2 )
=  2 * 6 0 . 3 2 1 3 5 * S i n  (  ( 8 5 . 9 6 0 2 9  -  7 8 . 1 6 7 9 7 ' � )  / 2 )
=  7 .557  i rL

ItozzLe required thickness

t11  =  P* f ,n / (Sn*E  -  0 .6 *p )
=  7 9  . 0 6 L 4 t * 3  . 7 5 /  ( t 6 7 0 0 * 1  -  0 , 5 * 7 9 . 0 5 1 4 1 )
=  0 . 0 1 7 8  i n

3 -L2 -L996
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N1-CENTER

Required thickness tr from Uc-37(al (1)

t . r =  P * L * M /  ( 2 " S * E  -  0 . 2 * P )
=  7 9 . 0 6 1 4 1 * 6 0 . 2 5 * L /  ( 2 * 1 5 7 0 0 * 1  -  0  , 2 * 7 9 . 0 6 1 4 1 )
=  0  .1 ,427 in

Area reguired

Al lowab le  s t resses :  Sn =  L5700,  Sv  =  16700,  ps i

f r1  =  lesser  o f  1or  Sn/Sv  so  f r1  =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

[  =  d*gr*P +  2*Ln* ! r *F*  (1  -  f r1 )
=  1 . 5 6 7 * 0 . L 4 2 7 * l  +  2 * 0 . 2 5 * 0 . ! 4 2 7 * ! *  ( 1  -  1 )
=  1 . 0 7 9 8  i n ^ 2

Area availa.ble

Al- = larger of the foJ-J-owing

A 2 =

=  . 8 1 2  i n ^ 2

d *  ( 8 1 * E - F * t r )  -  2 * ! n *  ( 8 1 * t , - F * t r )  *  ( 1 - f r 1 )
7  , 5 5 1 *  ( 1 * 0 . 2 5 - 1 * 0  . L 4 2 7 1  -  2 * 0 . 2 5 r  ( 1 * 0 . 2 5 - 1 * 0  . ! 4 2 7 ' � ) *  ( L - r )
.8]-2 i']^ 2

2 *  ( t + t n )  *  ( E 1 * t _ F * t r )  _  2 * t . n *  ( 8 1 * t _ F * t r )  *  ( 1 _ f r 1 )
2 *  ( 0 .  2 5 + 0 .  2 5 )  *  ( 1 * 0 .  2 5 - 1 * 0  . ! 4 2 7 )  -  2 * O . 2 5 *  ( 1 * 0 .  2 5 - 1 * 0  . 1 - 4 2 7 )  *  ( L - I I
.  107  i n^2

smal ler of  the fol lowing

q *  / l -  r . r  -  l -  r . i t l  * f r ? * t -

5 *  ( 0 . 2 5  -  0 . 0 1 7 8 )  * l - * 0 . 2 5
. 2 9  i n ^ 2

5*  ( t n  -  t r n )  * ;12*g t t
5 *  ( 0 . 2 5  -  0 . 0 1 7 8 ) i 1 * 0 . 2 5
.29 j -n^ 2

= Leg^2 * f r2
=  O . 2 5 ^ 2 * 7  =  , 0 6 3  i n ^ 2

= A 1  + A 2  + 4 4 1
0 . 8 1 2 + 0 . 2 9 + 0 . 0 6 3
1 . 1 6 5  i n ^ 2

=  O . 2 9  i n ^ 2

As Area > A the reinforcement is adequate for MAWP = 79.OGL4I at 0 Deg F

Reinforcernent check in the plane parallel to the long. axis

Area required

A  =  d * t s r *F  +  2 *En* ts r *F*  (1  _  f r1 )
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N1-EENTER

=  7 . 5 * 0  . L 4 2 1 * !  +  2 * 0 . 2 5 * 0  . L 4 2 1 * 7 *  ( 1  -  1 )
=  L . V I V I 5  I n  2

Area avail-able

A1 = larger of the following =  . 8 0 5  i n ^ 2

=  d *  ( E 1 * ! _ F * t r )  _  2 * t n *  ( E 1 * t _ F i t r )  *  ( 1 _ f r 1 )
=  7 . 5 *  ( 1 * 0 . 2 5 _ 1 * 0 . ] - 4 2 7 )  _  2 * O . 2 5 *  ( 1 * 0 . 2 5 _ 1 * 0 . 7 4 2 1 ) *  ( t - t l
=  . 8 0 5  i n ^ 2

=  2 *  ( E + t n )  *  ( E 1 r ' t - F * t r )  -  2 * t n *  ( E l * t - F * t r )  *  ( 1 - f r 1 )
=  2 *  ( 0 . 2 5 + 0 .  2 5 )  *  ( 1 * 0 .  2 5 - 1 * 0  . L 4 2 7 )  -  2 * O . 2 5 *  ( 1 * 0 .  2 5 - 1 * 0  . L 4 2 7  |  *  ( L - 1 ' )
=  . 1 0 7  i n ^ 2

Area = A1
=  u  -  6 u 5
=  r .  - L5  a t

As Area >

eheck the welds - From ttw-15 {d) :

tm in  =  lesser  o f  0 ,75  or  tn  o r  E ,
t1  o r  t2  (min)  =  lesser  o f  0 .25  or
t 1 ( a c t u a l )  =  0 . 7 * L e g  =  0 . 7 * 0 . 2 5  =
t 2  ( a c t u a l )  =  0 . 1 8 7 5  i n
E L  +  E 2  =  0 . 3 6 2 5  > =  1 . 2 5 * t m i n

The weld sizes for t1 and E2 are

UG-45 Nozzle Neck Ttrickness eheck

Wa1l Ehickness per UG-45 (a) :
waI I  th ickness  per  UG-a5 (b )  (1 ) :
Wall  t .hickness per UG-15 (b) ;
sEd p ipe  wa11 per  UG-as  (b )  (4 ) :
The greater of tr2 or tr3:
The lesser of Er4 or tr5:

+ A2 + A41-
+  0 . 2 9  +  0 . 0 6 3
\fr 2

A Ehe reinforcement is adeguat.e for MAWP = 7g.OE:.4f  at  O Deg F

Reqrd per UG-45 is the larger of tr1

Awailab1e nozzl-e wal1 thickness new,

t m i n  =  0 . 2 5  i n
0 . 7 * t m i n ,  t 1 ( m i n )  =  0 . 1 7 5  i n
0 . 1 7 5  i n

satisf act.ory.

t r 1  =  0 . 0 1 7 8  i n  ( E  =
Er2 = 0.t427 j ,rL
t r 3  =  0 . 0 6 2 5  i n
t r 4  =  0 . 2 8 1 7 5  i n
tsrS = 0.L427 in
tr5 = 0.L427 j^rL

o r  t r 5  =  0 . 1 4 2 7  i n

t n  =  0 . 2 5  i n

L )

The nozzle neck t.hickness is adequaEe for MAWP.

A]-lwable streaaes in joints tlc-45(c) and lrw-15(cl

croove weld in tension = O.74*16700 = 12358 psi
Nozz le  wa1I  in  shear  =  0 .7*15700 =  11590 ps i
Inner  f i l l e t  we ld  in  shear  =  0 .49116700 =  8183 ps i

Strengrth of welded joints:

3  .12  -  1996 REVO
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N1-CENTER

(1) Inner f i11et weld in shear
(Pi /2) *Nozzle O.D. i l ,eg*Si = 1 .  5 7 * I  *  0 .  2 5 * I  1 I  3 = 25694.62 lbf

(3) Nozzle wa11 in shear
( P i / 2 )  * M e a n  n o z z l e  d i a .  * E n * S n  =  ! . 5 7 * 7  . 7 5 * 0  . 2 5 * I ! 6 9 0  =  3 5 5 5 9 . 5 2  l b f

(4) Groove weld in tension
( P i l 2 ) * N o z z l e  O . D . * E w * S g  =  1 . 5 7 * 8 * 0 . 1 8 7 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  1 b f

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

l f  =  ( A  -  ( d  -  2 * t n ) *  ( 8 1 * t  -  F * E r )  ) * S v
=  ( 1 . 0 7 9 8  -  ( 7 . 5 6 7  -  2 * 0 . 2 5 ) * ( 1 r 0 . 2 5  -  1 * 0 . 1 4 2 7 ) )  * 1 5 ? 0 0
=  5359 .232  rb f

W 1 - 1  =  ( A 2 + A 5 + A 4 1  +  A 4 2 ) * 5 u '
=  ( 0 . 2 9  +  0  +  0 . 0 6 3  +  0 ) * 1 5 7 0 0
= .  5 8 9 s . 1  1 b f

W2-2  =  (A2  +  A3  +  A4 l -  +  A43  +  2 * tn *E* f r1 )  *Sv
=  { 0 . 2 9  +  0  +  0 . 0 6 3  +  0  +  2 * 0  . 2 5 * O . 2 5 * 3 . )  * 1 6 7 0 0
=  7 9 8 2 . 6  l b f

Load  fo r  paEh  1 -1  l esse r  o f  W o r  W1-1  =  5369 .232  l b f
Pa th  1 - l -  Th ru  (1 )  &  (3 )  =  25694 .62  +  35559 .52  =  67254 .14  l b f
Path 1-1 is stronger than 9{ so iE is acceptable per UG-41-(b) (2).

Load for paEh 2-2 Lesser of  W or v l2-2 = 5369.232 lbf
Pa th  2 -2  Th r ' u  (1 ) ,  (4 )  =  25694 .62  +  29 rO3 .O9  =  54791  ,7L  l b f
Pa th  2 -2  i s  s t ronger  than  w  so  iE  i s  accep tab le  pe r  UG-41(b )  (2 ) .

Reinforcement Calculations For llozzle MAP

Limits of reinforcenent UG-40

Paral le]  to the vessel .  wal l  d = 7.567 in
Norma1  to  the  vesse l  wa I l  ou ts ide  2 .5 * ( i n -Cn)  +  t . e  =  .525  i n
Norma l  t o  l he  vesse l  wa l l  i ns ide  2 .5 *  ( t n -Cn-C)  =  .525  i n

DeterRinat ion of Grord Length

'I'heEa1 = Arccos ( (Lo + Rn) /Rm)
=  A r c C o s  (  ( 8  +  3  . 7 5 1  / 6 0 . 3 2 1 3 5 )
=  7 8 . 7 6 ? 9 7

lheta2 = ArcCos ( (r,o - Rn) /Rm)
=  A r c c o s  (  ( 8  -  3  . 7 s )  / 6 0 . 3 2 1 3 5 )
=  8 s . 9 6 0 2 9

d  =  ! *p6*g1n(  (Theca2  -  The ta1 ) , / 2 )
=  2 * 5 O . 3 2 1 3 5 * S i n (  ( 8 5 . 9 G 0 2 9  -  7 8 . 7 6 7 9 7 ,  / 2 )
= 7 -567 in
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N1-CBNTER

Nozzle reouired thickness

t r n  =  P * R n / ( S n " B  -  0 . 6 * p )
=  1 9  . 0 6 7 4 7 * 3  . 7 5 /  ( ! 6 7 0 0 * 1  -  0 . 6 * 7 9 . 0 6 1 4 1 )
=  0 . 0 1 7 8  i n

Required thickness tr from ttc-32(a) (1)

t r=  P*1 , *1 , ,17  (2 *S*E  -  0  .2 *P)
=  7 9 . 0 5 1 - 4 1 *  6 0 . 2 s * L /  ( 2 * 1 6 7 0 0 * 1  -  O . 2 * 7 9 . 0 5 1 4 1 )
=  O  . ! 4 2 7  i n

Area required

A11owab1e  sEresses :  Sn  =  16700 ,  Sv  =  15799 ,  ps i

f r1  =  l esse r  o f  1o r  Sn /Sw so  f r l  =1
f r2 .  =  Lesse r  o f  1  o r  Sn /Sv  so  f r2  =1

A  =  d * t r *F  +  z *Cn*Er *F*  (1  -  f r l _ )
=  7 , 5 6 7 * 0 . 1 4 2 7 * L  +  2  *  0  .  2  5  *  0  . ] - 4 2 7  *  ! *  ( 1  _  1 )
=  1 . 0 7 9 8  i n ^ 2

Area available

A1 = larger of the fo1l0wing = .8r2 j-,n^ 2

=  d r  (81*E . -F* t r )  -  2 * tn *  (E1* t ._F* t r )  *  (1_ f r1 )
=  7 . 5 5 7 *  ( 1 * 0  . 2 5 - 1 * 0  . L 4 2 7 )  -  2 * 0 . 2 5 *  ( 1 * 0 . 2 5 _ 1 * 0 . 1 4 2 7 ) * ( 1 _ 1 )
= .8t2 irL^ 2

=  2 *  ( t . + t n )  *  ( 8 1 * t _ F * t r )  _  2 * t n *  ( E 1 * E _ F * t . r )  *  ( 1 _ f r 1 )
=  2 *  ( O . 2 5 + O . 2 5 )  *  ( 1 1 0 . 2 5 - l - * 0 . L 4 2 7 1  -  2 * O . 2 5 *  ( 1 * 0 . 2 5 - 1 * 0 . L 4 2 7 r *  ( L - L )
=  .  L 0 7  i n ^ 2

A2 = small-er of the following

= 5*  ( tn  -  t rn )  * f r2* t
=  5 *  ( 0 . 2 5  -  O . 0 1 2 8 )  * 1 * 9 . 2 5
= .29 i-n^ 2

= 5*  ( tn  -  t rn )  * f r2* tn
=  5 *  ( 0  . 2 5  -  0 . 0 1 7 8 ) * 1 * 9 . 2 5
=  , 2 9  I n z

A41 = Leg^2*fr2
=  O . 2 5 ^ 2 * I  =  . 0 G 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 8 1 2  +  O . 2 9  +  0 . 0 6 3
=  1 . 1 5 5  i n ^ 2

=  0 . 2 9  i n ^ 2

As Area > A t .he reinforcement is adequate for MAp = 79.06141 at ?O Deg F
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Area required

A =  d* t r *F  +  2* tn* ! r *F*  (1  _  f r1 )
=  7 . 5 * 0 . ! 4 2 ? * r  +  2 * 0 . 2 5 * 0  _ ] - 4 2 7 1 7 _ *  ( 1  _  1 )
=  ) . .07025 !n^  2

Area available

A1 = larger of the fol lowing = .805 in^2

= d*  (81* t -F* t r )  _  2* tn*  (E1* t_F*E. r )  r  (1_ f r1 )
=  7 . 5 *  ( 1 * 0 . 2 5 - 1 * 0 . 1 4 2 1 )  -  2 * 0 . 2 5 ' ,  ( 1 * 0 . 2 5 - 1 * 0  - 1 4 2 7 ) *  ( a - I )
=  . 8 0 5  i n ^ 2

= 2*  ( t+ tn )  *  (81* ts_F* t r )  _  2* tn*  (81* t ._F* t . r )  *  (1_ f r1 )
= .  2 *  ( 0 . 2 5 + 0 .  2 5 )  *  ( 1 * 0 .  2 5 - 1 * O . L 4 2 7 )  _  2 * O . 2 5 *  ( 1 * 0 .  2 5 _ 1 * 0 .  1 4 2 ? )  *  ( 1 _ 1 )
=  . 1 0 7  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 8 0 5  +  O . 2 9  +  0 . 0 5 3
=  1 . 1 5 8  i n ^ 2

As Area > A the reinforcement is adequate for MAP = 79.05141 at 70 Deg F

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

tm in  =  lesser  o f  0 .75  or  En or  t ,  tm i .n  =  0 .25  in
t 1  o r  t z ( m i n )  =  l e s s e r  o f  0 . 2 5  o r  o . 7 * E m i n ,  t 1  ( m i n )  =  0 . 1 ? 5  i n
t 1 ( a c t s u a l )  =  0 . 7 * L e g  =  0 . 7 * 0 . 2 5  =  0 . 1 7 5  i n
t 2  ( a c E u a 1 )  =  0 . 1 8 7 5  i n
t 1  +  t , 2  =  0 . 3 6 2 5  > =  1 . 2 5 * t m i n

The weld sizes for t1 and t2 are sat. isfactory.

IIG-45 Nozzle Neck Ttrickness Check

Wal l  th ickness  per  UG-45(a) :  Er1  =  0 .0178 in  (E  =  1)
Wall  thickness per UG-aS(b) (1) :  tr2 = 0 .1427 ir l
wa l l  th ickness  per  uc-15(b) :  r r3  =  0 .0625 in
Std  p ipe  wa l l  per  UG-as(b)  (a )  :  t r4  =  0 .28175 in
The great.er of tr2 or t.r3 : tr5 = 0 .1427 in
The lesser of Er4 or tr5 i tr6 = 0 .]-427 irL

Reqid per UG-45 is the larger of tr1 or tr6 = 0.142? in

Available rrozz]-e wall thickness ner.r, tn = 0.25 in

Ttre nozzle neck thickness is adequate for MAp.

Allowable st.resses in ioints tlc-45(c) and ltw-1s(c)

REVO
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Groove weld in tension = Q.74*]-5700 = 12358 psi
Nozz le  wa l l  i n  shea r  =  0 .7 *16700  =  11590  ps i
Inner f i I let .  weld in shear = 0.49*16700 = 8183 psi

Strength of welded j oints:

(1) Inner f i l let  weld in shear
( P i / 2 ) * N o z z l e  O . D . * L e g * S i  =  1 . 5 7 r 8 * 0 . 2 5 * 8 1 8 3  =  2 5 6 9 4 . 6 2  ] - b f

(3) Nozzle wa11 in shear
(P i l 2 ) *Mean  ' j Lozz ] -e  d ia .  i t n *Sn  =  1 .57*7  .75*O .25* ] -L690  =  35559 .52  l b f

(4) Groowe weld in tension
( P i / 2 )  * N o z z l e  O . D . * t w * S g  =  1 . 5 7 * 8 * 0 . 1 8 ? 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  l b f

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

W  =  ( A  -  ( d  -  2 * t n )  *  ( E 1 * 8 .  -  F * t r )  ) * S v
=  ( 1 . 0 7 9 8  -  ( 7 . 5 6 7  -  2 * 0 . 2 5 )  * ( 1 * 0 . 2 5  -  7 * 0 . L 4 2 7 \  ) * 1 5 7 0 0
=  5 3 6 9 . 2 3 2  L b f

W 1 - 1  = ( A 2 + A 5 + A 4 1  +  A 4 2 ) * S v
=  ( 0 . 2 9  +  0  +  0  . 0 5 3  +  0 ) t 1 6 7 0 0
=  5 8 9 5 . 1  l b f

W2-2  =  (A2  +  A3  +  A41  +  A43  +  2 * t , n * t * f  r 1 ) *Sv
=  1 0 . 2 9  +  0  +  0 . 0 5 3  +  0  +  2 * 0 . 2 5 * 0 . 2 5 * 1 ) * 1 5 7 0 0
=  7 9 A 2 . 5  1 b f

Load  fo r  pa th  1 -1  l esse r  o f  W o r  W1-1  =  5369 .232  l b f
Pa th  1 -1  Th ru  (1 )  o  (3 )  =  25694 .52  +  35559 .52  =  61 -254 .14  1b f
Pach 1-1- is st . ronger Ehan w so i t  is acceptable per UG-41(b) (2).

Load for paEh 2-2 lesser of  I {  or W2-2 = 5359,232 Lbf
Pa th  2 -2  Th ru  (1 ) ,  @\  =  25694 .62  +  29 ] -03 .09  =  54797 .71  l b f
Pa| ' , } j .  2-2 is st . ronger Ehan w so i t  is acceptable per UG-41(b) (2).

Reinforcement Calculations for External Pressure

Limits of reinforcement IIG-4O

Paral le l  t .o the vessel  wa}l  d = 7.567 in
Norma] Eo the vessel  wal1 outside 2.5* ( tn-Cn) + te = .525 in
Normal to the vessel  wa1I inside 2.5* ( tn-Cn-C) = .525 in

Determinat ion of Clrord L.enqth

TheE.al = Arccos ( (Lo + pll1 /Rm)
=  A r c C o s (  ( 8  +  3  . 7 5 )  / 6 0 . 3 4 8 6 5 )
=  7 8 . 7 7 3 ! 2

Theta2 = Arccos ( (f,o - nn) /Rm)
=  A r c c o s  (  ( 8  -  3  . 7 5 )  / 6 0 . 3 4 8 6 5 )

REVO
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= 85.9521�2

d  =  2 *Rm*s in ( (TheEaz  _  Thera l ) / 2 )
=  2 * 5 0 . 3 4 8 5 5 * S i n  (  ( 8 5  . 9 6 2 7 2  -  7 8  . 7 7 3 7 2 ' )  / 2 )
=  / . 5 b /  L n

lilozzle required thickness

L l D o = 3 . 5 2 7 / 8 = . 4 4 0 9
From t.able G :
From Eable !IA- 3 :

Pa= 4*B/ (3 *Dolt )
=  4 * 4 7 4 6 . 9  /  ( 3 * 8 / 0 .  0 1 9 8 1 )
=  1 5 . 5 2 2 7  p s i

D o / t  =  8 / 0 . 0 1 9 8 1
A  =  0 . 0 0 0 3 8 3
B  =  4 7 4 6 . 9

=  4 0 3 . 8 3 6 4

Nozzle reguired thickness trn = .01981 in

Reguired tshickness tr from Uc-3?(d) (1) = .19?3 in

Area reouired

Al lowab le  s t resses :  Sn =  14700,  Sv  =  14?00,  ps i

fr1 = 1sss6r of 1 or Sn/Sv so fr1 =1
frz = Lesser of 1 or Sn/Sv so fr2 =1

A  =  0 . 5 * ( d * t r * F  +  2 * t n * t r * F * ( 1  _  f r 1 ) )
=  0 . 5 *  ( 7  . 5 5 7 * 0 . 1 9 7 3 * 1 ,  +  2 * 0 . 2 5 * 0 . ! 9 7 3 * L *  ( 1  _  1 )  )
= .  /+b5 l -n  I

Area available

A1 = larger of the following

A2 = small-er of E.he following

= 5*  (Ln  -  t rn )  * f r2* t
-  5 *  ( 0  . 2 5  -  O . 0 1 9 8 1 ) * 1 * 0 . 2 5
=  . 2 8 8  i n ^ 2

= 5*  ( tn  -  t rn )  * f r2* tn
=  5 *  ( 0  . 2 5  -  O . 0 1 9 8 1 )  * 1 * 0 . 2 5
= .288 in^2

=  0 . 2 8 8  i n ^ 2

=  . 3 9 9  i n ^ 2

d*  (E1*E-F* t r )  -  2 r tn *  (E1* t -F * t ' r )  *  (1 - f r1 )
7 . 5 6 7 *  ( 1 * 0 . 2 5 - 1 * 0 . 1 9 7 3 )  -  2 * O . 2 5 *  ( 1 * 0 . 2 5 - 1 * 0 . 1 9 7 3 ) *  ( 1 - 1 )
. 3 9 9  i n ^ 2

2 *  ( t + t n )  *  ( 8 1 * E - F * ! r )  -  2 * t . n *  ( E 1 * t - F * t r )  *  ( 1 - f r 1 )
2 *  ( 0 . 2 5 + 0 . 2 5 )  *  ( L * 0 . 2 5 - 1 * 0 . 1 9 7 3 )  . -  2 * O . 2 5 *  ( 1 * 0 . 2 5 - 1 * 0 .  1 9 7 3 )  *  ( 1 - 1 )
, 0 5 3  i n ^ 2
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441  =  Lsg^2*1 r2
=  0 . 2 5 ^ 2 * L  =  . 0 6 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 3 9 9  +  0 . 2 8 8  +  0 . 0 6 3
=  . r )  L n  2

As Area > A the reinforcement is adequaEe for Pe = 15.58935 at 4oo Deg F

neinforcement. check in the olane oarallel to the lono- axis

Area required

A  =  0 . 5 * ( d * t r * F  +  2 * t s n * t r * F * ( 1  -  f r 1 ) )
=  0  .  5  *  (  7  .  5  *  0  .  1  9  7  3  r  1  +  2 1 0  . 2 5 * O . 1 9 7 3 * 1 *  ( 1  -  1 ) )
= .739875 in^ 2

Area awailable

A1 = farger of  the fol lowing = .395 in^2

d *  ( 8 1 * t - F * t r )  -  2 * E n *  ( 8 1 * t - F r t r )  *  ( 1 - f r 1 )
7  .  5  *  (  1  *  0  .  2  5  -  1  *  0  .  1  9  7  3  )  -  2 * 0  . 2 5 *  (  L  *  0  .  2  5  -  1  *  0  .  1  9  7  3  )  *  ( 1 - 1 )
. 3 9 5  i n ^ 2

2 *  ( t + E n )  *  ( E 1 * t - F * ! r )  -  2 * t . n *  ( E 1 * t - F * E . r )  *  ( 1 - f r 1 )
2 * ( 0 . 2 5 + 0 . 2 5 ) * ( 1 * 0 . 2 5 - 1 * 0 . 1 9 7 3 )  -  2 * 0 . 2 5 *  (  1  *  0  .  2  5  -  1  *  0  .  1  9  7  3  )  *  (  1  -  1  )
.  053  i n^2

Area = .A1 + A2 + A41
=  0 . 3 9 5  +  0 . 2 8 8  +  0 . 0 5 3
= .7 46 j-':^ z

As Area > A E.he reinforcement is adequate for pe = 15.58935 at. 400 Deg F

ItG-45 Nozzle Neck Ttrickness Ctreck

Wa1I thickness per Uc-45 (a) :
WaI I  th ickness  per  UG-45 (b )  (2 ) :
Wal1 thickness per UG-15 (b) :
Std pipe wall  per UG-45 (b) (4) !
The great.er of tr2 or tr3:
Ttre lesser of Et4 or !r5:

Reqrd per UG-45 is the larger of tr1

Available nozzLe wa1I thickness new,

t r 1  =  0 . 0 1 9 8 1  i n  ( E  =  1 )
t r 2  =  0 . 0 3 2  i n
r r 3  =  0 . 0 6 2 5  i n
t ' r4  =  0 .28175 in
t r 5  =  0 . 0 6 2 5  i n
ts r6  =  0 .0625 in

o r  t r 5  =  0 . 0 5 2 5  i n

t n  =  0 . 2 5  i n
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v049-l{t73
Frgc 20 of29

Ttre nozzle neck thickness is adecruate for Pe.



N2-RIGIfT

Opening n2 Reinforcement Calculations Per UG-37

Located on: 60" F&D HAM HEAD
User input vessel thickness: .25 in
Liquid stat ic head included: 0 psi
Flange description: Nots installed

Nozzle material specif icat ion: SA 240 3041, HIGH

NozzLe orienEation: 90 deqrees
End o f  nozz le  Eo daEum l ine :  14 .53  in
Nozz1e calculated as hi l ls ide: yes
Projection out.side vessel Lpr: 5,082 in

cn ->

tw1->

< -  R  - > l

< - d - >

*,

0 i n
. 2 5  i n
7 . 5  i n
, 2 5  i n
. 18 75 i .n

corrosion aI low =
noz thick.new tn=
nozzle id. new d=
fi1leE weld trql =
groove weld tw2 =

To head center R= 15.75 in

Reinforcement Calculations For Nozzle MAtiIp

Limit's of reinforcement UG-40

Para lLe l  t o  t he  vesseL  wa l l  d  =  7 .777  i n
NormaL to the vessel  waI l  out.s ide 2.5* ( tn-Cn) + te = .625
NormaL Eo the vessel  wa1l inside 2.5* (E.n-Cn-C) = .525 in

Determination of Chord Lenqtsh

Thetal = Arccos ( (Lo + nn) /Rm)
=  A r c c o s (  ( 1 5 . 7 5  +  3 . 7 5 )  / 6 0 . 3 2 1 3 5 )
=  7 1 . 1 3 9 6 8

TheEa2 = Arccos ( (Lo - P.n) /Rm)
=  A rccos  (  (15  .75  -  3  .75 )  /  60  .32135)
=  7 8 . 5 2 5 7 5

d = 2*Rmrsin( (Thetsa2 -  Theral) /2)
=  2 * 6 0 . 3 2 1 3 5 * S i n (  ( 7 8 . 5 2 5 7 6  -  7 L . 1 3 9 6 9 ) / Z ' )
=  ' 7 . 1 1 L  i n

llozzle recuired thickness

t r n  =  P * R n / ( S n * E  -  0 . 6 * P )
=  79 .06 !4L*3 .75 /  ( ] -5100*1  -  0 .6 *19 .0614 ! )
=  0 . 0 1 7 8  i n

3 - 1 2 - 1 9 9 5 REVO
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Reouired thickness tr frorn Uc-32(a) (1)

t r =  P * L * M /  ( 2 * S r E  -  0 . 2 * P )
=  7 9 . 0 6 1 4 1 - *  6 0  . 2 5 * I /  ( 2 * 1 6 7 0 0 * 1  -
=  0 . 1 4 2 7  i n

Area required

A l l owab le  s t resses :  Sn  =  16?00 ,

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1
fr2 = lggsgr of  1 or Sn/Sv so fr2

A  _  d *Er *F  +  z * tn * t r *F*  (1  _  f r1 )

Area. availalcle

A1 = lsrgga of the following

Area reguired

A  =  d * E r * F  +  2 * t n * t r * F *  ( 1  _  f r 1 )

3 . L 2 . 1 9 9 6

0 . 2 * 7 9 . 0 5 1 4 1 )

=  1 5 7 0 0 ,  p s i

=  . 8 3 4  i n ^ 2

Sv

= 1
= 1

=  7 . 7 7 7 * 0 . 7 4 2 7 * L  +  2 * 0 . 2 5 * 0 . ! 4 2 7 * L *  ( l _  _  1 )
=  1 . 1 0 8 9  i n ^ 2

=  d *  ( E l , * t . - F * t r )  -  2 * t n *  ( 8 1 * t - F * t r )  *  ( 1 - f 1 1 )
=  7  . 7 7 L *  ( 1 ' t 0 . 2 5 - 1 * 0  .  L 4 2 7 ' )  -  2 * 0 . 2 5 *  (  1 *  0  . 2 5 -  1 *  0 . 1 4 2 ?  )  *  ( 1 - 1 )
=  . 8 3 4  i n ^  2

=  2 *  ( t + t n )  *  ( 8 1 * t _ F r t r )  _  . 2 * c n *  ( E 1 * E . _ F * t . r )  *  ( 1 _ f r 1 )
=  2 *  ( 0  . 2 5 + 0 . 2 5 )  *  ( 1 * 0 . 2 5 _ 1 r 0 . a 4 2 7 \  _  2 * O . 2 5 *  ( 1 * 0 . 2 5 _ 1 * 0 . 1 4 2 7 )  *  ( 1 _ 1 )
=  . 1 0 7  i n ^  2

A2 = smal ler of  the fol lowing = 0.29 in^2

=  5 *  ( t n  -  ! r n )  * f r2 * t
=  5 r  ( 0  . 2 5  -  O . 0 1 7 8 )  * 1 * 0 . 2 5
=  , Z i  ] - I L  2

=  5*  ( t n  -  t r n )  * f r2 * tn
=  5 *  ( 0  . 2 5  -  0 . 0 1 7 8 )  * 1 * 0 . 2 5
= .29 in^2

A41 = Leg^ 2 * fr2
=  0 . 2 5 ^ 2 * 1  =  . 0 5 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 8 3 4  +  Q , 2 9  +  0 . 0 6 3
=  1 . 1 8 7  i n ^ 2

As Area > A Ehe reinforcement is adequaEe for MAWp = ?9.0G141 at O Deg

REVO
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=  7 . 5 * 0 . I 4 2 7 * L  +  2 * 0 , 2 5 * O . 1 4 2 1 * ! *  ( 1  _  1 )
=  1  . 0 7 0 2 5  1 n ^ 2

Area available

A1 = larger of  Ehe fol l0wing = .805 in^2

=  d *  (E1*C-F* t r )  -  2 r tn *  (81* t -F rCr )  i  ( 1 - f r1 )
=  ? . 5 *  ( 1 * 0 . 2 5 - 1 * 0  . ] - 4 2 7 )  -  2 * O . 2 5 *  ( 1 * 0 . 2 5 - 1 * 0 . 1 4 2 1 ) *  ( ] - - I ,
=  . 8 0 5  i n ^ 2

=  2 *  ( t + t n )  *  ( E 1 * t - F * E r )  -  2 * t n *  ( E 1 * E - F * E . r )  *  ( 1 - f r l )
=  2 *  (0  .25+O .251  *  (1 *0  .25 -L*O .L421)  -  2 *O.25*  (1 *0  .25 -1*0  . ] -427  )  *  ( ] - - ] - ) .
=  . 1 0 7  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 8 0 5  +  0 . 2 9  +  0 . 0 6 3
=  1 . 1 5 8  i n ^ 2

As Area > A the reinforcement is adequate for MAWP = 79.06I4J. at  0 Deg F

Check the welds - From UW-15(d):

tm in  =  l -esse r  o f  0 .75  o r  En  o r  t . ,  tm in  =  0 .25  i n
t l  o r  t ' 2  ( m i n )  =  l e s s e r  o f  0 . 2 5  o r  o . 7 * t m i n ,  t 1 ( m i n )  =  0 . 1 ? 5  i n
t l . ( a c t . u a l )  =  0 . 7 * I J e g  =  0 . 7 * 0 . 2 5  =  0 . 1 7 5  i n
E 2  ( a c t u a l )  =  0 . 1 8 7 5  i n
t 1  +  t 2  =  0 . 3 6 2 5  > =  1 . 2 5 * t m i n

The weld sizes for t1 and E2 are sat isfactorv.

UG-45 Nozzle Neck Ttrickness Oreck

Wall thickness per UG-45 (a) :
waII thickness per UG-a5 (b) (1) :
waI1 thickness per UG-15 (b) :
S td  p ipe  wa11 per  Uc-45 (b )  (  )  :
The greater of tr2 or tr3:
The lesser of t .r4 or tr5:

Req'd per UG-45 is Ehe larger of Er1

Available nozzle wa1I lhickness new,

t r 1  =  0 . 0 1 7 8  i n  ( E  =  1 )
t r2  =  0  -1427 Ln
t r 3  =  0 . 0 6 2 5  i n
Er4 = 0 .28L75 ln
tr5 = 0 .1427 ln
tr6 = 0 .1421 in

o r  E r 6  =  0 . 1 4 2 7  i n

t n  =  0 . 2 5  i n

The nozzle neck thickness is adequate for IIAWP,

Al]-owable stresses in joints Uc-45(c) and UYf-15(c)

Groove weld in tension = 0.14*7-6700 = 12358 psi
Nozz le  wa11 in  shear  =  O.7*L67O0 =  11690 ps i
Inner  f i l1eE.  we ld  in  shear  =  0 ,49*15700 =  8183 ps i

Strength of welded joints:

3 . 1 2 . 1 9 9 6 REVO
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(1) Inner f i I lets weld in ahear
(P i /2 \  *Nozz l -e  O.D.  *L ,eg*S i  =  1  .  5  ?  *  I  *  0  .  2  5  *  I  1  I  3  =  25694.52  lb f

(3) Nozzle r^ral l  in shear
( P i l 2 1 * y " - t t  n o z z l e  d i a .  * t n * S n  =  L . 5 7 * 7 . 7 5 * 0 . 2 5 * 1 1 6 9 0  =  3 5 5 5 9 . 5 2

(4) Groove weld in tension
( P ! / 2 1  * 1 1 o " r 1 e  O , D . * E w * S g  =  1 . 5 7 * 8 * 0 . 1 8 7 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  l b f

Ioadinq on welds Der UG-41 (b) (11

w =  (a  -  (d  -  2*E.n)  *  (E l - *E .  -  F* t r1  1*g . t
=  ( 1 . 1 0 8 9  -  ( 7 . 7 7 L  -  2 * O . 2 5 )  * ( 1 * 0 . 2 5  -  1 - * 0 . L 4 2 7 )  ) * 1 5 ? 0 0
=  5 4 8 9 . 6 5 2  L b f

W 1 - 1  =  ( A 2 + A 5 + A 4 1  +  A 4 2 ) * S v
=  ( 0 . 2 9  +  0  +  0 . 0 6 3  +  0 ) * 1 6 7 0 0
=  5 8 9 s . 1  l b f

W2-2  - -  (A2 +  A3 +  A41 +  A43 +  z* t 'n* t * f r1 ) *Sv
=  @ . 2 9  +  0  +  0 . 0 5 3  +  0  +  2  *  0  .  2  5  ' !  O  .  2  5  *  1  )  *  1  6  7  O  O
=  7 9 8 2 . 5  l b f

Load fo r  pa th  1 -1  lesser  o f  W or  W1-1  =  5489,G52 lb f
Path  1-1  Thru  (1 )  c  (3 )  =  25694.62  +  35559.52  =  61-254.14  Ib f
Path 1-1 is stronger tshan W so i t  is acceptable per UG-a1(b) (2)

Load fo r  pa th  2 -2  lesser  o f  W or  W2-2  =  5499.G52 1bf
P a E h  2 - 2  T h r u  ( 1 ) ,  G )  =  2 5 6 9 4 . G 2  +  2 9 1 0 3 . o 9  - _  s 4 7 9 7 . 7 1  l b f
PaEh 2-2 is sEronger than W so i t  is accepE.able per UG-41 (b) (2)

Reinforcement Catculations For Nozzle MAp

Limits of reinforcenent ltc-40

Paral1el Eo Lhe vessel waII d = 7.77I in
Normal to tshe vessel wa1l ouEside 2.5* (tn-Cn) + te = .G25 in
Normal- t .o the vessel waI1 inside 2.5* (En-Cn-C) = .625 in

Det.erminat,ion of C'lrord tength

Thetal = Arccos((L,o + Rn)/Rm)
=  A r c c o s  (  ( 1 5 . 2 5  +  3 . 7 5 )  / 6 0  . 3 2 ] . 3 s )
=  , I  .  t J y o E l

T'hetsa2 = Arccos ( (Lo - Rn) /Rm)
= ArcCos (  (15 .?5  -  3 .25)  /60 .32L35 ' )
=  t  o  . 2 z a  t b

d  =  2 *Rm*S in ( (The ta2  -  TheEa l ) /2 )
=  2 * 5 0 . 3 2 L 3 5 * S i n (  ( 7 8 . s 2 5 7 6  -  7 L . L 3 9 5 8 )  / 2 )
=  7 . 7 7 I  i n
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N2 -RIGI{T

Nozzle reouired thickness

t r l r  =  P*Rn / (Sn*E  -  0 .6 *P)
=  7 9 . 0 6 1 4 1 * 3 . 7 5 /  ( L 6 7 0 0 * 1  -  O . 6 * 7 9 . O 5 r 4 r ' )
=  0 . 0 1 7 8  i n

Required thickness t.r from ltc-32(a) (1)

t r =  P * L * M /  ( 2 * s * E  -  0 . 2 * P )
=  7 9 . 0 5 L 4 1 * 6 0 . 2 5 * I / ( 2 * 1 5 7 0 0 * 1  -  O , 2 * 7 9 . 0 6 1 4 1 )
=  V . I + Z  I  l n

Area required

Al lowab le  s t . resses :  Sn =  15700,  Sv  =  16200,

f r 1  =  f e s s e r  o f  1 o r  S n / S v  s o  f r 1  = 1
f r2  =  Lesser  o f  1or  Sn/Sv  so  f r2  =1

psi

A =  d r t r *F  +  2 * t sn* t r *F*  (1  _  f r ] . )
=  7  , 7 7 1 * 0 . I 4 2 7 t 1 !  +  2 r , 0 . 2 5 * 0 . ! 4 2 7 * ! *  ( 1  _  1 )
=  1 . 1 0 8 9  i n ^ 2

Area awailable

A1 = larger of  Lhe fol lowing = .834 in^2

=  d *  (81* t . -F * t r )  -  2 *g1*  (E1* t_F* t . r )  *  (1_ f r1 )
=  7 . 7 7 7 *  ( 1 * 0 . 2 5 - 1 * 0 . 1 4 2 1 )  -  2 * 0 . 2 5 * ( 1 * 0 . 2 5 _ 1 * 0 . 1 4 2 7 ) * ( 1 _ 1 )
=  . 8 3 4  i n ^ 2

=  2 *  ( t + t n )  *  ( E 1 * E _ F * t r )  _  2 * t . n *  ( E 1 * t _ F * E , r )  *  ( 1 _ f r 1 )
=  2 *  ( 0 . 2 5 + 0 . 2 5 )  *  ( 1 * 0 . 2 5 - 1 - * 0 . 1 4 2 1 )  -  2 * O . 2 5 *  ( 1 * 0 . 2 5 - 1 * 0 . L 4 2 1 ) *  ( 1 - 1 1
=  . 1 0 7  i n ^ 2

A2 = sm211sr of  the fol l0wing = Q.29 j - .n^ 2

=  5 *  ( t n  -  t r n )  * f r z * t
=  5 *  ( 0 . 2 5  -  0 . 0 1 7 8 )  * t  * 0 . 2 5
=  .29  i n^2

=  5 *  ( t . n  -  t r n )  * f r2 * tn
=  5 * ( 0 . 2 5  -  0 . 0 1 7 8 )  + 1 * 0 . 2 5
= .29 j-yr^z

A41 = Leg^2*fr2
=  o . 2 5 ^ 2 * r  =  . 0 6 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 8 3 4  +  O . 2 9  +  0 . 0 6 3
=  1 . 1 8 7  i n ^ 2

As Area > A Ehe reinforcement is adequate for MAp = 79.0G141 at ?O Deg

REVO
v049-t -073
Prge 25 of29

3 . L 2 . L 9 9 6
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Reinforcement check in the plane parallel to the lonq - axis

Area required

A  =  d r . t 1 tP  +  2 * !n * t r *F*  (1  -  f r 1 )
=  7 . 5 * 0  . 1 4 2 7 * !  +  2 * O  . 2 5 * O  . 7 4 2 7 * 1 _ *  ( 1  _  1 )
=  1 . 0 7 0 2 5  i n ^ 2

=  d *  (E1 r t -F * t r )  -  2 *En*  (81* t_F* t r )  *  (1_ f r ] . )
=  ' 7 . 5 *  ( 1 * 0 . 2 5 - 1 * 0 . ] - 4 2 7 )  -  2 * 0  - 2 5 *  ( 1 * 0 . 2 5 - 1 * O  . 7 4 2 7 ) *  , 1 - t )
=  . 8 0 5  i n ^ 2

=  2 *  ( t+ tn )  *  (E1* t s -F t t r )  -  2 * tn r  (E l - *E . -F* t . r )  *  (1 - f  11 )
=  2 r  ( 0 .  2 5 + 0 . 2 5 )  *  ( 1 * 0 . 2 5 - 1 * O , L 4 2 7 t ,  -  2 *  O . 2 S *  ( 1 * 0 . 2 5 - 1 * 0 . 1 4 2 2 )  *  ( L - 1 )
=  .  L 0 7  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 8 0 5  +  Q , 2 9  +  0 . 0 5 3
= r .  J_5d l -n  z

As Area > A the reinforcement is adequate for MAp = 79 .06L4:. �  at  ?O Deg

Check the welds - prom Utf-].6 (d) :

tm in  =  l esse r  o f  0 .75  o r  t n  o r  t . ,  tm in  =  0 .25  i n
t 1  o r  t 2  ( m i n )  =  l e s s e r  o f  0 . 2 5  o r  o . 7 * t m i n ,  C 1  ( n i n )  =  0 . 1 2 5  i n
f 1  ( a c E u a L )  =  0 . 7 * L e g  =  0 , ? * 0 . 2 5  =  0 . 1 ? 5  i n
C2  (ac tua l -  )  =  0 .1875  i n
E 1 -  +  E 2  =  0 . 3 6 2 5  > =  1 . 2 5 * t m i n

The weld sizes for t1 and t .2 are sat. isfactory.

ItrG-45 Nozzle l,Ieck 1hickness Ctreck

Area available

A1 = larger of t.he following

Wall- E.hickness per UG-45 (a) :
WaII thickness per UG-45 (b) (1) :
wa l l  th ickness  per  UG-16(b) :
s td  p ipe  wa1 l  per  UG-45 (b )  (a ) :
The greater of Er2 or tr3:
The lesser of E.r4 or tr5:

Reqrd per UG-45 is t .he larger of tr1

Availab1e nozzle wall thickness ner.r,

=  . 8 0 5  i n ^ 2

t r 1  =  0 . 0 1 7 8  i n  ( E  =  1 )
Er2 = 0.L427 in
r r 3  =  0 . 0 6 2 5  i n
t r 4  =  0 , 2 8 1 7 5  i n
tr5 = 0 .1427 in
tr5 = 0 .1427 in

or  t r6  =  0 .1427 in

t n  =  0 . 2 5  i n

The nozzle neck t.hickness is adequate for MAp.

Allowable stresses in ioints UG-45(c) and ltw-15(c)
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N2-RIGITT

Groove weld in tension = O,14*L6700 = 12359 psi
Nozz le  wa1 I  i n  shea r  =  0 .7 *16Z00  =  11690  ps i
Inne r  f i l I e t  we ld  i n  shear  =  0 .49*16700  =  8183  os i

Strenqth of welded joints:

(1) Inner f i I let  weld in shear
( P i / 2 ) * N o z z l e  O . D . r l . , e g * S i  =  1 . 5 7 * 8 * 0 . 2 5 * 8 1 8 3  =  2 5 6 9 4 , G 2  ] , b f

(3) Nozzle wal l  in shear
(P i , / 2  )  *Mean  r rozz le  d ia .  *E .n *Sn  =  I . 57*7 .  25*O .25*11G90  =  35559  .52

(4) Groove weld in tension
(P i /2 )  *Nozz le  O .D . * t r , r *Sg  =  1 .57*8*O. ; -875* ; -2358  =  29103 .09  l b f

Loading on welds per ue-41 (b) {1)

W  = .  ( A  -  ( d  -  2 * E n ) *  ( E 1 * t  -  F * t r )  ) * S v
=  ( 1 . 1 0 8 9  -  ( ? . 7 7 r  _  2 * 0 . 2 5 )  * ( 1 * 0 . 2 5  _  r * 0 . 1 4 2 7 )  )  * 1 6 ? 0 0
=  5 4 8 9 . 6 5 2  l b f

w1-1 = (A2 + A5 + A4l-  + A42) *gy
=  ( 0 . 2 9  +  0  +  0 . 0 6 3  +  0 ) * 1 5 7 0 0
=  5 8 9 5 . 1  l b f

W2-2  =  (A2  +  A3  +  A41  +  A43  +  2 *E .n* t * f  r1 ) *Sv
=  ( 0 . 2 9  +  0  +  0 . 0 6 3  +  0  +  2 * 0 . 2 5 * 0 . 2 5 * 1 ) * 1 G 7 O O
=  7 9 8 2 . 6  1 b f

Load  fo r  pa th  l - -1  Lesse r  o f  W o r  W1-L  =  5489 .G52  lb f
Pa th  1 -1  Th ru  (1 )  &  (3 )  =  25694 .52  +  35559 .52  =  51254 .14  1b f
Path 1-1 is stronger than w so i t  is acceptable per ue-41(b) (2)

Load  fo r  pa th  2 -2  l esse r  o f  W o r  W2-2  =  5499 .652  l b f
P a E h  2 - 2  T h r u  ( 1 ) ,  ( + )  =  2 5 5 9 4 . 6 2  +  2 9 1 0 3 . 0 9  =  5 4 7 9 7 . 7 1  1 b f
PaEh 2-2 j .s stronger Ehan W so i t  is acceptable per UG-+1(b) (2)

Reinforcement Calculations for External pressure

Limits of reinforcement ltrG-4o

Paral lel to the vessel wall  d = 7.77 in
Normal to the vessel- wa1l ouE.side 2.5* (tn-Cn) + t€ = .625 in
Norma1 to the vessel wall  inside 2.S* (tn-Cn-C) = .G25 in

Determination of Chord Lengtsh

Ttretal = Arccos ( (Lo + Rn) /Rm)
= Arccos  (  (15  .25  +  3  .  ?5  )  /80  .34695)
=  77 .74195

Thet.a2 = Arccos ( (Lo - Rn) /Rm)
=  A r c C o s  (  ( 1 5 , 7 5  -  3 . 2 5 )  / 6 0 . 3 4 6 5 5 l ,
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N2-RTGI{T

=  7 8  . 5 3 0 6 9

d = 2*Rm*Sin( (Ther.a2 - Theral)/2)
=  2 * 5 0 . 3 4 6 8 s * s i n (  ( 7 8 . 5 3 0 5 9  -  7 t . I 4 7 g s l  / 2 )
=  7 . 7 7  l n

Nozzle reduired thickness

L / D o  =  5 . O 8 2 / e  =  . 5 3 5 2  D o / t  =  8 / O . O 2 2 0 s  =  3 6 2 . 8 1 1 8
From tab le  c :  A  =  0 .000317
From table I{A-3: B = 4L94,4

Pa= 4*B/ ( 3 *Dolt )
=  4 *  4 L 9 4 . 4 /  ( 3 * 8  /  O . O 2 2 0 s )
=  1 5 . 4 L 4 4  p s i

Nozzle required thickness trn = .02205 in

Required thickness tr from UG-37(d) (1) = .1937 in

Area recnrired

Al lowab le  s t resses :  Sn =  f47O0,  Sv  =  14700,  ps i

f r1  =  l -esser  o f  1or  Sn/Sv  so  f r1  =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A  =  0 . 5 * ( d * E r * F  +  2 * t n * E r * F * ( 1  _  f r 1 ) )
=  0 . 5 *  ( ? , 7 7 * 0 . 1 9 3 ? * 1  +  2  *  0  .  2  5  *  0  .  L  9  3  7  *  1  *  (  1  -  1 ) )
= .7525 in^2

Area available

A1 = larger of Che following = .437 in^2

=  d *  ( 8 1 * E _ F * t r )  _  2 * t n *  ( E 1 * t _ F r E r )  r  ( 1 _ f r 1 )
- -  7  , 7 7  *  (  1  *  0  .  2  5  -  1  *  0  .  1  9  3  7  )  -  2 * 0  . 2 5 *  (  1  *  0  .  2  5  -  1  *  0  .  1  9  3  7  )  *  (  l _ -  1 )
= .437 in^2

=  2 *  (E+ t .n )  *  (E1*E-F* t s r )  -  2 * tn *  (E1 i t_F r t r )  *  (1 - f r l )
=  2 *  ( O . 2 5 + 0 . 2 5 )  *  ( 1 * 0 . 2 5 - 1 * 0 . 1 9 3 7 )  -  2 * O . 2 5 *  ( 1 * 0 . 2 5 - 1 * 0 . 1 9 3 ? ) * ( 1 - 1 )
=  . 0 5 5  i n ^ 2

A2 = smaller of the foJ-lowing

- 5t  ( t .n -  t rn) * f t2*E
=  5 *  ( 0 . 2 5  -  O . 0 2 2 0 5 ) * 1 i 0 . 2 5
= .285 i-n^ 2

=  5 *  ( t n  -  E rn )  * f r2 * tn
=  5 * ( 0 . 2 5  -  O . 0 2 2 0 5 '  * 1 * 0 . 2 5
=  . 2 8 5  i n ^ 2

3  - L 2 . L 9 9 6
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A4\ = Leg^ 2* fr2
=  0 . 2 5 ' 2 * 1  =  . 0 6 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  Q . 4 3 7  +  0 . 2 8 5  +  0 . 0 6 3
=  . 7 8 5  i n ^ Z

As Area > A the reinforcement is adequate for pe = 15.31362 at 4OO Deg F

Reinforcenent. check in the plane parallel to the lonq. axis

Area reouired

A  =  0 . 5 * ( d * E r * F  +  2 * E n * E r * F * ( 1  _  f r 1 ) )
=  0 . 5 r ( 7 . 5 * 0 . 1 9 3 7 * 1  +  2 * 0 . 2 5 * 0 . 1 9 3 7 * I *  ( 1  _  1 ) )
= .726375 i r .^2

Area available

A1 = Iarger of  t .he fol lowing = .422 !n^2

=  d *  ( E 1 * t - F * t r )  -  2 * E n *  ( E 1 * t _ F * t r )  *  ( 1 _ f r 1 )
=  7  . 5 *  (  1  *  0  .  2  5  -  1  ' r  0  .  1  9  3  7  )  -  2 * O  - 2 5 *  (  1  *  O  ,  2  5  -  1  *  O  .  1  9  3  7  )  *  ( 1 _ 1 )
=  .422  i n^  2

=  2 *  ( E + t n )  *  ( E 1 * t - F * t r )  -  2 * t n *  ( E 1 ' r t - F * t . r )  *  ( l _ - f r 1 )
=  2 *  ( 0 . 2 5 + O . 2 5 )  *  (  1  *  0  .  2  5  -  1  *  0  .  1  9  3  7  )  -  2 * O . 2 5 *  ( 1 * O  , 2 5  - 1 * O  . 1 9 3 7  )  *  (  1 -  1 )
=  . 0 5 6  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 4 2 2  +  0 . 2 8 5  +  0 . 0 5 3
= .77 j -n^ 2

As Area > A the reinforcement is adequate for pe = 15.31362 at 400 Deg F

UG-45 NozzLe t{eck Thickness C.heck

WaI ]  t h i ckness  pe r  UG-45(a ) :  t r 1  =  0 .02205  in  (E  =  1 )
Wa l I  t h i ckness  pe r  UG-45  (b )  (2 ) :  t r 2  =  0 .0314  i n
Wa l l  t h i ckness  pe r  Ue-16 (b ) :  E . r3  =  0 .0625  i n
SE.d pipe vral l  per UG-45 (b) (4) :  t r4 = 0.281?5 in
The greater of  t r2 or E.r3:  t r5 = 0.0G25 in
The  lesse r  o f  t r 4  o r  t . r 5 :  t s r6  =  0 .0G25  in

Reqid per Uc-45 is the larger of  t r1 or t r6 = 0.0625 in

Awai lable nozz]-e waI l  th ickness new, tn = 0.25 in

The nozzle neck thickness is adequate for pe.
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Pressure Su narlf

Pressure sumlary for pressure chaniber 1

l ! . o z ! r e  I  r  I  n ^ r r  l r a p  |  ? .  l r r c - e e  I  o c a - 5 6  l c o l r o . l o r l
|  s r l r u .  I  d . i t sn  |  |  l . ! t . r " . l l  r r r l o  I  tD r t  t r . l p t l o r  o r  l ^ ! t o r . r c . l

I  r uc { ! )  l ( dce  r l  |  { p . I )  |  ( p .1 )  |  ( p .1 )  |  |  ( d .9  r )  . t r . . .  t . duc t l oo  I  t t t l )  I

I  D t  x 1 ' l s t  i 0 l . - c E N t a l

l x 2  x 2  - 1 a r  R o r - t r c B r I

|  0 - 0  |  1 2 . t  |  7 2 . 1

o k  |  0 . 0  |  8 - !  . 5  |  a J . 3

o x  |  0 . 0  |  3 l  . ,  I  a 3 . 0

" h  I  o . o  I  a a . 2  I  a 3 . o

o r  |  0 . 0  |  6 1 . 2  |  r 3 . o
o x  |  0 , 0  |  t J . 2  |  8 l - 0

tar  l rD ran x laD I |  2 2 . r  I  t . 0 o o  I

I  r r - ?  |  1 . o o o  I

I  1 5 . 8  |  1 , o o o  I

I  1 5 . 8  I  1 . o o o  I

I  r s . 6  |  1 . o o o  I

|  1 5 . 0  |  1 . o o o  I

l r o ! . p p l l c . b t .

I  ror  lppr lc lbt .

I  xor  ! !pr tc lbrc

l x o t . p p 1 1 . . b l .

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

l x o t . p p l i c . b l c

t - l

I  o . o o o  I

I  o . o o o  I

I  o - o o o  I

I  o , o o o  I

I  o . r o o  I

I  o . o o o  I

I  t ,  l r ! ' 1 s T  i o f - r r ! r r  I

t a  r a  - : t a D  i o r - R ! c 8 t I

xs r rs-2xD nor-  LBaT I

_ t _ t _ t _ t _ t _ t _ l t - l

Vessel MAWp hot & corroded rs 72.1,1,  psi  @ 0 degrees F.

Vesse] MAP new & cofd is 72.1, !  psi  @ 70 deqrees F.

Vessel al lowable exEernal-  pressure is 15.76 psi  @ 400 degrees F.

Hydrot,est pressure calculation based on I{AWP

= 1 ,5 *  (MAWP +  Opera t i ng  L , i qu id  Head)  *1  =  108 .2  ps i

Vesse l  hyd ro tes t  p ressu re  i s  108 .2  ps i .

Note: vessel MAP rating not valid unless hydrotest pressure based on !lAP.

REVO
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Weight Sumnary

c o h D o r c n t  - - - - - - - - -  * . i g h r  { l b . }

x . t ! I  n ! L r l ,  t r . y .  l . . k . d

r r . r  c o r r  r  . u p  r . d .

c o r t r l b u t . i l  b y  v . . . . 1  l l . n . n t r

t r r u ] ' � n l n g  P l p i n g  L ! i l c . f

r  P t l t

81 t r9 .  Op. !  r . r t  l |oz  !  l .

&  HI .c  r , !qu !a l  l tqu i i t  r  119

l a r  t r d  h l m  D € . 2 t a t

: ! a 9

v e 3 3 € l  o P e r a t l n g  r e l g h t ,  . o t o d e d :  4 5 0  l b 3

v . . r . l  . n p t y  r e i g h t ,  c o l l o d . d :  4 5 0  l b a

V c r r G l  . h p t y  v e i g h t ,  n . r :  4 5 0  l b r

v e r r . l  r e . .  r e l E h t ,  n e r :  2 , 9 9 9  l b 6

Vessel center of qrawitv location (from riqht weld seam)

Vessel 1i f  t  weight. ,  new:
eenler of gravity to seam:

848  lbs
1 0 . 5  i n

REVO
Doc No. Va9-l-07a
P.r.aot38
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Nozzle Sunmarv

OD

( i n )  a 1 t  t 2 ? ( i n )  ( t )

N t

x2

'|!

N 4

lc5

t . 0 0  0 . 2 5 0 0

a , 0 o  0 , 2 5 0 0

0  . 3  ? s 0  0 . 4 7 r 7

0 .  ! 1 5 0  o  -  2 ? a 9

o  -  3 7 5 0  o  -  2 r g a

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

o , a t 5 0  0 . 2 ? 9 0

0 . 0 0 0 0  1 0 0  .  a

0  , 0 0 0 0  r o 0  -  o

0 .  o o 0 0  1 0 0 . 0

o .  o o o 0  1 0 0 .  o

0  .  2 1 0 1

0 . ? t 0 1

0  .  2 1 0 1

Y

v

nozzl-e thickness
- nozzle Ehickness required per UG-45/16

vessel wall  thickness
required vessel wal1 thickness due to pressure + corr per uG-37

- local vessel vra1l Ehickness (neaf opening)
area avai lable per UG-3?, governing condiEion
area required per UG-37, governj-ng condition
corrosion aI l-owance on nozzfe id.

REVO
Doc No. va9-l-074
P.!.9 ol38

0 . t r t 0

0 . 3 7 t o

0 , ! ? 5 0

0 . 3 ? 5 0

0 .  ! 7 5 0

Req tn
Nom E. -
R e q t -
User t
A a -
A r -
Corr -
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T'hickness sumnary

l ,eng th  Lo [  I

r  l n )  t l n l i  i n )  a

cov . rD l .g

! 'o .d  B l . tu .

D . t l . c t

a t  r . . .  l l D t

I D

3 a  r  l a i l  h . !  t ! € . . t o . ! r 5 o  o - 3 7 s 0  0 , 8 5

Nom
P aat

E

t  -  vessel waI1 tshickness
t - required vessel wa1I thickness due Eo governing loading

- LongiEudinal seam joint eff iciency

Load:
internaf - circ slress due t.o internal pressure governs
external - external pressure governs
wind - conbined long sEress due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs

REVO
Doc No. V.l9J.07,|
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84N F&D EA HBAD

ASMB Sect.ion VIII Division 1. 1992 Edition. A93 Addenda

Component: F&D head
Mater ial  speci f icat ion: SA 240 3041, HIGH

Corrosion al lowance: Inner C = 0 Out.er= 0

PWHT is not performed

Radiography: Category A joints - Seamless NO X-Ray
Head t.o shell seam - Spot ilw- 11 (b) type 1

Estimated weight :
capac j- ty:

n e w  =  8 2 1 . 5  c o r r  =  8 2 1 . 5  I b
new =  257 .65  co rT  =  257 .65  US qa

ID  =  84 .25  c rown  L  =  84 .25  knuck le  r  =  5 .25 E = .375 i .n (min)

SE.raight flange = 2 forming allowance = 0 in

MAP: (New & at 70 de€r F) Appendix 1-4 {d) Bo 3

P  =  2 * S * E * t /  ( L * t r t  +  0 . 2 * t )  -  P s
=  2 * 1 6 7 0 0 * 0 . 8 5 * 0 . 3 7 5 l ( 8 4 . 2 5 * 1 . 7 5 1 5  +  0 . 2 * 0 . 3 ? 5 )  -  O
=  7 2  . 1 1 0 0 8  p s i

MAWP: (Corroded & at. 0 deg F) Appendix 1-4 (d) Bs 3

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

A  =  . t 2 s /  ( R o / E ,
=  . t 2 s /  ( 8 4 . 5 2 5 / O . 3 7 5 )
=  0 , 0 0 0 5 5 4

From tab le  HA-3 :  B  =  5085.4

Pa= B,/ (Ro/E)
=  5 0 6 5  . s /  ( S e . 6 2 s / O . 3 7 s )
=  22  .4464 ps i

Check Ehe Maximum External- pressure: UG-33 (a) (1) & App. 1-4(d)

p e =  2 * S * E * t /  (  ( M * r , o  _  t * ( M _ 0 . 2 ) ) * 1 . G 7 )
=  2 * : I 4 7 0 0 * t * 0 . 3 7 5 /  (  ( 1 . 7 5 1 5 * 8 4  . 6 2 5  -  0 . 3 2 5 *  ( 1 . 2 5 1 5 - 0 , 2 )  ) * 1 . 5 ? )
=  4 4 . 7 1 5 8 4  p s i

The maximum al lowable external pressure is 22.4464 ps!,

1 n

REVO
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t
N1-1ST ROW- CBTiITtsR

Opening N1 Reinforcement Calculatsions Per Ue-37

Located on: 84,' F&D HAM HEAD
User input vessel thickness: .3?5 in
IJiguid staEic head included: 0 psi
F]ange description: Not. inst.alled

NozzIe materiaL specif icat ion: SA 240 3041, HIGH

Nozzle orientat ion: 0 degrees
End of nozzl-e to datum l ine: 19.782 in
Nozzle calculated as hi l ls ide: yes
Pro jec t ion  ou ts ide  vesse l  Lpr !  3 .39  in

t n  ->

tvrl->

< -  R  - t l

Reinforcement ealculations For Nozzle MAWP

I",imits of reinforcement ltrc-4o

ParaL le f  t o  t he  vesse l  wa l l  d  =  7 .533  i n
Norrnal  to Ehe vessel  waI1 oulside 2.5*(En-Cn) +
Norma l  t o  the  vesse l  wa l1  i ns ide  2 .5 *  ( t n -Cn-C)  =

Determinat,ion of Chord Length

Thet.al = ArcCos ( (1.,o + Rn) /Rm)
=  A r c c o s  ( ( 7  - 8 7 5  +  3 . 7 5 )  / 8 4 . 3 5 5 4 )
=  8 2 . 0 7 9 3 2

TheE,a2 = Arccos ( (Lo - Rn) ,/Rm)
=  A rcCos  (  (7  .875  -  3 .75 )  / 94 .3554 ' l
=  8 ? . 1 9 7 5 8

d  =  2 *Rm*S in ( (The ta2  _  The ta l ) / 2 )
=  2 * 8 4 . 3 5 5 4 * S i n (  ( 8 ? . 1 9 7 s 8  -  e 2 . 0 7 9 3 2 )  / z )
=  7 . 5 3 3  i n

Nozzle required thickness

t r n  =  P * R n / ( S n * E  -  0 . 6 * P )
=  8 3 . 5 3 0 5 7 * 3 . 7 5 /  ( t 6 7 O O * 1  -  0 . 5 * 8 3 . 5 3 0 5 ? )
=  0 . 0 1 8 8  i n

3 . L 2 . L 9 9 5

< - d - >

*,

corrosion aIIor,\r =
noz thick new tn=
nozzle id.  new d=
f i l let  weld Ew1 =
groove weld tw2 =

To head center R=

0 i n
. 2 5  i n
/  -5  .an
. 2 5  i n
. 1 8 ? 5  i n

7 . 8 7 5  i n

t se  =  .625 in
. 6 2 5  i n

REVO
Doc No. V4tl.0?4
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Nl-1ST ROW- CBNTER

Reouired thickness tr froln UG-3? (al (1)

t r=  P*1 , *1 ' t 17  (2 tS rE  -  0 .2 *P)
=  8 3 . 5 3 0 5 ? * 8 4 . 2 5 * L /  ( 2 * 1 6 7 0 0 * 1  -  0 . 2 t 8 3 . 5 3 0 5 7 )
=  0 . 2 1 0 8  i n

Area required

A l -1ov rab1e  s t resses :  Sn  =  f6700 ,  Sv  =  15700 ,  ps i

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1  =1
f r2  =  l esse r  o f  1o r  Sn /Sv  so  f r2  =1

A  =  d *91*9  +  2 * tn * t r *F r  (1  _  f r1 )
=  7 . 5 3 3 * 0 . 2 1 0 8 * 1  +  2 * 0 . 2 5 * 0 . 2 1 0 8 r 1 * ( 1  _  1 )
=  1 . 5 8 8  i n ^ 2

Area available

A1 = larger of the following = r.237 j-n^2

=  d *  ( 8 1 * E _ F * t r )  _  2 * t n *  ( E 1 * 8 . _ F * E . r )  *  ( 1 _ f 1 1 )
=  7 . 5 3 3 *  (  1  *  0  .  3  7  5  -  1  *  0  .  2  1  0  8  )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 8 )  *  ( L - 1 )
=  L  .237  i n^  2

=  2 *  ( E . + E n )  *  ( 8 1 * t - F * t r )  -  2 * c n *  ( E 1 * E - F * E . r )  *  ( 1 - f r l )
=  2 * ( 0 . 3 7 5 + 0 . 2 5 ) * ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 8 )  -  2 * O . 2 5 *  (  1  *  0  ,  3  7  5  -  1  *  0  .  2  1  0  I  )  *  (  1  -  1  )
=  . 2 0 5  i n ^ 2

A2 = gmsllgr of the fol lowinq

=  5 *  ( t n  -  E r n ) * f r 2 * t
=  5 *  ( 0  . 2 5  -  O , 0 1 8 8 )  * 1 * 0  . 3 7 5
=  . 4 3 3  i n ^ 2

=  5 *  ( l n  -  t r n )  * f r2 *En
=  5 *  ( 0 . 2 5  -  0 . 0 1 8 8 )  * 1 * 0 . 2 5
= . ZEg I l1, 2

A4l = Leg^ 2rfr2
=  Q . 2 5 ^ 2 * L  =  . 0 5 3  i n ^ 2

A r e a = A L + A 2 + A 4 1
=  r . 2 3 7  +  0 . 2 8 9  +  0 . 0 G 3
=  1 . 5 8 9  i - n ^ 2

As Area > A t,he reinforeement is adequate for MAWP = 83.5305? aE 0 Deg F

Reinforcement check in the plane parallel to the longr - axis

=  0 . 2 8 9  i n ^ 2

Area reguired

A  =  d * t r * F  +  2 r t n * t r * F *  ( 1  _  f r 1 )

3 .12  -L996
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Nl-1ST ROW- cBlfrER

=  7 . 5 * 0 . 2 1 0 8 * 1  +  2  *  0  .  2  5  *  0  .  2  1  0  8  *  1  *  (  1  -  1 )
=  1 . 5 8 1  i n ^ 2

Area available

A1 = larger of  the fol lowing = 1.231 in^2

=  d *  (E1 : tE . -F*E . r )  -  2 * !n *  (81* t -F * t r )  *  (1 - f r1 )
=  7 . 5 * ( 1 * 0 . 3 ? 5 - 1 * 0 . 2 7 0 8 )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 r 0 . 2 1 0 8 ) * ( 1 - 1 )
=  1 . 2 3 1  i n ^ 2

=  2 *  ( t + E n )  *  ( 8 1 * t - F * t , r )  -  2 * t n *  ( 8 1 * E . - F * E r )  *  ( 1 - f r 1 )
=  2  *  (  0  .  3  7  5  +  0  .  2  5  )  *  (  1  *  0  .  3  7  5  -  1  *  0  .  2  1  0  I  )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 8 )  *  ( 1 - 1 )
=  . 2 0 5  i n ^ 2

A r e a = A l - + A 2 + A 4 1
=  1 . 2 3 a  +  0 . 2 8 9  +  0 . 0 5 3
=  1 . 5 8 3  i n ^ 2

As Area > A the reinforcement is adequate for MAWP = 83.53057 aE 0 Deg

Check the welds - Fron Irw-16 (d) :

tm in  =  l esse r  o f  0 .?5  o r  t sn  o r  t ,  tm in  =  0 .25  i n
t 1  o r  t 2  ( m i n )  =  l e s s e r  o f  0 . 2 5  o r  o . 7 * t m i n ,  t 1  ( m i n )  =  0 , 1 7 5  i n
t . 1  ( a c t u a l )  =  0 . 7 * L e g  =  0 . 7 * 0 . 2 5  =  O . 1 7 5  i n
t 2  ( a c t u a l )  =  0 , 1 8 7 5  i n
E L  +  E 2  =  0 . 3 5 2 5  > =  1 . 2 5 * t m i n

The weld sizes for t1 and tsz are sat isfactory.

ItG-45 Nozzle Neck T'hickness Check

WalI chickness per UG-45 (a) :
walI thickness per UG-45 (b) (1)
waIl  thickness per UG-15 (b) :
Std pipe $ra1l per UG-a5 (b) (a) :
The greater of tr2 or tr3:
The lesser  o f  t r4  o r  t r5 :

r . r 1  =  0 . 0 1 8 8  i n  1 s  =  1 )
:  L r 2  =  0 . 2 1 0 8  i n

t r 3  =  0 . 0 5 2 5  i n
t r 4  =  0 . 2 8 1 7 5  i n
t r 5  =  0 . 2 1 0 8  i n
t r 6  =  0 . 2 1 0 8  i n

Reqrd per UG-45 is the larger of tr1 or tr5 = 0.2108 in

Available nozzl-�e wa1I thickness new, tsn = 0.25 in

Tbe nozzTe neck thickness is adequate for MAWP.

Allowab1e stresses in joints ltc-45(c) and urY-15(c)

Groowe weld in tension = O.74*!6700 = 12358 psi
Nozz1e wa l l  in  shear  =  0 .?116700 =  11590 ps i
rnner  f i l l e t  we ld  in  shear  =  0 .49*16700 =  8183 ps i

St.rength of welded jointa:

REVO

Doc No. V49l{71
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rr1-1sT Rovf - cBllTER

(1) Inner f i l let  weld in shear
( P i / 2 ) * N o z z l - e  O . D . * L e g * S i  =  1 . 5 ? * 8 * 0 . 2 5 * 8 1 8 3  =  2 5 6 9 4 . 5 2  l b f

(3) Nozzle wal l  in shear
( P i / 2 )  * M e a n  n o z z l e  d i a . * ! n * S n  =  ! . 5 7 * 7 . 7 5 * 0 . 2 5 * 1 1 5 9 0  =  3 5 5 5 9 . 5 2  l b f

(4) Groove weld in tension
( P i / 2 )  * N o z z l e  O , D . * t w * S g  =  1 . 5 ? * 8 * 0  . 1 8 7 5 * 7 2 3 5 8  =  2 9 1 0 3 . 0 9  l b f

L,oading on welds ger UG-41 (b) (1)

! {  =  ( A  -  ( d  -  2 * t n ) * ( 8 1 * t  -  F * t r ) ) * S v
=  ( 1 . 5 8 8  -  ( 7 . 5 3 3  -  2 * O . 2 5 ,  *  ( 1 * 0 . 3 ? 5  -  1 * 0 . 2 1 0 8 ) ) * 1 5 7 0 0
=  7 2 3 4 . 1 3 1  l b f

W 1 - 1  = ( A 2 + A 5 + A 4 1  +  A 4 2 ) * S v
=  ( 0 . 2 8 9  +  0  +  0 . 0 5 3  +  0 ) * 1 6 7 0 0
=  5 8 ? 8 . 4  l b f

W2-2  =  (A2  +  A3  +  A41  +  A43  +  2 * ln * t * f r1 )  *Sv
=  ( 0 . 2 8 9  +  0  +  0 . 0 5 3  +  0  +  2 * 0 . 2 5 * 0 . 3 7 5 * 1 ) * 1 6 7 0 0
=  9 0 0 9 . 5 5  1 b f

Load  fo r  pa th  1 -1  Lesse r  o f  w  o r  W1-1  =  5878 .4  l b f
Pa th  1 -1  Th ru  (1 )  &  (3 )  =  25694 .62  +  35559 .52  =  61254 .14  1b f
Path 1-1 is stronger than W1-l-  so i ts is acceptable per UG-41(b) (1) .

Load  fo r  pa th  2 -2  l esse r  o f  W o r  W2-2  =  7234 .131  l b f
PaEh  2 -2  Th ru  (1 )  ,  G )  =  25694 .62  +  29103 .09  =  54797 .71  l b f
PaE}r 2-2 is stronger than w so i t  is acceptable per UG-4L (b) (2).

Reinforeement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Para f l e f  t o  Ehe  vesse l  wa I I  d  =  7 .533  i n
Norma l  t so  Ehe  vesse l  wa I l  ou t . s ide  2 .5 * ( tn -Cn)  +  ce  =  .525  i n
Norma l  t o  the  vesse l  waL l  i ns ide  2 .5 *  ( t n -Cn-C)  =  .625  i n

Determination of Chord Lenqth

Thetal = Arccos ( (Lo + Rn) /Rm)
=  A r c c o s (  ( 7 . 8 ? 5  +  3 . 7 5 )  / e 4 . 3 5 5 4 )
=  82 .07932

Thera2  =  A rccos ( (Lo  -  Rn ) /Rm)
=  A r c C o s  ( ( 7  . 8 ? 5  -  3 . 7 5 )  / e 4 . 3 5 5 4 \
=  8 7 . 1 9 7 5 8

d  =  2 *Rm*S in ( (The ta2  -  The ta l ) / 2 )
=  2 * 8 4 . 3 s 5 4 * S i n  (  ( 8 7  . 1 9 7 5 8  -  8 2  . 0 7 9 3 2 ' ,  / 2 1
=  7 . 5 3 3  i n

Rf,,VO
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N1-1ST ROH-EENIBR

Nozzle required thickness

t r n  =  P * R n / ( S n * E  -  0 . 6 * P )
=  8 3  . 5 4 O 7 7 * 3 . 7 5 /  ( ] - 6 7 0 0 * 1  -  0  . 6 * 8 3 . 5 4 0 7 7 1
=  0 . 0 1 8 8  i n

Recuired thickness tr from ItG-37(a) (1)

t . r =  P * L * M /  ( 2 * S * E  -  0 . 2 * P )
=  8 3 . 5 4 O 7 7 * 8 4 . 2 5 * I /  ( 2 * 1 6 7 0 0 * 1  -  0 , 2 * 8 3  . 5 4 0 7 7 )
=  0 . 2 1 0 8  i n

Area required

A ] lowab ]e  sL resses :  Sn  =  15?00 ,  Sv  =  15700 ,  ps i

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1  =1
f r 2  =  I e s s e r  o f  1 o r  S n / S v  s o  f r z  = 1

A  =  d * t r *F  +  2 *En*Er *F*  (L  -  f r 1 )
=  7 . 5 3 3  * 0 . 2 1 0 8 * 1  +  2  *  0  ,  2  5  *  0  .  2 1 0 I  *  1 *  ( 1  -  1 )
=  1 . 5 8 8  i n ^ 2

Area awailable

A1 = larger of  Ebe fol10wing = r .237 in^2

=  d *  ( 8 1 * t - F r t r )  -  2 * t n *  ( E 1 * t - F * t r )  *  ( 1 - f r 1 )
=  7 . 5 3 3  *  (  1  *  0  .  3  7  5  -  l _  *  0  .  2  1  0  I  )  -  2 * O  . 2 5 *  (  1 * 0 . 3 7 5  -  1 *  0 . 2 1 0 8  )  *  ( 1 -  1 )
=  L .237  i rL^2

=  2 *  (8 .+ t .n )  *  (E1*E-F* t r )  -  2 *En*  (E l - * t -F * t r )  *  (1 - f r I )
=  2 * ( 0 . 3 ? 5 + 0 . 2 5 ) * ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 8 )  -  2 * O . 2 5 *  (  1  *  0  .  3  ?  5  -  1  *  0  .  2  1  0  8  )  *  (  1  -  1  )
= .205 j-n^ 2

A2 = smalter of  the fol l0wing = 0.289 in^2

= 5* ( tsn -  tsrn) * f r2*t .
=  5 *  ( 0  . 2 5  -  0 . 0 1 8 8 )  * 1 * 0 . 3 7 5
=  . 4 3 3  i n ^ 2

=  5 *  ( t n  -  l r n ) * f r 2 * t n
=  5 *  ( 0 . 2 5  -  0 . 0 t 8 8 1 * 1 * 9 . 2 U
=  .289  !n^2

A41 = Leg^ 2 * f r2
=  O . 2 5 ^ 2 t I  =  . 0 5 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  a . 2 3 7  +  0 . 2 8 9  +  0 . 0 5 3
=  1 . 5 8 9  i n ^  2

As Area > A E.he reinforcement is adequate for MAP = 83 .54077 at 70 Deg F

*;
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N1-1ST ROW-EEITTBR

Reinforcement check in the olane paraltel to the long. axis

Area required

A  =  d * t r rF  +  2 *Cn*Er *F*11  _  f r ] . )
=  ? . 5 * 0 . 2 1 0 9 * 1  +  2  *  0  .  2  5  *  0  .  2  1  0  g  *  1  r  ( 1  _  1 )
=  1 . 5 8 1  i n ^ 2

=  d *  (E1* t . -F *E . r )  -  2 *En*  (E1* t -F * t r )  *  (1 - f r1 )
=  7 . 5 '  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 8 )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - l - * 0 . 2 1 0 8 ) * ( 1 - 1 )
=  1 . 2 3 L  i n ^ 2

=  2 t  ( t + t n )  *  ( E 1 * t - F * E r )  -  2 * t n *  ( 8 1 * E - F * t s r )  *  ( 1 - f 1 1 )
=  2 * ( 0 . 3 7 5 + 0 . 2 5 ) * ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 8 )  -  2 * . 0 , 2 5 1 ,  (  1  *  0  .  3  7  5  -  1  *  0  .  ,  t  g  g  1  *  (  1  -  1  )
= .2O5 j �n^ 2

A r e a  =  A 1  + A 2  + A 4 L
=  1 . 2 3 1  +  0 . 2 8 9  +  0 . 0 6 3
=  L . 5 8 3  i n ^ 2

As Area > A the reinforcemenE is adequate for MAP = 83.54077 at 70 Deg F

check the wel-ds - Fron u[t-15 (dl :

t m i n  =  l e s s e r  o f  0 . 7 5  o r  t n  o r  t ,  t m i n  =  0 . 2 5  i n
t l -  o r  t 2  (m in )  =  l esse r  o f  O .25  o r  0 .? * tm in ,  t 1  (m in )  =  0 .175  i n
c 1  ( a c t u a l )  =  0 . 7 * L e g  =  0 . 7 * 0  - 2 5  =  0 . 1 7 5  i n
t s 2  ( a c t u a l )  =  0 . 1 8 7 5  i n
C 1  +  t 2  =  0 . 3 5 2 5  > =  1 . 2 5 f , t m i n

The weld sizes for t1 and t2 are saEisfactory.

UG-45 Nozzle Neck Ttrickness (heck

Area available

A1 = larger of  the fol lowing

Wal1 t.hickness per Uc-45 (a) :
Wa11 thickness per UG-45 (b) (1) :
WalI Ehickness per UG-15 (b) :
SEd p ipe  wa l I  per  UG-as(b)  (a )  :
Ttre greater of Er2 or tr3:
The lesser of Lr4 or tr5:

Req'd per UG-45 is the ]arger of tr ]-

=  1 . 2 3 1  i n ^ 2

t r 1  =  0 . 0 1 8 8  i n  ( E  =  1 )
t r 2  =  0 . 2 1 0 8  i n
t r 3  =  0 . 0 5 2 5  i n
t r 4  =  0 . 2 8 1 7 5  i n
t r 5  =  0 . 2 1 0 8  i n
t r 6  =  0 . 2 1 0 8  i n

o r  t r 6  =  0 . 2 1 0 8  l n

Available rlozz]-�e vrall thickness new, En = 0.25 in

The nozzl-e neck E.hickness is adequaEe for MAP.

AL lorrable stresses in joints ltc-45(c) and Itw-15 (c)

3 -L2.L996
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Nl-1ST ROT{-CENIER

croove weld in tension = 0.74*167o0 = 12358 psi
Nozz le  waI I  in  shear  =  0 .7*16?00 =  11590 ps i
hner  f i1 leE we ld  in  shear  =  0 .49*15700 =  8183 ps i

Strenqth of welded iointss:

(1) Inner f i l let weld in shear
( P i / 2 \  * N o z z L e  O . D . * t e g * S i  =  1 , 5 7 * 8 * 0 . 2 5 * 8 1 8 3  =  2 5 6 9 4 . 5 2  1 b f

(3) Nozzle \.ra11 in shear
(P i l2 ) *Mean nozz le  d ia .  * tn*Sn =  1  .  57  r  '7  .  7  5  *  0  .  2  5  *  1  1  5  9  0  =  35559.52  lb f

(4) Groove vteld in tension
( P i l 2 ) * N o z z l e  O . D . * t w * S g  =  1 . 5 7 * 8 * 0 . 1 8 7 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  l b f

Loadino on welds Der UG-41 {b) (1)

W  =  ( a  -  ( d  -  2 * t n ) *  ( E 1 * t  -  F * E r )  ) * S v
=  ( 1 . 5 8 8  -  ( ? . 5 3 3  -  2 r O . 2 5 l  *  ( 1 * 0 . 3 7 5  -  1 * 0 . 2 1 0 8 ) ) * 1 5 7 0 0
=  7 2 3 4 . 1 3 1  l b f

W1-1  =  (A2  +  A5  +  A41  +  A42) *go '
=  ( 0 . 2 8 9  +  0  +  0 . 0 6 3  +  0 ) * 1 5 7 0 0
=  5 8 7 8 . 4  l b f

W2-2 = (A2 + A3 + A41 + A43 + 2*E.n*t* fr ] - )  *Sv
=  ( 0 . 2 8 9  +  0  +  0 . 0 6 3  +  0  +  2  *  0  .  2  5  *  0  .  3  7  5  *  1  )  *  1  5  7  0  0
=  9 0 0 9 . 6 s  l b f

Load  fo r  pa th  1 -1  l esse r  o f  w  o r  W1-1  =  5878 .4  l b f
Pa t ,h  1 -1  Th ru  (1 )  c  (3 )  =  25594 .52  +  35559 ,52  =  6 !254 .14  l b f
Path 1-1 is sEronger tshan W1-1 so i t  is accept.able per UG-41(b) (1) '

Load  fo r  pa th  2 -2  l esse r  o f  W o r  W2-2  =  7234 .131  l b f
PaEh  2 -2  Th ru  (1 ) ,  (  )  =  25694 ,62  +  29103 .09  =  54791  .71  1b f
path. 2-2 is stronger than w so iE is acceptsabLe per UG-41(b) (2).

Reinforcement Calculations for External Pressure

Limits of reinforcement IIG-40

Paral le1 tso the vessel  wa1l d = 7.533 in
Normal to t .he vessel  wal l  outside 2.5* ( tsn-Cn) + te = .625 i rL
Normal to the vessel  wa1I inside 2.5* ( !n-cn-c) = .525 in

Detemination of Chord Lenqth

Thetal = ArcCos ( (Lo + Rn) /Rm)
=  A r c C o s  (  ( 7 . 8 7 5  +  3 .  ? 5 ) , / 8 4 . 3 8 8 8 5 )
=  8 2  . 0 8 2 4 8

fheta2 = Arccos ( (Lo - Rn) /Rm)
=  A r c C o s (  ( 7 . 8 7 5  -  3 . 7 5 1 / 8 4 . 3 8 8 8 5 )

3  .12  -  1995
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N1-1ST ROW-CBNTBR

=  8 7 . 1 9 8 5 9

d = 2rRm*Sin (  (Thet.a2 -  Thet.al)  /2)
=  2 * 8 4  . 3 8 8 8 5 * S i n (  ( 8 7 . 1 9 8 6 9  -  8 2  . 0 8 2 4 8 ' ,  / 2 1
=  7 , 5 3 3  i n

Nozzle reouired thickness

L / D o = 3 . 3 9 / e = . 4 2 3 8
From table G:
From table HA-3 :

Pa= 4*B/ ( 3 *Dolts )
=  4 *  4 7  8 5 . 4 /  ( 3 "  e  /  O .  0 1 9 8 ? )
=  1 5 . 8 4 7 6  p s i

D o / E  =  8 / 0 . o r 9 s 7  =  4 0 2 . 6 ] - 7
A  =  0 . 0 0 0 4 0 1
B  =  4 7 8 5 . 4

Nozz1e required thickness trn = .01987 in

Required thickness tr  f rom uc-37(d) (1) = . i777 in

Area required

A11ov7ab1e  sE . resses :  Sn  =  147OO,  Sv  =  14799 ,  ps i

f r 1  =  l e s s e r  o f  1 o r  S n / S v  s o  f r 1  = l
f r 2  =  l g s s s r  o f  1 o r  S n / S v  s o  f r 2  = 1

A  =  0 . 5 * ( d * t r * F  +  2 * t n * E r * F * ( 1  -  f r 1 ) )
=  0 . 5 *  ( 7 . 5 3 3 * 0  . 2 7 7 7 * 7  +  2 * 0  . 2 5 * 0  . 2 7 7 7 * 7 *  ( 1  -  1 )  )
=  7 .046  i n^  2

Area available

A1 = larger of  the fol lowing = .733 in^2

=  d *  (E1*C-F* t r )  -  2 * tn *  (E1* t -F * t r )  *  (1 - f r ] - )
=  7  . 5 3 3  *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 7 7 7 \  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 7 7 7 ) *  ( L - r l
=  . 7 3 3  i n ^ 2

=  2 *  ( t+ tn )  *  (81* t . -F * t . r )  -  2 * t . n *  (E1* t -F * t r )  *  (1 - f r1 )
=  2 *  ( 0 .  3 7 5 + 0 . 2 5 )  r  ( 1 * 0 .  3 7 5 - 1 * 0  . 2 7 7 7 )  -  2 * O . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 , 2 7 7 7  |  *  ( r - L ,
= .L22 in^2

A2 = Emal-Ier of the foll_owing

= 5* (t .n - trn) *fr2*E
=  5 *  ( 0 , 2 5  -  O  .  0  1  9  8  ?  )  *  1  *  0  .  3  ?  5
=  . 4 3 1  i n ^ 2

= 5*  ( tn  -  t rn )  * f r2* tn
=  5 *  ( 0 . 2 5  -  0 . 0 1 9 8 7 ) r 1 * 0 . 2 5
= .288 i-n^2

=  0 . 2 8 8  i n ^ 2

REVO
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A41 = L,eg^2*frz
=  0 . 2 5 ^ 2 * 1  =  . 0 6 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 7 3 3  +  0 . 2 8 8  +  0 . 0 5 3
=  1 . 0 8 4  i n ^ 2

As Area > A the reinforcement is adequate for Pe = 15 -76347 at 400 Deg F

Reinforcement check in the plane paralleL to the long. axis

Area reguired

A  =  0 . 5 * ( d * t r * F  +  2 * t n * t r * F * ( 1  -  f r 1 ) )
=  0 . 5 *  ( 7  . 5 , t 0  . 2 7 7 7 * !  +  2 * 0  . 2 5 * 0  , 2 7 7 7 * ! *  ( 1  -  1 )  )
= 1 .  0413 75 i -n^2

Area available

A1 = larger of  ghe fol lowing = ,73 in^ 2

=  d *  ( 8 1 * t - F * t , r )  -  2 * t n *  ( 8 1 * t - F * t r )  *  ( 1 - f r 1 )
=  ' t . 5 *  ( 1 ' k  0  .  3  7  5  -  1 *  0  . 2 7 7 7  )  -  2 * O . 2 5 *  (  1  *  0  .  3  7  5  -  1  *  0  .  2 7  Z  I  1  *  1 1 - 1 1
=  .73  !n^2

=  2 *  ( t + t n )  *  ( E 1 * t - F * t r )  -  2 * E n *  ( E 1 * t - F * t . r )  *  ( 1 - f 1 1 )
=  2 *  ( 0 . 3 7 5 + 0 . ? 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 7 7 7 1  -  2 * O . 2 5 *  ( 1 * 0 . 3 7 5 - L * 0  . 2 1 1 7 )  *  ( 1 " - ] - l
=  . ! 22  i n^2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 7 3  +  0 . 2 8 8  +  0 . 0 6 3
=  1 . 0 8 1  i n ^  2

As Area > A t,he reinforcement is adequate for Pe = 15 .16347 ats 400 Deg F

UG-45 Nozzle Neck ftrickness Greck

Wa l l  t h i ckness  pe r  UG-45  (a )  :  t r ] .  =  0 .01987  in  19  =  1 )
9 {a I I  t h i ckness  pe r  UG-45  (b )  (2 ) :  t r 2  =  0 .0452  i n
WaI l  t h i ckness  pe r  UG-15(b ) :  t r 3  =  0 .0625  i n
SEd  p ipe  wa l l  pe r  UG-as  (b )  (a ) :  t r 4  =  0 .28175  in
The  g rea te r  o f  E r2  o r  t r3 :  t r 5  =  0 .0625  i n
The  lesse r  o f  t r 4  o r  t r5 :  t r 6  =  0 .0625  i n

Req 'd  pe r  Uc -45  i s  t he  l a rge r  o f  t r 1  o r  t r6  =  0 .0625  i n

Avai lable nozzle wal l  th ickness new, tn = 0.25 in

The nozzle neck Ehickness is adequate for Pe,

REVO
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Openinq N2 Reinforcement calculatsions Per UG-37

IrocaEed on :
User input vessel thickness:
Liguid stat ic head included:
Flange descript ion;

Nozz1e material specif icaEion:

Nozzle orient.aEion:
End of nozzle Eo datum l ine:
Nozz fe  ca lcu la ted  as  h i l l s ide :
Proj ecE.ion outside vessel IJpr:

84 'I F&D HAM HEAD
. 3 7 5  i n
0  ps i
Not insEal led

SA 240 3O4L HIGH

69 .7 degrees
16 .1521 ,  i n
yes
3 . 0 8 3  i n

tw1->

<-  R  -> l

Nozzle reouired thickness

t r n  -  P * R n / ( S n * E  -  0 . 5 * P )
=  8 3  . 2 5 1 3 1 *  3  . 7 5  /  ( ] - 6 7 0 0 *  1  -  0  . 6 * 8 3  . 2 5 1 3 1 )
=  0 . 0 1 8 8  i n

3 -L2 -L996

tn ->

< - d - >

_EWZ

corrosion al low =
noz t,hick new tn=
nozzle id, new d=
f i l - let weld tw1 =
qroove weld E.w2 =

0 i n
. 2 5  i n
' / . 5  ] . n
. 2 5  i n
. 1 8 7 5  i n

To head centser R= 22.66 in

Reinforcement Calculations For Nozzle MAWP

Limits of reinforcemenb UG-40

Para l l eL  to  the  vesse l  wa11  d  =  7 .787  l n
Norma1  to  the  vesse l  wa l l  ouEs ide  2 .5 *  ( t n -Cn)  +  Ee  =  .625  i n
Normal to the vessel  wa11 insi-de 2.5* ( tn-Cn-C) = ,525 in

Determination of Chord Length

The ta l  =  A rccos ( (Lo  +  Rn) /Rm)
=  A r c C o s  (  ( 2 2  . 6 6  +  3  . 7 5 )  , / 8 4  . 3 5 5 0 5 )
=  t L . I 5 3 3 b

Theta2 = Arccos ( ( L.,o - Rn) /Rm)
=  A r c C o s ( ( 2 2 . 6 6  -  3 . 7 s ) / e 4 . 3 5 s 0 5 )
=  I  I  .  V + O Z O

d  =  2 *Rm*S in (  (The ta2  -  The ta l ) , / 2 )
=  2 * 8 4 . 3 5 5 0 5 * S i n (  ( 7 7 . 0 4 6 2 6  -  7 L . 7 5 5 3 6 )  / 2 )
=  7 . 7 8 7  i n

REVO
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N2-1ST RO9T- RIGHT

Reouired thickness tr from UG-37 (a) (11

E . r =  P * L * M /  ( 2 * S * E  -  0 . 2 * P )
=  8 3  . 2 5 1 3 1 * 8 4  - 2 5 * L /  ( 2 * 1 5 7 0 0 * 1  -
=  0 . 2 1 0 1  i n

.Area required

A l l owab le  s t resses :  Sn  =  16700 ,

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1
f r2  =  l esse r  o f  1o r  Sn /Sv  so  f r z

A  =  d * E r * F  +  2 * E n * E r * F *  1 1  -  f r 1 )

o .2*  83  .25a3L)

=  ! 6 7 0 0 ,  p s i

=  7  . 7 8 7 * 0 . 2 1 0 1 * 1  +  2 * 0  . 2 5 * 0 . 2 1 0 1 * 1 *  ( 1  _  1 )
=  1 . 5 3 5  i n ^ 2

Area availa.ble

A1 = larger of  Ehe fol lowing = 1.284 in^2

=  d *  (E1* t -F * t r )  -  2 * tn ' r  (81* t . -F * t r )  *  (1 - f r1 )
=  7 . 7 8 7 *  (  1  *  0  .  3  7  5  _  1  *  0  .  2  1  0  1  )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 1 )  *  ( 1 - 1 )
= L .284 i']^ 2

=  2 *  ( t + t n )  *  ( E 1 * t - F * ! r )  -  2 * E n *  ( E 1 , r E . - F * E r )  *  ( 1 - f r 1 )
=  2 * ( 0 . 3 ? 5 + 0 , 2 5 ) * ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 1 )  -  2 * O . 2 5 t '  (  1 *  0  .  3  7  5  -  1 *  0  .  2 1 0 1 )  *  (  1 -  1 )
= .206 i-r1^2

A2 = smal ler of  the fol lowing

=  5*  ( t n  -  E rn )  * f r2 * t
=  5 * ( 0 . 2 5  -  O . 0 1 8 8 ) * 1 * 0 . 3 7 5
=  . 4 3 3  i n ^ 2

=  5 *  ( t n  -  t s rn )  * f r2 *En
=  5 *  ( 0  . 2 5  -  O . 0 1 8 8 )  * 1 * 9 . 2 5
- .289 j -n^2

A4]- = Leg^2*fr2
=  Q . 2 5 ^ 2 * t  =  . 0 5 3  i n ^ 2

A r e a = A L + A 2 + A 4 1
=  L . 2 8 4  +  0 . 2 8 9  +  0 . 0 5 3
=  1 . 6 3 6  i n ^ 2

=  0 . 2 8 9  ! n ^ 2

As Area > A the reinforcement is adequate for MAWP = 83.26131 at 0 Deg

Reinforcements check in the plane Darallel to the long- axis

Area reguifed

A  =  d * t r *F  +  2 *Ln* t r *F r  (1  _  f r1 )

sv
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N2-1ST ROW-RIGHT

=  7  . 5 * 0 . 2 1 0 1 * 1  +  2 * 0 . 2 5 * O . 2 1 0 1 * 1 *  ( 1  _  1 )
=  1 . 5 7 5 7 5  i n ^ 2

Area available

A1 = larger of  Ehe fol lowing = f .237 ! t^2

=  d *  ( E 1 * t - F * E . r )  -  2 * t n *  ( E t  * t - F * t r )  *  ( 1 - f r 1 )
=  7  . 5 *  (  1  *  0  .  3  7  5  -  1  *  0  .  2  1  0  1  )  -  2 * 0  . 2 5 *  ( 1 * 0  . 3 7 5 - 1 * 0 . 2 1 0 1 )  *  ( 1 - 1 )
= r .237 j -n^2

=  2 *  (E+ tn )  *  (E1* t -F *E . r )  -  2 * tn *  (81*E . -F* t . r )  *  (1 - f r1 )
=  2 *  ( 0 . 3 7 5 + 0 . 2 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0 .  2 1 0 1 )  -  2 * 0 . 2 5 *  ( 1 * 0 .  3 7 5 - 1 * 0 . 2 1 0 1 )  *
= .206 j -rr^2

Area = Al- + A2 + A41
=  r . 2 3 7  +  0 . 2 8 9  +  0 . 0 6 3
=  1 . 5 8 9  i n ^ 2

As Area > A E.he reinforcement is adequate for MAViIP = 83.25131 at 0

C'heck tbe welds -  From tw-16(d):

Lm in  =  l esse r  o f  0 .75  o r  t n  o r  t .  Emin  =  0 .25  i n
t1  o r  t . 2  (m in )  =  l esse r  o f  0 .25  o r  0  .? * tm in ,  t ] -  (m in )  =  0  .175  i n
t 1 ( a c t u a l )  =  0 . 7 * L e g  =  0 . 7 * 0 . 2 5  =  0 . 1 7 5  i n
t 2  ( a c t u a l )  =  0 . 1 8 ? 5  i n
t L  +  t . 2  =  0 . 3 6 2 5  > =  1 . 2 5 * t m i n

The wel-d sizes for t1 and t2 are sat isfactorv.

UG-45 Nozzle Neck fhickness Cbeck

W a l I  L h i c k n e s s  p e r  U G - 4 5 ( a ) :  E r 1  =  0 . 0 1 8 8  i n  ( E  =  1 )
wa l l  t . h i ckness  pe r  UG-45  (b )  (1 ) :  t r 2  =  0 .2101  i n
Wa1 I  th i ckness  pe r  UG-15(b ) :  E r3  =  0 .0525  i n
S td  p ipe  wa l1  pe r  UG-45  (b )  (4 ) :  t r 4  =  0 .28175  in
The greater of  EE2 or E.r3:  t r5 = 0.2101 in
Tbe  lesse r  o f  t r 4  o r  t r5 :  E r6  =  0 .2101  i n

Req 'd  pe r  UG-45  i s  E .he  l a rge r  o f  t r 1  o r  t r5  =  0 .2101  i n

Avai lable nozzle waII  th ickness new, t .n = 0,25 in

The nozzle neck thickness is adequatse for MAWP.

Allo{rable stresses in joints IIG-45(c) and ltt{-15 (c}

Groove weld in Eension = 0,74*1-6700 = 12358 psi
Nozz le  wa l1  i n  shear  =  0 .? *16?00  =  11590  ps i
Inne r  f i l l e t  ! t e1d  i n  shear  =  0 .49*16700  =  8183  ps i

Strenot.h of welded joints:

( 1 - 1 )
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(1) Inner f i l let  weld in shear
(P i /21  *11s . .1e  O .D . *Leg*S i  =  1  .  5  7  *  I  *  0  .  2  5  *  I  1  I  3  =  25594 .62  1 -b t

(3 )  Nozz1e  wa I I  i n  shea r
(P i l 21*1 '1g . r  nozz le  d ia . *E .n *Sn  =  7 - .57*7 .75*O.25*LL690  =  35559 ,52  l b f

(4) Groove weld in tension
( P i / 2 1  * 1 1 o = . 1 e  O . D . * E w * S g  =  1 . 5 7 * 8 * 0  . ] - � 8 7 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  l b f

I,iadinq on welds Der UG-41 (b) (1)

w  =  ( a  -  ( d  -  2 * E n ) * ( E 1 * E  -  F * t r ) ) * S v
=  ( 1 . 6 3 6  -  ( 7 . 7 8 7  -  2 * O . 2 5 )  *  ( 1 * 0 . 3 7 5  -  1 * 0 . 2 1 0 1 ) ) * 1 5 7 0 0
=  7 2 5 4 , 0 4 1 _  l b f

W1-l-  -  (A2 + A5 + A41 + A42) *5y
=  ( 0 . 2 8 9  +  0  +  0 . 0 5 3  +  0 ) * 1 5 7 0 0
=  5 8 ? 8 . 4  l b f

W2-2  =  (A2  +  A3  +  A41  +  A43  +  2 * tn *E* f r1 )  *Sv
=  ( 0 . 2 8 9  +  0  +  0 . 0 6 3  +  0  +  2  *  0  .  2  5  *  0  .  3  7  5  *  1  )  *  1  5  7  0  0
=  9 0 0 9 . 5 s  1 b f

Load  fo r  pa th  1 -1  Lesse r  o f  W o r  W1-1  =  5878 .4  l b f
PaEh  1 -1  Th ru  (1 )  &  (3 )  =  25694 .62  +  35559 .52  =  6L254 .14  l b f
PaEh 1-1 is sE.ronger than W1-1 so i t  is acceptable per UG-a1(b) (1)

Load for path 2-2 lesser of  W or W2-2 = 7254.04L l -bf
Pa l t } l  2 -2  Th ru  (1 ) ,  (4 )  =  25694 ,62  +  29103 .09  =  54797 .71  l b f
Pat} .  2-2 is scronger than w so i t  is acceptsable per UG-41 (b) (2).

Reinforcement Calculations For Nozzle MAP

Limits of reinforcement UG-40

Paral le l  to Ehe vessel  wal l  d = 7.787 in
Normal t .o the vessel  waII  ouE.side 2.5* ( tn-Cn) + te = .625 in
Normaf !o the vessel ,  $ra11 inside 2.5* (En-Cn-C) = .525 in

Determinat ion of Ctord tenqth

Thetal = Arceos ( (Lo + Rn) /Rm)
=  A r c c o s ( ( 2 2 . 6 5  +  3 . 7 5 )  / 8 4 . 3 5 4 8 1
=  t L . I ) ) J

Theta2 = Arccos((L,o -  Rn)/Rm)
=  A r c c o s ( ( 2 2 . 6 6  -  3 . 7 5 )  / 9 4 . 3 s 4 9 )
=  7 7 . 0 4 6 2 2

d  =  2 *Rmrs in (  (TheE.a2  -  The ta l ) / 2 )
=  2 * 8 4 . 3 5 4 8 * S i n  (  ( 1 1  . 0 4 6 2 2  -  7 1 . 7 5 5 3 )  / 2 )
=  t . t t l l  L n

REVO
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N2-1ST ROW-RIGIIT

Nozzle required thickness

t r n  =  P * R n / ( S n * E  -  0 . 6 * P )
=  8 3 . 0 6 7 4 6 * 3 . 7 5 /  ( 1 6 7 0 0 * 1  -  0 . 5 * 8 3 . 0 6 7 4 6 )
=  0  . 0 1 8 7  i n

Required tshiclmess t.r from UG-37 (a) (1)

! r =  P * L * M /  ( 2 * S * E  -  0 . 2 * P )
=  8 3 . 0 6 7 4 6 * 8 4 , 2 5 * L /  ( 2 * 1 5 7 0 0 * 1  -  0 . 2 * 8 3  . 0 6 7 4 5 ' )
=  0 . 2 0 9 6  i n

Area required

AL lowab le  s t . resses :  Sn  =  16700 ,  Sv  =  15700 ,  ps i

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1  =L
f r 2  =  l e s s e r  o f  1 o r  S n / S v  s o  f r 2  = 1

A  =  d * t r *F  +  2 * tn * t r *F*  (1  -  f r l - )
=  7 . 7 8 7 * 0 . 2 0 9 6 * I  +  2 * 0 . 2 5 * 0 . 2 0 9 6 * ) _ *  ( 1  _  1 )
=  a . 6 3 2 2  i . n ^  2

Area available

A1 = farger of  t .he fol l0wing = 1.288 in^2

=  d *  ( E 1 * ! - F * t r )  -  2 * t n *  ( E 1 * t . - F * E . r )  *  ( 1 - f r 1 )
=  7 . 7 8 7 *  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 0 9 5 ' � )  -  2 * 0 . 2 5 *  (  1  *  0  .  3  7  5  -  1  *  0  .  2  0  9  6  )  *  (  1  -  1  )
=  1 . 2 8 8  i n ^ 2

=  2 *  ( C + t n )  *  ( 8 1 * t - F * C r )  -  2 * t . n *  ( 8 1 * t - F * t r )  *  ( 1 - f 1 1 )
=  2 *  ( 0 .  3 7 5 + 0 . 2 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 O 9 6 )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 .  2 0 9 6 )  *  ( 1 ' 1 )
=  . Z g t  r n  2

A2  =  smaL le r  o f  Ehe  fo l l ow ing  =  0 .289  i n^2

=  5 *  ( t n  -  t r n )  * f r2 * t
=  5 *  ( 0 . 2 5  -  0 . 0 1 8 7 )  r 1 * 0 . 3 7 5
= .434 in^2

=  5 *  ( t n  -  E . rn ) * f r2 * tn
=  5 *  ( 0 . 2 5  -  0 . 0 1 8 7 ) * 1 * 0 . 2 5
= .289 i r l^z

A4! = Leg^2*fr2
=  0 . 2 5 ^ 2 * 1  =  . 0 6 3  i n ^ 2

Area = A1 + A2 + A41-
=  1 . 2 8 8  +  0 . 2 8 9  +  0 . 0 6 3
=  1 . 5 4  i n ^  2

As Area > A the reinforcement is adequate for l tAP = 83.06746 aE 70 Deg F

3 . L 2 . L g 9 5  " " ' o
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N2-1ST ROVI.RIGHT

Area required

A  =  d * t s r *F  +  2 * tn r t r *F*  (1  _  f r1 )
=  7 . 5 r 0 . 2 0 9 6 * 1  +  2  *  0  .  2  5  *  0  .  2  0  9  5  *  1  *  ( 1  _  1 )
= L.572 i -n^ 2

Area awailable

A1 = f4rgsr of  the fol lowing = r .24 LrL^ 2

=  d *  ( E 1 * t _ F * t r )  _  2 * E n *  ( E I * t _ F * t r )  *  ( 1 _ f r 1 )
=  7 . 5 *  (  l "  *  0  .  3  7  5  -  1  *  0  .  2  0  9  6  )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 . t 6 9 5 1 *  ( r - 1 )
= L .24 i -n^ 2

=  2 *  (E+ t .n )  *  (E1*E_F* t r )  _  2 * tn *  (E1* t ._F* t r )  *  (1_ f11 )
=  2 *  ( 0 . 3 7 5 + 0 . 2 5 )  *  ( 1 * 0 .  3 7 5 - 1 * 0  . 2 0 9 6 1  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 ' r 0 . 2 0 9 6 )  *  ( 1 - 1 )
= .207 in^z

A r € d  =  A 1  + A 2  + A 4 1
=  4 . 2 4  +  0 . 2 8 9  +  0 . 0 5 3
= I  .592 in^ 2

As Area > A the reinforcement is adequate for MAp = 93,06746 aE, 70 Deg F

C'lleck the welds - From ItW-16 (d) :

Emin  =  l esse r  o f  0 .75  o r  t n  o r  E ,  tm in  =  0 .25  i n
t1  o r  t . 2  (m in )  =  l esse r  o f  0 .25  o r  o .? * tm in ,  t l (m in )  =  0 .175  i n
t 1  ( a c t u a l - )  =  0 . 7 * L e g  =  0 . 7 * 0 . 2 5  =  0 . 1 7 5  i n
t 2  ( a c t u a l )  =  0 . 1 8 7 5  i n
t 1  +  t 2  =  0 . 3 6 2 5  > =  1 . 2 5 * ! m i n

The weld sizes for t .1 and t2 are saE. isfactory.

ItG-45 Nozzle Neck ltrickness Check

wa11 thickness per UG-45 (a) :
wa1I  th ickness  per  UG-45 (b )  (1 ) :
walI E.hickness per UG-16 (b) :
Srd pipe waII per UG-4s (b) (a) :
The greater of tr2 or tr3:
The lesser of tr4 or tr5:

t r l  =  0 . 0 1 8 7  i n  ( E  =  1 )
t r 2  =  0 . 2 0 9 5  i n
E r 3  =  0  . 0 5 2 5  i n
t r 4  =  0 . 2 8 1 7 5  i a
t r 5  =  0 . 2 0 9 6  i n
t r 5  =  0 . 2 0 9 6  i n

Reqrd  per  UG-45 is  the  la rger  o f  t r1  o r  t r6  =  0 .209G in

Available nozzle wall  thickness new. tn = 0.25 in

Tbe nozzle neck thickness is adeguate for MAp.

Allowable stresses in ioints ttc-45 (c) and Uw-15(c)

REVO
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rr2-lsT ROV| -RrGIfr

croove weld in tension = 0.14*!87e0 -  12358 psi
Nozz le  wa l " l  i n  shea r  =  0 .7 *16700  =  11690  ps i
Inne r  f i l l e t s  we ld  i n  shear  =  0 .49*16700  =  8183  os i

St.rength of welded joints:

(1) Inner f  iJ. IeE. weld in shear
( P i / z )  * N o u  z l e  O . D . * L e g * S i  =  1 . 5 7 * 8 * 0 . 2 5 * 8 1 8 3  =  2 5 6 9 4 . 6 2  l b f

(3) Nozz1e wal l  in shear
( P i / 2 1 * 1 4 s . .  n o z z l e  d i a . * t n * S n  =  I . 5 ' 7 * 7 . 7 5 * 0 . 2 5 * 1 1 5 9 0  =  3 5 5 5 9 . 5 2  1 b f

(4) Groove v/e1d in tension
( P , i / 2 )  * N o z z l e  O . D . * t i { * S g  =  1 . 5 7 * 8 * 0 . 1 8 7 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  1 b f

Loadinq on welds oer IIG-41 (b) (1)

W =  (A  -  (d  -  z * tn )  *  (81*E .  -  F * t r )  ) *Sv
=  ( 1  . 6 3 2 2  -  ( 7 . 7 8 7  -  2 * O . 2 5 )  * ( 1 * 0 . 3 7 5  -  1  *  0  .  2  0  9  5  )  )  *  1  6  ?  O  O
=  7 1 2 9 . 7 3 4  t b f

W 1 - 1  =  ( A 2  + A 5  + A 4 1  +  A 4 2 ) * S v
=  ( 0 . 2 8 9  +  0  +  0 . 0 5 3  +  0 ) * L 6 7 0 0
=  f , d  / d . 4  I D r

W 2 - 2  =  ( A 2  +  A 3  +  A 4 1  +  A 4 3  +  2 * b n * t * f r 1 ) * S v
=  ( 0 . 2 8 9  +  0  +  0 . 0 5 3  +  0  +  2  *  0  .  2  5  *  0  .  3  ?  5  *  1  )  *  1  6  7  0  0
=  9 0 0 9 . 5 5  1 b f

Load  fo r  pa th  1 -1  l esse r  o f  W o r  W1-1  =  5878 .4  l b f
Pa th  1 - l -  Th ru  (1 )  a  (3 )  =  25694 ,62  +  35559 ,52  =  6 !254 .14  l b f
Pat.h 1-1 is stronger Ehan W1-1 so i t  is acceptable per UG- 1(b) (1)

Load  fo r  pa th  2 -2  l esse r  o f  W o r  U2-2  =  7L29 .734  ] - . b f
PaEh  2 -2  Th ru  (1 ) ,  @)  =  25694 .62  +  29Le3 .09  =  5a797 .71  1b f
PaEh 2-2 is stronger than W so i t  is accepEable per Uc-41 (b) (2).

Reinforcement ealculations for External pressure

Lirnits of reinforcement UG-40

Paral le l  Eo the vessel  vral- l  d = 7.787 in
Normal to the vessel  wal l  outside 2,5* ( tn-Ch) + te = ,825 in
Normal to t .he vessel  wal l  inside 2.5* (E,n-Cn-C) = .525 in

Determination of Chord Length

Thetal = Arccos ( (Lo + Rl1) /Rm)
=  A r c C o s ( ( 2 2 . G 6  +  3 . 7 s )  / e 4 . 3 9 9 4 5 )
=  7 r . 7 6 3 0 6

Theta2 = ArcCos ( (f,o - Rn) ,/Rm)
=  A r c c o s  (  ( 2 2  . 6 6  -  3  . 7 s )  / 9 4  . 3 8 9 4 5 )

REVO
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N2-1ST ROW-RIGHT

=  7 7 . 0 5 7 6 3

d  =  2 *Rm*S in (  (The ra2  -  The ra l ) / 2 )
=  2 * 8 4 . 3 8 9 4 5 * S i n (  ( 7 7 . 0 5 1 5 3  -  7 I . ' 7 6 3 0 6 )  / 2 )
=  7 , 7 8 7  i ^

Nozzle reouired thickness

r , / D o  =  3 . 0 8 3 , / 8  =  . 3 8 5 4  D o / t  =  8 / 0 , 0 1 9 6 2  =  4 Q 7 . 7 4 7 2
From tab ]e  e :  A  =  0 .000437
From tab le  I IA -3 :  B  =  4858 .3

Pa= 4*B/ (  3 *Dolt  )
=  4 * 4 8 5 8  . 3 /  ( 3 * 8 / 0 . 0 1 9 6 2 ' )
=  1 s  . 8 8 5 6  p s i

Nozzle reguired Ehickness trn = .01962 in

Required thickness tr from Uc-37(d) (1) = .i?89 in

Area reouired

A . l l owab le  s t resses :  Sn  =  I47OO,  Sv  =  14?00 ,  ps i

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1  =1
f r2  =  l esse r  o f  1o r  Sn /Sv  so  f r2  =1

A  =  0 . 5 * ( d * E r * F  +  2 * t n r t r * F * 1 f  _  f r l ) )
=  0 . 5 *  ( 7 . 7 8 7 * 0 . 2 7 8 9 * I  +  2 * 0 . 2 5 * 0 . 2 7 8 9 * t *  ( 1  -  1 ) )
=  1 . 0 8 5 9  i n ^ z

Area available

Al, = l-arger of the following = .148 irf'2

=  d *  ( E 1 * t - F * t r )  -  2 * g n *  ( E t * t . - F * t r )  *  ( 1 - f r 1 )
=  7 . 7 8 7 *  ( 1 * 0 . 3 7 5 _ 1 * 0 . 2 7 8 9 )  _  2 * 0 . 2 5 *  (  1  *  0  ,  3  7  5  _  1  *  0  .  2  7  g  9  )  *  (  1  _  1  )
= .748 r ,r^2

=  2 *  ( t + L n )  *  ( E 1 * t _ F * t r )  _  2 * t n *  ( 8 1 * t _ F * t r )  *  ( 1 _ f r l )
=  2 *  ( 0 . 3 7 5 + 0 . 2 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 7 8 9 ,  -  2 * O . 2 5 *  ( 1 r 0 . 3 7 5 - 1 * 0 . 2 7 8 9 )  *  ( 1 - 1 )
= .L2 i - 'n^2

A2 = smaller of E.he following

= 5*  ( tn  -  t rn )  * f r2* t
=  5 * ( 0 . 2 5  -  0 . O 1 - 9 6 2 ' t  * 1 * 0 . 3 7 5
= .432 j-rl^ 2

= 5* (tn - t .rn) *f  r2*E.n
=  5 *  ( 0 , 2 5  -  O . 0 1 9 6 2 )  * 1 * 0 . 2 5
= .288 in^2

3 . t 2 . L 9 9 6

=  0 . 2 8 8  i n ^ 2
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A4L = Leg^2tfr2
=  0 . 2 5 ^ 2 * 1  =  . 0 6 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 L
=  0 . 7 4 8  +  0 . 2 8 8  +  0 . 0 6 3
=  1 . 0 9 9  i n ^ 2

As Area > .A lhe reinforcement is adequatse for Pe = 15 -82647 aE 400 Deg F

Reinforcement check in the plane parallel to the long. axis

Area reouired

A  =  0 . 5 * ( d * t r * F  +  z * t n * t r * F * ( l _  -  f r l ) )
=  0 . 5 t  ( 7  . 5 * 0  . 2 7 8 9 * I  +  2 * 0  . 2 5 * O  . 2 7 8 9 r L t  ( 1  -  1 )  )
=  l - . 0 4 5 8 7 5  i n ^  2

Area available

A1 = larger of  the fol lowing = .72L in^2

=  d *  ( E 1 * E . - F * t . r )  -  2 * t n *  ( 8 1 * t - F r t r )  *  ( 1 - f r 1 )
=  ' 7 . 5 *  ( 1 * 0 . 3 7 5 - l - * 0 . 2 7 8 9 )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 . r t 9 9 1 *  ( r - 1 )
= -'l2r ir.^ 2

=  2 *  ( t . + t . n )  *  ( 8 1 * t - F * t r )  -  2 * E n *  ( 8 1 * E - F * t r )  *  ( 1 - f r 1 )
=  2 t  ( 0 . 3 7 5 + 0 . 2 5 ) * ( 1 * 0 . 3 7 5 - 1 * 0 . 2 7 8 9 )  -  2 * 0 . 2 5 *  (  1  *  0  .  3  ?  5  -  1  t  0  .  2  7  I  9  )  *  (  1  -  1  )
= .r2 in^2

A r e a  =  A 1  + A 2  + A 4 1
=  O . 7 2 !  +  0 . 2 8 8  +  0 . 0 6 3
= 1-.072 i'r^ 2

As Area > A the reinforcement is adeguaEe for Pe = 15 .82647 ag 400 Deg F

IIG-45 Nozzle Neck Ttrickness Check

wal1 thickness per UG-45 (a) :
91a11 t.hickness per UG-45 (b) (2)
WaIl thickness per UG-16 (b) :
SEd pipe waI1 per UG-45 (b) (a) :
The greater of Er2 or tr3:
The lesser  o f  Er4  or  ErS:

t r1  =  0 .0 t962 in  (E  =  1)
:  l r2  =  0 .0454 in

t r 3  =  0 . 0 6 2 5  i n
t r 4  =  0 . 2 8 1 7 5  i n
t r 5  =  0 . 0 5 2 5  i n
1 1 6  =  0 . 0 6 2 5  i n

Req'd per UG-45 is the larger of t ' r1 or Er6 = 0.0625 in

Availabfe nozzle wall  thickness new, tn = 0.25 in

The nozzle neck Chickness is adequace for Pe.
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Openinq N4 Reinforcement. Calculations Per IrG-37

Locatsed on:
User input wessel Ehickness:
Liquid staEic head included:
Flange descript ion:

Nozzle material specif  icat ion :

Nozzle orient.at ion:
End of nozz]e to datum l ine:
Nozzle calculated as hi l ls ide:
Projecl ion outside ves6e1 Lpr:

84N F&D HAM HEAD
. 3 7 5  i n
0  ps i
NoE installed

SA 240 3O4L HIGH

28.03 degrees
15.6279 in
yes
3 . 0 5 7  i n

t.w1->

< -  R  - r l To head center R= 23.01 in

Reinforcement Calculations For Nozzle MAIIP

Limits of reinforcement IJG-40

Paral le l  E.o the vessel  wa1I d = 7.795 ln
Normal to the vessel  wal1 outside 2.5* ( tn-Cn) +
Normal-  t .o Ehe vessel  wal l  inside 2.5* ( tn-Cn-C)

Determination of Chord Lenqth

Thetal = Arccos ( (Lo + Rn) ,/Rm)
=  A r c c o s  (  ( 2 3 . 0 1 -  +  3 . 7 5 )  / 8 4 . 3 5 5 0 5 )
=  7 t . 5 0 4 8 7

Theta2 = Arccos ( (Lo - Rn) /Rm)
=  A r c C o s ( ( 2 3 . 0 1  -  3 . 7 s ) / 8 4 . 3 5 s 0 5 )
=  1 6 . 8 0 2 2

d  =  2 *Rm*S in ( (The ta2  -  The ta l ) / 2 )
=  2 * 8 4 . 3 5 5 0 5 * S i n (  ( 7 6 . 8 0 2 2  -  7 r . 5 O 4 e 7 ! .  / 2 )
=  7  .796  i . n

Nozz1e reouired thiclsress

E r n  =  P * R n / ( S n * E  -  0 . 5 * p )
=  8 3 . 2 6 1 3 1 * 3 . 1 5 /  ( 1 6 7 0 0 * 1  -  0 . 6 * 8 3 , 2 5 1 3 1 )
=  0 . 0 1 8 8  i n

3 . L 2 . L 9 9 6

En ->

< - d - >
corrosion allow =
noz Ehick new t.n=
nozzle id. new d=
f i1 le t  we ld  tw1 =
qroove weld tw2 =

0 i n
, 2 5  i n

"  (  i Y l

. 2 5  i n
, l -875 in

t e  =  . 6 2 5  i n
=  . 5 2 5  i n

REVO
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N4-2ND ROW-RIGTTI

Required thickness tsr from UG-37(al (1)

t r =  P * L * M /  ( 2 * S * E  -  0 . 2 ' t P )
=  8 3 . 2 6 1 3 1 * 8 4 . 2 5 * I /  ( 2 * 1 5 7 0 0 * 1  -  0 . 2 * 8 3  . 2 5 1 3 1 - )
=  0 . 2 1 0 1  i n

Area reguired

A l l owab le  sEresses i  Sn  =  16700 ,  Sv  =  15700 ,  ps i

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1  =1
f r2  =  l esse r  o f  1o r  Sn /Sv  so  f r2  =1

A  =  d * t r *F  +  z * tn *Er *F*  (1  _  f r l )
=  7 . 7 9 6 * 0 . 2 1 0 1 - * 1  +  2 * 0 . 2 5 * O . 2 1 0 1 * 1 *  ( 1  _  1 )
= r .6379 i l l^  2

Area awailable

A1 = larger of  t .he fol lowing = 1.286 in^2

=  d *  ( E 1 * t - F * t r )  -  2 * t n *  ( E 1 r t - F r t r ) *  ( 1 - f r l )
=  7 . 7 9 6 *  (  1  *  0  .  3  7  5  _  1  *  0  .  2  1  0  1  )  _  2 * 0 . 2 5 *  (  1  *  0  .  3  7  5  -  1  *  0  .  2  1  0  1  )  *  ( 1 - L  )
= 7 .286 in^ 2

=  2 *  ( t + t n )  *  ( 8 1 * E - F * t s r )  -  2 * t n *  ( E L * t - F * t r )  *  ( 1 - f r 1 )
=  2 *  ( O . 3 7 5 + 0 .  2 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 7 O L )  -  2 r O . 2 5 *  ( 1 * 0 . 3 7 5 - 1 ' r 0 .  2 1 0 1 )  *  ( 1 - 1 )
= .205 in^2

A2 = smal ler of  the foLl-owinq = 0.289 in^2

q *  a t - n  -  t - r l . l \  * f ? . t * F

5 '  ( 0 . 2 5  -  0 . 0 1 8 8 )  * 1 * 0 . 3 7 5
.433 i-n^ 2

q *  a r - ' i  -  f  a - n \  * f  ' . t * r - n

5 *  1 0 . 2 5  -  0 . 0 1 8 8 )  * 1 * 0 . 2 5
. 2 8 9  i n ^ 2

A41 = Leg^ 2 * f r2
=  0 . 2 5 ^ 2 * 1  =  . 0 5 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 _
=  1 . 2 8 6  +  0 . 2 8 9  +  0 . 0 6 3
=  1 . 6 3 8  i n ^ 2

As Area > A the reinforcemenE is adequate for MAWP = 83.25131 at 0 Deg

Reinforcement check in the plane garallel to the long- axis

Area required

A  =  d * L r * F  +  2 * t n * E r * F *  ( 1  -  f r 1 )
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N4 - 2I[D ROW-RIGI{I

=  ?  . 5 * 0  . 2 1 0 1 _ * 1  +  2 * O  . 2 5 * 0  . 2 1 , 0 7 * 7 *  ( 1  -  1 )
=  L .57575  i r . ' 2

Area available

A1 = Larger of Ehe following = )'.237 !rL'2

=  d *  ( E 1 * t . - F t t r )  -  2 * t n *  ( E 1 * t - F * t r )  *  ( 1 - f r 1 )
=  ' 7  . 5 *  (  1  *  0  .  3  7  5  -  1  *  0  .  2  1  0  1  )  -  2 * O  . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 1 )  *  (  1 - 1 )
=  I . 237  i ; : ^  2

=  2 *  ( t .+ t .n )  *  (E1*E . -F* t r )  -  2 * tn *  (81* t -F * t r )  *  (1 - f  11 )
=  2 *  ( 0 . 3 ? 5 + 0 . 2 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 1 0 1 )  -  2 r O . 2 5 t  ( 1 * 0 , 3 7 5 - 1 * 0 .  2 1 0 1 )  *  ( 1 - 1 )
= .206 i -rr^ 2

A r e a  =  A 1  + A 2  + 4 4 1
=  1 , . 2 3 7  +  0 . 2 8 9  +  0 . 0 6 3
=  7 .589  i l r ^  2

As Area > A the reinforcement is adequatse for MAWP = 83.26131 at 0 Deg F

eheck the welds - From IIW-16 (d) :

Emin  =  fesser  o f  0 ,75  or  tn  o r  t ,
t 1  o r  t 2 ( m i n )  =  l e s s e r  o f  0 . 2 5  o r
t 1 ( a c t u a l )  =  0 . ? * L e g  =  0 . 7 * 0 . 2 5  =
t . 2 ( a c t u a l )  =  0 . 1 - 8 7 5  i n

t m i n  =  0 . 2 5  i n
O . ? * E m i n ,  t 1 ( m i n )  =  0 . 1 7 5  i n
0 . 1 7 5  i n

t 1  +  t 2  =  0 . 3 5 2 5  > =  1 . 2 5 * t m i n

The weld sizes for c1 and E2 are satsisfactory.

UG-45 Nozzle Neck T'hickness Check

w a l 1  t h i c k n e s s  p e r  U G - 4 5 ( a ) :  ! r 1  =  0 . 0 1 8 8  i n  ( E  =  1 )
Wal1  th ickness  per  Uc-as(b)  (1 ) :  t s r2  =  0 .2101 in
WaI I  th ickness  per  UG-15(b) :  Er3  =  0 .0625 in
Std  p ipe  wa l l -  per  UG-45 (b )  (4 ) :  t r4  =  0 .28175 in
The greaEer of Er2 or E.r3: tr5 = 0.2101 in
The lesser  o f  t r4  o r  t r5 :  t s r5  =  0 .2101 in

Req 'd  per  UG-45 is  Ehe fa rger  o f  t r1  o r  E . r6  =  0 .2101 in

Available nozzle waII E.hickness new, En = 0.25 in

The nozzle neck thickness is adequate for MAWP.

Al losable stresses in ioints Uc-45 (c) and IIT{-15 (c)

Groove weld in tension = 0,74*!6700 = 12358 psi
Nozz1e wa l l -  in  shear  =  0 .?*16?00 =  11690 ps i
Inner  f i lLe t  we ld  in  shear  =  0 .49*16700 =  8183 ps i

Streng|th of nelded joints:

3 .1 �2 .L996 REVO
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(1) Inner f i l let  weLd in shear
(P i l 2 )  *Nozz le  O .D . *Leg*S i  =  1  ,  5  ?  *  8  *  0  .  2  5  *  I  1  I  3  =  25694 .62  ] -b f

(3) Nozzle waII  in shear
( P i l 2 1 * 1 r 1 g . r  n o z z l e  d i a . * E . n * S n  =  L . 5 7 * 7 . ? 5 * 0 . 2 5 * 1 1 6 9 0  =  3 5 5 5 9 . 5 2

(4) Groove weld in Eension
( P i / 2 )  * N o z z L e  O . D . * t . w * S g  =  1 . 5 ? * 8 * 0 . 1 8 7 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  l b f

Loadino on welds per ltc-41{b) (1)

w  =  (a  -  (d  -  2 * tn )  *  (81* t .  -  F * t r )  ) * sv
=  ( 1 . 5 3 7 9  -  ( 7 . 7 9 6  -  2 r , 0 . 2 5 1 *  ( 1 * 0 . 3 7 5  -  1 * 0 . 2 1 0 1 ) ) * 1 6 7 0 0
=  7 2 6 0 . 9 8 6  1 b f

W 1 - 1  =  ( A 2 + A 5 + A 4 1  +  A 4 2 ) * S v
=  ( O . 2 8 9  +  0  +  0 . 0 5 3  +  0 ) * 1 6 7 0 0
=  5 8 7 8 . 4  l b f

W 2 - 2 =  ( A 2  + A 3  + A 4 1  +  A 4 3  +  2 * t n * t * f r 1 )  * S v
=  ( 0 . 2 8 9  +  0  +  0 . 0 6 3  +  0  +  2 * 0 . 2 5 * 0 . 3 7 5 * 1 ) * 1 6 7 0 0
=  9 0 0 9 . 5 s  l b f

Load  fo r  paEh  1 -1  l esse r  o f  W o r  W1-1  =  5878 .4  l b f
Pa th  1 -1  Th ru  (1 )  &  (3 )  =  25694 .62  +  35559 .52  =  61254 .14  l b f
Path 1-1 is stronger E,han W1-1 so iE is acceptable per UG-41(b)

Load  fo r  pa th  2 -2  l esse r  o f  W o r  W2-2  =  7260 .985  1b f
Pa th  2 -2  Th ru  (1 ) ,  (  )  =  25694 .62  +  29 rO3 .09  =  54797 .?1  l b f
PaEh 2-2 is stronger than w so i t  is acceptable per UG-41(b) (2)

Reinforcement ealculations For Nozzle MAP

Limits of reinforcement ltc-40

Para l l e l  t o  t he  vesse l  wa l l  d  =  7 .796  i n
Normal to the vessel  waLl outside 2.5* ( tn-en) + t€ = .625 in
Norma l  t o  the  vesse l  wa11  ins ide  2 .5 *  ( t n -Cn-C)  =  .625  i n

Determination of Chord Lenqth

Thetal = ArcCos ( (Lo + Rn) /Rm)
=  A r c e o s (  ( 2 3 . 0 1  +  3 . 7 5 )  / 8 4 . 3 5 4 8 )
=  7 1  . 5 0 4 8 1

Thet.a2 = Arccos ( (r,o - Rn) /Rn)
=  A r c c o s (  ( 2 3 . 0 1  -  3 . ? 5 )  / 8 4 , 3 5 4 8 )
=  ? 5 . 8 0 2 1 5

d  =  2 rRm*S in ( (TheEa2  -  The ta ] - ) / 2 )
=  2 * 8 4 . 3 5 4 8 * S i n  (  ( 7 6  , 8 O 2 I 5  -  7 I . 5 O 4 8 t ' )  / 2 )
=  7 . 1 9 6  i n

( 1 )

REVO
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Nozzle required thickness

t r n  =  P * R n / ( S n r E  -  0 . 5 r P )
=  8 3 . 0 6 7 4 6 * 3 . 7 5 /  ( t 6 7 0 0 * 1  -  0 . 5 * 8 3 . 0 5 ? 4 6 )
=  0 . 0 1 8 7  i n

Reduired thickness tr from ltc-?7(a) {1)

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

Area reouired

A lLowab le  s t resses :  Sn  =  16700 ,  Sv  =  16700 ,  ps i

f r1  =  l esse r  o f  1o r  Sn /Sv  so  f r1  =1
fr2 = lesser of  1 or Sn/Sv so fr2 =1

A  =  d * t r *F  +  2 t tn * t r *F*  (1  _  f r1 )
=  7 . 7 9 6 * 0 . 2 0 9 G * 1  +  2  *  0  .  2  5  *  0  .  2  0  9  G  *  1  *  (  1  _  1 )
=  1 . 5 3 4  i n ^ 2

Area availalf,Ie

A1 = larger of  the fol lowing = r .289 i r .^2

=  d *  ( 8 1 * t - F * t r )  -  2 * t n *  ( 8 1 * t . - F * E r )  *  ( 1 - f r 1 )
=  7  . 7 9 6 *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 0 9 5 1  -  2 * 0 , 2 5 *  (  1  *  0  .  3  7  5  -  1  *  0  .  2  0  9  5  )  *  (  1 - 1 )
=  1  . 2 8 9  i n ^ 2

=  2 *  ( t + t n )  *  ( 8 1 * t - F r t r )  -  2 * t n *  ( E 1 * t , - F * t r )  *  ( 1 - f 1 1 )
=  2 *  ( 0 .  3 7 5 + 0 . 2 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 0 9 6 \  -  2 * O . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 .  2 0 9 6 )  *  ( 1 - 1 )
= .2O7 j .n^2

A2 = smafler of  the foI10wing = 0.289 in^2

=  5 *  ( t n  -  t r n )  * f r2 *E
=  5 *  ( 0 . 2 5  -  0 . 0 1 8 7 )  * 1 * 0 . 3 7 5
=  . 4 3 4  i n ^ z

=  5 *  (En  -  t rn )  * f r2 * t . n
=  5 r  ( 0 . 2 5  -  0 . 0 1 8 7 )  ' t 1 * 6 . 2 5
= .289 j-rr^2

A41 = IJeg^2 *f  12
=  O . 2 5 ^ 2 * r  =  . 0 5 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  1 . 2 8 9  +  0 . 2 8 9  +  0 . 0 6 3
=  1 . 6 4 1  i n ^ 2

As Area > A t.he reinforcement is adequaEe for MAP =

3 . L 2 . 1 9 9 6

8 3  . 0 6 7 4 5  a t  7 0  D e g
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Reinforcement check in the plane parallel to the long. axis

Area restired

A =  d* t r *F  +  2* tsn* t r *F* (1  -  f r l )
=  7 . 5 * 0  . 2 O 9 6 * L  +  2 * 0 . 2 5 * 0  . 2 0 9 6 * I *  ( 1  _  1 )
= t .572 in^ 2

Area available

A1 = larger of the fol lowing = t-24 i-n^2

= d*  (E1* t ,_F* ts r )  _  2* tn*  (E1* t_F* t r )  *  (1_ f r1 )
=  7  . 5 *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 0 9 5 )  -  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 - 1 * 0 . 2 0 9 6 )  *  ( 1 - 1 )
=  L .24  in^2

=  2 *  ( t + t n )  *  ( E 1 * E _ F * t r )  _  2 * t n *  ( E 1 * t _ F * t r )  *  ( 1 _ f r 1 )
= . 2 * ( 0 . 3 7 5 + 0 . 2 5 ) * ( 1 * 0 . 3 ? 5 - 1 . * 0 . 2 0 9 6 )  -  2 * O . 2 5 *  (  1  *  0  .  3  7  5  -  1  *  O  .  2  0  9  5  )  *  (  1  -  1  )
= .207 in^2

A r e a  =  A 1  + A 2  + A 4 1
=  L 2 4  +  0 . 2 8 9  +  0 . 0 5 3
=  1  . 5 9 2  i n ^ 2

As Area > A Ehe reinforcement is adequate for MAP = 93.06746 at 70 Deg F

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

E m i n  =  l e s s e r  o f  0 . 7 5  o r  t n  o r  t ,  t m i n  =  0 . 2 5  i n
t l -  o r  t2  (min)  =  lesser  o f  0 .25  or  o .7* tmin ,  t1  (min)  =  0 .175 in
t 1 ( a c E . u a l )  =  0 . 7 * L e g  =  0 . 7 * 0 . 2 5  =  0 . 1 7 5  i n
t 2  ( a c t u a l )  =  0 . 1 8 7 5  i n
! 1  +  t 2  =  0 . 3 5 2 5  > =  1 . 2 5 * E m i n

The r^'eld sizes f or !1 and E.2 are satisfact,ory.

UG-45 Nozzle Neck Thickness eheck

Wal-l  t .hickness per UG-45 (a) |  Er:- �  = 0.0i-87 in (E = 1)
wa11 th ickness  per  Uc-as(b)  (1 ) :  E t2  =  0 .2096 in
WalL  th ickness  per  Uc-15(b) :  t r3  =  0 ,0G25 in
Std  p ipe  waI I  per  Uc-45 (b )  (  ) :  t r4  =  0 .281?5 in
T'he greaE.er of Er2 or tr3 :  Lr5 = 0 .2095 in
The lesser  o f  t r4  o r  t rs :  116 =  0 .2095 in

Req'd per UG-45 is the larger of tr1 or tsr5 = 0.2095 in

Available nozzl-e wall t.hickness new, tn = 0.25 in

The nozzle neck thickness is adequate for MAp.

AllowaIlle st.resses in ioints UG-45(c) and ItW-15(c)

REVO
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Groove weld in tension = 0.74*76700 = 12358 psi
Nozz le  r ^ ra l l  i n  shea r  =  0 .7 *16700  =  11590  ps i
Inne r  f i l l e t  we ld  i n  shear  -  0 .49* !6700  =  8183  os i

Strength of nelded joints:

(1) hner f i l let  weld in shear
(P i /2 )  *Nozz le  O .D . *Leg*S i  =  1  .  5  7  *  I  *  0  .  2  5  *  I  1  I  3  =  25694 .62  ] -b f

(3) Nozzle wal l  in shear
( P i l 2 1 * 1 4 . " t t  n o z z l e  d i a . * t n * S n  =  ! . 5 7 * 7 . 7 5 * 0 . 2 5 * 1 1 6 9 0  =  3 5 5 5 9 . 5 2  l b f

(4) Groove weld in tension
( P i / 2 )  * N o z z l e  O . D . * t w * S g  =  1 . 5 7 * 8 * 0 . 1 8 7 5 * 1 2 3 5 8  =  2 9 1 0 3 . 0 9  1 b f

Loadinq on welds per ltc-41 (b) (1)

W  =  ( A  -  ( d  -  z * t n ) * ( 8 1 * E .  -  F * t r ) ) * S v
=  ( 1 . 6 3 4  -  ( 7  . 7 9 6  -  2 * O . 2 5 1 *  ( 1 * 0 . 3 7 5  -  1 * 0 . 2 0 9 6 )  )  * 1 5 7 0 0
=  7 1 3 4 . 9 3 4  1 b f

W1-1 = (A2 + A5 + A41 + A42) *g-,
=  ( 0 . 2 8 9  +  0  +  0 . 0 6 3  +  0 ) t 1 5 ? 0 0
=  5 8 7 8 . 4  1 b f

W2-2  =  (A2  +  A3  +  A41  +  A43  +  2 *En* t * f r1 )  *Sv
=  ( 0 . 2 8 9  +  0  +  0 . 0 6 3  +  0  +  2  *  0  .  2  5  *  0  .  3  7  5  *  1  )  *  1  6  7  0  0
=  9 0 0 9  . 6 s  l b f

Load  fo r  pa lh  1 -1  l esse r  o f  W o r  W1-1  =  5878 .4  Ib f
PaEh  1 -L  Th ru  (1 )  c  (3 )  =  25594 .62  +  35559 .52  =  61254 .14  l b f
Pa th  1 -1  i s  s t ronger  than  w1-1  so  i t  i . s  accep tab le  pe r  UG-41  (b )  (1 ) .

Load  fo r  pa tsh  2 -2  l esse r  o f  W o r  w2-2  =  7134 .934  l b f
Pa th  2 -2  Th ru  (1 )  ,  (+ )  =  25694 .62  +  29 ] -03 .O9  =  54797 .71  1b f
PaEh  2 -2  i s  s t ronger  than  W so  i t  i s  accep tab le  pe r  UG-41(b )  (2 ) .

Reinforcement ealculations for Bxternal Pressure

Linits of reinforcement tKl-40

Para l l e1  to  the  vesse l  wa I I  d  =  7 .796  i n
Normal to the vessel  wal1 outside 2.5* ( tn-Cn) + t .e = .525 in
Normal to t .he vessel  waI1 inside 2.5* (En-Cn-C) = .625 in

Determination of Chord Length

Theta1 = Arccos ( (Lo + Rn) /Rm)
=  A r c c o s  (  ( 2 3 . 0 1  +  3 . 7 5 ) / 8 4 . 3 8 9 3 5 )
=  I  L .  ) L Z O O

Theta2 = Arccos ( (Lo - Rn) /Rm)
=  A r c c o s ( ( 2 3 . 0 1  -  3 . 7 5 ) / 8 4 . 3 8 9 3 5 )

3 -L2.L9s5 .;;; 
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=  1 6 . 8 0 7 6 6

d  =  2 *Rmrs in (  (TheEa2  -  TheEa l ) /2 )
=  2 * 8 4 . 3 8 9 3 5 * S i n  (  ( 7 6  . 8 0 7 6 6  -  7 L . f i . 2 6 6 1  / 2 ' )
=  1 , 7 9 6  i n

Nozzl-e reouired thickness

L / D o  =  3 . 0 s 7 / 8  =  . 3 8 2 1  O o / E  =  8 / O . 0 L 9 6 r  =  4 0 7 . 9 5 5 1
From E.abl-  e e:  A = 0.000441
From t ,ab Ie  HA-3 :  B  =  4856 ,1

Pa= 4*B/ (3*Do/t  )
=  4 * 4 8 6 6 . t /  ( 3 * 8 / 0 .  0 1 9 6 1 )
=  1 5 . 9 0 4  p s i

Nozzle required thickness E.rn = .01961 in

Required thickness tr  f rom U'c-3?(d) (1) = .2787 in

Area reoui red

A l l owab le  s t . resses :  Sn  =  14700 ,  Sv  =  14700 ,  ps i

f r1  =  l - esse r  o f  1o r  Sn /Sv  so  f r1  =1
fr2 = l -esser of  l -  or Sn/Sv so fr2 =1

A  =  0 . 5 * ( d * L r * F  +  2 * t n * t r * F r ( 1  _  f r 1 ) )
=  0 , 5 *  ( 7  . 1 9 6 * 0  . 2 7 8 7 ' , !  +  2 * 0  . 2 5 * 0  . 2 7 8 7 * L *  ( 1  -  1 )  )
=  1  . 0 8 5 4  i n ^ 2

Area awailable

A1 = larger of  Ehe fol lowing = .75a !n^2

=  d*  (81* t_F* t r )  _  2 * tn *  (E l_ * t_F* t r )  *  (1_ f r1 )
=  1 . 7 9 6 *  ( 1 * 0 . 3 7 5 _ 1 * 0 . 2 7 8 7 )  _  2 * 0 . 2 5 *  ( 1 * 0 . 3 7 5 _ 1 * 0 . 2 2 e 2 1 * 1 1 _ 1 1
= .75L in^ 2

=  2 r  (E+En)  *  (E1* t -F * t r )  -  2 * t ' n *  (81* t , -F * t r )  *  (1 - f r1 )
=  2 * ( 0 . 3 7 5 + 0 . 2 5 ) * ( 1 * 0 . 3 7 5 - 1 * 0 . 2 7 8 7 1  -  2 * 0 . 2 5 *  ( 1 j . 0 . 3 7 5 - 1 * 0 . 2 7 8 7 ) *  ( I - a ' l
=  . 1 2  i n ^ 2

A2 = smal ler of  Ehe foJ, l0wing = 0.288 in^2

= 5i  ( tn -  t rn) * t r2*E
=  5 *  ( 0 . 2 5  -  0 . 0 1 9 5 1 )  * 1 * 0 . 3 ? 5
= .432 in^2

=  5 *  (En  -  t rn )  * f r2 * t sn
=  5 *  ( 0 . 2 5  -  0 . 0 1 9 6 1 )  * 1 * 0 . 2 5
=  . 2 8 8  i n ^ 2

REVO
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A41 = Leg^2 * f r2
=  0 . 2 5 ^ 2 * 1  =  . 0 6 3  i n ^ 2

A r e a  =  A 1  + A 2  + A 4 1
=  0 . 7 5 1  +  0 . 2 8 8  +  0 . 0 6 3
=  1 . 1 0 2  i n ^ 2

As Area > A Ehe reinforcemen! is adequate for Pe = 15.82547 at 400 Deg

Reinforcement check in the glane parallel to the long- axis

Area required

A  =  0 . 5 * ( d * t . r * F  +  2 * E n * E r * F * ( 1  -  f r 1 ) )
=  0 . 5 *  ( 7 . 5 * 0  . 2 7 8 1 * I  +  2 * 0 . 2 5 * 0 . 2 7 8 7 * t *  ( 1  -  1 ) )
=  1 . 0 4 5 1 2 5  i n ^ 2

Area available

A1_ = larger of  the fol lowing = .722 i rL '2

=  d *  ( E 1 * t - F * t . r )  -  2 * t n i  ( E 1 * t - F * t r ) *  ( 1 - f r 1 )
=  2 . 5 *  ( 1 " * 0 . 3 7 5 -  j . * 0  . 2 7 9 7 ] t  -  2 * 0  . 2 5 *  (  1  *  0  .  3  7  5  -  1  i  0  .  2  Z  I  7  )  *  ( 1 -  1 )
=  . 7 2 2  ! n ^  2

=  2 *  ( t + t n )  *  ( E 1 * t - F * t r )  -  2 * t n *  ( E L * t - F * t . r )  *  ( 1 - f 1 1 )
=  2 *  ( O .  3 7 5 + 0 .  2 5 )  *  ( 1 * 0 . 3 7 5 - 1 * 0  . 2 7 8 7 )  -  2 * O . 2 5 *  ( 1 * 0 .  3 7 5 - 1 * 0  . 2 7 8 7 1  *  ( L - I )
= .r2 j-n^ 2

Area = A1 + A2 + A41-
=  0 . 7 2 2  +  0 . 2 8 8  +  0 . 0 6 3
=  r . 0 7 3  i n ^ 2

As Area > A the reinforcement is adequate for pe

UG-45 Nozzle Neck T'hickness Check

Wa l I  E .h i ckness  pe r  UG-45(a ) :  t r l  =  0 .01951
I {a1 l  t h i ckness  pe r  UG-45  (b )  (2 ) :  t r 2  =  0 .0454
Wa l I  t h i ckness  pe r  UG-16(b )  :  L r3  =  0 .0525
SEd p ipe  ? ta l  l -  pe r  UG-45  (b )  (4 ) :  t r 4  =  0 .28 !75
The greater of  t rz or t r3:  t r5 = O.0625
The  lesse r  o f  E r4  o r  t r5 :  t r 6  =  0 .0625

=  L5 .82647  a t  400  Deg

Req'd per UG-45 is the larger of cr1 or tr6 = 0.0525 in

Available nozz]-e wall thickness new, tn = 0.25 in

The nozzl-e neck t.hickness is adequatse for Pe.

in (E
1 Y l

1n

1n
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' .0 OEJECTIVE

Thc objeclive of this calculalion is lo parform lhc slructutal dcsign and analysis for lhe
Jacking Eotl Assemblies on the HoIEonial Access Module Chambet (HAM} bellorvs
no=le.

2.0 [r_E_rHoD oJ AlArysr$ J coirPUTER PROGRAM$ & VFRSIo-I

No compuler progrsms afe used in the execulion of lhis calculstionl

Jacking Bolls are placed in localions thsl will permil operaiion without inlerferences wilh
other componenls. The overall design musl nol permil 6rry of lhe componenls lo exlend
ov€r the flange face brcauss of restrictions in lhe removal oflhe adjacenl sdapler.

The Jacking Boll Assembfy componenls are designed lo NSC allowable slresses an,J by
manual design methods for lhe grealer of lwo condilions:

r Installalion end equipmenl servicing dunng which time bellows spring forces act but no
pressufe loads exisl.

. HAt"l Vessel frec stsnding fuli vacuurn pressure tesl lryilh bell0rvs pressure loads acling
on lh* jacking ass*mblies.

\n/slds eie sired by lraditi0nsl manual caiculati0ns founC in slanderrd engineering lex!s.

3.0 GETEEAL ASSUlrFTrOfl S

None r€quiring conf irmation

{$ jE-E!:BgxcEs

1. ASlvlE Boiler and Pressure Vessel Code, Seclion Vlil, DMsion l, 1995 Edilion

2. Roark & Young, Formulas for Stress and Slrain, Fifth Editlon

3. Blodgett, Deslgn of Welded Structures

4. LIGO Vacuum Equipmenl Slnrclural Dcsign Crileria , Da-. lo. y'd'tl ' | - o 6' c

9. AISC Ste?l Construcllon Manual

6.0 eoxcLuqrors

The Jacking Bolt ori0ntslion around the FlAIdl noaCe 9nd the sssembly componenl delails
are found in the body of lhis calculation

The localion oflhe "D" nozle {eleetricsl/inslr. feedlhroughs, ullllty) localed on lhe venical
centerline ofthe l-lAM vessel rnBy require relocalion due lo possible interfer.nce with lhe
jacking bolts and/or ils close proximily to the '€" nozle junclure ( spprox. 1')
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lilename: FULt.ClR,tVR 1
rULL CIRCULaR,TRUNNION FItLET I'JELD

BettJeen parl Qro> and pan a '  t r V t  n

F
'oAD IilPUT ( LBS., rNCH.l_BS.

Fl F2
0.00 12300.00

Ir41 lvl?
0,00 0.00

M3
0 .0  0

GE0t"leTRlC DI./€NSIONS iFOR FLAT PLATE$, lt'IPUT D=100'd)
dr Op

0.838 r000.000

SECTIOIi PROPERTIES
A St4 Jt! rr../ELD STRESS (PSl)

2.633 0.552 1 .103 18000

EFFECTI\E THROAT CORRECTION FACTOR
lvlf

r .00

ivlrJ(il.Mvi\j,JELD LOAD {fi -#INCH
16? ?

REOUIRED FILIET T/'/ELD SIZE (INCHES)
W

0.387

;
a

)
F 3

U5E 73 F --e-' '; 'rF:'-D



filename: FULLRECT.V,/Fl
ALL AROUND RECTANGULAF OR SQUARE FILLET I.\'ELD

8ellreen parl FLANGL LLJC'\ and parr FuasraE.

._'.f_

?i

M3
0.000.00

9ECTION PROPERTIES
A Sl*l

7.250 4.875
3t",3

2.00s 7.939
c1

1.500
cx

0.313

EFFECTIVE THROAT CORRECTIO N FACTO R
MI

1 . 0 0

tvlA,\h4,t'il truELD LOAD (0 -I#INCH
I

5+81

REAUnED FTLTET y/ELD SIZE (TNCHESI
t , l

0.431

'i ,''

FL-

I
I

. i
, . 4  . _ .

LCAD |NPUT ( LBS , |NCH-L8S )
F1 F2 F3 r.41

0.00 r2300.00 0.00 1e451 .00

GEOhTETR tC D h,1E|*St0NS
a b \^/EtD STRESS (PSl)

3.000 0.025 18000

r
t - l

v t4 ,

SKEITED Al,lGLE{90">s<1 20'}
s0.000

vo49-t-043
fAc.a c7 c;: t{

UsE I Fr.uer \4sLD
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fi lcnatne: CHNL_\r'lLD.l./R 1
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eetttccnparr flAM N)??r-E andpart NO?A-LE- ERAct-.li;f

4.---t

l l

-t-

h L
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NO??uA EAEL'- >TfLESS DU|LTTJG Fr.tUu VAc_uur"^ TEST
bracket wRC bulletin l-07 design

ASUE qode Addenda used - A90
Internal  design pressure
Design tenperature is
corrosion allohrance
Shel l  inner diameter,  new
shel-l thickness, nerrt
Mat'l is exenpt from irnpact
Al lowable tensiLe stress
Lug length, c i rc direct ion
Lug lenqth, Iong direct ion
Lu(I interface radius

P =-1.5 psi
= T O d e g F

C  :  0  i n .
D i  =  6 0 . 5  i n .
t  =  . 5  i n .

testing per UHA-51- ( a )
s  =  18800 ps i  fo r  sA 240 304 HrGH A88^

ZCl  :  6  in .
z c z  =  4  ! n .

=  . 5  i n .

Applied Loads

Rad ia I  l oad
Circunf erential monent
LongitudinaL moment
Circunferent iaL shear
Lonqitudinal  shear

P r =
M c =
M L =

V L =

0 rbf
0 l b - i n
4  r .513  l b - i n
0  l b f
r .2 300 lbf

bu l l e t i n  107Stresses at the J-ug interface per WRc

Geometric factor gamma = 61
stress concentrat ion factor Kn ( tension) :  1
stress concentrat ion factor Kb (bending) = 1
B e t a l  =  9 . 8 3 6 0 6 6 8 - 0 2 ,  B e t a 2  =  9 . 8 3 6 0 6 6 E - 0 2

Fron
F i g .

Val,ue
read

beta
Circurnferential (hoop) stress psi

Bu 81 Cu c1 Du D1Au

pressure sEre
4C*
3C*
2C-L
1C
3A*
1A
3B*
1B

LO . 2)-6
8 . 5 8 6
. 0 7 5
. 1  0 9
2  . 1 4 A
. 0 9
6 . 8 5 8
. o42

s s *
. 0 9 8
. 0 9 8
. 0 9 8
. 0 9 8
. 0 9 8
. 1 0 9
. 0 9 8
. 0 9 8

- 9 0 8  - 9 0 8
0 0

0 0

- 5 5 5 9  - 5 5 5 9
- 1 4 0 0 0  l - 4  0 0 0

-908  -908
0 0

0 0

5559  55  59
14000  - l _4000

-908  -908

0 0

- 9 0 8

0

o
o
o

- 9 0 8

o

o

o
0

0
0
0

Tota] hoop stress -20467 7533 18651 -9349 - 9 0 8 -908 -908  -908

Prinary nembrane
circ. stress*

-6467 -6467 465L 465). -908 -908 -908  -908

Maxinum pr irnary menbrane circ.  stress =-6467 psi
Al lowable pr imary nembrane circ.  stress = *-1 .5*S = +- 28200 psi
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The naxinun prinary nenbrane circ. stress is within alloltable lirnits

Longitudinat (axial) stress Psi
From
F i g .

value
read Bu Bl Cu Cl Du DlAu

press
4C*
3C*
r.c-L
2C
4A*
2A
4B*
2B

1 0 .  2 1 6
8 . 5 8 6
.  1 1 1
. 0 7 4
3  . 2 3 4
. o 4 7
2 . O 7 4
. 062

ss*
. 0 9 8
. 0 9 8
. 0 9 8
. 0 9 8
. 0 9 8
. 1 L 1
. 0 9 8
, 1 , 0 5

ure sEre -454 -454 -454 -454 -454 -454 -454 -454

0 0 0 0
0 0 0 0
0 0 0 0

-L797  -1797  L797  L797
- 1 9 2 8 8  L 9 2 8 8  1 9 2 8 8  - 1 9  2  8 8

0
o
0

o
0
0

o
0
0

0
0
0

Total AxiaL stress -21539 17037 2063r -17945 - 454 -454 -454  -454

Prinary nenbrane
Iong. stress*

-225L  -225L L 3 4 3 L343 -  454 -  454 -454 -454

Maxinum prinary nenbrane long. stress =-2251 psi
altowabli  prirniry membrane 15n9. stress = +-L.5*S = +- 28200 psi

The naximum prinary mernbrane long. stress is within alLowable limits

Shear stress PSi
Loading

DI

torsion motnent Mt
circ. load vc
Long. Ioad Vc -2050  -2050

0 0

2050 2050

TotaL shear stress 0  -2050  -2050 2050  2050
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cornbined stress intensity, psi

At point  --> D1clBfAu

Conbined stress -21539 L7037 2063r -r?945 4125 4L25 4L25 4L25

Maxinun conbined stress =-21539 psi
Al lowab1e combined stress = +-3*S = +- 56400 psi

The rnaxirnum cornbined stress is within allovtable I in i t s .
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