LIGO VACUUM EQUIPMENT
FINAL DESIGN REPORT

VOLUME I ATTACHMENT 1 - CALCULATIONS

CONTRACT NO: PC175730
CDRL NO: 03
PSI DOCUMENT NO: V049-1-097

CALIFORNIA INSTITUTE OF TECHNOLOGY LIGO PROJECT

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

PROCESS SYSTEMS INTERNATIONAL
20 WALKUP DRIVE
WESTBOROUGH, MASSACHUSETTS 01581




VOLUME I ATTACHMENTS
ATTACHMENT 1

STRUCTURAL CALCULATIONS

TITLE
LIGO Vacuum Equipment Structural Design Criteria

Beam Splitter Chamber

Finite Element Analysis of Upper Section

ASME Code Calculations for Upper Section

FE Analysis of 1 in. Thick Flange for Bolt Preload

FE Analysis of 1 in. Thick Fiange for Bolt P"reload & Pos.
Pressure

FE Arnalysis of 3/4 in Thick Flange

| Flange Design for Internal Pressure
Design of Removable Work Floor
Design of Flange Welds

Finite Element Analysis of Lower Section
Design of 60 in Access Covers
Design of Support Legs & Base Plates
Temporary Cover for 60 in Nozzle
Nozzle to Shell Welds

Lifting Lugs

Shipping Loads

BSC Deflections

NASTRAN Buckling Analysis

BSC Support Clevis

DOCUMENT NO.

V049-1-066

V049-1-014
V049-1-015
V049-1-016
V049-1-017

V049-1-018
V049-1-019
V049-1-020
V049-1-021
V049-1-022
V049-1-023
V049-1-024
V049-1-025
V049-1-026
V049-1-027
V049-1-028
V049-1-029
V049-1-040
V049-1-069

REV,

oo o o

Qo O O O o o O o o o o o o o

LIGO-C960964-00-V

Attachment 1



TITLE

Yacuum Equipment General Structural Calculations
Vacuum Equipment Seismic Acceleration

Component Interface Loads

Bolted Flange Analysis for Tensile Forces

Design of Pipe Bridge (Corner Station)

Horizontal Access Module

Ham Vessel Stress Analysis (Finite Element Analysis)
Ham Vessel Buckling Analysis

Design of 60 inch Cover

Design of 84 inch Cover

Design of Nozzle Jacking Bolt Assembly

DOCUMENT NO.

V049-1-031
V049-1-032
V049-1-042
V049-1-071

V049-1-039
V049-1-041
V049-1-073
V049-1-074
V049-1-048

REV,

o o o o

DO o o o



PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-066
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 3
REV. |DEO# | DATE |BY: CHECK | TITLE: LIGO Vacuum Equipment
0 0136 4/24/96 | /4P | u Structural Design Criteria
BY: R.D. Ciatto i DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOQSE: 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.

ASSUMPTIONS: N/A

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

REFERENCES: See INPUTS

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS:; These LIGO vacuum equipment structural design criteria conform to
project and code requirements.
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LIGO VACUUM EQUIPMENT
STRUCTURAL DESIGN CRITERIA

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

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

Internal Vacuum = -14.7 psig

Positive Internal Pressure = 2 psig for vacuum chambers. Special conditions for
80K cryopumps (see Doc. No. V049-1-056).

Mechanical Loads

* 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. V049-1-032.

Design Temperature = 400° F
Seismic Acceleration = .05625 G (ASCE 7-88) lateral 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 Bolting Material = SA193, Gr B7.

Basic Stress Limits (Section VIII, Div. 1)
Type 304L
S = 14.7 ksi at 400° F for membrane stress
S =1.58 = 22 ksi at 400° F for membrane + bending stress
Type 304

S =16.2 ksi at 400° F for membrane stress
S =1.58 = 24.3 ksi at 400° F for membrane + bending stress

sde.doc
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Basic Stress Limits (Section VIII, Div. 2):

Type 304L ,
Sm = 15.8 ksi at 400° F for Primary Membrane Stress Intensity
1.55m = 23.7 ksi at 400° F for Primary Bending Stress Intensity
3Sm = 47.4 ksi at 400° F for Secondary Membrane + Bending

Type 304
Sm = 18.7 ksi at 400° F for Primary Membrane Stress Intensity
1.58m = 28.0 ksi at 400° F for Primary Bending Stress Intensity
35m = 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 (21% to 29 %)
Maximum Compression Force = 160 1b/in

Shipping Acceleration

Vertical Accel = 1G
Horizontal Accel = .5G

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

Material for Supports: A36 shapes and plate, A500 Gr B tube steel. See AISC
Code for allowable stresses.




PROCESS SYSTEMS INTERNATIONAL, INC. [ ENGINEERING NO: V049-1-066
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 3
REV. DEO# | DATE |BY: CHECK | TITLE: LIGO Vacuum Equipment
0 0136 42496 | /&0 | ut) Structural Design Criteria
BY: R D. Ciatto | DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NQ: V359049

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.

ASSUMPTIQNS: N/A

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

REFERENCES: See INPUTS

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: These LIGO vacuum equipment structural design criteria conform to
project and code requirements.
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LIGO VACUUM EQUIPMENT
STRUCTURAL DESIGN CRITERIA

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

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

Internal Vacuum = -14.7 psig

Positive Internal Pressure = 2 psig for vacuum chambers. Special conditions for
BOK cryopumps (see Doc. No. V049-1-056),

Mechanical Loads

* 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. V049-1-032.

Design Temperature = 400° F
Seismic Acceleration = .05625 G (ASCE 7-88) lateral 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 Bolting Material = SA193, Gr B7.

Basic Stress Limits (Section VIII, Div. 1)
Type 304L

S = 14.7 ksi at 400° F for membrane stress
8§ = 1.58 = 22 ksi at 400° F for membrane + bending stress

Type 304

S =16.2 ksi at 400° F for membrane stress
S = 1.58 = 24.3 ksi at 400° F for membrane + bending stress
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Basic Stress Limits (Section VIII, Div. 2):

Type 304L
Sm = 15.8 ksi at 400° F for Primary Membrane Stress Intensity
1.58m = 23.7 ksi at 400° F for Primary Bending Stress Intensity
3Sm = 47.4 ksi at 400° F for Secondary Membrane + Bending

Type 304
Sm = 18.7 ksi at 400° F for Primary Membrane Stress Intensity
1.58m = 28.0 ksi at 400° F for Primary Bending Stress Intensity
38m = 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 (21% to 29 %)
Maximum Compression Force = 160 1b/in

Shipping Acceleration

Vertical Accel = 1G
Horizontal Accel = .5G

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

Material for Supports: A36 shapes and plate, AS00 Gr B tube steel. See AISC
Code for allowabie stresses.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-014
WESTBOROUGH, MA CALCULATIONS PAGE10OF 16
REV. |DEO# [DATE |BY: CHECK | TITLE: Beam Splitter Chamber - Finite Element
0 0024 4e/571 LI ] WIDLL Analysis of Upper Section

BY: /2 7. C ,2v1o | DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROIJECT NO: V59049

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

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

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

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

REFERENCES: 1. ASME Boiler and Pregssure Vessel Code, Section VIII, Pressure Vessels,
Division 1.
2. Images - 3D, Version 3.0, R.L. Cloud & Associates.

3. (Poe . Al Vo s . t-0eG, L6 AArdar L aas Srnpen, Pss e Cor =

CALCULATIONS: (See Attachment)

CONCLUSIONS: Stresses in head and shell in the area of the lifting lugs are within limits of ASME
Code, Section VIII, Div. 1.
A spreader beam should be used when lifting vessel.

NOTES: See stress contour plots atiached. See V049-1-015 for buckling analysis per the ASME Code.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-015

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 57

REV. |DEO# |DATE |BY: CHECK | TITLE: Beam Splitter Chamber - ASME Code

002¢ 12/LL57 | Do F"w}y Calculations for Upper Section.

BY: X O Corarre | DEPT.: 744

PRQIECT: LIGO Vacuum Equipment PROJECT NO: V59049

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

METHOD: Equations for thickness requirements and pressure rating in the ASME Code, Section VIII,
Div.] 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 1.
2. COMPRESS 5.31, Computer Aided Pressure Vesse! Design, Codeware Computer Systems, Inc.
3. ?o: Ao, ouvGor-py €, L 740 LA Sae 1P -, Ssade=opdy Dgs -

Voed FT AN s L

CALCULATIONS: (See Attached)

CONCLUSIONS: Requirements of the ASME Code, Section VIIL, Div. 1 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 1/2 in. shell.
No reinforcing pad is required by code.

FILED\FATEMPLATEAENGFORMS\ENGCALC
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COMPRESS 5.51 CACS\BSCUPPER.VSL

Top Head - BSC

ASM ion VIII Division 1, 1992 Edition, A93 Addcn

Componcnt: F&D head
Matcrial specification: SA 240 304L HIGH

Interna! design pressurc: P=2 psi@ 400
External design pressure: Pe= 14.7 psi@ 400

Corrosion allowance: Inner C = Quter=0
PWHT is not performed

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

Estimated weight: new = 12329 corr = 1232.9
capacity: new = 408.96  corr = 468.96

Dcc. 19, 1995

deg F
deg F

in

b
US ga

ID = 104.25 crown L = 105 knuckle r = 6.5 t=.375 in (min)

Straight flange = 2 forming allowancc = 0 in

Dcsign thickacss: (At 400 deg F) Appendix_1-4(d) Eq 3

M = .25*%3 + (L/n)".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) + 0 + O
= 0.0147 in

AP: New & at
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

Appendix 1-4(d) E

MAWP: (Corroded & at 400 deg F) Appendix 1-4(d) Eq 3

P = 2*S*E*/(L*M + 0.2%) - Ps
= 2*14700%0.85*0.375/(105*1.7548 + 0.2%0.375) - 0
= 50.83981 psi

1 Pressure: IT 4 F -
A = 125/(Rolt)
= ,125/(105.375/0.32589)
= 0.000387

From table HA-3: B = 4755.5

iDee YO47F-r-0r

j?,; 7,

Page &

-

R

7



COMPRESS 5.51 C:AC5\BSCUPPER.VSL Dcc. 19, 1995

Top Head - BSC

Pa= B/(Ro/t)
= 4755.5/(105.375/0.32589)
= 14.7072 psi

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

t = 1.67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))
67%14.7072%105.375%1.7548/(2%14700%1 + 1.67*14.7072%(1.7548-0.2))

1

1

0.154277 in

Dcsign thickness for external pressure Pa = 14,7072 psi:

t 4+ Corrosion + fa
0.32589 4 0+ 0
0.32589 in

Maximum Allowablc Extcrnal Pressure: (Corroded @ QQQ deg F)

A = 125/(Roft)
= .125/(105.375/0.375)
= (0.000445

From table HA-3: B = 4873.8

||

Pa= B/(Ro/t)
= 4873.8/(105.375/0.375)
= 17.3445 psi -

Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pe= 2*S*EX/(M*Lo - t*(M-0.2))*1.67)
= 2*14700%1*0.375/({1.7548*105.375 - 0.375*(1.7548-0.2))*1.67)
= 35.81529 psi

The maximum allowable external pressure is 17,3445 psi.

/’2?-/

o
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COMPRESS 5.31 C:\CH\BSCUPPER.VSL

//,q.—-." FL o <L on TAL st ad B S
Top Head = BSC #““ 2vess Ay , /5, "

ASME Section VIII Division 1, 1992 Edition, 293 Addenda

Component: F&D head

Material specification: SA 240 304L HIGH

Internal design pressure: P = 2 psi @ 400 deg F
External design pressure: Pe= 14.7 psi @ 400 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

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

Estimated weight: new = 1128.8 corr = 1128.8 lb
capacity: new = 468.96 corr = 468.96 US ga
ID = 104.25 crown L = 105 knuckle ¥ = 6.5 t = .3&375 in (min)
= MFEZ
Straight flange = 2 forming allowance = 0 in
: - € r s s A e s 5 5 > ;/.D:,-"J’/,’E
WARNIRNG! F&D head geometry jis not per UG-32({1).
esi thickness: At 400 deg F) Appendix 1-4(d} Eq 3
M = .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) + O + 0
= 0.0147 in
MAP: (New & at 0 deq F) Appendix 1-4(d) Eq 3
P = 2*S*E*t/(L*M + 0.2%t) - Ps
= 2%¥16700*%0.85%0,34375/(105%1.7548 + 0.2%0.34375) - 0O
= 52.94551 psi
MAWP: [Corroded & at 400 deg F) Appendix 1-4(d) Eq 3
P = 2*%S*E*t/(L*M + 0.2%t) - Ps
= 2%14700*%0.85%0.34375/(105*1.7548 + 0.2%0.34375) - 0
= 46.60474 psi
ernal Pressure: Corroded t 400 deq F) UG-33(e)
A .125/(Ro/t)

nmn

.125/(105.3438/0.32589)

Re;ision 0
Doc No. V049-1-015
Page 8 of 57



COMPRESS 5.31 C:\C5\BSCUPPER.VSL Nov. 9, 199%

op _Head - BSC
= 0.,000387
From table HA-3: B = 4754.8

Pa= B/(Ro/t)
4754,8/(105.3438/0.32589)
14.7094 psi

[

Check the external pressure per UG-33(a)(1)
t l.67*Pa*Lo*M/(2*S*E + 1.67*%Pa*(M-0.2))
1.67*14.7094%105.3438%1.7548/(2%14700%1 + 1.67*%14.7094%{1.7548~0.2))
0.154254 in

Design thickness for external pressure Pa = 14.7094 psi:

t + Corrosion + fa
0.32589 + 0 + 0O
0.32589 in

Maximum Allowable External Pressure: (Corroded 8 400 deg F)

A = .125/(Ro/t)
.125/(105.3438/0.34375)
0.000408

From table HA-3: B = 4797.2

Pa= B/(Ro/t)
4797.2/(105.3438/0.34375)
15.6539 psi

Check the Maximum External Pressure: UG-33(a)(l) & App. 1-4(d)

Pe= 2*S*xExt/((M*Lo - t*(M-0.2))*1.67)
2%14700%1%0.34375/((1.7548%105.3438 - 0.34375%(1.7548-0.2))*1.67)
32.83179 psi

i

The maximum allowable external pressure is 15.6539 psi.

Re;ision 0
Doc No. V049-1-015
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COMPRESS 5.51 C:\C5\BSCUPPER.VSL Dcc. 19, 1995

r indri 11 -

M ction VIII Division 1, 1992 Editi A

Component: Cylinder

Material specification: SA 240 304L HIGH

Internal design pressure: P=2 psi@ 400 deg F

External design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Catcgory A joints - Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) type 1

Estimatcd wcight: new = 1428.1 corr = 1428.1 Ib
capacity: new = 2217.078 corr = 2217.078 US ga

ID = 104.25 length Lc= 60 t =0.25 in (ncw)
Desi ickness: -27(c)}{1) Circ €s
t = P*R/(S*E - 0.6*P) 1 Corrosion

= 2*52.125/(14700%0.85 - 0.6*2) + 0
= 0.0083 in

MAP: __(New & 3t 0 deg F) UG-27(c)(1)

P = S*E*/(R + 0.6%t) - Ps
= 16700%0.85*0.25/(52.125 + 0.6*0.25) - 0
= 67.88618 psi

AWDP: OrT at 4 F - 1

P = S*E*t/(R + 0.6*) - Ps
= 14700%0.85%0.25/(52.125 -+ 0.6%0.25) - 0
= 59.7561 psi

Extcrnal Pressure: (Corroded & at 400 deg F) UG-28

L/Do = 37.90131/104.75 =0.3618 Do/t = 104.75/0.23897 = 438.3395
From table G: A = 0.000425
From table HA-3: B = 4834.6

Pa= 4*B/(3*Do/t)
= 4*4834.6/(3*104.75/0.23897)
= 14.7058 psi

csi ickness for ex 1 pr: rc Pa = i:

=t + Corrosion :
= 0.23897 + 0 Doe 42°

Mew O

YreG. st
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COMPRESS 5.51 C:\C5\BSCUPPER.VSL Dcc. 19, 1995
indrical Shell - B

= 0.23897 in

Maximum Allowablc Exicrnal Pressure: (Corroded @ 400 deg F)
L/Do = 37.90131/104.75 =0.3618 Do/t = 104.75/0.25 = 419
From table G: A = 0.000452
From table HA-3; B = 4887.2

Pa= 4*B/(3*Do/t)
= 4*4887.2/(3*104.75/0.25)
= 15.5519 psi

ﬂ?‘{’ o
Pee. t/2 AR RNCE
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COMPRESS 5.51

C:\CS\BSCUPPER.VSL
hell Stiffencr

Stiffcning Ring Calculations Per UG-29

ME Sccti 111 Division 1

Identificr:

Ring matcrial specification:
Number of rings in this group:
Distancc first ring to datum line:
Ring spacing:

Ring description:

Ring is rolled:

Ring cross scctional area:
Ring moment of inertia:

2 Edition, A93 Adden

Shell Stiffener

SA 240 304L HIGH
1

110 in

Qin

4x4x1/4 Equal Angle

leg out (casy way)
As= 194in"2
Ir= 3.04in"4

Calculations for ring 110 in from datum

Shell material specification:
Required shell thickness:
Corroded shell thickness:
Shell outer diameter:
Design tempcerature:
Extcrnal design pressure:
Stiffener supported length:

B = .75*(P*Do/(t + As/Ls))
= 75%(14.7%104.75/(0.23897
= 3900.111

From table HA-3 (ring)

e
S
T T i
h N -
W 8'
=~
l¢]
o4
"y

=
s

+ 1.94/33.95065))

A = 2.949634E-04

Dcc. 19, 1995

Required moment of incrtia of the combined ring-shell section

Is= (Do"2*Ls*(t -+ As/Ls)*A)/10.9
= (104.75°2*33.95065*(0.23897 + 1.94/33.95065)*2.949634E-04)/10.9
= 2.985063 in"4

Availablc moment of incrtia of the combined ring-shell section
Shell width contributing smaller of = 5.62911
W = 1.1*Sqr{Do*ts)
= 1.1*Sqr(104.75%0.25)
= 5.62911 in
W = Ls = 33.95065 in
Shcll area Al = W*ts = 1.407277 in"2

Distance to the ring neutral axis

eo O

Doe t1s (0005707
Pagc /2 o~ s7



COMPRESS 5.51 C:\C5\BSCUPPER.VSL

11 Stiffcncr

Neutra! axis of combined section

NA = As*Y2/(Al + As)
1.94%1.215/(1.407277 + 1.94)
7041842 in

Incrtia of the shell about the combined section NA
Il = W*ts"3/12 + A1*NA"2
= 5.62911%0.25°3/12 + 1.407277*0.7041842"2
= 7051639 in"4
Incrtia of the ring about the combined scction NA
I2 =1Ir 4 As*(NA - Y2)"2
= 3.04 -+ 1.94%(0.7041842 - 1.215)"2
= 3.54621 in"4
Total available 1 = Il + I2 = 4.251373 in"4

The 4x4x1/4 Equal Angle vacuum stiffener is satisfactory.

Dcc. 19, 1995

cior7
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| COMPRESS 5.51 C:AC5\BSCUPPER.VSL Dcc. 19, 1995

Main 10 linder

A Scction VIII Division 1. 1992 Edition, A93 Addcnda

| Componcnt: Cylinder
Material specification: SA 240 304L HIGH
Internal design pressure: P=2 psi@ 400 deg F
External design pressure: Pe= 147 psi@ 400 deg F
Corrosion allowance: Inner C = 0 QOuter= 0 in
PWHT is not performed

Radiography:  Category A joints - Spot UW-11(b) type 1
Catcgory B joints -  Spot UW-11(b) type 1

Estimated weight: new = 3817.3  corr = 3817.3 Ib
capacity: new = 2956.104 corr = 2956.104 US ga

ID = 104.25 length Lc= 80 t=0.5 in(new)

Design thickness: UG-27(c)(1) Circ. stress

t = P*R/(S*E - 0.6*P) 41 Corrosion
= 2*52.125/(14700%0.85 - 0.6*2) + O
= 0.0083 in

MAP: v & atQdeg F -27{c3(1

P = S*E*/(R + 0.6%t) - Ps
16700%0.85%0.5/(52.125 + 0.6*0.5) - 0
135.3839 psi

MAWDP: (Corroded & at 400 dcg F) UG-27(c)(1)

P = S*E*t/(R + 0.6%t) - Ps
= 14700%0.85*0.5/(52.125 + 0.6*0.5)- 0
= 119.1702 psi

External Pr . OIT: 4 -2
L/Do = 80/105.25 =0.7601 Do/t = 105.25/0.30747 = 342.3098
From table G: A = 0.000288
From table HA-3: B = 3807.2

Pa= 4*B/(3*D0/t)
= 4*3807.2/(3*105.25/0.30747)

= 14.8295 psi
csign thickness for ext essurc Pa = 14 .82 i ”
. s v
=t + Corrosion G s s
=0.30747+ 0 Dre Ao i

Page /v o 57




COMPRESS 5.51 C:\C5\BSCUPPER.VSL

Main Section Cyli

= 0.30747 in

Maximum Allowablc Extcrnal Pressure: (Corroded @ 400 deg F)
L/Do = 80/105.25 =0.7601 Do/t = 105.25/0.5 = 210.5
From table G: A = 0.000587
From table HA-3: B =5117.2

Pa= 4*B/(3*Do/t)
= 4*5117.2/(3*105.25/0.5)
= 32.413 psi

Dcc. 19, 1995

/25;/ Z
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COMPRESS 5.51 C:\C5\BSCUPPER.VSL Dcc. 19, 1995

Nozzlc E

Opcning N-E Rcinforcecment Calculations Per UG-37

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

Liquid static head included: 0 psi

Flange description; 14 inch 75# SO A240304L

ANSI B16.47 flange rating MAP: 115 psi
ANSI B16.47 flange rating MAWP: 80 psi

Nozzle matcrial specification: SA 240 304L HIGH

Pad material specification: SA 240 304L HIGH

Nozzle orientation: 45 degrecs

End of nozzlc to shell center: 55.875 in

Nozzle offsct from center Lo: 0in

Projection outside vessel Lpr: 35in

tn ->| |« corrosion allow = 0 in
dp—> _ <— noz thick new tn= .12 in
<—d =] |twl nozzle id. new d= 13.75 in
->| |<tw2 > |«- pad diameter dp = 20 in
_ / \ pad thickness te= .25 in
te|/| I\ fillet weld twl = .125 in
—_— LV —— fillet weld tw2 = .25 in
J1_|_tw3 A groove weld tw3 = .25 in
A

< L > To datum L= 124 in
Rceinforcement Calculations For Nozzle MAWDP
Limits of rcinforcement UG-40

Parallel to the vessel walld = 13.75 in

Normal to the vessel wall outside 2.5*(tn-Cn) + tc = .55 in

Normal to the vessel wall inside 2.5*%(tn-Cn-C) = .3 in

Nozzle requircd thickncss

trn = P*Rn/(Sn*E - 0.6*P)

= 2*6.875/(14700*1 - 0.6*2)
= 0.0009 in
ir ickn from UG-37
tr= P*R/(S*E - 0.6*P)
= 2*52.125/(14700*1 - 0.6*2) 5
= 0.0071 in
Doe. Mo

Arc ire

¢/

JOYE~ -1
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COMPRESS 5.51 C:\C5\BSCUPPER.VSL
Nozzlc E

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

fr1 = Jesser of 1 or Sn/Sv so frl =1
fr2 = lesscr of 1 or Sn/Sv so fr2 =1
fr3 = lesser of fr2 or Sp/Sv so fr3 =1
fr4 = lesscr of 1 or Sp/Sv so fr4 =1

A = d**F + 2%n*r*F*(] - frl)
= 13.75%0.0071*1 + 2*0.12%0.0071*1*(1 - 1)
= .0976 in"2

Arca availablc
Al = larger of the following =3.34in"2

= d*(E1*t-F*tr) - 24m*(E1*-Fr)*(1-fr1)
= 13.75%(1*0.25-1*0.0071) - 2*0,12%(1*0.25-1*0.0071)*(1-1)
=3.34in"2

= 2*(t4 m)*(EI*-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
2¥(0.25 1 0.12)*(1*0.25-1*0.0071) - 2*0.12%(1*0.25-1%0.0071)*(1-1)
A8 in"2

>
[

= smaller of the following =0.131in"2

5*(tn - trn)*fr2*t
5*%(0.12 - 0.0009)*1*0.25
.149in"2

ni

2%(tn - tn)*(2.5%tn + te)*fr2
2%(0.12 - 0.0009)*(2.5*0.12 + 0.25)*1
1311072

[T

A4l = Leg 23
= 0.125"2*1 = .016 in"2

Ad42 = Lcg"2*r4
= 0.25"2*1 = .063 in"2

A5 = (Dp - d - 2*m)*te*frd
(20 - 13.75 - 2%0.12)*0.25*1
1.5025 in"2

Area = Al 4 A2 -+ A4l + A42 + AS
= 3.34 + 0.131 + 0.016 + 0.063 + 1.5025
= 5.0525in"2

As Arca > A the reinforcement is adequate for MAWP = 2 at 400 Deg F
c welds - From UW-16(c)(2

Inner Fillet: tmin = lesser of 0.75 or tn or tc, tmin = 0.12 in

tw(min) = 0.7*tmin = 0.084 in Poe

Dcc. 19, 1995

/'2>'u >,
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COMPRESS 5.51

CACS\BSCUPPER.VSL

zzl

tw(actual) = 0.7*Leg = 0.7*%0.125 = 0.0875 in

Quter Fillct: tmin = lesser of 0.75 or te or t, tmin = (.25 in

tw(min) =

0.5*%tmin = 0.125 in

tw(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

UG-43 Nozzle Ncck Thickness Check

Wall thickness per UG-45(a): trl = 0.000%in (E = 1)
Wall thickncss per UG-45(b){(1): tr2 = 0.0071 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): trd = 0.328125 in

The greater of tr2 or tr3: 5 = 0.0625 in

The lesser of tr4 or trS: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.12 in

The nozzle neck thickness is adequate for MAWP.
G-45{c) and UW-15(c
Groove weld in tension = 0.74*14700 = 10878 psi
Nozzle wall in shear = 0.7*14700 = 10290 psi

Inner fillet weld in shear = 0.49*14700 = 7203 psi
Quter fillet weld in shear = 0.49*14700 = 7203 psi

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle 0.D.*Leg*Si = 1.57*13.99*0.125%7203 = 19776.11 Ibf

1 blc stresses in join

(2) Outer fillet weld in shear
(P1/2)*Pad O.D.*Leg*So = 1.57*20*0.25*7203 = 56543.55 Ibf

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

(4) Groove weld in tcnsion
(Pi/2)*Nozzlec O.D.*tw*Sg = 1.57*13.99*0.25*10878 = 59731.91 Ibf

ing On cr -41

= (A - (d - 2*tn)*(E1*t - F*tr))*Sv
= (0.0976 - (13.75 - 2*0.12)*(1*0.25 - 1*0.0071))*14700
=-46804.49 1bf

W1-1 = (A2 1 A5 + A4l + A42)*Sv
= (0.131 + 1.5025 + 0.016 + 0.063)*14700
= 25173.75 Ibf

= (A2 + A3 4 A4l + A43 + 2%m*t*frl)*Sv

pﬁr

Dcc. 19, 1995
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CCMPRESS 5.51 C:\C5\BSCUPPER.VSL

zz]

(0.131 + 0 + 0.016 + 0 + 2%0.12*0.25*1)*14700
3042.9 Ibf

= (A2 + A3 + A5 + A4l + A42 + A43 + 2Hn*tr1)*Sy

6055.75 Ibf

Load for path 1-1 lesser of W or W1-1 =-46804.49 1bf
Path 1-1 Thru (2) & (3) = 56543.55 + 26888.88 = 83432.43 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-46804.49 Ibf
Path 2-2 Thru (1), (4) = 19776.11 + 59731.91 = 79508.02 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 3-3 lesser of W or W3-3 =-46804.49 Ibf
Path 3-3 Thru (2), (4) = 56543.55 + 59731.9]1 = 116275.5 Ibf
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).

Pad strength = AS5*Sp = 22086.75 Ibf
Quter fillet weld strength is adequate.

Reinforcement Calculations for External Pressure
Limits of rcinforcement UG-40

Parallel to the vessel walld = 13.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + te = .55 in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .3 in

Nozzle required thickness

L/De = 3.5/13.99 = .2502 Do/t = 13.99/0.03032 = 461.4116
From table G: A = 0.000587
From tablc HA-3: B =5117.2

Pa= 4*B/(3*Do/t)
= 4*5117.2/(3*13.99/0.03032)
= 14.7871 psi
Nozzle requircd thickness trn = .03032 in
Rcqui ickn om -37(d)(1) = .239 in
ICa requir
Allowable stresses: Sn = 14700, Sv = 14700, Sp = 14700 psi
frl = lesscr of 1 or Sn/Sv so frl =1

fr2 = lesser of 1 or Sn/Sv so fr2 =1
fr3 = lesser of 12 or Sp/Sv so fr3 =1

3-3
(0.131 4 0 + 1.5025 + 0.016 + 0.063 + 0 + 2*0.12*0.25%1)*14700
2

Dec. 19, 1995
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fr4 = lesser of 1 or Sp/Sv so fr4 =1 Dhe Ao l/(»,y:;_ - 073"
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COMPRESS 5.51 C:\CS\BSCUPPER.VSL
Nozzlc E

A = 0.5*(d*r*F + 2*tn*r*FX(1 - frl))
0.5%(13.75%0.239%1 + 2%0.12%0.239*1*(1 - 1))

ool

1.6431in"2
rca availabl
Al = larger of the following =.151in"2

d*(E1*t-F*tr) - 2*n*(E1*t-F*tr)*(1-frl)
13.75%(1%0.25-1*0.239) - 2*0.12*(1*0.25-1%0.239)*(1-1)
151 in"2

= 2*(t4 tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 2%(0.25 +0.12)*(1*0.25-1*0.239) - 2%0.12*%(1*0.25-1*0.239)*(1-1)
= 008 in"2

A2 = smaller of the following = 0.09% in"2

S*(tn - trn)*fr2*t
5%(0.12 - 0.03032)*1%0.25
112in°2

= 2%(tn - trn)*(2.5%tn + tc)*fr2
1 = 2%(0.12 - 0.03032)*(2.5%0.12 1 0.25)*1
f = .099 in~2

A41 = Leg 23
= 0.125°2*1 = .016in"2

A42 = Leg"2*frd
= 0.2572%1 = 063 in"2

AS = (Dp - d - 2*tn)*tc*fr4
= (20 - 13.75 - 2%0.12)*0.25*1
= 1.5025 in"2

Arca = Al 4 A2 + A4l + A42 + AS
= 0.151 + 0.099 + 0.016 + 0.063 + 1.5025
= 1.8315in"2

As Arca > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F
- ck Thickness Check

Wall thickness per UG-45(a): trl = 0.03032in (E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0522 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.328125 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

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

Dcc. 19, 1995
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COMPRESS 5.51 CACS\BSCUPPER.VSL Dcc. 19, 1995
Nozzic E

Availablc nozzle wall thickness new, tn = 0.12 in

The nozzle neck thickness is adequate for Pe.

/?-z v

Doe. Mo, VO F-2-075
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Nozzlc E
Applicd Loads
Radial load Pr = 2183 Ibf
Circumfcrential moment Mc = 0 Ibf-ft
Circumfercntial shear Ve = 0 Ibf
Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 0 Ibf
Torsion moment Mt = O Ibf-ft
Internal pressure = 2 psi
Stresses at th D per WRC bullctin 107 i

Mean radius Rm = 52.25 in
Rm/t = 104.5

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

Pressure stress intensity factor, Farr equation 11.5

1= .25%4 + 3%(1/x)"2 + 3*(1/x)"4)
25%(4 + 3%(6.875/7.12)"2 + 3%(6.875/7.12)4)

2.351

Local circ. pressure stress = I*P*Rm/t = 491 psi
Local long. pressure stress = P*Rm/2t = 104 psi

Maximum combined stress =-4686 psi
Allowable combined stress = +-3*S = +- 44100 psi

The maximum combincd stress is within allowable limits.

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

The maximum primary membrane stress is within allowable limits.

v O

Doe. Me. VAws-1=011
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COMPRESS 5.51 CACS\BSCUPPER.VSL Dcc. 19, 1995

Nozzic E
From| Value | beta
Fig.| read Au Al Bu Bl Cu C1 Du D1
3C* [10.677 {0.117 -892 -892 -B92 -892
4C* [15.057 |0.117]| -1258 -1258 -1258 -1258
1C  [0.0765 [0.117 -4008 4008 -4008 4008
2C-1/0.0440 |0.117] -2305 2305 -2305 2305
3A* 14.1315 [0.117
1A [0.0774 [0.117
38* |11.036 {0.117
1B-1]0.0281 |0.117
pressure stress* 491 491 491 491 49] 491 491 491

Total circ stress -3072 1538 -3072 1538 -4409 3607 -4409 3607
Primary membrane

circ stress* -767  -767 -767  -767 -401 -401 -401 -401
3C* 110,677 [0.117 -892 -892 -892 -892

4C* 115.057 |0.117 -1258 -1258 -1258 -1258
1C-1(0.0744 10.117| -3898 3898 -3898 3898

eC 10.0467 [0.117 -2447 2447 -2447 2447
4A* |7.5665 [0.117

2A 10.0389 |0.117

4B* 14.0872 {0.117

2B-110.0385 [0.117

pressure stress* 104 104 104 104 104 104 104 104

Total long stress -4686 3110 -4686 3110 -3601 1293 -3601 1293
Primary membrane
long stress* -788  -788 -788 -788 -1154 -1154 -1154 -1154

torsion moment Mt
Circ shear from Vc
Long shear from VL

Total Shear stress

Combined stress -4686 3110 -4686 3110 -4409 3607 -4409 3607

Pgv O

Dpe Mo VO 3=/=600
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Nozzic E

csses at the cr WR Hetin 107 I

Mcan radius Rm = 52.25in
Rm/t = 209

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

Pressure stress intensity factor, Farr equation 11.5

= .25%4 + 3*(1/x)"2 + 3%(1/x)"4)
25%(4 + 3%(6.875/10.25)°2 | 3*(6.875/10.25)4)

1.489

Local circ. pressure stress = I*P*Rm/t = 622 psi
Local long. pressure stress = P*Rm/2t = 209 psi

Maximum combined stress =-13222 psi
Allowablc combined stress = +-3*§ = +- 44100 psi

The maximum combined stress is within allowable limits.

Maximum primary mcmbrane stress =-3300 psi
Allowablc primary mcmbrane stress = +-1.5*8 = +- 22050 psi

The maximum primary membranc stress is within allowable limits.

/?u'l/ f:-)
Doe My Sevs-s-2 7
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COMPRESS 5.51 C:\C5\BSCUPPER.VSL Dec. 19, 1995
Nozzlc E

From| Value | beta

Fig.| read Au Al Bu B1 Cu a1 Du D1
3C* [8.2255 [0.167 : -1375 -1375 -1375 -137%
4C* 120.996 {0.167| -3509 -3509 -3509 -3509

1C (0.0595 [0.167 -12469 12469 -12469 12469
2C-1|0.0148 {0.167| -3102 3102 -3102 3102

3A* [6.4789 |0.167

1A |0.0553 [0.167

3B* |13.437 (0,167

1B-1]0.0104 |0.167

pressure stress* 622 622 622 622 622 622 622 622

Total circ stress -5989 215 -5989 215 -13222 11716 -13222 11716
Primary membrane

circ stress* -2887 -2887 -2887 -2887 -753 -753 -753 -7%53
3C* |8.2255 [0.167| -1375 -1375 -1375 -1375

4C* |20.996 {0.167 -3509 -3509 -3509 -3509
1C-110.0390 |0.167 -8173 8173 -8173 8173

2C 0.0353 |0.167 -7398 7398 -7398 7398
4A* (17.794 10.167

2A  0.0238 |0.167

4B* [5.7771 |0.167

2B-1]0.0144 |0.167

pressure stress* 209 209 209 209 209 209 209 209

Total long stress -9339 7007 -9339 7007 -10698 4098 -10698 4098
Primary membrane
long stress* -1166 -1166 -1166 -1166 -3300 -3300 -3300 -3300

torsion moment Mt
Circ shear from V¢
Long shear from VL

Total Shear stress

Combined stress -9339 7007 -9339 7007 -13222 11716 -13222 11716

?;5'./ (7

/70( Ao V,Ol/g_
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C:\CS\BSCUPPER.VSL
Nozzlc G

Opening N-G Rcinforcement Calculations Per UG-37

Located on:

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

ANSI B16.47 flange rating MAP:

Main Section Cylinder
Sin
0 psi

8 inch 75# WN A240304L

115 psi

ANSI B16.47 flange rating MAWP: 80 psi

Nozzle material specification:

Nozzle oricntation:

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

tn —>| |«
e d >
twl—) [«
AN \
NN 2 R VA
A
& L —>|

SA 240 304L HIGH

90 degrees
55.625 in
0in

3in

corrosion allow
noz thick new tn
nozzle id. new d
fillet weld twl
groove weld tw2

To datum L= 40 in

Reinforccmen 1 tions For Nozzle MAWP

Limits of rcinforcecment UG-40

Parallel to the vessel walld = 7.75 in
Normal to the vessel wall outside 2.5%(tn-Cn) + te = .3 in

Normal to the vesse! wall inside 2

zzle required thickness

trn = P*Ro/(Sn*E - 0.6*P)
= 2%3.875/(14700%1 - 0.6*2)
= (.0005 in

S5*tn-Cn-C) = .3 in

i from -37

tr= P*R/(S*E - 0.6*)
= 2*52.125/(14700*1 - 0.6*2)
= 0.0071 in

Arca rcguir

Allowable stresses: Sn = 14700,

Sv = 14700, psi

fr1 = lesscr of 1 or Sn/Sv so frl =1

0 in
2 in
7.75 in
.125 in
.1875 in

Dcc. 19, 1995
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Dre At

VOug. =B
Page Ze 2~ ¢7



COMPRESS 5.51 C:\C5\BSCUPPER.VSL Dec. 19, 1995
Nozzlec G

fr2 = lesser of 1 or Sn/Sv so fr2 =1
A = d*r*F 1 2*tn*ua*F*(1 - frl)
= 7.75%0.0071*1 + 2*0.12*0.0071*1*(1 - 1)
= 055in"2
rea available
Al = larger of the following = 3.82in"2
d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr])

75%(1*0.5-1%0.0071) - 2*0.12*(1*0.5-1%0.0071)*(1-1)
82 in"2

i

g
3

2%(t4 tn)*(E1*t-F*r) - 2%m*(E1*-F*tr)*(1-fr1)
2%(0.5+0.12)*(1*0.5-1*0.0071) - 2*0.12*(1*0.5-1*0.0071)*(1-1)
6111in"2

A2 = smaller of the following = 0.072 in"2

= 5*%(tn - trn)*f12*t
5*%(0.12 - 0.0005)*1*0.5
299in"2

5%(tn - trn)*fr2*tn
5%(0.12 - 0.0005)*1*0.12
= 02 in"2

A

f

A4l = Leg"2*fr2
= 0.125"2*1 = 016in"2

Arca = Al + A2 + A4l
= 3.82 1 0.072 4+ 0.016
=3.908in"2
As Arca > A the reinforcement is adequate for MAWP = 2 at 400 Deg F
heck ds - From -16(d):
tmin = lesser of 0.75 ortn or ¢, tmin = 0.12 in
t1 or t2{min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.084 in
tl(actual) = 0.7*Leg = 0.7*%0.125 = 0.0875 in
2(actual) = 0.1875 in
tl + 2 = 0.275 > = 1.25%tmin
The weld sizes for t1 and {2 are satisfactory.

-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0005in(E = 1) /Czv

Wall thickness per UG-45(b)(1): 2 = 0.0071in -

Wall thickness per UG-16(b): tr3 = 0.0625 in Dne Mo Vetwi-r-97 i
Std pipe wall per UG-45(b)(4): tr4 = 0.28175 in )

Pagec 27 o ¢;
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Nozzle G

The greater of tr2 or tr3: trS = 0.0625 in

The lesser of tr4 or trS: tré = 0.0625 in

Req’d per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.12 in
The nozzle ncck thickness is adequate for MAWDP.
Allowablc stresses in joints UG-45(c) an -15(c

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

Strength of welded joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*%7.99%0.125%7203 = 1129457 Ibf

(3) Nozzle wall in shear
(P1/2)*Mean nozzle dia.*tn*Sn = 1.57*7.87*0.12%10290 = 15257.07 Ibf

(4) Groovc weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57%7.99%0.1875%10878 = 25585.67 Ibf

oading on wel r UG-41 1

= (A - (d - 2%n)*(E1*t - F*r))*Sv
(0055 (7.75 - 2%0.12)*(1*0.5 - 1%0.0071))*14700
=-53606.18 Ibf

-1 = (A2 + AS + A4l + A42)*Sv
(0.072 + 0 + 0.016 + 0)*14700
1293.6 Ibf

2
6
-2 = (A2 + A3 + A4l + A43 + 2*m*t*fr])*Sv
0.072 + 0 + 0.016 + 0 + 2%0.12*0.5*1)*14700
3057.6 Ibf

Il Hg

W

w3

Load for path 1-1 lesser of W or W1-1 =-53606.18 Ibf
Path 1-1 Thru (1) & (3) = 11294.57 + 15257.07 = 26551.64 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-53606.18 Ibf
Path 2-2 Thru (1), (4) = 11294.57 + 25585.67 = 36880.24 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Rcinforcement Calculations for External Pressure

Limits of rcinforcement UG-40 Josv O

Ve S i- el
Parallel to the vessel wall d = 7.75 in Poe 4o
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COMPRESS 5.51 C:ACS\BSCUPPER.VSL Dcc. 19, 1995
Nozzlc G

Normal to the vessel wall outside 2.5*%(tn-Cn) + tc = 3 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3 in

cguir icknc
L/Do = 3/7.99 = .3755 Do/t = 7.99/0.01833 = 435.8974
From table G: A = 0.000412
From table HA-3: B = 4808.2

Pa= 4*B/(3*Do/t)
= 4*4808.2/(3%7.99/0.01833)
= 14.7074 psi

Nozzle required thickness tm = .01833 in

Required thickness tr from UG-37(d}(1) = .3075 in

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

frl = lesser of 1 or $n/Sv so frl =1
fr2 = lesser of 1 or Sn/Sv so fr2 =1

A = 0.5%(d*r*F + 2*n*r*F(1 - fr1))
0.5%(7.75%0.3075%1 + 2*0.12+0.3075*1*(1 - 1))
1.1916 in"2

Area available
Al = larger of the following = 1.492 in"2

d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr])
7.75%(1%0.5-1%0.3075) - 2%0.12*(1*0.5-1%0.3075)*(1-1)
1.492'in"2

2%(t+ tn)*(E1*t-F*r) - 2%n*(E1*-F*tr)*(1-fr!)
2%(0.5+0.12)*(1%0.5-1%0.3075) - 2*0.12*(1*0.5-1%0.3075)*(1-1)
239 in"2

o

= smaller of the following = 0.061 in"2

o]

5*%(tn - trn)*fr2*t
5%(0.12 - 0.01833)*1*0.5
254 in"2

\

|

|

A
5%(tn - trn)*fr2*tn

5%(0.12 - 0.01833)*1*0.12

.061 in"2

A4l = Leg 2*fr2 Ksv O
=0.125"2*]1 = 016in"2 Doe Mo, VUG- =015
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COMPRESS 5.51 C:\C5\BSCUPPER.VSL Dcc. 19, 1995
Nozzlc G

Area = Al + A2 + A4l
= 1.492 + 0.061 4 0.016
= 1.569 in"2
As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

-45 Nozzl k Thickness Check

Wall thickness per UG-45(a): trl = 0.01833in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0522 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b){4): tr4 = 0.28175 in

The greater of tr2 or tr3: trS = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req'd per UG-45 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickncss new, tn = 0.12 in

The nozzle neck thickness is adequate for Pe.

/’fo"/ &
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COMPRESS 5.51 CA\CS\BSCUPPER.VSL Dec. 19, 1995

zzl
Applied Loads
Radial load Pr = 693.4 Ibf
Circumferential moment Mc = 0 1bf-ft
Circumfercntial shear Ve = 0Ibf
Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL = 0 Ibf
Torsion moment Mt = 0 Ibf-ft
Internal pressure P = 2psi

csses at the nozzle OD per WR ti 7 1

Mecan radius Rm = 52.375 in
Rm/t = 104.75

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

Pressure stress intensity factor, Farr equation 11.5

I = .25%4 1 3*(@/x)"2 + 3*(r/x)"4)
25*(4 + 3*(3.875/4.12)"2 + 3*(3.875/4.12)"4)

2.25

Local circ. pressure stress = [*P*Rm/t = 471 psi
Local long. pressure stress = P*Rm/2t = 105 psi

Maximum combined stress =-2379 psi
Allowable combined stress = +-3*S = +- 44100 psi

The maximum combincd stress is within allowable limits.

Maximum primary mcmbranc stress =-364 psi
Allowable primary membrane stress = +-1.5*%8 = +- 22050 psi

The maximum primary membranc stress is within allowable limits.

Do;n /’

v O

Vews.iopri™
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COMPRESS 5.51 C:\C5\BSCUPPER.VSL Dcc. 19, 1995

Nozzle G
From{ Value | beta '
Fig.| read Au Al Bu B1 Cu C1 Du D1
3C* (16.021 |0.067 -424  -424  -424 -424
AC* [17.720 {0.067 -469 -469 -469  -469
1C [0.1209 [0.067 -2012 2012 -2012 2012

2C-110.0837 10.067] -1393 1393 -1393 1393
3A* (3.291% |0.067
1A |0.0926 [0.067
38* (10.724 [0.067
1B-1{0.0440 |0.067
pressure stress*® 471 471 471 471 471 471 471 471

Total circ stress -1391 1395 -139] 1395 -1985 2059 -1965 2059
Primary membrane

circ stress* 2 2 2 2 47 47 47 47
3C* 116,021 [0.067 -424 424  -424  -424
4C* |17.720 10.067 -469 -469 -469 -459
1C-110.1238 [0.067| -2060 2060 -2060 2060
2C 10.0837 {0.067 -1393 1393 -1393 1393

4A* 14,8183 [0.067
2A ]0.0535 [0.067
4B* 13.2756 |0.067
2B-1|0.0696 |0.067
pressure stress* 105 105 105 105 105 105 105 105

Total long stress -2379 1741 -2379 1741 -1757 1029 -1757 1029
Primary membrane
long stress* -319  -319 -319 -319 -364 -364 -364 -364

torsion moment Mt
Circ shear from Vc
Long shear from VL

Total Shear stress

Combined stress “2379 1741 -2379 1741 -1965 2059 -1965 2059
K O
Doe, Mo R R
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Top Hecad - BSC
ASME Scction VIII Division 1, 1992 Edition A
Component: F&D head
Matcrial specification: SA 240 304L HIGH
Internal design pressure: P=2 psi@ 400 deg F
External design pressure: Pe= 14.7 psi@ 400 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

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

Estimated weight: new = 1140.8  corr = 1140.8 b
capacity: new = 474.64  comr = 474.64 US ga
ID =105 crownL = 105.75 knuckler = 6.345  t = 34375 in(min) 34 -~ “fz 7%
Straight flange = 2 forming allowance = O in Freswar &
ARNING! F&D head geo is n r UG-
| Desi ickness: (At 4 F Appendix 1- E
|
M = 25%(3 + (L1)".5)
= 25%(3 + (105.75/6.345)".5)
| = 1.7706
1 t = P*L*M/(2*S*E - 0.2*P) + Corrosion + fa
= 2%105.75*1.7706/(2*14700*0.85 - 0.2*2) + 0 + 0
= 0.015 in
P: N Appendix 1-4
P = 2*S*E*t/(L*M 1 0.2*t) - Ps
= 2*16700*0.85%0.34375/(105.75*%1.7706 + 0.2*0.34375) - 0
= 52.10122 psi
MAWP: IL F ix 1-4(d) E
P = 2*S*E*/(L*M + 0.2*() - Ps
= 2*14700*0.85%0.34375/(105.75*1.7706 + 0.2*0.34375) - 0
= 45.86155 psi
X 1 Pressurg. Ir 4 =
A= IZSI(RO“) /?;./ &
= .125/(106.0938/0.32873)
= 0.000387 ),7 ¢ U&‘, Yoty ier o i
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COMPRESS 5.51 C:ACS\BSCI05ID.VSL
Top Head - BSC

From tablc HA-3: B = 4755.5
Pa= B/(Ro/t)

= 4755.5/(106.0938/0.32873)

= 14.7348 psi
Check the cxternal pressure per UG-33(a)(1)

t = 1.67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))

(I

15702 in
Dcsign thickness for cxternal pressure Pa = 14,7348 psi:

t + Corrosion + fa
032873 + 0+ 0
0.32873 in

Maximum Allowablc Extcrnal Pressure: (Corroded @ 400 deg F)
A = .125/(Ro/t)

= .125/(106.0938/0.34375)
= 0.000405

From table HA-3: B = 4793.7
Pa= B/(Ro/t)
= 4793.7/(106.0938/0.34375)
= 15.5319 psi
Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Po= 2*S*E*t/((M*Lo - t*(M-0.2))*1.67)
= 2%14700%1*0.34375/((1.7706*106.0938 - 0.34375%(1.7706-0.2))*1.67)
= 32.30824 psi

The maximum allowable cxternal pressure is 153.5319 psi.

Decc. 19, 1995

1
1.67*14.7348*106.0938*1.7706/(2*14700*1 + 1.67*14.7348%(1.7706-0.2))
0

/?;-‘V )

Die Lo Youp-/-00"
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CCMPRESS 5.51 C:\C5\BSC1051D.VSL Dcc. 19, 1995

cr Cylindrical Shell - B
ASM ion VIII Division ition A
Component: Cylinder
Material spccification: SA 240 304L. HIGH
Internal design pressure: P=2 psi@ 400 deg F
External design pressurc: Pe= 147 psi@ 400 deg F
Corrosion allowance: Inner C = O QOuter= 0 in

PWHT is not performed

Radiography:  Catcgory A joints -  Spot UW-11(b) type |
Category B joints - Spot UW-11(b) type 1

Estimated weight; new = 1438.3  corr = 1438.3 Ib
capacity: new = 2249.093 corr = 2249.093 US ga

ID = 105 length Lc= 60 t=0.25 in(new)
csign thickness: -27(c)(1 ir I
t = P*R/(S*E - 0.6*") + Corrosion
= 2*%52.5/(14700*%0.85 - 0.6*2) + 0
= (.0084 in
AP: New & at F -27(c)(1
P = S*E*t/(R + 0.6*t) - Ps
= 16700*0.85*0.25/(52.5 + 0.6*0.25)- 0
= 067.40266 psi

IT 4 F G-27(c)(1

>

P = S*E*t/(R + 0.6*t) - Ps
= 14700*0.85%0.25/(52.5 + 0.6*0.25) - 0

= 59.33049 psi
Exte re: 4 F -
L/Do = 37.90327/105.5 =0.3593 Do/t = 105.5/0.24092 = 437.9047
From tablc G: A = 0.000429
From table HA-3: B =4842.5

Pa= 4*B/(3*Dolt)
— 4*4842.5/(3*105.5/0.24092)

= 14.7445 psi

Design thickness for external rc Pa = i Dew
=t + Corrosion S pgs S EE ol —0sS
= 0.24092 + 0 Dre

Page 27 o~ 7




COMPRESS 5.51 C:\C5\BSC1051D.VSL Dec. 19, 1995
r Cylindrical Shell - B

= 0.24092 in

Maximym Allowable External Pressure: (Corroded @ 400 deg F)
L/Do = 37.90327/105.5 =0.3593 Do/t = 105.5/0.25 = 422
From table G: A = 0.000452
From table HA-3: B = 4887.2

Pa= 4*B/(3*Dolt)
= 4*4887.2/(3*105.5/0.25)
= 15.4414 psi

Crv O
Pre Mo Ve Gor-00r
Page ¢ o: 5




COMPRESS 5.51

C:\CS\BSC105ID.VSL Dcc. 19, 1995

hell Stiffener
iffcning Rin Iculations Per UG-2
ME ion VIII Divisi 2 Edition Adden
Identifier: Shell Stiffener
Ring matcrial specification: SA 240 304L HIGH
Number of rings in this group: 1
Distance first ring to datum line: 110 in
Ring spacing: 0in
Ring description: 4x4x1/4 Equal Angle
Ring is rolled: leg out (easy way)
Ring cross scctional arca: As = 1.94in"2
Ring moment of inertia: Ir= 3.04in"4

Calculations for ring 110 in from datum

Shell material specification: SA 240 304L HIGH
Required shell thickness: t = 0.24092in
Corroded shell thickness: ts= 0.25in

Shell outer diameter: Do = 105.5 in

Design temperature: = 400 deg F

External design pressure: P = 14.7 psi

Stiffener supported length: Ls = 33.95164 in

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

= . 75%(14.7*%105.5/(0.24092 + 1.94/33.95164))

= 3902.359
From table HA-3 (ring)

A = 2.951318E-04

Required moment of incrtia of the combined ripg-shell scction

Is= (Do"2*Ls*{(t + As/Ls)*A)/10.9
= (105.572%33.95164*(0.24092 + 1.94/33.95164)*2.951318E-04)/10.9
= 3.049713 in"4

Availablc moment of inerti mbined ring-
Shell width contributing smaller of = 5.649226
W = 1.1*Sqr(Do*ts)

1.1*8qr{105.5*0.25)

5.649226 in

W = Ls = 33.95164 in

Shell arca A1 = W*ts = 1.412306 in"2

Distancc to the ring neutral axis

CF o )

Doe M= VO

Page s
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COMPRESS 5.51 C:\C5\BSC105ID.VSL Decc. 19, 1995

Shell Stiffener
Y2 = Ring NA + ts/2
= 1.09 1+ 0.25/2
= 1.215 in

Neutral axis of combincd section

NA = As*Y2/(A]l + As)
1.94*1.215/(1.412306 + 1.94)
7031279 in

Inertia of the shell about the combined section NA
Il = W*573/12 + A1*NA"2
= 5.649226*0.25°3/12 + 1.412306*0.7031279"2
= .7055842 in"4
Inertia of the ring about the combined section NA
12 =Ir + As*(NA -Y2)"2
= 3.04 + 1.94*%(0.7031279 - 1.215)"2
= 3.548306 in"4
Total available I = I1 + 12 = 4.25389 in"4

The 4x4x1/4 Equal Angle vacuum stiffener is satisfactory.

| oY

Peoe Aon VO s-r-ar i
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| . COMPRESS 5.51 CACS\BSC1051D.VSL Dcc. 19, 1995

Mai 1on Cylindcer

ion VIII Division 1, 1992 Edition, A93 A

Component: Cylinder

Material specification: SA 240 3041 HIGH

Internal design pressure: P=2 psi@ 400 deg F

External design pressure: Pe= 14.7 psi@ 400 deg F

Corrosion allowance: Inner C = 0 Outer= 0 in
PWHT is not performed

Radiography:  Category A joints -  Spot UW-11(b) type 1
Category B joints - Spot UW-11(b) typc 1

Estimated weight: new = 3844.7  corr = 3844.7 Ib
capacity: new = 2998.79 corr = 299879 USga

ID = 105 length Le= 80 t=0.5 in(new)

Dgsign thickness: UG-27(c)(1) Circ, stress

t = P*R/(S*E - 0.6*P) + Corrosion
= 2*52.5/(14700*0.85 - 0.6*2) + 0
= 0.0084 in

MAP; New F) UG-27(c)(1)

P = S*E*t/(R + 0.6*t) - Ps
= 16700*0.85%0.5/(52.5 + 0.6*0.5)- 0
= 134.4223 psi

MAWP; orrodc 4 F -27(c)(1
P = S*E*/(R + 0.6*t) - Ps

= 14700%0.85%0.5/(52.5 + 0.6*0.5) - 0
= 118.3239 psi

External Pressure: {Corroded & at 400 deg F) UG-28
L/Do = 80/106 =0.7547 Do/t = 106/0.30843 = 343.6761
From table G: A = 0.000288
From table HA-3: B = 3807.2

Pa= 4*B/(3*Do/t)
= 4*3807.2/(3*106/0.30843)

= 14.7705 psi

Design thickncss for external pressure Pa = 14.77 i Lry O
=t+ CO“OSiOﬂ Dﬁf. U? j/!_l &G o - D s
= 0.30843 + 0
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COMPRESS 5.51 C:\CS5\BSCI105ID.VSL Dcc. 19, 1995

= 0.30843 in
ximum Allowable External Pressure: IT
L/Do = 80/106 =0.7547 Do/t = 106/0.5 = 212
* From table G: A = 0.000586
From tablc HA-3: B = 5115.7

Pa= 4*B/(3*Dolt)
= 4*5115.7/(3*106/0.5)
= 32.1742 psi

iE s O

Deec Mo oo gorinns
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COMPRESS 5.51 C:\C5\BSC105ID.VSL Dec. 19, 1995

Nozzlc E
ing N-E Reinforcement Calculations Per UG-37
Located on: Upper Cylindrical Shell - BSC
Local vesscl thickness: .25 in
Liquid static head included: 0 psi
Flange description: 14 inch 75# SO A240304L

ANSI B16.47 flange rating MAP: 115 psi
ANSI B16.47 flange rating MAWD: 80 psi

Nozzle matcrial specification: SA 240 304L HIGH
I'ad material specification: SA 240 304L HIGH
Nozzlc orientation: 45 degrecs
End of nozzle to shell center: 55.875in
Nozzle offset from center Lo: 0in
Projection outside vessel Lpr: 3.125in
tn | |« corrosion allow = 0 in
dp—> _ _ <~ noz thick new tn= .12 in
<—d -] |twl nozzle id. new d= 13.75 in
~>| |«tw2 > <~ pad diameter dp = 20 in
_ AN pad thickness te= .25 in
te]/| I\ fillet weld twl = .125 in
—_—|_ |V ——— fillet weld tw2 = .25 in
F_1_twd _1IN\ groove weld tw3 = .25 in
A L
in

< L >| To datum L= 124 i

Rceinforcement Calculations For Nozzle MAWP
imits of reinfor -4

Parallel to the vessel wall d = 13,75 in
Normal to the vessel wall outside 2.5*{tn-Cn) + tc = .55 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3 in

zzlc requir ickn

trn = P*Rn/(Sn*E - 0.6*P)
= 2%6.875/(14700*1 - 0.6*2)
= 0.0009 in

Roguir ickn from -37
tr= P*R/(S*E - 0.6*P)

= 2*52.5/(14700*1 - 0.6*2)
= 0.0071 in |

Ar ir Dpc .

A

/?f.“' ' [)

Ve S yo st
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COMPRESS 5.51 C:\C5\BSC1051D.VSL Dcc. 19, 1995

Nozzic E

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

frl = lesser of 1 or Sn/Sv so frl =1
fi2 = lesser of 1 or Sn/Sv so fi2 =1
fr3 = lesser of fr2 or Sp/Sv so fr3 =1
fr4 = lcsscr of 1 or Sp/Sv so fr4 =1

A = d%tr*F + 2*m*tr*F*( - fr])
13.75%0.0071*1 + 2*0.12%0.0071*1*(1 - 1)

I

0976 in"2
Ar ilabl
Al = larger of the following =3.34in"2

= d*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 13.75%(1%0.25-1%0.0071) - 2*0.12*(1*0.25-1*0.0071)*(1-1)
=3.341in"2

= 2%(t+ tn)*(EL*-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 2%(0.254 0.12)*(1*0.25-1*0.0071) - 2*0.12*(1*0.25-1*0.0071)*(1-1)
= .18in"2

A2 = smaller of the following =0.131in"2

= 5%(tn - tro)*fr2*t
= 5*%(0.12 - 0.0009)*1*0.25
= .149in"2

2%(tn - tro)*(2.5%tn + te)*fr2
2#(0.12 - 0.0009)*(2.5%0.12 4 0.25)*1
131in"2

A4l = Leg"2*f13
= 0.125"2*] = .016in"2

A42 = Leg"2*frd
= 0.2572*1 = .063 in"2

A5 = (Dp - d - 2*%tn)*te*fr4
= (20 - 13.75 - 2*0.12)*0.25*1
= 1.5025 in"2

Area = Al + A2 + A4l +
= 3.34 + 0.131 + 0.016
= 5.0525 in"2

As Arca > A the reinforcement is adequate for MAWP = 2 at 400 Deg F

A42 + A5
+ 0.063 + 1.5025

h he welds - From -1 2

Inner Fillet: tmin = lesser of 0.75 or tn or te, tmin = 0.12 in D

tw(min} = 0.7*tmin = 0.084 in

s O

Ajs Sy se ety

Page 2 o~
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COMPRESS 5.51 C:ACS5\BSCI105ID.VSL Decc. 19, 1995
Nozzlc E

tw(actual) = 0.7*Leg = 0.7%0.125 = 0.0875 in
Outer Fillet: tmin = lesser of 0.75 or te or t, tmin = .25 in

tw(min) = 0.5*tmin = 0.125 in

tw(actual) = 0.7*Leg = 0.7*%0.25 = 0.175 in

-45 Nozzle Neck Thickness Check

Wall thickncss per UG-45(a): trl = 0.0009ia (E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.0071 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.328125 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr3: tr6 = 0.0625 in

Req’d per UG-45 is the larger of trl or tr6 = 0.0625 in
Availablc nozzle wall thickness new, tn = 0.12 in
The nozzle neck thickness is adequate for MAWP.
Allowablc stresses in join -4 -

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

Inner fillet weld in shear = 0.49*14700 = 7203 psi
Quter fillet weld in shear = 0.49*14700 = 7203 psi

n f welded joints:

(1) Inner fillet weld in shcar
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*%13.99*0.125%7203 = 19776.11 Ibf

(2) Outer fillet weld in shear
(Pi/2)*Pad O.D.*Leg*So = 1.57%20%0.25*7203 = 56543.55 1bf

(3) Nozzle wall in shear
(Pi/2)*Mean nozzle dia.*tn*Sn = 1.57*13.87*0.12*10290 = 26888.88 Ibf

(4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*%13.99*0.25*10878 = 59731.91 Ibf

i n wel r -41 1

W = (A - (d - 2%tn)*(E1*t - F¥(r))*Sv
= (0.0976 - (13.75 - 2*40.12)*(1*0.25 - 1*0.0071))*14700
=-46304.49 Ibf

Wi-1 = (A2 + A5 + A4l + A42)*Sy
= (0.131 4 1.5025 + 0.016 + 0.063)*14700 2

= 25173.75 Ibf
.Dac Ao V‘(?‘/c?-r"_gg_;’
W2-2 = (A2 + A3 + A4l + A43 + 2*tn*t*fr1)*Sv
Pageyv> - >



COMPRESS 5.51 C:\CS\BSCI105ID.VSL Dcc. 19, 1995
Nozzlc E

101 0.016 + 0+ 2*%0.12%0.25*1)*14700
f

- A4l + A42 + A43 + 2*tn*t*frl)*Sv
0.016 + 0.063 + 0 + 2*0.12*0.25*1)*14700

g

2
ad for path 1-1 lesser of W or W1-1 =-46804.49 Ibf
Path 1-1 Thru (2) & (3) = 56543.55 + 26888.88 = 83432.43 Ibf
Path 1-1 is stronger than W so0 1t is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-46804.49 1bf

Path 2-2 Thru (1), (4) = 19776.11 1 59731.91 = 79508.02 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).
Load for path 3-3 lesser of W or W3-3 =-46804.49 Ibf

Path 3-3 Thru (2), (4) = 56543.55 + 59731.91 = 116275.5 Ibf
Path 3-3 is stronger than W so it is acceptable per UG-41(b)(2).

Pad strength = A5*Sp = 22086.75 1bf
Outer fillet wcld strength is adequate.

Reinforcement Calculations for Extcrnal Pressure
Limits of rcinforcement UG-40
Parallcl to the vessel walld = 13.75 in

Normal to the vessel wall outside 2.5*(tn-Cn) + t¢ = .55 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .3 in

Nozzle required thickncss

L/Do = 3.125/13.99 = .2234 Do/t = 13.99/0.02972 = 470.7268
From table G: A = 0.000642
From tablc HA-3: B = 5198.5
Pa= 4*B/(3*Do/t)
= 4*5198.5/(3*13.99/0.02972)
= 14,7247 psi
Nozzle required thickness trn = .02972 in
ickne fr -37(d(1) = 24
T ir
Allowable stresses: Sn = 14700, Sv = 14700, Sp = 14700 psi

fr1 = lesscr of 1 or Sn/Sv so frl =1

fr2 = lesser of 1 or Sn/Sv so fi2 =1 e
fr3 = lesser of fr2 or Sp/Sv so fr3 =1 @
fr4 = lesser of 1 or Sp/Sv so fr4 =1 Dre. Mo SovEorior8
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Nozzlc E

COMPRESS 5.51

A = 0.5%(d*r*F + 2*tn*tr*F*(1 - fr1))
0.5%(13.75%0.2409*1 + 2*0.12*0.2409*1*%(1 - 1))
1.6562 in"2

Arca available

Al = larger of the following

= .1251in"2

d*(E1*t-F*tr) - 2*tn*(E1*-F*r)*(1-fr1)
13.75%(1%0.25-1%0.2409) - 2+0.12%(1%0.25-1*0.2409)*(1-1)
125 in*2

2*(t+m)*(E1M-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
2*(0.25-50.12)*(1*0.25-1*0.2409) - 240, 12*%(1*0.25-1*0.2409)*(1-1)
007 in~

hnnu

o

A2 = smaller of the following = 0.09% in"2
5*(tn - trn)*fr2*t

5*%(0.12 - 0.02972)*1*0.25

113 in"2

= 2%(tn - trn)*(2.5%n + te)*fr2
= 2%(0.12 - 0.02972)*(2.5%0.12 + 0.25)*1
= .099 in"2

A4l = Leg~2%r3
= 0.125"2%1 = .016 in"2

A42 = Leg™2*fr4
= 0.25"2*] = 063 in"2

AS = (Dp - d - 2*tn)*te*frd
= (20 - 13.75 - 2%0.12)*0.25%1
= 1.5025 in"2

Arca = Al + A2 + A4l + A42 + AS
0.125 + 0.099 + 0.016 + 0.063 + 1.5025
1.8055 in"2

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

-4 1 k Thickn heck
Wall thickness per UG-45(a): tr1 =0.02972in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0525 in
Wall thickness per UG-16(b): tr3 = 0.0625 in
Std pipe wall per UG-45(b)(4): trd = (.328125 in
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesser of tr4 or tr3: tr6 = 0.0625 in

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

Dec. 19, 1995

/85:/(?

Doe Mo VEGS- 20"
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COMPRESS 35.51 C:AC5\BSC1051D.VSL Dcc. 19, 1995

zzle

Available nozzle wall thickness new, tn = 0,12 in

The nozzle neck thickness is adequate for Pe.

/s . O

Do Als, Vwrga st ay.™
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COMPRESS 5.51 C:\C5\BSC105ID.VSL Dcc. 19, 1995

Nozzic E
Applicd Load
Radial load Pr = 2183 Ibf
Circumfercntial moment Mc = 0 Ibf-ft
Circumferential shear Ve = 0 Ibf
Longitudinal moment ML =0 Ibf-ft
Longitudinal shear VL =0 Ibf
Torsion moment Mt = O Ibf-ft
Internal pressure P = 2 psi

cs t nozz D per WRC bulletin 107 { psi

Mean radius Rm = 52.623 in
Rm/t = 105.25

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

Pressure stress intensity factor, Farr equation 11.5

I = .25%@ 4 3*(t/x)"2 + 3*(r/x)"4)
25%(4 1+ 3%(6.875/7.12)"2 + 3*(6.875/7.12)"4)

2.351

(T

Local circ. pressure stress = 1#P*Rm/t = 495 psi
Local long. pressure stress = P*Rm/2t = 105 psi

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

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-1154 psi
Allowable primary membrane stress = +-1.9*%8 = +- 22050 psi

The maximum primary membranc stress is within allowable limits.

/‘?-F v 0

Doe. Ao Vv 5 =377
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COMPRESS 5.51 C:ACS\BSCI1051D.VSL Dcc. 19, 1995

Nozzlc E
From| Value | beta
Fig.}| read Ay Al Bu B1 Cu C1 Du D
3C* [10.776 [0.116 -894 -894 -894 -894
4C* |15.180 {0.116| -1259 -1259 -1259 -1259
1IC |0.0768 (0.116 -4024 4024 -4024 4024
2C-1|0.0443 |0.116] -2321 2321 -2321 2321
3A* 14.1565 10.116
1A }0.0776 |0.116
3B* |11.121 |0.116
1B-1}0.0282 [0.116
pressure stress* 495 495 495 495 495 495 495 495

Total circ stress -3085 1557 -3085 1557 -4423 3625 -4423 3625
Primary membrane

circ stress* -764 -764 -764 -764 -399 -399 -399 -399
3C* {10.776 |0.116 -894 -g94 -894 -894

4c* 115.180 |0.116 -1259 -1259 -1259 -1259
1C-1|0.0747 [0.116| -3914 3914 -3914 3914

2C 10.0469 |0.116 -2457 2457 -2457 2457
4p* |7.6047 (0.116

2A (0.03%0 (0.116

4B* (4.1127 |0.116

2B-110.0387 |0.116

pressure stress* 105 105 105 105 105 105 105 105

Total long stress -4703 3125 -4703 3125 -3611 1303 -3611 1303
Primary membrane
long stress* -788 -789 -789 -789 -1154 -1154 -1154 -1154

torsion moment Mt
Circ shear from Ve
Long shear from VL

Total Shear stress

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

v D

Doe. Mo VEYE— 17 0"
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COMPRESS 5.51 C:\C5\BSC105ID.VSL Dcc. 19, 1995
Nozzic E

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

Mean radius Rm = 52.625 in
Rm/t = 210.5

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

Pressure stress intensity factor, Farr equation 11.5

I = .25%@4 + 3*t/x)"2 + 3*(1/x)"4)
25%(4 + 3%(6.875/10.25)"2 + 3%(6.875/10.25)"4)

1.489

I

Local circ. pressure stress = 1¥P*Rm/t = 627 psi
Local long. pressure stress = P*Rm/2t = 210 pst

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

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-3307 psi
Allowable primary membrane stress = +-1.5*S = +- 22050 psi

The maximum primary membrane stress is within allowablc limits.

oz v 0

Pre Mo VPAvs o) py
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Nozzlc E
From| Value | beta
Fig.] read Au Al Bu Bl Cu C1 Du D1
3C* {8.3321 [0.1686 -1383 -1383 -1383 -1383
4C* 121.196 10.166| -3517 -3517 -3517 -3517
1C [0.0595 [0.166 -12469 12469 -12469 12469
2C-1|0.0149 (0.166| -3123 3123 -3123 3123
3A* 16.5607 [0.166
1A }0.0553 [0.166
3B* {13.588 [0.166
18-1}0.0104 |0.166
pressure stress* 627 627 627 627 627 627 627 627

Total circ stress -6013 233 -6013 233 -13225 11713 -13225 11713
Primary membrane

circ stress* -2890 -2890 -2890 -2890 -756 -756 -756 -756
3C* 18.3321 |0.166} -1383 -1383 -1383 -1383

4C* 121.196 10.166 -3517 -3517 -3517 -3517
1€-1{0.0392 |0.166| -8215 8215 -8215 8215

2C 10.0353 [0.166 -7398 7398 -7398 7398
4A* [117.922 |0.166

2A 10.0238 |0.166

4B* 15,8428 10.166

2B-110.0144 |0.166

pressure stress* 210 210 210 210 210 210 210 210

Total long stress -9388 7042 -9388 7042 -10705 4091 -10705 4091
Primary membrane
long stress* -1173  -1173 -1173 -1173 -3307 -3307 -3307 -3307

torsicn moment Mt
Circ shear from Vc
Long shear from VL

Total Shear stress

Combined stress -93838 7042 -9388 7042 -13225 11713 -13225 11713

/’(-:;"/ ?

Deoe Yo Voug-o1 - 007
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zzl

Opcning N-G Reinforcement Calculations Per UG-37

Located on:

Main Scction Cylinder

Local vessel thickness: Sin
Liquid static head included: 0 psi
Flange description: 8 inch 75# WN A240304L
ANSI B16.47 flange rating MAP: 115 psi
ANSI B16.47 flange rating MAWP: 80 psi
Nozzle material specification: SA 240 304L HIGH
Nozzle orientation: 90 degrees
End of nozzle to shell center: 55.625 in
Nozzle offsct from center Lo; 0in
Projection outside vessel Lpr: 2.625 in
tn =] <
- _ corrosion allow = 0 in
—d—> noz thick new tn= .12 in
twl—>| |« nozzle id. new d= 7.75 in
/ v \ fillet weld twl = .125 in
—_——1 |— - groove weld tw2 = .1875 in
N _tw2 A/
A
<—— L —>| To datum L= 40 in

Reinforccment Calculations For Nozzle MAWP

Limits of rcinforccment ug3-4g

Parallel to the vessel walld = 7.75 in
Normal to the vessel wall outside 2.5*(tn-Cn) + t¢ = 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_.875/(14700*1 - 0.6*2)
= 0.0005 in

ir i from -

tr= P*R/(S*E - 0.6*P)
= 2*52.5/{(14700*1 - 0.6*2)
= 0.0071 in
I ir
Allowable stresses: Sn = 14700, Sv = 14700, psi

frl = lesser of 1 or Sn/Sv so frl =1

Dec. 19, 1995
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COMPRESS 5.51 C:\C5\BSC1051D.VSL Decc. 19, 1995

zzl

fr2 = lesscrof 1 or Sn/Sv so fi2 =1

A = d*tr*F + 2*tn*tr*F*(1 - frl)
= 7.75*0.0071*1 4 2*0.12*0.0071*1*(1 - 1)
= .055in"2

Arca available
= larger of the following = 3.82in"2

= d*(EI*t-F*tr) - 2*tn*(E1*t-F*r)*(1-fr1)
=77 5*(]*0 5-1%0.0071) - 2*0.12*(1*0.5-1*0.0071)*(1-1)
=382in"2

= 2*(t - tn)*(E1*t-F*tr) - 2*in*(ET*-F*tr)*(1-frl)
= 2*(0.5+0.12)*(1*0.5-1*0.0071) - 2*0.12*(1*0.5-1*0.0071)*(1-1)
.611in"2

A2 = smaller of the following = 0.072 in"2

= S*(tn - trn)*fr2%t
= 5%(0.12 - 0.0005)*1%0.5
= 299 in"2

= 5%(tn - tm)*fr2*m
= 5%(0.12 - 0.0005)*1*0.12
= 072in"2

A4] = Leg"2*fr2
=0.125"2%1 = 016 in"2

Arca = Al + A2 + A4l

= 3.82 4 0.072 + 0.016

= 3.908 in"2
As Area > A the reinforcement is adequate for MAWP = 2 at 400 Deg F
hec Ids - From -16

tmin = lesser of 0.75 or tn or ¢, tmin = 0.12 in

tl or t2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.084 in
ti(actual) = 0.7*Leg = 0.7*%0.125 = 0.0875

t2(actual) = 0.1875 in

tl 4+ 12 = 0.275 > = 1.25%min

The weld sizes for t] and t2 are satisfactory.

-4 ZZ k Thickn heck

Wall thickness per UG-45(a): trl = 0.0005in (E = 1) P 0

Wall thickness per UG-45(b)(1): tr2 = 0.0071 in = ¢

Wall thickness per UG-16(b): tr3 = 0.0625 in Do Sl I m
Std pipe wall per UG-45(b)(4): trd = 0.28175 in Poc. Mo /T2 -a0

Pagc e o= 7



COMPRESS 5.51 C:\C5\BSC105ID.VSL
Nozzlec G

The greater of tr2 or tr3: tr5 = 0.0625 in

The Icsser of trd or trS: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.12 in
The nozzle neck thickness is adequatc for MAWP.

11 lc stresscs in join - n -1
Groove weld in teasion = 0.74*14700 = 10878 psi

Nozzle wall in shear = 0.7*%14700 = 10290 psi
Inncr fillet weld in shear = 0.49*14700 = 7203 psi

of wel joints:

(1) Inner fillet weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*7.99%0.125*%7203 = 11294.57 Ibf

(3) Nozzlc wall in shear
(Pi/2)*Mcan nozzle dia.*tn*Sn = 1.57%7.87*0.12*10290 = 15257.07 Ibf

{4) Groove weld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*7.99%0.1875*10878 = 25585.67 Ibf

oading on weld r -41({b)(1

= (A - (d - 2*tn)*(E1*t - F*r))*Sv
(o 055 - (7.75 - 2%0.12)*(1*0.5 - 1*0.0071))*14700
=-53606.18 Ibf

= (0 07 2+ 0+ 0.016 + 0)*14700
= 1293.6 Ibf

6
W2-2 = (A2 + A3 + A4l + A43 + 2%tn*t*fri)*Sv
= (0.072 + 0 + 0.016 + 0 + 2*0.12%0.5*1)*14700
= 3057.6 Ibf

Load for path 1-1 lesser of W or W1-1 =-53606.18 Ibf
Path 1-1 Thru (1) & (3) = 11294.57 + 15257.07 = 26551.64 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-53606.18 1bf
Path 2-2 Thru (1), (4) = 11294.57 + 25585.67 = 36880.24 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

inforcemen Iculati for Extern T

Limits of rcinforccment UG-40

Dec. 19, 1995
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Parallel to the vessel walld = 7.75 in
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COMPRESS 5.51 C:\C5\BSC105ID.VSL

ozzle

Normal to the vessel wall outside 2.5*(tn-Cn) | t¢ = .3 in
Normat to the vessel wall inside 2.5*(tn-Cn-C) = .3 in

uir ickn
L/Do = 2.625/7.99 = 3285 Do/t = 7.99/0.01796 = 444 8715
From table G: A = 0.000462
From table HA-3: B = 4906.1

Pa= 4*B/(3*Do/t)
= 4*4906.1/(3%7.99/0.01796)
= 14,704 psi

Nozzle required thickness trn = .01796 in

Required thickness tr from UG-37{d)(1) = .3084 in

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

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

A = 0.5%(d*r*F + 2*tn*tr*F*(1 - fr1))
0.5%(7.75%0.3084%1 + 2%0.12%0.3084*1%(1 - 1))
1.1951 in*2

Arca available
Al = larger of the following = 1.485in"2
d*(E1*t-F*tr) - 2*5n*(E1*t-F*tr)*(1-fr1)

7.775*(1*0.5-1*0.3084) - 2*0.12*(1*0.5-1*0.3084)*(1-1)
1.485in"2

= 2%t + tn)*(E1*¢-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
2+(0.5+0.12)*(1*0.5-1%0.3084) - 2*0.12%(1*0.5-1%0.3084)*(1-1)
238 in"2

A

N

= smaller of the following = 0.061 in"2

S*(tn - trn)*fr2*t
5%(0.12 - 0.01796)*1*0.5
255 in"2

= 5*%(tn - trn)*fr2*tn
= §*(0.12 - 0.01796)*1*0.12

Decc. 19, 1995

= .061in"2
P; r p
A4l = Leg™2*fr2
= 0.125"2*1 = 016in"2 Doa Mo yevé-7- s
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zzl

Arca = Al 1 A2 1+ A4l
= 1.485 + 0.061 1 0.016
= 1.562 in"2 :
As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

-45 Nozzle Neck Thi ss Check

Wall thickncss per UG-45(a): trl = 0.01796in (E = 1)
Wall thickness per UG-45(h)(2): tr2 = 0.0525 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.28175 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.12 in

The nozzle neck thickness is adequate for Pe.

Dcc. 19, 1995

/2‘-';/ ¢?

Poc Ao Vﬂ&”fa’-/—-(‘f’f'
Page s < 7



COMPRESS 5.51 C:AC5\BSC1051D.VSL
Nozzlc G

Applied Loads

Radial load Pr = 693.4 1bf

Circumferential moment Mc = 0 Ibf-ft

Circumfecrential shear Ve = 01Ibf

Longitudinal moment ML =0 Ibf-ft

Longitudinal shear VL = 0 Ibf

Torsion moment Mt = 0 Ibf-ft

Intcrnal pressure P= 2psi

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

Mean radius Rm = 52.75 in
Rm/t = 105.5

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

Pressure stress intensity factor, Farr cquation 11.5

I =.25%4 1 3*@/x)"2 4 3*(1/x)"4)
25%(4 -+ 3*%(3.875/4.12)"2 + 3*%(3.875/4.12)"4)

2.25

I T

Local circ. pressure stress = [*P*Rm/t = 475 psi
Local long. pressure stress = P*Rm/2t = 106 psi

Maximum combined strcss =-2389 psi
Allowable combined stress = +-3*S = +- 44100 psi

The maximum combined stress is within allowable limits.,

Maximum primary membranc stress =-363 psi

Allowable primary membrane stress = +-1.5*%S = +- 22050 psi

The maximum primary mcmbrane stress is within allowable limits.

Dcc. 19, 1995
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Nozzlc G
From| Value | beta
Fig.| read Au Al Bu Bl Cu €1 Du D1
3C* [16.149 [0.066 -425  -425  -42%  -42%
4C* [17.850 |0.066 -469  -469 -469 -469
IC 10.1215 [0.066 -2022 2022 -2022 2022

2C-1/0.0842 (0.066] -1401 1401 -1401 1401
3A* 13.3073 |0.066
1A |0.0927 [0.066
3B* |10.765 |0.066
1B-1]0.0441 [0.066
pressure stress* 475 475 475 475 475 475 475 475

Total circ stress -1395 1407 -1395 1407 -1972 2072 -1972 2072
Primary membrane

circ stress* 6 6 6 6 50 50 50 50
3C* [16.149 |0.066 -425  -425 -425 425

4c* [17.850 [0.066 -469  -469 -469 -469
1C-110.1244 [0.066] -2070 2070 -2070 2070

2C [0.0842 t0.066 -1401 1401 -1401 1401
4A* [4.8372 [0.066

2A |0.0535 [0.066

4B* 13.2886 |0.066

2B-1(0.06589 10.066

pressure stress* 106 106 106 106 106 106 106 106

Total long stress -2389 1751 -2389 1751 -1764 1038 -1764 1038
Primary membrane
long stress* -319  -319 -319 -319 -383 -363 -363 -363

torsion moment Mt
Circ shear from V¢
Long shear from VL

Total Shear stress

Combined stress -2389 1751 -2389 1751 -1972 2072 -1972 2072

/?;./ D
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-016
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 33
REV. |DEO# |DATE |BY: CHECK | TITLE: Beam Splitter Chamber - Finite Element
0 S03d ligfe/3T ) Jede . | AGA. | Analysis of | in. Thick Flanges for Bolt Preload.
BY:/2 1). Cotereo | DEPT.: 744
PROJECT: L1GO Vacuum Equipment PROJECT NO: V59049

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

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 coarse model and an enhanced finer model are
analyzed. The enhanced model includes compression only springs at the flange interface to simulate gap
opening (nonlinear).

ASSUMPTIONS: Symmetry is used to minimize the model by using appropriate boundary conditions.
Curvature 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: 1. Parker O-Ring Handbook.
2. IMAGES 3D, Version 3.0, R.L. Cloud & Associates

CALCULATIONS: (See Attachment)

CONCLUSJONS: 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.

FILED W \TEMPLATEXENGFORMS\ENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-017

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 10
REV. | DEO# | DATE [BY: CHECK | TITLE: Beam Splitter Chamber Finite Element
0 orzs |2 f05] €0 | A | Analysis of 1 in Thick Flange for Bolt Preload plus

Positive Pressure

BY. Z 6 (s -ar-o | DEPI. 777

PROJECT: LIGO Vacuum Equipment PROJECT NO: 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.

NOTES: Computer file is FLANGE Al

FILED \FATEMPLATE\ENGFORMS\ENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NQO: V049-1-018
WESTBOROUGH, MA CALCULATIONS PAGE10OF 18
REV. |DEO# | DATE |BY: CHECK [ TITLE: Beam Splitter Chamber - Finite Element
0 (37 V14720 | PR <A AG R, | Analysis of 3/4 in. Thick Flange
BY: R. D. Ciatto | 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 internal pressure without leakage at o-ring.

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

ASSUMPTIONS: Same as 1 in. thick flange analysis.

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 & Associates.

CALCULATIONS: (SEE ATTACHED)

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

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

FILEDF \TEMPLATE\ENGFORMS ENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-019

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 24

REV. |DEO# |DATE |BY: CHECK | Flange Design for Internal Pressure

0 002¢_ L2/ /57 [0 my:z

BY 2.2 C ontrro | DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPQSE: To evaluate bolted flanges ranging in diameter from 30 in. to 104 in. for positive internal
pressure in accordance with the ASME Code.

METHOD: The calculation method provided in Appendix Y of the ASME Code, Section VIII,
Division 1, is used. This method 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: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Div. 1,
Appendix Y.
2. Quattro-Pro Version 5.00

3. Doo, Mo, SOUG- 108G Lifodtacasr F .-, StRoAia e Pric s T8

CALCULATIOQONS: (SEE ATTACHED)

CONCLUSIONS: Using a nominal bolt spacing of 7.2 in. for 7/8 in. diameter bolts, the flanges meet
App. Y of Section Viii, Div. 1 for 2 psi internal pressure. Computer file names are shown in the lower
left corner of the output in this calculation.

NOTES: In this calculation, flange thickness varies from 3/4 in. for small diameter to 1 in. for large
diameter flanges.

FILED\FATEMPLATEENGFORMS\ENGCALC
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R. D. Ciatto 18-Oct-95

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

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. g1=g0=thickness of vesse! 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=ID OF FLANGE

A=0D OF FLANGE

g1=THICKNESS OF HUB AT LARGE END
g0=THICK @ SMALL END

rb=SEE FIG Y3.1

V=SEE FIG 2-7.3

F=SEE FIG 2-7.2

t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET

n=NUMBER OF BOLTS

db=DIAM OF BOLTS

re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7 .1

INPUT VALUES.......... 104 1/4 in Flange
L € ] PRES } B | A T o1 T g T VvV ]
110.00 2.00 105.00 112.00 0.000 0.000 0.11
g1 and g2=0 for fig 2-7.3
loose type flanges required for
integral only
Revision 0
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R.D. Ciatto 19-Oc¢t-95

| F | t | G | n | ab ] rE | fhub |
0.75 1.00 108.25 48 0.755 0.96 1.00
fig 2-7.2 fig 2-7.6
required for fhub= 1 for
tntegral only loose type
flanges
{ sbb | Sb [ Smb | Sbo | Sfo | Sno  |JHg(unit) |
25000 14700 14700 25000 14700 14700 320
unit gasket
seating and

sealing forces

RESULTS/QUTPUT:

Si = DESIGN PRESTRESS IN BOLTS

Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE

Sr@ID = RAD FLG STRESS @ ID

St = TANGENTIAL FLANGE STRESS @ ID

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

CALCULATED VALUES........ ...
[T R T nd T Js | Jp T B1 | BETA | a |
2.50 2.50 0.0525 0.0292 105.00 1.02 1.0571
for loose
type figs
[T hc | ho | © | HI | H | H [ Hg |
0.50 0.00 0.00 17318.0 18406.7 1088.66 108824.8
Revision 0
Doc. No. V049-1-019
FLG104 WQH1
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R. D. Ciatte 19-Oct-895

I hg | ht | | [ Mpo | Mpb | M™Ms | EObo |
0.88 1.688 2.755 140353.861 952217 0.00 7129.60
operating  bolt up operating
moment moment slope
| EObb | Heco | Heb | Wmio | wmib |  Ab ! D ]

4837.01 2.807E+05 190443.3 407938.2 2992681 21.49 0.818
boltup  operating boltup  operating boltup
slope contact contact bolt load bolt load

[ AR ] B I nB ] K | Z ]
0.113550 0.000467 0.022424 1.066667 15.52

[SIGMAbo| SIGMAbb | Sio | Sib | Sr@BCo| Sr@BCb |
18983.24 1392629 188447 138323 27490 1865.0

|25000.00] 25000.00 25000.00 || 25000.00 |[14700.00] 14700.00 l]
ok ok

ok ok ok ok

| St@lDo | St@IDb |

67.9 46.1
{14700.00 ] 14700.00
ok ok

Revision 0
Doc. No. V049-1-019
FLG104WQ1 Page 5 of 24



R. D. Ciatto 18-Oct-95

THIS PROGRAM SOLVES APPENDIX Y (Y-6.1) FLAT FACE FLANGES FOR

CLASS 1, CAT 3 (LOOSE TYPE) ASSEMBLIES WITH OR WITHOUT SELF ENERGIZING

GASKETS FOR POSITIVE PRESSURE OR VACUUM PRESSURE.

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. g1=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=ID OF FLANGE

A=0D OF FLANGE

g1=THICKNESS OF HUB AT LARGE END
gO0=THICK @ SMALL END

rb=SEE FIG Y3.1

V=SEE FIG 2-7.3

F=SEE FIG 2-7.2

t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET

n=NUMBER OF BOLTS

db=DIAM OF BOLTS

re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VALUES. .......... 84 1/4 in Flange
[ c T PRES T B T A T gt [T @@ T Vv |
89.75 2.00 8475 81.75 0.000 0.000 0.1
g1 and g2=0 for fig 2-7.3
loose type flanges required for
integral only
Revision 0
Doc, No. V049-1-019
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R. D. Ciatto 19-Oct-85

| F ] t | G | n | db | rE | fhub |
1.00 88.00 40 0.755 0.96 1.00

fig 2-7.2 fig 2-7.6

required for fhub= 1 for

integra! only loose type
flanges

| Sbb | Sb | Snb | Sbo | Sfo | Sno  jHg(unit) |

25000 14700 14700 25000 14700 14700 320

unit gasket
seating and.

sealing forces

RESULTS/OUTPUT:

Si = DESIGN PRESTRESS IN BOLTS

Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE

Sr@ID = RAD FLG STRESS @ ID

St = TANGENTIAL FLANGE STRESS @ ID

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

CALCULATED VALUES..............
| R | hd b Js | Jp | B1 | BETA | a |
2.50 2.50 0.0650 0.0363 84.75 1.03 1.0708
for loose
type figs
Il he | ho i FF | Hd | H | Ht | Hg |
0.50 0.00 0.00 112823 121642 881.90 88467.2

Revision D
Doc. No. V049-1-019
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R. D. Ciatto 19-0Oct-95

I _hg ] ht | [ I Mpo | Mpb | WMs | EObo |
0.88 1.688 2755 107102913 774088 0.00 6759.70

operating boltup operating
moment moment slope

| EObb }  Heco | Heb | Wmio | Wmib | Ab {i D |

4885.59 2.142E+05 1548177 314837.3 2432849 17.91 0.880

boltup  operating boltup  operating boltup

slope contact contact  bolt load bolt load

| AR | rB | nB | K I 2 |

0.124841 0.000685 0.027398 1.082596 12.63

|SIGMAbo| SIGMAbb | Sio |  Sib [ Sr@BCo| Sr@BCb |

17580.95 13585.37 174517 134919 26042 1882.2

25000.00 ]| 25000.00 ][25000.00] 25000.00 ]| 14700.00] 14700.00 ]
ok ok ok ok

ok | ok

| St@Do | St@!Db |

79.8 576
(14700.00 || 14700.00 |
ok ok

Revision ¢ .
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R. D. Ciatto 19-Oct-85

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 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=ID OF FLANGE

A=0D OF FLANGE

g1=THICKNESS OF HUB AT LARGE END
gO=THICK @ SMALL END

rb=SEE FIG Y3.1

V=8EE FIG 2-7.3

F=SEE FIG 2-7.2

t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET

n=NUMBER OF BOLTS

db=DIAM OF BOLTS

re=RATIO MOD E (flange)/ MOD E (bolts)
Z=SEE FIG 2-71

INPUT VALUES............ 72 1/4 in Flange
| ¢ 1 PRES T B [T A [ ot 1 g | Vv |
77.75 2.00 72,75 79.75 0.000 0.000 0.11
g1 and g2=0 for fig2-7.3
loose type flanges required for
integral only
Revision 0
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R. D. Ciatto 15-Cct-95

|
| 1.00 76.00 36 0.755 0.96 1.00
|

| F ] t | G | n | db | rE | fhub |
fig 2-7.2 fig 2-7.6
required for fhub= 1 for
integral only loose type
| flanges
1
‘ | sSbb T sfb | Snb | Sbo | Sfo | Sno  [Hg(unit) |
| 25000 14700 14700 25000 14700 14700 320
unit gasket
seating and

sealing forces

RESULTS/QUTPUT:

Si = DESIGN PRESTRESS IN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE

Sr@ID = RAD FLG STRESS @ ID

St = TANGENTIAL FLANGE STRESS @ ID

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

CALCULATED VALUES.............
It R | hd | Js | Jp | B1 | BETA | a |
250 2.50 0.0754 0.0422 7275 1.03 1.0825
for loose
type flgs
[Che T ho T F T Hd_ T H T #H T Hg ]
0.50 0.00 0.00 8313.5 9072.9 759.38 76403.5

Revision 0
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R. D. Ciatto 19-Oct-95

| hg | ht | l ] Mpo | Mpb | Ms | EObo |
0.88 1.688 2.755 88918.3929 66853.1 0.00 6516.01
operating  bolt up operating
moment moment slope
| EObb | Heo | Heb | Wmio | Wmib | Ab | D |

4899.04 1.778E+05 133706.2 2633132 2101097 16.12 0.880
boltup  operating boltup  operating bolt up
slope contact contact  bolt load bolt load

| AR | rB | nB | K | A
0.129698 0.000825 0028710 1.096220 10.92

|SIGMAbo| SIGMABS | Sioc | Sib | Sr@BCo | Sr@BCb |

16337.53 13036.47 16213.8 129435 25097 1886.9

[25000.00 ][ 25000.00 [[25000.00 ] 25000.00 || 14700.00]) 14700.00 |
ok ok ok ok ok ok

| St@lDo | St@IDb |

89.6 67.3
14700.00 | 14700.00 |
ok ok

Revision 0
Doc, No. V049-1-019
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R. D. Ciatto 19-Oct-95

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

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. g1=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 DPIAM in.

PRES = Internal Pressure for this case
B=iD OF FLANGE

A=0D OF FLANGE

g1=THICKNESS OF HUB AT LARGE END
g0=THICK @ SMALL END

rb=SEE FIG Y3.1

V=SEE FIG 2-7.3

F=SEE FIG 2-7.2

t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET

n=NUMBER OF BOLTS

db=DIAM OF BOLTS

re=RATIO MQD E (flange) MOD E (bolts)
Z=SEE FIG 2-7.1

INPUT VALUES............ 60 1/4 in Flange Thickness = 7/8 in
L € | PRES | B T A T of T g T V ]
65.75 2.00 60.75 67.75 0.000 0.000 0.11
g1 and g2=0 for fig 2-7.3
loose type flanges required for
integral only
Revision 0
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R. D. Ciatto 19-O¢t-95

| F ] t ] G | n | db | rE | fhub |
0.875 64.00 30 0.755 0.96 1.00
fig 2-7.2 fig 2-7.6

" required for fhub= 1 for

integral only loose type
flanges

[ Sbb | Sb | Snb | Sbo | Sfoe | Sno [Hg(unit) |

25000 14700 14700 25000 14700 14700 320

unit gasket

seating and

sealing forces

RESULTS/QUTPUT:

Si = DESIGN PRESTRESS IN BOLTS

Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE

Sr@ID = RAD FLG STRESS @ ID

St = TANGENTIAL FLANGE STRESS @ ID

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

CALCULATED VALUES..............

| R | hd | Js | Jp | B1 | BETA | a |
2.50 2.50 0.0896 0.0500 60.75 1.04 1.0988
| for loose
| type figs
0.50 0.00 0.00 5797 .1 6434.0 636.86 64332.8

|
| hc | ho [T F T Hd T H [ H [ Hg |

Revision 0
Doc. No. V049-1-019
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R. D. Ciatto 19-Oct-95

L_hg | ht | | ] Mpo | Mpb | Ms { EObo |
0.88 1.688 2.505 71864.8462 56297.3 0.00 9327.8S
operating  bolt up operating

moment moment slope
! EObb | Heo | Heb | Wmio | Wmib ] Ab | D |

7307.26 1.437E+05 1125947 2145035 176934.5 13.43 0.880

boltup  operating boltup  operating boltup
slope contact contact bolt load bolt load

| AR | rB | nB | K | z |
0.127808 0.000960 0.028798 1.115226 .21

{SIGMAbo| SIGMAbb | Sioc | Sib  [Sr@BCo| Sr@BCb |
15970.90 1317369 15777.3 130220 3126.0 2448.9

|[25000.00] 25000.00 I25000.00[ 25000.00 ][14700.00] 14700.00 ]
ok ok ok ok ok

ok

| St@iDo | St@IDb |
134.4 105.2

[14700.00]] 14700.00 |
ok ok

Revision 0
Doc. No. V049-1-019
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R. D. Ciatte 19-Oct-95

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

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. g1=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=ID OF FLANGE

A=0D OF FLANGE

g1=THICKNESS OF HUB AT LARGE END
g0=THICK @ SMALL END

rb=SEE FIG Y3.1

V=SEE FIG 2-7.3

F=SEE FIG 2-7.2

t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET

n=NUMBER OF BOLTS

db=D!AM OF BOLTS

re=RATIO MOD E (flange)/ MOD E (bolts)

Z=8EE FIG 2-71
INPUT VALUES........... 48 1/4 in Flange Thickness = 7/8 in
[ ¢ JT PRES T B | A [ ot T g T Vv 1]
53.75 2.00 48.75 55.75 0.000 0.000 0.11
g1 and g2=0 for fig 2-7.3
loose type flanges required for
integral only
Revision 0
Doc, No, V049-1-019
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R. D. Ciatte 18-Oct-95

[ F Tt T 6 1T n T a T T T fuw ]
0.875 52.00 24 0.755 0.96 1.00
fig 2-7.2 fig 2-7.6
required for fhub= 1 for
integral only loose type
flanges
| Sob | Sb | Snb | Sbo | Sfo J Sno  JHg{unit) |
25000 14700 14700 25000 14700 14700 320
unit gasket
seating and

sealing forces

RESULTS/OUTPUT:

Si = DESIGN PRESTRESS IN BOLTS

Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE

Sr@ID = RAD FLG STRESS @ 1D

St = TANGENTIAL FLANGE STRESS @ ID

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

CALCULATED VALUES..............
[ R [ hd T Js [ Jp T BT | BETA | a ]
2.50 2.50 0.1103 0.0615 48.75 1.05 1.1231
for loose
type flgs
[ he T ho T & T Hd | H T H__J Hg ]
0.50 0.00 0.00 37331 4247 .4 514.34 52276.1

Revision 0
Doc. No. V049-1-019
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R. D. Ciatto 19-O¢t-95

| hg | ht | [ ] Mpo | Mpb | Ms | EObo |
0.88 1.688 2505 559422729 457416 0.00 8927 .49
operating bolt up operating
moment moment slope
| EObb | Heco | Heb | Wmio JWmib}] Ab | D |

7299.62 1.119E+05 914832 168408.1 1437593 10.74 0.880
boltup  operating boltup  operating boltup
slope contact contact  bolt load bolt load

L AR T B [ B | K _ T 7 ]
0.125074 0.001146 0027507 1143500 750

|SIGMAbo| SIGMABb | Sic |  Sib [ Sr@BCo| Sr@BCb |
15673.57 13379.53 154898 132293 29674 24263

[25000.00 ] 25000.00 ]25000.00] 25000.00 |[14700.00] 14700.00 |
ok ok ok

ok ok ok

| St@IDo | St@IDb |
160.2 131.0

[14700.00 || 14700.00
ok ok

Revision 0
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R. O. Ciatto 19-Oct-95

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

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. g1=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=ID OF FLANGE

A=0D OF FLANGE

g1=TRHRICKNESS OF HUB AT LARGE END
g0=THICK @ SMALL END

rb=SEE FIG Y3.1

V=SEE FIG 2-7.3

F=SEE FIG 2-7.2

t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET

n=NUMBER OF BOLTS

db=DIAM OF BOLTS

re=RATIO MOD E (flange)f MOD E (bolts)

Z=SEE FIG 2-7 1
INPUT VALUES............ 44 1/4 in Flange Thickness = 3/4 in
I C 1 PRES | B | A | g1 1 g {1 Vv |
49.75 2.00 4475 51.75 0.000 0.000 0.11
g1 and g2=0 for fig 2-7.3
loose type flanges required for
integral only
Revision §
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R. D. Ciatto 19-Oct-85

| F ] t | G | n | db | rE | fhub |
0.750 48.00 24 0.755 0.96 1.00
fig 2-7.2 fig 2-7.6
required for fhub= 1 for
integral only loose type
flanges
[ Sbb | Sfb | Snb | Sbo | Sfo | Sno__ [Hg{unit) |
25000 14700 14700 25000 14700 14700 320
unit gasket
seating and

sealing forces

RESULTS/OUTPUT:

Si = DESIGN PRESTRESS IN BOLTS
Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE

Sr@ID = RAD FLG STRESS @ ID

St = TANGENTIAL FLANGE STRESS @ ID

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

CALCULATED VALUES...... ...

| R | hd I Js | Jp | B1 | BETA | a |
2.50 2.50 0.1199 0.0670 44.75 1.06 1.1341
for loose
type figs
| hc 1} ho | Foo} Hd | H | Ht | Hg ]
0.50 0.00 0.00 31456 3619.1 473.50 48254 9

Revision
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R. D. Ciatto 19-Oct-85

I hg | ht | [ | Mpo | WMpb | Ms | EObo |}
0.88 1.688 2255 50886.0759 42223.0 0.00 14046.64
operating  bolt up operating
moment moment slope
| EObb }] Heo | Heb | Wmio | Wmib | Ab | D |

11656.27 1.018E+05 844460 153646.1 132700.9 10.74 0.880
boltup  operating boltup  operating bolt up
slope contact contact bolt load bolt load

I AR ] B I nB | K | Z
0.135130 0.001351 0.032420 1.156425 6.93

|SIGMAbo| SIGMAbb | Sio |  Sb [ Sr@BCo| Sr@BCb |
14299.69 12350.34 139816 120864 40154 33318

||25000.00| 25000.00 ][25000.00 || 25000.00 |[14700.00 14700.00 |
ok ok ok

ok ok ok

| St@IDo | St@IDb |
235.4 195.3

[14700.00 [ 14700.00
ok ok

Revision 0
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R. D. Ciatta 18-Oct-95

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

ANALYZE CLASS 1 CATEGORY 3 LOOSE TYPE FLANGES ONLY.

ASSUMPTIONS:

1. g1=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=ID OF FLANGE

A=0D OF FLANGE

g1=THICKNESS OF HUB AT LARGE END
g0=THICK @ SMALL END

rb=SEE FIG Y3.1

V=SEE FIG 2-7.3

F=SEE FIG 2-7.2

t=FLANGE THICKNESS ASSUMED VALUE
G=DIAM OF GASKET

n=NUMBER OF BOLTS

db=DIAM OF BOLTS

re=RATIO MQOD E (flange)/ MOD E (bolts)

Z=SEE FIG 2-7.1

INPUT VALUES............ 30 1/4 in Flange Thickness = 3/4 in

L_C | PRES | B ] A | g1 1 go | v |

35.75 2.00 30.75 37.75 0.000 0.000 0.1
g1 and g2=0 for fig 2-7.3
loose type flanges required for
integral only
Revision ¢
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R. D. Ciatto 19-0ct-85

| F | t | G | n | db | rE | fhub |
0.750 34.00 16 0.755 0.96 1.00

fig 2-7.2 fig 2-7.6

reguired for fhub= 1 for

integral only loose type
flanges

I Sbb | Sb | Snb | Sbo | Sfe | Sno [Hg(unit) |

25000 14700 14700 25000 14700 14700 320

unit gasket
seating and

sealing forces

RESULTS/QUTPUT:

Si = DESIGN PRESTRESS IN BOLTS

Sr@BC = RAD. FLANGE STRESS @ BOLT CIRCLE

Sr@!D = RAD FLG STRESS @ ID

St = TANGENTIAL FLANGE STRESS @ ID

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

CALCULATED VALUES..............
[ R | hd IE Jp | B1 | BETA | a |
2.50 250 0.1694 0.0942 30.75 1.08 1.1951
for loose
type figs
| he T ho T F T HS T H [T H T Hg |
0.50 0.00 0.00 1485.3 1815.8 330.55 34180.5

Revision 0
Doe. No. V049-1-019
Page 22 of 24

FLG30.WQ1




R. D. Ciatto 18-Oct-95

[hg T ® T T T Mpo | Mpb | Ms ] EObo ]
0.88 1.688 2.255 34178.988 29908.0 0.00 13266.80

operating  boltup operating
moment moment slope

[ EObb | Hco ] Hcb | Wmio | Wmib | Ab | D |

11608.97 6.836E+04 598159 104354.3 939965 7.18 0.880

boltup  operating boltup  operatng bolt up

slope contact contact  bolt load bolt load

[TAR | B | nB ] K | Zz |

0.125365 0.001728 0.027643 1.227642 4.94

[SIGMAbo] SIGMAbb | Sio | Sib [Sr@BCo| Sr@BCb |
14568.23 1312223 142732 128640 37114 3247.6

H25000.00 | 25000.00 ][25000.00 I 25000.00 [[14700.00 I 14700.00 [|
ok ok ok

ok ok ok

| St@lDo | St@Db |
323.6 283.1

[14700.00] 14700.00 |
ok ok

Revision ¢
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PROCESS SYSTEMS INTERNATIONAL, INC. [ ENGINEERING NO: V049-1-020
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 13
REV. | DEO# | DATE |BY: CHECK | Beam Splitter Chamber - Design of Removable Work
0 0024 J/e/5¢( [ROE- T AGR, | Floor
BY: R.D. Ciatto ] DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

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

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

ASSUMPTIONS:

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

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels,
Division 1. '
2. Aluminum Association Hankbook .
3. Poc, Me, Vouvs-1-pe1, L7600 I/Ac.f?a?wﬁ‘,.fr-a:.n': DPyeren 24T

CALCULATIONS: (SEE ATTACHED)

CONCILUSJONS: The design of the aluminum floor meets LIGO requirements and
the requirements of the applicable design codes.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-021

WESTBOROUGH, MA CALCULATIONS PAGE 1 0OF 7

REV. |DEO# | DATE |BY: CHECK | Beam Splitter Chamber - Design of Flange Welds

0 213 |1 /5T| PAZTA hh

BY: R. D. Ciatto | DEPT.: 744

PROIJECT: LIGO Vacuum Equipment PROJECT NOQ: V59049

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

METHOQD: Hand calculation method programmed on the Quattro-Pro spreadsheet program.

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.

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Pressure Vessels, Div. 1.
2. Doc. No. V049-1-042, Bolted Flange Analysis for Tensile Forces.
3. Doc. No. V(049-1-066, LIGO Vacuum Equip., Structural Design Criteria.

CALCULATIONS: (SEE ATTACHED)

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

NOTES: Computer File: Flange.wb1

FILEDFATEMPLATE\ENGFORMS\ENGCALC
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R.D. Ciatto LIGO 16-Oct-95
FLANGE TO SHELL WELD

Flange I. D., (in) =
Shell Thickness, tsh, (in) =
Shell Mean Radius, r (in) =

Partial Pen Weld Thickness, twp (in) =

Stitch Weld Fillet Weld Thickness, tws (in) =
Stitch Weld Spacing, s {in) =
Stitch Weld Length, | (in) =

Vacuum

Pressure, p (psi) =

Shear, V, {Ibfin) = .680*p*(r*tsh)*.5
Moment, M (in-Ibfin) = .257*p*r*tsh

Pen Weld Shear Stress, fv {psi) = Vitwp

Stitch Weld Force per in fram Moment, f = M/(tsh/2) =
Stitch Weld Shear Stress, fv (psi)= f*(s/{.707**tws)) =

Positive Pressure in Vessel

Pressure, ppos (psi) =

Shear, Vp, (Ibfin) = .660*ppos*(rish)*.5
Moment, Mp (in-i%/in) = .257*ppos*rtsh

Pen Weld Long. Pressure Stress, fl {psi) = ppos*r/{(2*twp)
Pen Weld Bending Stress, fb (psi) = 6*Mp/twp”2

Pen Weld Total Axial stress, ft (psi) = fi+fb

Pen Weld Shear Stress, fv {psi) = Vpiwp

Flange.wbi1

104.25
0.5
52.375

0.25

0.25

147
49.65
98.93

199

398
6717

10
20

34
1938
2253

41

104.25
0.25
52.25

0.125

0.1875

147
35.07
49.35

281

395
5956

627
3887
4494

57

84.25

0.25
42,25
0.125

0125

147

. 31.53

39.90
252

3189
7224

oMW

507
3127
3634

51

72.25

0.25
36.25
0.125

0.125

14.7
29.21
34.24

234

274
6199

~ M W

435
2683
3118

48

60.25

0.25
30.25
0.125

0.125

14.7
26.68
28.57

213

229
7759

thh W

363
2239
2602

44

48.25

0.25
2425
0.125

0.125

147
23.89
2290
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-022
WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 16

REV. [DEO# | DATE |BY: CHECK | Beam Splitter Chamber, FE Analysis of Lower Section

4] Qg (Ll | RIC~

i Jacs EWY._

BY: 220 L véss o | DEPT. 744

PROJECT: LIGO Vacuum Equipment PROJECT NO: 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.

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, Poe. s>, Vows-y-Deg, L1602 Vot dae
(ﬁ..-elr#'-r?/'?

g, Srm e~ ey Prss. g

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Stresses are within the limitof the ASME Code, Section VIII. Div. 1.

NOTES: Computer files are BMSPLI10, BMSPLI11, and BMSPLI12.

FILED:FATEMPLATE\ENGFORMS\ENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-023

WESTBOROUGH, MA CALCULATIONS PAGE 1 OF 19
REV. | DEO# | DATE | BY: CHECK | Beam Splitter Chamber - Design of 60 in.
0 0027 /gzi(f Tl V2 FeW Y | Access Covers

BY:Z2.D Crmrra | DEPT.: 744

PROIJECT: LIGO Vacuum Equipment PROJECT NO:

PURPOSE:. To design the cover and nozzles for the 60 in. port in accordance with Section VIIi,
Division 1 of the ASME Code.

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

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

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

2. COMPRESS 5.31, Computer Aided Pressure Vessel Design, Codeware Computer Systems, Inc.
3. DD(‘.\/JD. l/ﬁ‘/f—/—ﬁf(} L AL O VAL ww~ !:’g.},,"} .(Tdu'ti“'uf{;t.- Drcig
Q AT FLS I

CALCULATIONS: (SEE ATTACHED)

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

FILEDAF \TEMPLATE\ENGFORMS\ENGCALC
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COMPRESS 5.51 C:\C5\BSC60A.VSL Dcc. 19, 1995

BSC 60 in Port
ME Scction VIII Division 2 Edition, A93 Adden.
Componcnt: F&D head
Material specification: SA 240 304L HIGH
External design pressure: Pe= 14.7 psi@ 400 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed |

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

Estimatcd weight: new = 272.9 corr = 272.9 ib
capacity: new = 88.89 corr = 88.89 US ga
ID =60.25 crownL = 60.25 knuckler = 3.75 t=.25 in (min)
Straight flange = 1 forming allowance =0 in
MAP: New & at O deg F Appeadix 1-4(d

P = 2*S*E*t/(L*M 4- 0.2*%t) - Ps
= 2*16700*0.85*0.25/(60.25%1.7521 + 0.2*0.25)- 0
= 67.20225 psi

AWD: Corr a cg F Appendix 1-4(d)} E
= 2*¥S*E*/(L*M 1 0.2*%t) - Ps
= 2*16700%0.85%0.25/(60.25*%1.7521 + 0.2*0. 25) 0
= 67.20225 psi
Extcrnal Prcssure; F -
A = .125/(Rolt)
= ,125/(60.5/0.18787)
= 0.000388
From table HA-3: B = 4757.7
Pa= B/(Ro/t}
= 4757.7/(60.5/0.18787)
= 14.774 psi
Check the external pressure per UG-33(a)(1)
1.67*Pa*Lo*M/(2*S*E + 1.67*Pa*(M-0.2))

1.67*14.774*60.5%1.7521/(2*14700*1 + 1.67*14.774*%(1.7521-0.2))
0.088842 in

t

o

v O

Dee Ao Vo For- 023

Desi ickncss for rnal pr rc Pa = 14.7

Page o o= /%




COMPRESS 5.51 C:AC5S\BSC60A . VSL Decc. 19, 1995
BSC 60 in Port
+ Corrosion + fa

t
0.18787 + 0+ ©
0.18787 in

oo

Maximum Allowable Extc re: {(Corroded @ 4
A = 125/(Ro/t)
= .125/(60.5/0.25)
= (.000517
From table HA-3: B = 5004.1
Pa= B/(Ro/t)
= 5004.1/(60.5/0.25)
= 20.6781 psi
Check the Maximum External Pressure: UG-33(a)(1) & App. 1-4(d)
Pc= 2*S*E*t/((M*Lo - t*(M-0.2))*1.67)
= 2*14700*1*0.25/((1.7521%60.5 - 0.25*%(1.7521-0.2))*1.67)
= 41.67247 psi

The maximum allowablc external pressurc is 20.6781 psi.

Csv O

Dcﬁ ° /U:' ;f-"f.-” e /e 3.2_?
Page 5 o~ /5%




COMPRESS 5.51

ing nl Reinforcement Cal
Located on:

Local vessel thickness:

Liquid static head included:
Flange description:

ANSI B16.47 flangc rating MAP:

C:\C5\BSC60A.VSL
Center Nozzlc nl

lations Per UG-

BSC 60 in Port

.25in

0 psi

8 inch 75# SO A240304L
115 psi

ANSI B16.47 flange rating MAWP: 115 psi

Nozzle matcrial specification:

Nozzle orientation:

End of nozzle to datum line:

Nozzle calculated as hillside:
Projection outside vessel Lpr:

tn > [«
e d >
twl— <
/v \
Al )/
A
R —>|

SA 240 304L HIGH

0 degrees
14.53 in

no
2.996 in

0 in
.25 in
7.5 in
.25 in
L1875 in

corrosion allow
noz thick new tn
nozzle id. new d
fillet weld twl
groove weld tw2

To head center R= 0 in

Reinforcement Calculations For Nozzle MAWDP
Limits of rcinforcement UG-40

Parallel to the vessel walld = 7.5 in
Normal to the vessel wall outside 2.5%(tn-Cn) + tc = .625 in
Normal to the vessel wall inside 2.5%(tn-Cn-C) = .625 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6*P)
= 0%3.75/(16700*1 - 0.6*0)
= 0in

ir ickn from UG-37(a)(1

tr= P*L*M/(2*S*E - 0.2*P)
= 0*60.25%1/(2*16700*1 - 0.2*0)
=0in

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

fr1 = lesser of 1 or Sn/Sv so frl =1 poe.

Dec. 19, 1995

Kew 7
AV

VG- oy

Page = - -

-



C:\C5\BSC60A.VSL
Center Nozzlc nl

COMPRESS 5.51

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

A = d*r*F + 2*n*or*F*(1 - frl)
= 7.5%0*1 + 2%0.25*0*1*(1 - 1)
=0in"2

Arca available

Al = larger of the following = 1.875in"2
d*(E1*t-F*tr) - 2*to™(E1*t-F*t)*{1-frl)
7.5%(1%0.25-1*0) - 2*0.25%(1*%0.25-1*0)*(1-1)
1.875in"2

2%(t+4 tn)*(E1#t-F*tr) - 2*tin*(E1*t-F*tr)*(1-fr1)
2%(0.25 +0.25)*(1*0.25-1%0) - 2*0.25*(1*0.25-1¥0)*(1-1)
25in"2

[t

o

A2 = smaller of the following =0.313in"2
5*%(tn - an)*fr2*t

5%(0.25 - 0)*1*0.25

313in"2

i

5*(tn - trn)*fr2*n
5%(0.25 - 0)*1*0.25
313 in"2

It

Adl = Leg™2*f12
= 0.25"2*] = .063in"2

Arca = Al + A2 + A4l
= 1.875 + 0.313 + 0.063
=2.251in"2

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

heck the welds - From -16

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in

t! or 2(min) = lesser of 0.25 or 0.7*tmin, t1(min) = 0.175 in
tl(actual) = 0.7*Leg = 0.7*0.25 = 0.175 in

t2(actual) = 0.1875 in

t1 + 2 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and t2 are satisfactory.

-4 zle Ncck Thickn k
Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-43(b)(1): tr2=0in
Wall thickness per UG-16(b): r3 = 0.0625 in
Std pipe wall per UG-45(b){(4): trd = 0.28175in

Dcc. 19, 1995

Orv O
Poe Ao, S G 12023
Page 7
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COMPRESS 5.51 C:\C5\BSC60A.VSL

Ccnater Nozzle nl
The greater of tr2 or tr3: tr5 = 0.0625 in
The lesscr of tr4 or tr5: tr6 = 0.0625 in
Req'd per UG-45 is the larger of tr] or tr6 = 0.0625 in
Availablc nozzle wall thickness new, tn = 0.25 in
The nozzle neck thickness is adequate for MAWP.

11 le stresses in joints UG-4 n -15(c
Groove weld in tension = 0.74*16700 = 12358 psi
Nozzle wall in shear = 0.7*16700 = 11690 psi
Inner fillet weld in shear = 0.49*%16700 = 8183 psi
Strength of wel joints:

(1) Inncr filict weld in shear
(P1/2y*Nozzlec O.D.*Leg*Si = 1.57*8*0.25*8183 = 25694.62 Ibf

(3) Nozzlc wall in shear
(Pi/2)*Mean nozzle dia. *tn*Sn = 1.57*7.75%0.25%11690 = 35559.52 Ibf

(4) Groove weld in tension
(P1/2)*Nozzle O.D.*tw*Sg = 1.57*8%0,1875%12358 = 29103.09 Ibf

Loading on wclds per UG-41 1

W = (A - (d - 2*tn)*(E1*t - F*tr))*Sv
= (0 - (7.5 - 2*0.25)*(1*0.25 - 1*0))*16700
=-20225 Ibf

-1 = (A2 + A5 + A4l + A42)*Sv

gO 313 4 0 + 0.063 + 0)*16700

2 + A3 + A4l + Ad3 + 2%m*tfrl)*Sv
= (0.313 + 0 + 0.063 + 0 + 2%0.25%0.25*1)*16700
7

Load for path 1-1 lesser of W or W1-1 =-29225 Ibf
Path 1-1 Thru (1) & (3) = 25694.62 + 35559.52 = 61254.14 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).
Load for path 2-2 lesscr of W or W2-2 =-29225 Ibf
Path 2-2 Thru (1), (4) = 25694.62 + 29103.09 = 54797.71 Ibf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

in mcnt i r Extern
Limi infor n -

Parallel to the vessel walfd = 7.5 in

Dcc. 19, 1995
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COMPRESS 5.51 C:\C5\BSC60A.VSL
Center Nozzic al

Normal to thc vesscl wall outside 2.5%(tn-Cn) | tc = .625 in
Normal to the vessel wall inside 2.5*%(tn-Cn-C) = .625 in

Nozzle rcquired thickness

L/Do = 2.996/8 = .3745 Do/t = 8/0.0184 = 434.7826
From table G: A =0.000415
From table HA-3: B = 4814.3

Pa= 4*B/(3*Do/t)
= 4*4814.3/(3*8/0.0184)
= 14,7639 psi
Nozzle required thickness trn = .0184 in

caquircd thickness tr from UG-37(d){1) = .1 in

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

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

A = 0.5%(d*tr*F + 2*t*tr*F*(1 - fr1))
= 0.5%(7.5%0.1879*1 4- 2*0.25*0.1879*1*(1 - 1))
= 7046 in"2

Arca availablc
Al = larger of the following = .466 in"2

= d*(E1*t-F*tr) - 2*wm*(E1*t-F*tr)*(1-fr1)
7.5*%(1*0.25-1*0.1879) - 2*0.25*(1*0.25-1*0.1879)*(1-1)
466 in"2
= 2%(t+tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)

= 2*(0.25+0.25)*(1*0.25-1*0.1879) - 2*0.25%(1*0.25-1*0.1879)*(1-1)
= .,062 in"2

A2 = smaller of the following = 0.289 in"2

= §%(tn - trn)*fr2%t
= 5*%(0.25 - 0.0184)*1*0.25
= .289in"2

= 5%(tn - trn)*fr2*tn
= 5%(0.25 - 0.0184)*1*0.25
= 289'in"2

A4l = Leg 2*r2
= 0.25°2%1 = .063 in"2

Dcc. 19, 1995
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COMPRESS 5.51 C:\CS\BSC60A.VSL Dec. 19, 1995
Center Nozzlc nl

Arca = Al + A2 1 A4l
= 0.466 1 0.289 + 0.063
= .818in"2
As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzle Neck Thickness Check

Wall thickness per UG-45(a): trl = 0.0184 in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0528 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): tr4 = 0.28175 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesser of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = (.25 in

The nozzle neck thickness is adequate for Pe.

f?ﬂ'— v O

Poe A2 Verys-r-022
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COMPRESS 5.51 C:AC5\BSC60A.VSL

Center Nozzle ol

Applicd Loads
Radial load Pr = 649.4 Ibf
Circumferential moment M1 =0 Ibf-ft
Circumferential shear V2 = 0 1bf
Longitudinal moment M2 =0 Ibf-ft
Longitudinal shear V1 = 0 Ibf
Torsion moment Mt = QO Ibf-ft
Internal pressure P = O psi

csses at the noz r WRC bullctin 107

Mean dish radius Rm = 60.375 in
U = ro/Sgr(Rm*t) = 1.03

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

Pressure stress intensity factor, Farr equation 11.7

1=11 @/x)°2
(3.75/4.25)2

.I
779

i1

1
1
1.
Local pressure stress = I*P*Rm/2*%t = 0 psi

Maximum combined stress =-2802 psi
Allowablc combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowablc limits.

Maximum primary membrane stress =-670 psi
Allowable primary mcmbrane stress = +-1.5*S = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Dcc. 19, 1995
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COMPRESS 5.51

C:\C5\BSC60A.VSL
Center Nozzle nl

Decc. 19, 1995

Value
read

From
Fig.

Au

Al Bu Bl

Cu ci Du D1

SR-2*
SR-2
SR-3*
SR-3

0.0645
0.0342
0.0750
0.0711
SR-3*; 0.0750
SR-3 0.0711
pressure stress*

-670
-2132

-670
2132

-670
-2132

-670
2132

-670
-2132

-670
2132

-670
2132

-670
-2132

Total Ox stress
Primary membrane
Ox stress*

-2802
-670

1462 -2802 1462

-670  -670

-670

-2802 1462 -2802 1462

-670 -670 -670 -670

SR-2*
SR-2
SR-3*
SR-3

0.0200
0.0103
0.0226
0.0214
SR-3*; 0.0226
SR-3 0.0214
pressure stress*

-208
-642

-208
642

-208
-642

-208
642

-208
-642

-208
642

-208
642

-208
-642

Total Qy stress
Primary membrane
Oy stress*

-850
-208

434 -850 434

-208 -208 -208

-850 434 -850 434

-208 -208 -208 -208

torsion moment Mt
Shear from V1
Shear from V2

Total Shear stress

Combined stress

-2802

1462 -2802 1462

-2802 1462 -2802 1462

/?-:-' it (7

Do Mo /mef-y -0
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CCMPRESS 5.51 C:\C5\BSC60A.VSL

Nozzlc n)

i Reinfor o ati r UG-37

Located on: BSC 60 in Port

Local vessc! thickness: .25 1in

Liquid static head included: 0 psi

Flange description: 8 inch 75# WN A240304L

ANSI B16.47 flange rating MAP: 115 psi
ANSI B16.47 flangc rating MAWD: 115 psi
Nozzle material specification: SA 240 304L HIGH
Nozz!e oricntation: 330 degrees

End of nozzlc to datum line: 13.76 1n
Nozzle calculated as hillside: no

Projection outside vessel Lpr: 4.173 in
tn —>| |<-
_ _ corrosion allow = 0 in
<~ d > noz thick new tn= .25 in
twl—>] |< nozzle id. new d= 7.5 in
/ v \ fillet weld twl = .25 in
— - groove weld tw2 = .1875 in
\ | _tw2 A
M
L R ——>| To head center R= 15.75 in

cinforcement Calcu or Nozzl P

Limits of reinforcement UG-40)

Parallel to the vessel wall d = 7.5 in
Normal to the vessel wall outside 2.5%(tn-Cn) 4 tc = .625 in
Normal to the vessel wall inside 2.5*(tn-Ca-C) = .625 in

zzle requir
tn = P*Rn/(Sn*E - 0.6*P)
= 0*3.75/(16700*1 - 0.6*0
=0in _
Required thickness tr from UG-37(a)(1)
tr= P*L*M/(2*S*E - 0.2*P)
= 0*60.25*1/(2*16700*1 - 0.2*0)
= 0in
TCA requir
Allowable stresses: Sn = 16700, Sv = 16700, psi
frl = lesser of 1 or Sn/Sv so frl =1

Dcc. 19, 1995

s v O
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COMPRESS 5.51 C:\C5\BSC60A.VSL

ozzl
fr2 = lesscr of 1 or Sn/Sv so fr2 =1
A = d*tr*F + 2*tn*a*F*(1 - frl)
= 7.5*0*1 1+ 2*0.25*0*1*(1 - 1)
- =0in"2
Areca availablc
Al = larger of the following = 1.875in"2

= d*(E1*t-F*tr) - 24m*(E1*t-FHry*(1-fr])
= 7.5%(1*0.25-1*0) - 2*0.25%(1%0.25-1*0)*(1-1)
= 1.875in"2

= 2%t t)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-frl)
2%(0.25 4 0.25)%(1*0.25-1*0) - 2%0.25%(1*0.25-1*0)*(1-1)
25 in"2

A2 = smaller of the following = 0.313in"2

= 5*(tn - tr)*fr2%t

= §%(0.25 - 0)*1*0.25
= .313 in"2

= 5%(tn - trn)*fr2*tn
= 5%(0.25 - 0)*1*0.25
= 313 in"2

A4l = Leg™2*12
= 0.2572%] = .063 in"2

Arca = Al + A2 + A4l
= 1.875 + 0.313 + 0.063
= 2.251in"2
As Area > A the reinforcement is adequate for MAWP = 0 at 0 Deg F

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

tmin = lesser of 0.75 or tn or t, tmin = 0.25 in

tl or t2(min) = lesser of 0.25 or 0.7*tmin, tl(min) = 0.175 in
tl{actual) = 0.7*Leg = 0.7%0.25 = 0.175 in

2(actual) = 0.1875 in

tl + 22 = 0.3625 > = 1.25*tmin

The weld sizes for t1 and €2 are satisfactory.

zzle N ickness Check
Wall thickness per UG-45(a): trl =0in(E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0in
Wall thickness per UG-16(b): tr3 = 0.0625 in Dot
Std pipe wall per UG-45(b)(4): trd = 0.28175 in

Dcc. 19, 1995
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COMPRESS 5.51 C:\C5\BSC60A.VSL
Nozzlc n5

The greater of &2 or tr3: trS = 0.0625 in

The lesscr of tr4 or trS: tr6 = 0.0625 in

Req’d per UG43 is the larger of trl or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.25 in
The nozzle neck thickness is adequate for MAWD.

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

Groove weld in tension = 0.74*16700 = 12358 psi
Nozzlc wall in shear = 0.7*16700 = 11690 psi
Inner fillet weld in shear = 0.49*16700 = 8183 psi

Streagth of welded joints:

(1) Inner fillct weld in shear
(Pi/2)*Nozzle O.D.*Leg*Si = 1.57*8*0.25*8183 = 25694.62 Ibf

(3) Nozzle wall in shcar
{Pi/2)*Mcan nozzle dia.*tn*Sn = 1.57*7.75%0.25*11690 = 35559.52 Ibf

{4) Groovc wcld in tension
(Pi/2)*Nozzle O.D.*tw*Sg = 1.57*%8%0.1875*12358 = 29103.09 Ibf

ing on wcl cr UG-41(b){1
= {A - (d - 2*tn)*{(E1*t - F*tr))*Sv

(O (7.5 - 2*%0.25)*%(1*0.25 - 1*0))*16700
=-29225 Ibf

= (A2 1 A5 4 A4l + A42)*Sy
0.313 + 0 + 0.063 + 0)*16700
279 Ibf

2
=(A2 + A3 1+ A4l +
0313 + 0+ 0063 +0
366.7 tbf

for path 1-1 lesscr of W or W1-1 =-29225 1bf
Path 1-1 Thru (1) & (3) = 25694.62 + 35559.52 = 61254.14 Ibf
Path 1-1 is stronger than W so it is acceptable per UG-41(b)(2).

Load for path 2-2 lesser of W or W2-2 =-29225 Ibf

Path 2-2 Thru (1), (4) = 25694.62 -+ 29103.09 = 54797.71 1bf
Path 2-2 is stronger than W so it is acceptable per UG-41(b)(2).

Rcinforcement Calculations for External Pressure

f rcinfor n -

A43 + 2*tn*t*fr1)*Sv
+ 2*#0.25%0.25*1)*16700

Parallcl to the vessel walld = 7.5 in

Dcc. 19, 1995
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COMPRESS 5.51 CACS\BSC60A.VSL
Nozzlc nS

Norma! to the vessel wall outside 2.5%(tn-Cn) 1 tc = .625in
Normal to the vessel wall inside 2.5*(tn-Cn-C) = .625 in

Nozzle required thickncss

L/Do = 4.173/8 = .5216 Do/t = 8/0.02022 = 395.6479
From table G: A = 0.000332
From tablec HA-3: B = 4394.8

Pa= 4*B/(3*Do/t)
= 4*4394 .8/(3*8/0.02022)
= 14.8105 psi

Nozzic required thickness trm = 02022 in

uircd thickness tr from UG-37(d)(1) = .1879 in
Arca reguirced
Allowablc stresses: Sn = 14700, Sv = 14700, psi

fr1 = lesscr of 1 or Sn/Sv so fr] =1
fr2 = lesser of 1 or Sn/Svso fr2 =1

A = 0.5%@*r*F + 2%tn%r*Fx(1 - fr1))
= 0.5%(7.5%0.1879%1 + 2%0.25%0.1879%1*(1 - 1))
= .7046 in"2

i Arca availablc
Al = larger of the following = .466in"2
= d*EI*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-fr1)
= 7.5%(1*0.25-1%0.1879) - 2*0.25*(1*0.25-1*0.1879)*(1-1)
= .466 in"2
2%t 1 tn)*(E1*t-F*tr) - 2*tn*(E1*t-F*tr)*(1-frl)

24(0.25 +0.25)*(1%0.25-1%0.1879) - 2%0.25%(1*0.25-1*0.1879)*(1-1)
.062 in"2

nn

A2 = smaller of the following =0.287 in"2

= 5*(tn - trn)*fr2*t
| = 5%(0.25 - 0.02022)*1%0.25
| = .287in"2
= §*(tn - trn)*fr2*tn
= 5%(0.25 - 0.02022)*1*0.25
= 287 in"2

A4l = Leg"2*12

= 0.2572*1 = .063 in"2 220 ¢

Dcc. 19, 1995
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COMPRESS 5.51 C:\C5\BSC60A.VSL Dcc. 19, 1995
Nozzlc n5
Arca = Al 1 A2 + A4l
= 0.466 1 0.287 1 0.063
= 816in"2
-As Area > A the reinforcement is adequate for Pe = 14.7 at 400 Deg F

UG-45 Nozzlc Neck Thickness Check

Wall thickncss per UG-45(a): trl =0.02022in(E = 1)
Wall thickness per UG-45(b)(2): tr2 = 0.0528 in

Wall thickness per UG-16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): trd = 0.28175 in

The greater of tr2 or tr3: tr5 = 0.0625 in

The lesscr of tr4 or tr5: tr6 = 0.0625 in

Req’d per UG-45 is the larger of tr] or tr6 = 0.0625 in
Available nozzle wall thickness new, tn = 0.25 in

The nozzle neck thickness is adequate for Pe.

/2;./ 0
Dac, /UC‘ VoG, /_(??3
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COMPRESS 5.51 C:\CS\BSC60A.VSL
Nozzlc n5

Applicd Loads

Radial load Pr = 649.4 Ibf

Circumfcrential moment M1 = Q Ibf-ft

Circumfercntial shear V2 = O lbf

Longitudinal moment M2 =0 bf-ft

Longitudinal shear V1 = 0 Ibf

Torsion moment Mt = 0 Ibf-ft

Intcrnal pressure P = 0Opsi

Mean dish radius Rm = 60.375 in
U = ro/Sgr(Rm*t) = 1.03

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

Pressure stress intensity factor, Farr equation 11.7

I=1+{r/x)"2
1 + (3.75/4.25)"2

1.779

[ I

'Local pressure stress = I*P*Rm/2*t = 0 psi

Maximum combined stress =-2802 psi
Allowable combined stress = +-3*S = +- 50100 psi

The maximum combined stress is within allowable limits.

Maximum primary membrane stress =-670 psi
Allowable primary membrane stress = +-1.5*%8 = +- 25050 psi

The maximum primary membrane stress is within allowable limits.

Ppr A

Dcc. 19, 1995
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COMPRESS 5.51 C:\C5\BSC60A.VSL Decc. 19, 1995 :
Nozzlc a5

From Value
Fig. read Au Al Bu Bl Cu Cl Du D1

SR-2*| 0.0645 -670 -670 -670 -670 -670 -670 -670 -670
SR-2 0.0342 -2132 2132 -2132 2132 -2132 2132 -2132 2132
SR-3*( 0.0750
SR-3 0.0711
SR-3*| 0.0750
SR-3 0.0711
pressure stress*

Total Ox stress -2802 1462 -2802 1462 -2802 1462 -2802 1462
Primary membrane
Dx- stress* -670 -670 -870 -670 -670 -670 -670 -£70

SR-2*| 0.0200 -208 -208 -208 -208 -208 -208 -208 -208
SR-2 0.0103 -642 642 -642 642 -642 642 -642 642
SR-3*{ 0.0226
SR-3 0.0214
SR-3*| 0.0226
SR-3 0.0214
pressure stress*

Total Oy stress -850 434 -850 434 -850 434 -850 434
Primary membrane
Oy stress* -208 -208 -208 -208 -208 -208 -208 -208

torsion moment Mt
Shear from V1
Shear from V2

Total Shear stress

Combined stress -2802 1462 -2802 1462 -2802 1462 -2802 1462

Kiv O
Vowviec s7— 023
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-024

WESTBOROUGH, MA CALCULATIONS PAGE 10F 3§

REV. |DEO# | DATE |BY: CHECK | Beam Splitter Chamber - Design of Support
, Legs and Base Plates
1] Cle¥  |1g/29057 | £47¢- | AR
BY: /. 2. C 7770 | DEPI. 744
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 = 14.7 psi.

3. Seismic acceleration = .05625 g.

4. Forces from V(049-1-032

REFERENCES: 1. AISC Code, Ninth Edition, Allowable Stress Design.

2. ASCE 7-88, Minimum Design Loads T, Yove-y-gid, Lfso e

3. IMAGES 3D, Version 3.0, R.L. Cloud & Associates & ° 77 J74vern @dr L@ersad
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. ¥ Revision No. 0 |
Doc. No. V049-1-024
Page 1 of 35
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PROCESS ENGINEERING INC.
11

PAGE

S/N:B02506A
Run ID=

IMAGES -
(e} 1984-1993.

SOLVE BEAM LOADS/STRESSES

Filename=BSCSUPP
=Beam Splitter Chamber Support Structure

Title

Load Case

GLoads Nede
LlLoads Node
Stress Node

GLoads
GLoads
LLoads
LLoads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress

GLoads
GlLoads
LLoads
LLoads
Stress

Stress

GLoads
GlLoads
LLoads
LLoads
Stress

Stress

[RVERLN VIR

W

17

17

17

noaBogyin

o

Px
Axial
Axial

Cornerl

.1840E+05
.1840E+05
.3504E+04
.3504E+04
.2014E+03
.4947E+04
.2014E+03
.1010E+05

.1016E+05
.1016E+05
.2158E+03
.2198E+03
.1263E+02
.1764E+04
.1263E+02
.8211E+04

.5751E+04
.5751E+04
.3504E405
.3504E+05
.2014E+04
.1001E+03
.2014E+04
.1813E+04

.1399E+405
.1399E+05
.2025E+05
.2025E+05
.1164E+04
.1247E+05
.1164E+04
.9770E+03

Fy
Y-Shear
Y-Shear
Corner?2

*%*BEAM
.3504E+04
.3504E+04
.2395E+05
.2395E+05
.3201E+04
.6325E+04
.3201E+404
.1245E+05

***BEAM
.2198E+03
.2198E+03
.1193E+05
.1193E+05
.1594E4+04
.1533E+04
.1594E+04
.8236E+04

***BEAM
.3504E+05
.3504E+05
.5886E+04
.5886E+04
.7866E+03
.2870E+04
.7866E+03
.3727E+04

*%* *BEAM
.2025E+05
.2025E+05
.321SE+04
.3215E+04
.4297E+03
.1238E+05
.4297E+03
.3304E+04

3D

03/21/96
16:54:57

RLCA/Celestial Software =

Version 3.0

Fz
Z-Shear
Z-Shear
Corner3

NO.

.1547E+05
.1547E+05
.2072E+04
.2072E+04
.2769E+03
.5350E+04
.2769E+03
.1050E+05

NO.

.6706E+04
.6706E+04
.2444E+404
.2444E4+04
.3265E+403
.1789E+04
.3265E+03
.8236E+04

NO.

.2574E+04
.2574E+04
.2246E+04
.2246E+04
.3002E+03
.3927E+04
.3002E+03
.5841E+04

NO.

.9445E+04
.9445E+04
.1657E+05
.1657E+05
.2215E+04
.1015E+05
.2215E+04
.3304E+04

IHkk

.1393E+06
.2785E+406
.4803E-11
.4803E-11
.7064E-13
.5923E+04
.7064E-13

T .

Dk ok

.4805E+05%
.2224E+06
.0000E+00
.0000E+00
.Q000E+00
.1558E+04
.0000E+00

-

BEAM LOADS AND/OR STRESSES

Mx
Torsion
Torsion
Corner4

1205E+05

8211E+04

Ihkdk

2317E+05

.4633E+05
.9770E-13
.9770E-13
.1437E-14
.1157E+404
,1437E-14

.3006E+03
4k kk

3035E+06

.5750E+05
.0000E+00
c0000E+00
.0000E+00
.1006E+05
.0000E+00
.9770E+03

1

12/31/93

My

Y-Bending
Y-Bending

Maximum

.4803E-11
.4803E-11
.1865E+05
.3730E+05
.4876E+03
.6325E+04
.9752E+03
.1245E+05

.000CE+00
.0000E+00
.6353E+05
.0000E+00
.1661E+04
.1789E+04
.0000E+00
.B236E+04

.9770E-13
.9770E-13
.2022E+05
.4043E+05
.5285E+03
L1001E+03
.1057E+04
.1813E+04

.0000E+00
.0000E+00
.430%E+06
.D000E+QO
.1127E+05
.1015E+05
.0000E+00
.9770E+03

Revision No. O

1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

Mz

Z-Bending
Z-Bending

Minimum

.1656E+06
.3313E+4+06
.2156E+06
.4312E+06
.5636E+04
.5923E+04
.1127E+05
.1205E+05

.4180E+05
.2224E+06
.4415E+04
.3145E+06
.1154E+03
.1764E+04
.B223E+04
.8211E+04

.5176E+05
.1035E+06
.529BE+05
.1060E+06
.138B5E+04
.3927E+04
L27TT0E+0C4
.5841E+04

.30539E+06
.5730E+05
.1715E+04
.8188BE+05
.4484E+02
.1247E+05
.2141E+04
.3304E+04

Doc. No. V049-1-024
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FEEEoCoEmE oo o RS w I M A G E S - 3 D TS EESSS==S===s
= Copyright (c) 1984-1993. RLCA/Celestial Software =

Interactive Microcomputer Analysis & Graphics of Engineering Systems

IMAGES-3D Versijion 3.0 12/31/93
Filename=BSCSUPP RUN ID=XX11111
= NOTICE =
= RLCA/Celestial Software assumes no responsi- =
= bility for the validity, accuracy, or =
= applicability of the results obtained from =
= IMAGES-3D. =
= Any guestions or comments concerning the use =
= of IMAGES-3D or the users manual should =
= be addressed to: =
= RLCA/Celestial Software =
= 2150 Shattuck Ave. =
= Suite 1200 =
= Berkeley, CA =
= 24704 =
= 510-843-0977 =

Revision No. 0
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PROCESS ENGINEERING INC.

PAGE

1

e L L ]

S/N:B02506A
RUN ID=XX11111

IMAGES -

3D

03/21/9%6
16:52:37

= Copyright (c) 1984-1993,. RLCA/Celestial Software =
CHECK GEOMETRY Version 3.0 12/31/93
Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure
Acceleration of Gravity = 3.864E+02
Force Multiplier Length Multiplier Temp. Multiplier
1.0000E+00 1.0000E+00 1.0000E+00
{For database properties only)
MATERIAL PROPERTIES
Mat No N a m e
1 STEEL
2 STEEL
3 STEEL
Mat Ex By Ez nxy nyz nzx Density
No Gxy Gyz Gzx axy ayz azx
1 2.900E+07 2.900E+07 2.900E+07 3.000E-01 3.000E-01 3.000E-01 2.830E-01
1.120E+07 1.120E+07 1.120E+07 6.500E-06 6.500E-06 6.500E-06
2 2.900E+07 2.900E+07 2.900E+07 3.000E-01 3.000E-01 3.000E-01 2.830E-01
1.120E+07 1.120E+07 1.120E+07 6.500E-06 6.500E-06 6.500E-06
3 2.500E+07 2.900E+07 2.900E+07 3.000E-01 3.000E-01 3.000E-01 2.830E-01
1.120E+07 1.120E+07 1.120E+07 6.500E-06 6.500E-06 6.500E-06
BEAM CROSS SECTION PROPERTIES
Prop No N a m e
1 W8X58
2 TB4X4X4
4 TB8X4X8
5 TB8X8X10
Pr X-Section Moment of Inertia Torsional Shear Shape Fact
No Area 1y / iz Const.- J 1yz SFy / SFz
1 1.710E+01 7.510E+01 2.280E+02 3.340E+00 O0.000E+00 3.83E+00 1.28E+00
2 3.590E+00 8.220E+00 8.220E+00 1.350E+01 0.000E+00 1.79E+00 1.739E+00
3 1.000E+02 1.000E+03 1.000E+03 2.000E+03 O0.000E+00 0.0CE+00 0.00E+00
4 1.040E+01 2.460E+01 7.510E+01 6.410E+01 O0.000E+00 1.30E+00 2.60E+00
5 1.740E+01 1.530E+02 1.530E+02 2.580E+02 O0.000E+00 1.74E+00 1.74E+00
Revision No. 0
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PROCESS ENGINEERING INC.
PAGE 2

CHECK GEOMETRY

Filename=BSCSUPP

S/N:802506A
RUN ID=XX1111l1l

1984-1993

IMAGES S -

3D

E====m====

03/21/96
16:52:37

RLCA/Celestial Software =

Version 3.0

12/31/93

Title =Beam Splitter Chamber Support Structure
Pr. Bending Stress Recovery Distances Shear Stress Fact.
No. Cy- / Cy+ / Cz- / Cz+ Ctors SSFy [/ SS&F=z
1 4.11E+00 4.11E+00 4.38E+00 4.38E+00 8.10E-01 4.36E+00 1.92E+00
2 2.00E+00 2.00E+00 2.00E+00 2.00E+00 1.92E+00 2.31E+00 2.31E+00
3 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
4 2.00E+00 2.00E+00 4.00E+00 4.00E+00 2.44E+00 1.89E+00 3.43E+00
5 4.00E+00 4.00E+00 4.00E+00 4.00E+00 3.79E+00 2.33E+00 2.33E+00
NODE COOCRDINATES
Node X-Coord Y-Coord Z-Coord

1 0.00000E+00 0.00000E+0GC 0.00000E+00

2 0.00000E+00 1.80000E+01 0.00000E+00

3 0.00000E+00 4.40000E+01 C.00000E+00

4 8.40000E+01 0.00000E+0Q0 0.00000E+00

5] 8.40000E+01 1.80000E+01 0.00000E+00

6 8.40000E+01 4.40000E+01 0.00000E+CO

7 8.40000E+01 0.00000E+00 -8.40000E+01

B 8.40000E+01 1.80000E+01 -8.40000E+01

9 8.40000E+01 4.40000E+01 -8.40000E+01

10 0.00000E+00 0.00000E+00 -8.40000E+01

11 0.00000E+0C0O 1.80000E+01 -8.400C0E+01

12 0.00000E+0Q0 4.40000E+01 -8.40000E+01

13 -4.20000E+01 0.00000E+00 -4.20000E+01

14 1.26000E+02 0.00000E+00 -4.20000E+Q1

15 4.20000E+01 7.00000E+01 -4.20000E+01

16 0.00000E+00 9.00000E+00 0.00000E+00

17 8.40000E+01 9.00000E+00 0.00000E+00

18 8.40000E+01 9.00000E+00 -8.40000E+01

19 0.00000E+0D0 5.00000E+00 -8.40000E+01

20 0.00000E+00 0.00000E+00 0.00000E+0Q0

21 3.61250E+01 7.00000E+01 -4.20000E+01

*%% WARNING - *** Nodes 1 & 20 are <=0.0001 apart in all 3 dirs. ***
BEAM CONNECTIVITY _
Beam  Nodes Prop Mat Pincodes Rigid End Offset Length  Beam
No From/ To / Ref No No I J I / J Type
Revision No. 0
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PROCESS ENGINEERING INC.

PAGE

Filename=BSCSUPP

(c)

CHECK GEOMETRY

S/N:802506A

RUN ID=XX11111

1584-1993.

IMAGES - 30D

03/21/96
16:52:37

RLCA/Celestial Software =

Version 3.0

12/31/93

Title =Beam Splitter Chamber Support Structure
Beam  Nodes Prop Mat Pincodes Rigid End Offset Length  Beam
No From/ To / Ref No No I / J 1 / J Type
1 16 2 13 5 1 0.00E+00 O0.00E+00 9.0000E+00 Beam
2 2 3 13 5 1 45 0.00E+00 0.00E+00 2.6000E+01 Beam
3 17 5 14 5 1 0.00E+00 0.Q0E+00 9.0000E+00 Beam
4 5 6 14 5 1 45 0.00E+00 0.00E+00 2.6000E+01 Beam
5 18 8 14 5 1 0.00E+00 0.00E+00 S9.0000E+00 Beam
6 8 9 14 5 1 45 0.00E+00 0.00E+00 2.6000E+01 Beam
7 19 11 13 5 1 O0.00E+00 0.00E+00 5.0000E+00 Beam
8 11 12 13 5 1 45 0.00E+00 0.00E+00 2.6000E+01 Beam
9 2 5 1 4 2 Q.00E+00 0.00E+00 8.4000E+01 Beam
190 5 8 4 4 2 0.C0E+00 0.00E+00 8.4000E+01 Beam
11 8 1t 7 4 2 0.00E+00 0.00E+00 8.4000E+01 Beam
12 11 2 10 4 2 0.00E+00 0.00E+00 8.4000E+01 Beam
13 3 15 o 3 3 0.00E+00 0.00E+00 6.48B38E+01 Beam
14 6 15 0 3 3 0.00E+00 0.00E+00 6.4838BE+01 Beam
15 9 15 0 3 3 0.00E+00 0.00E+00 6£.4838E+01 Beam
i6 12 15 0 3 3 0.00E+00 O0.0Q00E+00 6.4838E+01 Beam
17 1 16 13 5 1 0.00E+00 0.00E+00 9.0000E+00 Beam
18 4 17 14 5 1 0.00E+00 0.00E+00 9.0000E+00 Beam
19 7 18 14 5 1 0.00E+00 O0.00E+00 9.0000E+00 Beam
20 10 1% 13 5 1 0.00E+00 0.00E+00 9.0000E+00 Beam
21 15 21 0 3 3 0.00E+00 O0.00E+00 5.8750E+00 Beam
RESTRAINTS
Node Restraint

No Global/Local Directions

1 GLOBAL XYz - - -

4 GLOBAL XYyza- - -

7 GLOBAL XxXyza - - -

10 GLOBAL XyYyz - - -

NODAL CONNECTIVITY
*** WARNING - Node 13 not connected to any element **%
Revision No. 0

Doc. No. V049-1-024
Page 11 of 35



PROCESS ENGINEERING INC. S/N:802506A 03/21/96

PAGE 4 RUN ID=XX111l11l 16:52:37
=============z==z===zx= ] M A G E S - 3 D =c=cc=s=zzz=========
= Copyright (c) 1984-1993. RLCA/Celestial Software =
CHECK GEOMETRY Version 3.0 12/31/93

Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure

*** WARNING - Node 14 not connected to any element ***

x*+ WARNING - Node 20 not connected to any element *** /S=7a44 wLI2F

Fropr= @a'sa)

Revision No. 0
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PROCESS ENGINEERING INC. S/N:802506A 03/21/96
PAGE 5 Run ID= 16:52:37
= Copyright (¢} 1984-1953. RLCA/Celestial Scoftware =

RENUMBER NODES Version 3.0 12/31/93

Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure

NODE RENUMBERING CROSS REFERENCE LIST

Was Is Was Is Was Is Was Is Was Is
1 18 2 16 3 15 4 4 5 14
& 11 7 1 8 7 9 5 10 3
11 13 12 10 13 19 14 20 15 12
16 17 17 9 18 2 19 8 20 21
21 6 ’
Revision No. 0
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PROCESS ENGINEERING INC.

PAGE

6

5/N:802506A
Run ID=

03/21/96
16:54:55

{c) 1984-1993. RLCA/Celestial Software =

ASSEMBLE STIFFNESS MATRIX Version 3.0

Filename=BSCSUPP
=Beam Splitter Chamber Support Structure

Title

BLCK
NO

1

Number
Number
Number
Number
Number
Number
Number
Number
Number

SIZE
{Byte)

14208

of
of
of
of
of
of
of
of
of

STIFFNESS ASSEMBLY SUMMARY

Node Points.........c. oot 21
Truss and Beam Elements..... 21
Plate Elements.............. 0
Spring Elements............. 0
Sclid Elements.............. 0
Axisymmetric Elements....... 0
Nodes with Restraints....... 4
Equations to be Solved...... 96
Blocks in the Matrix........ 1

BLOCK INFORMATTION

B

12/31/93

LCK SIZE BLCK SIZE BLCK SIZE

NO (Byte) NO {Byte) NO

(Byte)

Revision No.
Doc. No. V049-1-024
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PROCESS ENGINEERING INC. S/N:802506A 03/21/96

PAGE 7 Run ID= 16:54:55
= Copyright (c) 1984-1993. RLCA/Celestial Scoftware =

ASSEMBLE STIFFNESS MATRIX Version 3.0 12/31/93

Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure

EQUATTION NUMBEBER LIST

NODE TRANSLATION ROTATION

WAS IS X Y Z X Y Z
1 18 0 0 0 94 25 96
2 16 82 B3 B4 85 86 87
3 15 76 77 78 79 80 81
4 4 4] 0 0 i3 14 15
5 14 70 71 72 73 74 75
6 11 52 53 54 55 56 57
7 1 0 0 0 -1 2 3
B 7 28 29 30 31 32 33
S 5 16 17 18 19 20 21
10 3 0 0 0 10 11 12
11 13 64 65 €6 &7 &8 69
12 10 46 47 48 49 50 51
13 19 0 0 0 0 0 0
14 20 0 0 0 0 0 0
15 12 58 59 60 61 62 63
16 17 88 89 S0 91 92 93
17 2 40 41 42 43 44 45
18 2 4 5 6 7 g 9
19 8 34 35 36 37 38 39
20 21 0 0 0 0 0 0
21 6 22 23 24 25 26 27

STIFFNESS SUMMARY IN 1 BLOCKS

Minimum Diagonal Stiffness..... .1541D+08
Eg No of Minimum Diagonal...... 28
Maximum Diagonal Stiffness..... .2597D+11
Eg No of Maximum Diagonal...... 62

Revision No. 0
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PROCESS ENGINEERING INC. S/N:802506A 03/21/9¢

PAGE 8 Run ID= 16:54:56
=yt N s I M A G E S - 3 D =SS sESE=—m oo S===
= Copyright (c) 1584-1993. RLCA/Celestial Software =
SOLVE DISPLACEMENTS Version 3.0 12/31/93
Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure
LOAD CAESEE 1

MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

GRAVITY LOADING

.0Q00E+CO .Q0CG0E+00 .0000E+00

CONCENTRATED LOADS

Node Fx Fy Fz Mx My Mz

15 .4625B+05 -.1400E+05 .OO0CQOE+00C .0OOQCOOCE+00 .0000E+0G0 .OOOO0OE+0O0
21 .0COOE+0C .00CQE+0Q0 .2944E+05 .00COE+00 .0OQ00E+00 .O00O0QE+00

REFERENCE TEMPERATURE = .0000E+0Q0

Revision No. 0
Doc. No. V049-1-024
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PROCESS ENGINEERING INC. S/N:802506A 03/21/96

PAGE 9 Run ID= 16:54:56
===s=o==ss======= ] M A GE S - 3 D ======z===s=rz=====
= Copyright (c} 1984-1%93, RLCA/Celestial Software =
SOLVE DISPLACEMENTS Version 3.0 12/31/93

Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure

LOAD CASE 1
MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)
APPLIED LOAD VECTOR

Node Fx Fy Fz Mx My Mz
15 .4625E+05 -.1400E+05 .0QQOQE+00 .0O000E+00 .O0O0OE+0C .0O00CE+00
21 .0000E+00 .0000E+00 .2944E+05 .0000E+00 .0000E+00 .0OO0OQE+0QO
Revision No. 0
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PROCESS ENGINEERING INC. S/N:802506A 03/21/96

PAGE 10 Run ID= 16:54:56
= Copyright (c) 1584-1993. RLCA/Celestial Software =
SOLVE DISPLACEMENTS Version 3.0 12/31/93

Filename=BSCSUPP

Title =Beam Splitter Chamber Support Structure
LOATD CASE 1
MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)
DISPLACEMENTS
T r a slations / Rotations
Node X Y Z / X Y z

e e m M m e eeeem—e- e
1 .0000E+00 .0D0DOO0E+00 .0OO0OOCOE+400 / .1942E-02 -.4443E-05 -,.3025E-02

2 .533%E-01 .1250E-03 .3407E-01 / .1377E-02 .4443E-05 -.2353E-02

3 .1134E+00 .1363E-03 .6336E-01 / .1080E-02 .58B2E-03 .1319E-02

4 .0000E+Q0 .Q000E+00 .0000E+00 / .1870E-02 .2820E-04 .3112E-02

5 .5569E-01 -.1250E-02 .3381E-01 / .1964E-02 .2820E-04 -.2902E-02

6 .1485E+00 .2293E-02 .1040E+00 / .5761E-03 .6T703E-04 .2981E-04

7 .0000E+0Q0 .0000E+00 .0000E+00 / .1745E-02 .7949E-04 .2866E-02

8 .5069E-01 .3747E-03 .3047E-01 / .1151E-02 .7949E-04 .2298E-02

9 .1116E+00 .7467E-03 .5170E-01 / .1286E-02 .7517E-03 .9411E-03

10 .0000F+00 .0Q00QOE+00 .0QO0O00E+00 / .2029E-02 .4685E-04 -.2914E-02
11 .5208E-01 .1000E-02 .3651E-01 / .2019E-02 .4685E-04 .2676E-02
12 .1368E+00 .1683E-02 .1058E+00 / -.1979E-03 .2306E-03 -,2257E-03
13 .QC00E+00 .0C00E+00 .0000E+00 / .QC0CE+0C .0000E+00Q .0000E+0Q0
14 .0000E~+0QOQ .0000E+00 .0000E+00 / .0000E+00 .0000E+00O .0000E+CO
15 .1524E+00 .B364E-02 .9703E-01 / .2621E-03 .1263E-03 .4118E-03
16 .2B21E-01 .6250E-04 .1831E-01 / .1801E-02 .4443E-05 .2857E-02
17 .2832E-01 -.6249E-03 .1669E-01 / .1B94E-02 .2820E-04 -.3060E-02
18 .2662E-01 .1874E-03 .1657E-01 / .159%6E-02 .7849E-04 .2724E-02
19 .2658E-01 .5001E-03 ,1828E-01 / .2027E-02 .4685E-04 -.2855E-02
20 .0000E+00 .0000E+00 .Q000E+00 / .00O0OE+00 .0000E+00 .0000E+00
21 .1524E+400 .5944E-02 .9785E-01 / .2621E-03 .1438E-03 .4118E-03

Revision No. 0
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PROCESS ENGINEERING INC.
12

PAGE

S/N:802506A

03/21/96

Run ID= 16:54:587
I M A G E S - 3 D B s ¥ 5 5 1 51
1984-1993, RLCA/Celestial Software =
Version 3.0 12/31/93

SOLVE BEAM LOADS/STRESSES

Filename=BSCSUPP
=Beam Splitter Chamber Support Structure

Title

Load Case

1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

GLoads Node Fx Fy Fz Mx My Mz
LLoads Nede Axial Y-Shear Z-Shear Torsion  Y-Bending Z-Bending
Stress Neode Axial Y-Shear Z-Shear Torsion Y-Bending Z-Bending
Cornerl Corner2 Corner3 Corner4 Maximum Minimum
***BEAM NO. S**x
GLoads 18 -.1555E+05 .10S0E+05 -.1626E+05 ,1464E+06 -.1348E-11 -.1400E+06
GLoads 8 .1555E+05 -.1050E+05 .1626E+05 -.2928E+06 .1348E-11 .2800E+06
LLoads 18 .1050E+05 -.2250E+05 .5027E+03 -.1348E-11 .4524FE+04 .2025E+06
LLoads 8 -.1050E+0S .2250E+05 -.5027E+03 .1348E-11 -.9049E+04 -.4050E+06
Stress 18 -.6037E+03 -.3007E+04 .6718E+02 .1983E-13 .1183E+03 -.5294E+04
.4808E+04 -.5779E+04 -.6016E+04 .4572E+04 .4808E+04 ~.6016E+04
Stress 8 -.6037E+03 .3007E+04 ,6718E+02 .1983E-13 .2366E+03 -.1059E+05
+1022E+05 -.1095E+05 -.1143E+05 ,9747E+04 .1022E+05 -.1143E+05
***xBEAM NO. ExEx
GLoads B -.1056E+05 .7220E+04 -.4245E+04 .9017E+05 .0000E+00 .7412E+05
GLoads 9 L.1056E+05 -.7220E+04 .4245E+04 -.2005E+06 ,0000E+00 .2005E+06
LLoads 8 .7220E+04 -.1047E+05 -.4468E+04 .0000E+00 .1162E+06 .1135E+05
LLoads 9 -.7220E+04 .1047E+05 .446BE+04 .0000E+00 .0O00QE+00 -.2836E+06
Stress 8 -.4149E+03 -.1399E+04 -.5971E+03 .0O0O0CE+00 .3037E+04 -.2966E+03
.2919E+04 .2326E+04 -.3749E+04 -.3156E+04 .2919E+04 -.374%E+04
Stress 9 -.4149E+03 -.1399E+04 -,5971E+03 .0000E+00 .0QQQQE+00 -.7415E+04
.7000E+04 .7830E+04 -.7830E+04 .7000E+04 .7000E+04 -.7830E+04
***xEEAM  NO. ThE*
GLoads 19 -.6542E+04 -.2804E+05 -.2763E+03 .2486E+04 .9042E-12 -.58B88E+05
GLoads 11 .6542E+04 .2804E+05 .2763E+03 -.4973E+04 -.9042E-12 .1178E+06
LLoads 15 -.2804E+05 .4430E+04 -.4821E+04 .9042E-12 -.,4339E+05 -.3987E+05
Ll.oads 11  .2804E+05 -.4430E+04 .4821E+04 -_9042E-12 .8678BE+05 .7975E+05
Stress 19 .1611E+04 .5920E+03 -.6442E+03 -.1330E-13 -.1134E+04 .1042E+04
.5655E+03 .1519E+04 .37B8E+04 .1703E+04 .3788E+04 -.5655E+03
Stress 11 .1611E+04 .5920E+03 -.6442E+03 -.1330E-13 -.2269E+04 .2085E+04
.2742E+04 »1427E404 ,5965E+04 _1795E+04 _5965E+04 -.2742E+04
***BEAM NO. Bk
GLoads 11 -.1153E+05 -.1325E+05 -.9043E+04 -.2712E+06 .0Q000E+00 .263BE+06
GLoads 12 .1153E+05 .1325E+05 .9043E+04 .3603E+05 .0000E+00 .3603E+05
LLoads 11 -.1325E+05 .1759E+04 -.1455E+05 .0000E+400 .3783E+06 -.5216E+04
LLoads 12 .1325E+05 -.1759E+04 _1455E+05 ,0000E+00 .O0000E+00 .5096E+05
Stress 11  .7614E+03 .2351E+03 -.1944E+04 .0000E+00 .9889E+04 .1364E+03
.1051E+05 .1079E+05 -.8991E+04 -.9264E+04 .1079E+05 -.9264E+04
Stress 12 .7614E+03 .2351E+03 -.1%44E+04 .0O000E+00 .0000E+00 .1332E+04
.5708E+03 ,2094E+04 .2094E+04 -.5708E+03 .2094E+04 -.5708E+03
*+*BEAM NO. 9k k&
GLoads 2 -.8235E+04 -.9287E+04 -.1037E+02 -.4993E+04 .1583E+03 -.3758E+06
Revision No. 0
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PROCESS ENGINEERING INC.

PAGE

13

S/N:802506A

Run ID=

IMBAG

1984-1993.

03/21/96

SOLVE BEAM LOADS/STRESSES

Filename=BSCSUPP
=Beam Splitter Chamber Support Structure

Title

Load Case

GLoads Node
LLoads Node
Stress Node

LLoads
LLoads
Stress

Stress

GLoads
Gloads
LLoads
LLoads
Stress

Stress

GLoads
GLoads
LLoads
Ll.cads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress
GLoads

SLoads
Lloads

11

11

11

11

Fx
Axial
Axial

Cornerl

.B235E+04
.B8235E+04
.8235E+04
.7819E+03
.2080E+05
.7919E+03
.2068E+05

.6602E+01
.6602E+01
.1201E+05
.1201E+05
.1155E+04
L1222E+05
.1155E+04
.1235E+05

.4983E+04
.4983E+04
.4983E+04
.4983E+04
.4731E+03
.1960E+05
.4731E+03
.1964E+05

.6602E+01
.6602E+01
.8756E+04
.8756E+04
.8420E+03
.1341E+05
.B8420E+03
.1340E+05

.1016E+05
.1016E+05
.2327E+04

Fy
Y-Shear
Y-Shear
Corner2

.9287E+04
.9287E+04
-.9287E+04 -
.1685E+04"

-.1924E+05 -.

.1685E+04
.223BE+05

* % *BEAM
.5502E+04

-.5502E+04 -,
-.5502E+04 -

.5502E+04
-.99B81E+03 -
.1464E+05
-.9981E+03 -
-.1002E+05 -

* % *BEAM
.8786E+04 -

-,.8786E+04
-.8786E+04 -

.8786E+04
-.1594E+04 -
.1867E+05
-.1594E+04 -

-.2071E+05 -

* % *BEAM

-.6002E+04

.6002E+04 -
.6002E+04

-.6002E+04 -,

.1083%E+04

-.1521E+05 -

.1089E+04
.1169E+405
*+ *BEAM

-.2198E+03 -

.2198E+03
.7785E+03 -

16:54:57
E S - 3 D ES 3 1 T T T T T 1 T T T 7T
RLCA/Celestial Software =
Version 3.0 12/31/93

Fz Mx
Z-Shear Torsion
Z-Shear Torsion
Corner3 Cornerd
L1037E+02 .4993E+04
.1037E+02 -.4993E+04
L1037E+02 .4993FE+04
.3425E+017 ,19202E+03
1921E+05 .20B2E+0%
.3425E+01 .19202E+03
.2227E+05 -.20B0E+05

NO. 10k %*
.1201E+05 .2522E+06
1201E+05 .2100E+06
.6602E+01 .5140E+04
L6602E+01 -.5140E+04
.2180E+01 -.1958E+03
.1453E+05 -.,1Z233E+05
L2180E+01 -.195RBE+03
.1004E+05 .1233E+05

NO. 11*%*
.1037E+402 -.7380E+04
L1037E+02 .7390E+04
L1037E+02 .7390E+04
.1037E+02 -.7390E+04
.3425E+01 -.2B1SE+03
.1B64E+05 -.19263E+05
.3425E+01 -.2Bi5E+03
.2060E+05 .1975E+05

NO. 12% %%
.B756E+04 .26B7E+06
.8756E+04 .2355E+06
L 6602E+01 -.2743E+04
6602E+01 .2743E+04
.2180E+01 .1045E+03
.1510E+05 .1353E+05
.21B0E+01 .104SE+03
.1171E405 -.1337E405%

NO. 13%*%%
.6706E+04 2224E+06
.6706E4+04 -.4060E+06
.1183E+05 2881E+06

My

Y-Bending
Y-Bending

Maximum

.7128E+03
.1583E+03
.7T129E+03
L1287E+02
.2082E+05
.5796E+02
.2238E+05

.7129E+03
.1583E+03
.7129E+403
.1583E+03
.5796E+02
.1464E+05
.1287E+402
.1235E+05

.1583E+03
.7128E+03
.1583E+03
.7128E+03
.1287E+402
.1867E+05%
.5796E+02
.1975E+05

.7129E+03
.1583E+403
.7129E+403
.15B3E+03
.5796E+02
.1353E+05
.1287E+402
.1171E+05%

.1574E-09
.7085E+06
.1261E+06

Revision No. 0

1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

Mz

Z-Bending
Z-Bending

Minimum

.4043E+06
.3758E+06
.4043E+06
.2002E+05
-13%24E+05
.2153E+05
.20B0E+05

.5140E+04
.5140E+04
.2522E+06
.2100E+086
.1343E+05
.1233E+05
.1118E+05
.1004E+05

.3592E+06
.3788E+06
.3592E+06
.378BBE+06
L1913E+05
.1563E+05
.2018E+05
.2071E+05

.2743E+04
.2743E+04
.2687E+06
.2355E+406
.1431E+05
.1521E+05
.1254E+05
.1340E+05

.2224E+06
.4774E+06
.B643E-09
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PROCESS ENGINEERING INC. S/N:802506A 03/21/96

PAGE 14 Run ID= 16:54:57
= Copyright (c¢) 1984-1993. RLCA/Celestial Software =
SOLVE BEAM LOADS/STRESSES Version 3.0 12/31/93

Filename=BSCSUPP
=Beam Splitter Chamber Support Structure

Title

Load Case

GLoads Node
LLoads Node
Stress Node

LLoads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress

GLeoads
GLoads
Lloads
LLoads
Stress

15
3

15

i5

12
15
12
15
12

Fx
Axial
Axial

Cornerl

.2327E+04
.2327E+02
.1029E+03
.2327E+02
.89267E+03

.1399E+05
.1399E+05
.2330E+05
.2330E+05
.2330E+03
.2659E+03
.2330E+03
.1246E+04

.1056E+05
.1056E+05
.6988E+04
.6588E+04
.6988E+02
.4384E+02
.6988E+02
.4102E+03

.1153E+05
.1153E+05
.1864E+05
.1864E+05
.1864E+03
.2068E+03
.1864E+03
.7T296E+03

.1840E+05
.1840E+05
.3504E+04
.3504E+04
.2014E+03
.2014E+03

Fy
Y-Shear
Y-Shear
Cornerz

-.7785E+03
.7785E+01 -
-.1029E+03
.7785E+01 -
-.8258E+03
* % * BEAM
.2025E+05 -
-.2025E+05
.1190E+0G5 -

-.1190E+05

.1190E+03 -

-.2659E+03 -

.1190E+03 -
.2975E+03

* % *BEAM

. 7220E+04 -
-.7220E+04
.4822E+04

-.4822E+04 -.

.4B22E+02

.438B4E+02 -.

.4822E+02

-1035E+04 -.

***BEAM

-.1325E+05 -,

.1325E+05
-.6303E+04

.6303E+04 -
-.6303E+02

.2068E+03
-.6303E+02

-.8773%E+02 -

kxR AM

-.3504E+04 -

.3504E+04
. 2395E+05

-.2395E+05 -

.3201E+04
.2014E+03

Fz Mx
Z-Shear Torsion
Z-8hear Torsion
Corner3 Corner4
.1193E4+0F -.2881E+06
.1193E+03 -.1441E+03
.1494E4+03 .1494E+03
.1193E+03 -.1441E+03
L9732E+03  .8723E+03

NO. J14%%%
.9445E+04 - .5790E+05
.9445E+04 .662BE+06
.3215E+04 .7501E+05
.31215E+04 -.7501E+05
.3215E+02 -.37E1E+02
.2002E+03 -.2002E+03
.3215E+02 -.3751E+02
.7801E+02 -.7635E+03

NO. 15%*%*
.4245E+04 .2005E+06
.4245E+04 -.86142E+06
.1047E+05 -.25898E+06
1047E+05 .2598BE+06
L1047E+02  ,129%E403
1826E+03 -.1836E+03
.1047E+03 .129%E+03
5499E+03 -.1175E+04

NO. l1e***
9043E+04 -.3603E+05
.9043E+04 .3574E+06
.1759E+04 -.4668E+05
.1759E+04 LA668E+05
.1759E+02 .2334E+02
.1660E+03 .1660E+03
.1759E+02 .2334E+02
.3568E+03 .4606E+03

NO. 17%%*x
.1547E+405 -,328B9E-09
.1547E+05 -.1392E+06
.2072E+04 -.9815E-12
.2072E+04 .98B15E-12
.2769E+03 .1444E-13
.2014E+03 .2014E+03

My

Y-Bending
Y-Bending

Maximum

.8995E+06
L.1261E+03
.14%4E+03
.8995E+03
.9732E+03

.6670E-09
.1210E+06
.3284E+05
.2413E+06
.3284E+02
.2002E+03
.2413E+03
.7801IE+03

.4327E-089
.6220E+06
.1137E+06
.T7927E+06
.1137E+03
.4384E+02
.7927E+03
.1035E+04

.1841E-08
.1045E+06
.2043E+05
.1345E+06
.2043E+02
.206BE+03
.1345E+03
.7296E+03

.9815E-12
.9B15E-12
.25638E-09
.1865E+05
.6715E-11
.2014E+03

Revision No. 0

1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ({.056G}

Mz

Z-Bending
Z-Bending

Minimum

- -

.5048E+05
.8643E-12
.1029E+03
.5048E+02
.9267E+03

.S5790E+05
.42BBE+06
.2778BE-09
.7718E+06
L2778BE-12
.2659E+03
-.7T718E+03
.12486E+04

.2005E+06
.1720E+06
.4116E-09
.3127E+06
.4116E-12
.1836E+03
.3127E+03
.1175E+04

.3603E+05
.2206E+06
.4527E-09
.4087E+06
.4527E-12
.1660E+03
.4087E+03
.3568E+03

.3440E-10
.1656E+06
.2082E-09
.2156E+06
.5444E-11
.2014E+03
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PROCESS ENGINEERING INC.

PAGE

15

S5/N:802506A
Run ID=

IMAGE S -
1984-1993.

SOLVE BEAM LOADS/STRESSES

Filename=BSCSUPP
=Beam Splitter Chamber Support Structure

Title

Load Case

GLoads Node
LLoads Node
Stress Node

Stress

GLoads
GLoads
LL.oads
LLoads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress

GLoads
GLoads
LLoads
LLoads
Stress

Stress

18

10
19
10
19
10

19

15
21
15
21
15

21

Fx
Axial
Axial

Cornerl

.2014E+03
.4947E+04

.5751E+04
.5751E+04
.3504E+05
.3504E+05
.2014E+04
.2014E+04
.2014E+04
.1001E+03

.1555E+05
.1558E+05
.1050E+05
.1050E+05
.6037E+03
.6037E+03
.6037E+03
.4808E+04

.6542E+04
.6542E+04
.2804E+05
.2804E+05
.1611E+04
.1611E+04
.1611E+(4
.5655E+03

.5457E-08
.5457E-08
.5457E-08
.5457E-08
.5457E-10
.1730E+03
.5457E-10
.4776E-10

Fy
Y-Shear
Y-Shear
Corner?2

.3201E+04
.6325E+04

***BEAM

-.3504E+05
.3504E+05
.5886E+04
.5886E+04
.7866E+03
.2014E+04
.7866E+03
.2870E+04

** *BEAM

.1050E+05
.1050E+05
.2250E+05
. 2250E+05
.3007E+04
.6037E+03
.3007E+04
.5775E+04

** *BEAM

.2B04E+05
.2804E+05
.4430E+04
.4430E+04
.5920E+03
.1611E+04
.5920E+023
.1519E+04

* % *BEAM

.1210E-08
.1210E-08
.1210E-08
.1210E-08
.1210E-10
.1730E+03
.1210E-10
.4786E-10

iD

03/21/96
16:54:57

RLCA/Celestial Software =

Version 3.0

Fz Mx
Z-Shear Torsion
Z-Shear Torsion
Corner3 Corner4
L2769E+03 .1444E-13
.5350E+04 -.5923E+04

NO. 1B%*%
.2574FE+04 .1465E-10
.2574E+04 L2317E+05
.2248E+04 .9770E-13
.2246E+04 -.5770E-13
,3002E+03 -.1437E-14
.2014E+04 -.2014E+04
.3002E+03 -.1437E-14
.3927E+04 -.1157E+04

NO. 19***
.1626E+05 -.8290E-10
.1626E+05 -.1464E+06
.5027E+03 -.1348E-11
.5027E+03 .1348E-11
.6718E+02 .1983E-13
.6037E+03 ~.6037E+03
.6718E+02 .18983E-13
.6016E+04 .4572E+04

NO. 20%*x
L2763E+03 -.2741E-10
.2763E+03 -,24B6E+04
.4821E+04 .9042E-12
.4821E+04 -.9042E-12
.6442E+03 -.1330E-13
.1611E404 .1611E+04
.6442E+03 -.1330E-13
.3788E+04 .1703E+04

NO. 21%k%*
.2944E+05 -.339%E-10
.2944E+05 .3399E-10
.2944E+05 .3399E-10
.2944E+05 -.335%9E-10
.2544E+03 -,1700E-13
.1730E+03 .1730E+03
.2944E+03 -.1700E-13
.613BE-10 -.6128E-10

12/31/93

My

Y-Bending
Y-Bending

Maximum

.4876E+03
.6325E+04

.9770E-13
L9770E-13
.1705E-12
.2D022E+05
.4458E-14
.2014E+04
.5285E+03
.1001E+03

-1348E-11
.1348E-11
.2959E-10
.4524E+04
. 7735E-12
-.6037E+03
.1183E+03
.4808E+04

.9042E-12
.9042E-12
.2206E-10
.4339E+05
.B768E-12
.1611E+04
.1134E+04
.378BE+04

.1730E+06
.6762E-08
.1730E+06&
.6762E-08
,1730E+03
.1730E+03
.6762E-11
.4776E-10

Revision No. 0

1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

Mz

Z-Bending
Z-Bending

Minimum

.5636E+04
.5823E+04

.1489E-10
.5176E+05
.2085E-10
.5298E+05
.5461E-12
.2014E+04
.1385E+04
.3927E+04

-4106E-10
.1400E+06
.8765E-10
.2025E+06
.2292E-11
.6037E+03
.5294E+04
.6016E+04

.3778E-11
.5888E+05
.1671E-10
.3987E+05
.4369E-12
.1611E+04
.1042E+04
.5655E+03

.6020E-08
.4820E-10
.6029E-08
.4820E-10
.6029E-11
.1730E+03
.4B820E-13
.6138E-10
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PAGE 16 Run ID= 16:54:57
= Copyright {(c) 1984-1993. RLCA/Celestial Software =
SOLVE BEAM LOADS/STRESSES Version 3.0 12/31/93

Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure

Load Case 1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

GLoads Node Fx Fy Fz Mx My Mz
LLoads Node Axial Y-Shear Z-Shear Torsion  Y-Bending 2Z-Bending
Stress Node Axial Y-Shear Z-Shear Torsion Y-Bending Z-Bending
Cornerl Corner?2 Corner3 Cornerd Maximum Minimum
Revision No. 0
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PROCESS ENGINEERING INC.

S/N:802506A

PAGE 17 Run ID=
D oo CoEsEsSsEE=T==sT I M A G E S - 3 D =====
= Copyright {c) 1984-1993. RLCA/Celesti
SOLVE BEAM LOADS/STRESSES Version

Filename=BSCSUPP

Title =Beam Splitter Chamber Support Structure

Load Case

03/21/96
16:54:57

al Software =

3.0 12/31/93

1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

MAXIMUM STRESS SUMMARY FOR BEAMS/TRUSSES

WITHIN S

PECIFIED RANGE 1l-

Axial Tension
Axial Compression
Transv. Shear
Torsion Shear
Bending Stress
Max. Comb. Normal
Min. Comb. Normal

21

.1611E+04
-.2014E+04
.3201E+04
.1299E+03
.2153E+05
.2238E+05
-.2080E+05

Revision No. 0
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PROCESS ENGINEERING INC. S/N:802506A 03/21/96
PAGE 18 Run ID= 16:54:57
= Copyright (c) 1584-1993. RLCA/Celestial Software =
SOLVE REACTIONS Version 3.0 12/31/93

Filename=BSCSUPP
Title =Beam Splitter Chamber Support Structure

Load Case 1:MAXIMUM UNBALANCED LOADS COMBINED WITH DEAD WT + EQ(.056G)

REACTIONS
Node Fx Fy Fz Mx My Mz

1 .1840E+05 -.3504E+D4 -.1547E+05 .0000E+00 .0000E+00 .0OQOQOE+0O0

4 .5751E+04 .3504E+05 (2574E+04 .0000E+0C .0000E+00 .0D000E+00

7 .1555E+05 .1050E+05 -.1626E+05 .0000E+00 .0000E+00 .OO0O0CE+00

10 .6542E+04 -.2804E+0% -.2763E+03 .0000E+00C .0Q000E+00 .0OO0OCE+0OO
Total .4625E+05 .1400E+05 -.2944E+05 .0000E+00 .0000E+00 .0OO00CE+00
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-025

WESTBOROUGH, MA CALCULATIONS PAGE1OQF 5

REV. |DEO# | DATE |BY: CHECK | TITLE: Design of Temporary Covers

0 o12¢% |72/ VoL |R? o | Wbt |

BY: R.D. Ciatto [ DEPT.: 744

PROJECT: LIGO Vacuum Equipment PROJECT NQ: V59049

PURPQSE:. Design temporary shibping 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 = 70°F( 5 # ¢ <=0 =2+
3 TedP = Yoo tE Sufive B f T

REFERENCES: 1. ASME Boiler & Pressure Vessel Code, Section VIII, Div. 1, Pressure Vessels
2 Poe Mo Jove-ri-tip, (/68 Jacoum F oo A,
SR weT, PTEr 0 ot s,

r

CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: The requirements of the ASME Code are met.

FILED \FATEMPLATEAENGFORMS\ENGCALC
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PROCESS SYSTEMS INTERNATIONAL, INC. [ ENGINEERING NO: V049-1-026

WESTBOROUGH, MA CALCULATIONS PAGE10F3
REV. [DEO# | DATE |BY: CHECK | Beam Splitter Chamber - Evaluation of Nozzle to
g 0024 /2/, 61/'?)" A1 AGKR, | Shell Welds
BY: /7..‘9 L vrrreo ]_DEPT.: 744
PROJECT: LIGO Vacuum Equipment PROJECT NO: V59049

PURPOSE:. To evaluate nozzle to shell fillet welds.

METHOD: Hand calculation using standard principles of mechaincs.

INPUTS: LIGO ﬂroject sketches and drawings.

REEERENCES: ASME Boiler & Pressure Vessel Code, Section VIII, Division 1.

Poa. MNo. vVOovyFi-s-066, L7600 vacoss ER0S Sy Rurming e
L5 b (PRI TE S A
CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Nozzle welds are acceptable.
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PROCESS SYSTEMS INTERNATIONAL, INC. | ENGINEERING NO: V049-1-027

WESTBOROUGH, MA CALCULATIONS PAGE 10F 6

REV. |[DEO# | DATE |BY: CHECK | Beam Splitter Chamber - Vessel Lifting Devices

0 0024 [/ 3/67 [P "ok

BY: /¢ 2. armo I DEPT.: 744

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:

INPUTS; 1. LIGO project skteches and drawings.

2. Vertical sns=<acceleration = 1g. y _
3 Poe Ma, VOUT-/-06 6, L Al upr TP

el o e P s R R ¥y
REFERENCES:
CALCULATIONS: (SEE ATTACHED)

CONCLUSIONS: Lug & weld stresses are acceptable. Stresses in support legs and shell are acceptable.

NQT_ES_;_ A spreader beam should be used for the lift.
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